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Chapter 1

Introduction

This dissertation presents three essays in Industrial organization. In the first two essays I
analyze, how the availability of data on consumer preferences influences strategic decisions
of the firms, such as where to locate and whether to collude. In the last essay I analyze,
whether full or partial collusion is more stable when firms are heterogeneous in the quality
of their products.

Nowadays, in the era of big data, firms have access to advanced information technologies,
which allow them to collect, store and analyze large amounts of customer data. Customer
data provides an opportunity to the firms to segment consumers along different dimensions
of their preferences. Depending on data quality and the resulting segmentation, firms can
practice price discrimination by targeting specific groups of consumers with personalized
offers. In Chapters 2 and 3, we distinguish between two types of customer data (on the
two characteristics of consumer preferences) and analyze firms’ location choices and their
incentives to collude depending on data quality.

In Chapter 2, which is published in Journal of Economics, we analyze firms’ location
choices in a Hotelling model with two-dimensional consumer heterogeneity, along addresses
and transport cost parameters (flexibility). Firms can price discriminate based on perfect
data on consumer addresses and (possibly) imperfect data on consumer flexibility. We
show that firms’ location choices depend on how strongly consumers differ in flexibility.
Precisely, when consumers are relatively homogeneous, equilibrium locations are socially
optimal regardless of the quality of customer flexibility data. However, when consumers are

relatively differentiated, firms make socially optimal location choices only when customer



flexibility data becomes perfect. These results are driven by the optimal strategy of a
firm on its turf, monopolization or market-sharing, which in turn depends on consumer
heterogeneity in flexibility. Our analysis is motivated by the availability of customer data,
which allows firms to practice third-degree price discrimination based on both consumer
characteristics relevant in spatial competition, addresses and transport cost parameters.

Chapter 3 discusses the sustainability of collusion in a game of repeated interaction where
firms can price discriminate among consumers based on the same two types of customer
data described in Chapter 2: firms have perfect data on consumer addresses, data on their
flexibility is imperfect. Three collusive schemes are considered to analyze the impact of the
improvement in the quality of customer flexibility data on firms’ incentives to collude. This
work is related to Liu and Serfes (2007) and Sapi and Suleymanova (2013). In contrast to
Liu and Serfes in this model it is the customer flexibility data which is imperfect and not
the data on consumer addresses. However, the results in this chapter support their findings
that with the improvement in data quality it is more difficult to sustain collusion.

Unlike the previous two chapters, Chapter 4 describes three firms heterogeneous in
their quality located on a Salop circle. The quality gap among these firms emphasizes the
quality difference between branded manufacturer products and private label products. In
this chapter, we analyze the incentives to collude when brand manufacturers compete with
a private label producer of inferior quality. Full collusion is easier to sustain than partial
collusion from the brands’ perspective when horizontal differentiation is large and vertical
differentiation is small. The private label firm is better off under full collusion than under
partial collusion if goods are sufficiently homogenous (horizontal and/or vertical). Partial
collusion could be preferred by the private label exactly when full collusion is easier to
sustain. Improving the private label’s quality makes full collusion more likely, either because
it relaxes the brand producers’ incentive constraint or because it shifts the preference of the
private label firm from partial collusion to full collusion. Fully collusive behavior reveals
itself through a nonnegative price effect on the brands’ side caused by a quality increase of

the private label good.



Chapter 2

Consumer Flexibility, Data Quality

and Location Choice

Co-authored by Irina Baye

2.1 Introduction

The widespread use of modern information technologies allows firms to collect, store and
analyze customer data in many industries. For example, loyalty programs and consumers’
online activity are very important sources of customer data in the retailing industry.!’?

Collected data allows firms to conclude on both consumer characteristics relevant in spatial

!Jeff Berry, senior director of Knowledge Development and Application at LoyaltyOne Inc., global
provider of loyalty solutions in different industries including retailing, said that “For most organizations
today, the loyalty program actually becomes the core of the ability to capture consumer data ...” (Linkhorn,

2013).

?Electronic Privacy Information Center (EPIC), public interest research group with a focus on privacy
protection, notes that “Online tracking is no longer limited to the installation of the traditional “cookies”
that record websites a user visits. Now, new tools can track in real time the data people are accessing or
browsing on a web page and combine that with data about that user’s location, income, hobbies, and even
medical problems. These new tools include flash cookies and beacons. Flash cookies can be used to re-
install cookies that a user has deleted, and beacons can track everything a user does on a web page including
what the user types and where the mouse is being moved.” (“Online Tracking and Behavioral Profiling” at

http://epic.org/privacy/consumer/online tracking and behavioral.html).



competition, consumers’ addresses and transport cost parameters (ﬂexibility).3 Customer
location data is one of the first information items provided by consumers while signing
up for a loyalty program and can be deducted from the IP address of a computer dur-
ing the online purchase. This data is easily accessible and can be considered as (almost)
perfect. In contrast, firms can estimate consumer flexibility only with less than perfect ac-
curacy. Similarly, following a boom of location-based marketing enabled by the emergence
of smartphones with built-in GPS devices, firms can make personalized offers to consumers
depending on their precise physical locations delivered by smartphone signals.* However,
physical location is not the only piece of customer data used by mobile advertisers and is
usually combined with other types of data such as on previous sales, demographics, social
networks and app usage.” Additional customer data can be used to estimate consumer flex-
ibility. Gained customer insights are used by firms in two ways. First, customer data allows

targeted advertising and pricing where firms can practice third-degree price discrimination

3The term “flexibility” captures the intuition that depending on whether transport costs are high or low,
consumers are less or more likely to buy from the farther firm, respectively. Consumers with high (low)

transport costs can be referred to as less (more) flexible.

" According to the forecasts of a mobile advertiser eMarketer, mobile advertising expenditures will over-
come print advertising and will account for 20% of total advertising spendings in the UK in 2015 (see

eMarketer, 2015).

For instance, mobile advertising companies, such as Factual and YP Marketing Solutions, design per-
sonalized advertisements based on the physical locations of consumers and other types of customer data (see

https://www.factual.com/products/geopulse-audience and http://national.yp.com/, respectively).



based on both consumer locations and their flexibility.%’"’® Second, customer data is widely
used to decide on the optimal store location.”

In this article we consider a Hotelling model, where consumers differ both in their lo-
cations and transport cost parameters. There are two firms which compete in prices and
have access to perfect data on consumers’ locations. Additionally, firms hold data on con-

sumer flexibility of an exogenously given quality, which allows them to distinguish between

SCEO of Safeway Inc., second-largest supermarket chain in the U.S., Steve Burd, said that “There’s going
to come a point where our shelf pricing is pretty irrelevant because we can be so personalized in what we offer
people.” (Ross, 2013). Similarly, the spokesman of Rosetta Stone, which sells software for computer-based
language learning said that “We are increasingly focused on segmentation and targeting. Fvery customer is

different.” (Valentino-Devries, 2012).

TEPIC notes that “Advertisers are no longer limited to buying an ad on a targeted website be-
cause they instead pay companies to follow people around on the internet wherever they go. Com-
panies then use this information to decide what credit-card offers or product pricing to show peo-
ple, potentially leading to price discrimination.” (“Online Tracking and Behavioral Profiling” at

http://epic.org/privacy/consumer/online tracking and behavioral.html).

#In electronic commerce there is evidence of both discrimination based on consumer locations and flex-
ibility. Mikians et al. (2012) find that some sellers returned different prices to consumers depending on
whether a consumer accessed a seller’s website directly or through price aggregators and discount sites (like
nextag.com). Those price differences can be explained through differences in price sensitivity (flexibility) of
the two types of consumers. Consumers accessing a seller’s website through price aggregators are likely to be
more price-sensitive. Similarly, vice president of corporate affairs at Orbitz Worldwide Inc., which operates
a website for travel booking, said that “Many hotels have proven willing to provide discounts for mobile
sites.” (Valentino-Devries et al., 2012). The latter can also be explained as price discrimination based on
consumer flexibility since smartphone users can be considered as more price-sensitive due to the availability
of different mobile applications, which collect special offers depending on a user’s location. The evidence
of price discrimination based on consumer locations is provided in Valentino-Devries et al. (2012) who find
the strongest correlation between the differences in online prices and the distance to a rival’s store from the

center of a ZIP Code of a buyer.

9To mention just one of many examples, Waitrose, a British supermarket chain, used services of data
analytics company BeyondAnalysis to analyze data on their customers’ Visa card transactions to decide on

new store locations (see Ferguson, 2013).



different flexibility segments and attribute every consumer to one of them. We consider
two versions of our model depending on how strongly consumers differ in flexibility, with
relatively homogeneous and differentiated consumers. We analyze firms’ location choices in
the two versions of our model depending on the quality of customer flexibility data.

This article contributes to the literature on spatial competition in Hotelling-type models
where firms first choose locations and then compete in prices given the ability to practice
perfect third-degree price discrimination based on consumer addresses. The famous result
in Lederer and Hurter (1986) states that in the latter case in equilibrium every firm chooses
its location so as to minimize social costs equal to the minimal costs of serving a consumer
at each address. In a standard Hotelling model (with a uniform distribution of consumers
along a line segment) this result implies socially optimal equilibrium locations. Hamilton
and Thisse (1992) introduce a vertical dimension of consumer heterogeneity along which
firms can practice first-degree price discrimination. They get the same optimality result as
in Lederer and Hurter and conclude that “...we see that the Hurter-Lederer efficient location
result relies on perfectly inelastic consumer demands. For firms to locate efficiently when
demands are price-sensitive, they need more flexibility in pricing...” (Hamilton and Thisse,
1992, p. 184) On the one hand, our results support this conclusion, as we show that when
the quality of customer flexibility data improves (and firms can identify more flexibility
segments) equilibrium locations become closer to the socially optimal ones. However, this
happens only when consumers are relatively differentiated in flexibility. With relatively
homogeneous consumers in equilibrium firms choose socially optimal locations regardless
of their ability to discriminate based on consumer flexibility. Our results imply that in a
model with price-sensitive demands at each address socially optimal locations can be an
equilibrium under weaker requirements on the quality of customer data available to the
firms than perfect data.

Valletti (2002) is another article, which introduces heterogeneity along the vertical di-
mension of consumer preferences and assumes that consumers can be of two types depending

on their valuation for quality. While firms can practice perfect third-degree price discrim-



ination based on consumer addresses, they do not observe their types and, hence, have
to rely on second-degree price discrimination at each address. Valletti shows that firms’
location choices influence their discriminating ability. Different from Valletti, in our model
firms’ ability to discriminate is given exogenously and depends on the quality of customer
flexibility data, such that a firm’s location choice influences only its market share (along
the horizontal dimension of consumer preferences) and the profit on a given location. Our
results show that for the same data quality firms make different location choices depending
on how strongly consumers differ in flexibility.

Overall, our article contributes to Hamilton and Thisse (1992) and Valletti (2002) by
introducing third-degree price discrimination along the vertical dimension of consumer pref-
erences enabled by customer data, while the former assume first-degree and the latter con-
siders second-degree price discrimination.

This article is also related to Anderson and de Palma (1988) who assume that products
are heterogeneous not only in the spatial dimension, but also in the characteristic space,
which also leads to price-sensitive demands at each location. Similar to Anderson and de
Palma we show that socially optimal prices and locations are not always an equilibrium, in
contrast to models where only spatial dimension of heterogeneity is considered. However,
different from Anderson and de Palma, we show that socially optimal prices and locations
can also be an equilibrium in a model with price-sensitive demands. This happens in two
cases. First, if consumers are relatively homogeneous in transport cost parameters. Second,
if firms have perfect data on consumer flexibility, and hence, can perfectly discriminate along
that dimension. The intuition for our results is as follows. When consumers are relatively
homogeneous, in equilibrium every firm serves all consumers on its turf, even when firms
do not hold data on consumer flexibility. This happens because if a firm targets at some
address its most loyal customer (with the highest transport cost parameter), it suffices to
decrease the price slightly to gain even the least loyal customer (with the lowest transport
cost parameter). As a result, similar to Lederer and Hurter (1986), every firm chooses its

location so as to minimize social (transport) costs, which implies socially optimal locations.



However, when consumers are relatively differentiated, in equilibrium on any address on
its turf a firm serves only the more loyal consumers and loses the less loyal ones to the
rival. To mitigate competition firms deviate from the socially optimal locations, and the
interfirm distance is larger in equilibrium compared to both the first-best and the second-
best. With the improvement in the quality of customer flexibility data distortions in firms’
equilibrium locations become smaller, because every firm can better target consumers on its
turf, which weakens the rival’s ability to attract its loyal consumers. When flexibility data
becomes perfect, firms make socially optimal location choices with relatively differentiated
consumers too.

Tabuchi (1994) and Irmen and Thisse (1998) assume that products are differentiated
along different dimensions and analyze firms’ locations in each dimension. The result of
Tabuchi that firms choose maximal differentiation in one dimension and minimal differen-
tiation in the other is generalized by Irmen and Thisse in a model of spatial competition
in a multi-characteristic space who show that the Nash equilibrium implies maximal differ-
entiation only in the dominant product characteristic. While in our model products differ
only in one (horizontal) dimension, we introduce consumer heterogeneity in the strength
of their preferences along that dimension. In contrast, in Tabuchi and Irmen and Thisse
it is assumed that the transport cost parameters related to each product characteristic are
same among all consumers. We show that firms’ location choices depend on how strongly
consumers differ in transport cost parameters and firms’ ability to discriminate along that
dimension of consumer preferences.

Finally, our article is related to Jenzsch, Sapi and Suleymanova (2013) and Sapi and Su-
leymanova (2013). Both articles assume that consumers differ in the strength of their brand
preferences. In the former article the authors analyze firms’ incentives to share different
types of customer data depending on how strongly consumers differ in flexibility and con-
sider only data of perfect quality. In the latter paper the authors analyze firms’ incentives
to acquire customer flexibility data depending on its quality and consumer heterogeneity

along that dimension. The focus of our article is the analysis of firms’ location choices



depending on the quality of customer flexibility data and on how strongly consumers differ
in flexibility. In addition, in one of our extensions we endogenize firms’ decisions to acquire
customer flexibility data and get results, which differ from those of Sapi and Suleymanova.
We show that this difference is due to the location effect, which reduces firms’ incentives to
acquire flexibility data, and is absent in Sapi and Suleymanova, where firms do not choose
their locations. Precisely, we show that firms do not necessarily end up in the prisoner’s
dilemma when flexibility data becomes precise and consumers are relatively differentiated.
In the other extension where we assume that firms hold flexibility data of asymmetric qual-
ity, we show that with the improvement in data quality efficiency in location choices can be
restored only when consumers are relatively homogeneous.

This chapter is organized as follows. In the next section we present the model. In
Section 2.3 we provide the equilibrium analysis, state our results and compare them with
Lederer and Hurter (1986) and Anderson and de Palma (1988). In Section 2.4 we consider
two extensions. In the first one we analyze firms’ location choices under the assumption
that they hold flexibility data of asymmetric quality and in the second one we analyze firms’

incentives to acquire flexibility data. Finally, in Section 2.5 we conclude.

2.2 The Model

We analyze Bertrand competition between two firms, A and B, located at 0 < d4 < 1 and
0 < dp <1 on a unit-length Hotelling line, respectively. Firms produce the same product
of two different brands, A and B, respectively. Production costs are set to zero. There is a
unit mass of consumers, each buying at most one unit of the product. We follow Jenzsch,
Sapi and Suleymanova (2013) and assume that consumers are heterogeneous not only in
locations, but also in transport cost parameters (flexibility). Each consumer is uniquely
characterized by a pair (z,t), where = € [0, 1] denotes a consumer’s address and ¢ € [;, ﬂ
her transport cost parameter, with ¢ > ¢ > 0. We assume that x and ¢ are uniformly and
independently distributed with density functions fz(z) =1 and fi(t) = 1/ ( — t), to which

we will refer as f, and f;, respectively. If a consumer does not buy at her location, she
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has to incur linear transport costs proportional to the distance to the firm. The utility of

a consumer (z,t) buying from firm i = A, B at price p; is
Ui(z,t) =v—p; —t|z —di,

where v > 0 is the basic utility, which is assumed to be high enough such that all consumers
buy in equilibrium. A consumer buys from a firm, which delivers her a higher utility. In
case of equal utilities we assume that a consumer buys from a closer firm.'?

Firms know perfectly the location of each consumer in the market and can discrimi-
nate among consumers respectively. Firms also hold flexibility data, which is imperfect.
To model imperfect customer data we follow Liu and Serfes (2004) and Sapi and Suley-
manova (2013) and assume that data quality is characterized by the exogenously given
parameter k = 0, 1,2, ...,00. This data allows a firm to identify 2* flexibility segments and

k

allocate each consumer to one of them. Segment m = 1,2, ..., 2" consists of consumers with

transport cost parameters ¢ € [t™(k);t" (k)], where t™(k) =t + ({—t) (m —1) /2% and

om

t"(k) =t + (£ —t) m/2" denote the most and the least flexible consumers on segment m,
respectively. With the improvement in data quality (k becomes larger), firms are able to al-
locate consumers to finer flexibility segments. If k — oo, a firm knows perfectly the location
and transport cost parameter of each consumer in the market and can charge individual
prices. Otherwise, a firm has to charge group prices (to consumers with the same address
and on the same flexibility segment). With p;,(x), i = A, B, we will denote the price of
firm ¢ on address x on segment m.

Following Jenzsch, Sapi and Suleymanova (2013) and Sapi and Suleymanova (2013) we
will consider two extreme versions of our model with respect to consumer heterogeneity

in flexibility, measured by the ratio | := #/t. In the version with relatively homogeneous

consumers we assume that ¢t > 0 and [ < 2. In the version with relatively differentiated

"0This is a standard assumption in Hotelling-type models, where firms can practice perfect discrimination
based on consumer addresses, and allows to avoid relying on e-equilibrium concepts (see Lederer and Hurter,

1986).
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consumers we assume that ¢ = 0, in which case lim; .ol = co. In a similar way we can dis-
tinguish between flexibility segments. Precisely, we will say that consumers on segment m
are relatively homogeneous if t™(k) > 0 and ¢ (k)/t™ (k) < 2. We will say that consumers
are relatively differentiated there if (k) = 0. It is straightforward to show that in the
version of our model with relatively homogeneous consumers for any data quality consumers
on all flexibility segments are relatively homogeneous. In the version of our model with rel-
atively differentiated consumers, for any data quality consumers are relatively differentiated
only on segment m = 1 and are relatively homogeneous on all other segments.

We consider a standard sequence of firms’ moves where firms first choose their locations
and then make pricing decisions (see, for example, Lederer and Hurter, 1986; Anderson and

de Palma, 1988; Irmen and Thisse, 1998). Hence, the game unfolds as follows:

Stage 1 (Location choices). Independently from each other firms A and B choose locations

da and dp, respectively.

Stage 2 (Prices). Independently from each other firms choose prices to different consumer

groups.

2.3 Equilibrium Analysis

We solve for a subgame-perfect Nash equilibrium and start from the second stage, where
we derive firms’ optimal prices given their location choices in the first stage.!? Without loss
of generality we will assume that the firm which is located closer to x = 0 is firm A, such

that dg < dp.

"'Note that if in the second stage simultaneously with their pricing decisions both firms were deciding
whether to acquire flexibility data of an exogenously given quality k, both of them would do that in equilib-
rium. Following the argument of Liu and Serfes (2007), we can say that by refraining from data acquisition
a firm cannot influence the decision of the rival to acquire customer data and only decreases its degrees of
freedom in pricing. In the Section “Extensions” we endogenize firms’ decisions to acquire customer flexibil-
ity data and consider a different timing, where firms make their location choices after the decision to hold

flexibility data.
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Stage 2: Prices. As firms know consumer addresses, they can charge different prices on
each location. It is useful to consider separately four intervals of the unit line: i) interval
x < dy, which constitutes the hinterland of firm A, ii) interval d4 < 2 < (da + dp) /2 with
consumers between the two firms, which are closer to firm A, i) interval (dg +dp) /2 <
x < dp with consumers between the two firms, which are closer to firm B, iv) interval
x > dp, which constitutes the hinterland of firm B. In the following we will refer to the
intervals i) and ii) as “the turf of firm A” and to consumers there as “loyal consumers of
firm A.” Symmetrically, we will refer to the intervals i) and iv) as “the turf of firm B”
and to consumers there as “loyal consumers of firm B.”

Consider the turf of firm A. Under moderate prices only consumers with relatively small
transport cost parameters switch to firm B, because buying from the farther firm is not

very costly for them. On interval x < d4 on some segment m these are consumers with

t <t(da,dp,pam(z), ppm(v); 2|z < da) = Wa

provided ¢ (| z < d4) € [t™(k),t" ()], where pim () is the price of firm i = A, B on address
x on segment m. The transport cost parameter of the indifferent consumer, t~(| x < djy),
does not depend on her address directly, only (possibly) through firms’ prices. The reason is
that a consumer with address z < d4 always has to travel the distance d 4 —x independently
of whether she buys from firm A or from firm B. In the latter case compared to the former
she has to travel additionally the distance dp — d4. Hence, the difference in utility from
buying at the two firms does not depend on a consumer’s address.

If dy < x < (da+dp) /2, then on segment m the transport cost parameter of the

indifferent consumer is

?(dA7dB7pAm(37)ame($); z|da <z < dAgdB) = pAg»jfL)(;;fg;(fﬂ),

provided t(-|da < = < (ds+dpg) /2) € [t™(k),#"(k)]. Those consumers buy from firm

A, who have relatively high transport cost parameters: ¢ > t(-|da < x < (da +dp) /2).
Different from # (| < da), t(:|da < < (da +dp)/2) depends on the address of the

indifferent consumer. Precisely, when x increases, for given firms’ prices the transport cost
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parameter of the indifferent consumer becomes larger. If a consumer is located close to firm
B, she may find it optimal to buy from firm B even if she has a relatively high transport
cost parameter. Using symmetry, we can also derive consumer demand on the turf of firm
B.

Each firm maximizes its profit separately on each address = and each segment m. For

example, on some = < d4 and some m firm A solves the optimization problem

max M am, (da, dp, pam(x),ppm(2); 2, k|2 < da) = fr (T"(k) — (|2 < da)) pam(),

PAm (LE)

m

st L(-|z < da) [t (k), 2" (k)]

where I1;,, (-] 2 < d4) denotes the profit of firm ¢ = A, B on address z < d4 on segment m.

The optimization problem of firm B is

nax gy (da,dp, pam (), pem ()i 2, k| x <da) = f (E(:|z < da) —t"™(k)) pem(z),
Bm (T

st t(-|lz<da) € [t™(k),T"(k)].

In the following lemma we state firms’ equilibrium prices, demand regions and profits de-
pending on their location choices in the first stage of the game in the version of our model
with relatively differentiated consumers. We will use the subscripts “d” and “h” to de-
note the equilibrium values in the versions of our model with relatively differentiated and

homogeneous consumers, respectively.

Lemma 2.1 (Stage 2: optimal prices. Relatively differentiated consumers). Assume that
consumers are relatively differentiated in flexibility. Fquilibrium prices and demand regions
depend on consumer’s address, flexibility segment and the quality of customer flexibility
data.

i) Consider some x in the hinterland of firm i = A,B. On m = 1 firms charge prices
ph(da,dpsa k) = 2t(dp —da) /(3 x2%) and p§y(da,dp;x, k) = T(dp —da)/ (3 x2),
where firm i serves consumers with t > t/ (3 X 2’“), j=ADBand i # j. Onm > 2
firms charge prices pd (da,dp;x, k) = t™ (k) (dp — da) and p?m(dA,dB;m,k) = 0, where

firm i serves all consumers.



14

i1) Consider some x € [da,dp| on the turf of firm i = A, B. On m =1 firms charge prices
pd(da,dp;a, k) = 2t|da+dp — 2|/ (3% 2%) and p?l(dA,dB;:c, k) = t|da+dp —2x|/
(3 X 2’“), where firm i serves consumers with t > t/ (3 X 2’“), j=AB and i # j. Firms’
prices on m > 2 are pd (da,dp;x, k) = t"™(k)|da + dp — 22| and p;lm(dA,dB;:Jc, k) =0,
where firm i serves all consumers.

Firms realize profits

t(dp—d 9x2k(2F—1)(3da+dp)+2(11do+dp)+8
Hd( I : / ;k’) (dB A)( X ( 9)><(22;€4 - B)+2(11da+dp) ) /
Hd ( l ’ l 7]{}) ( B A)( X ( 9X)2(2k B; A ) ( B A)) )

Proof. See Appendix.

For the intuition behind Lemma 2.1 we will consider the turf of firm A. On any address
and any segment there firm A charges in equilibrium a higher price than the rival, because
in case of buying at firm A consumers have to bear smaller transport costs. While all
equilibrium prices of firm A are positive, firm B charges positive prices only on segment
m = 1. Also, firm B serves consumers only on that segment. The differences in firms’
equilibrium prices on segments m = 1 and m > 2 are driven by the differences in the
equilibrium strategy of firm A on its turf, as shown in Sapi and Suleymanova (2013).
Consider, for example, the interval z < da. On segment m = 1, where consumers are
relatively differentiated, firm A follows a so-called market-sharing strategy, such that its

best-response function takes the form

-1
7 (k)(dB—(éA)-i‘PBl(I) if ppi(z) < El(k) (dp —da)

pE1 () it ppi(z) > T (k) (dp —da).
(2.1)

pai(da,dp,ppi(z);z,klox < dy) =

To monopolize segment m = 1 firm A has to charge a price equal to that of the rival,
because the most flexible consumer (with t* = 0) can switch brands costlessly. The best-
response function (2.1) shows that firm A finds it optimal to monopolize segment m = 1
only if the rival’s price is relatively high: ppi(z, k) > £ (k) (dg — d4). Otherwise, if the

rival’s price is relatively low (ppi(z,k) < fl(/c) (dp —da)), firm A optimally charges a
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higher price and loses the more flexible consumers. To attract the loyal consumers of the
rival firm B charges in equilibrium a low price (pp1(z) < Zl(k) (dp — da)), which makes the
market-sharing outcome optimal for firm A.

In contrast, on segments m > 2, where consumers are relatively homogeneous, firm A
follows a so-called monopolization strategy, such that its best-response function takes the

form

Pam(da,dB,pem(2); 2, k| < da) = ppm(x) +t" (k) (dp — da) , for any ppn,(x). (2.2)

PAm = pBm(x) + 1" (k) (dp — d4) is the highest price, which allows firm A to monopolize
segment m on some address © < d4 on its turf for a given price of the rival, pp,,(x). As the
best-response function (2.2) shows, regardless of the rival’s price firm A prefers to charge a
relatively low price to serve all consumers on segment m. As a result, in equilibrium firm B
cannot do better than charging the price of zero. Firm A serves all consumers on segment
m although it charges a positive price there.

The type of the equilibrium strategy of a firm on some flexibility segment on its turf,
market-sharing or monopolization, depends on how strongly consumers differ there in flex-
ibility. When consumers are relatively homogeneous on some segment, it suffices for a firm
to decrease slightly the price targeted at the least flexible consumer to serve all consumers
there, such that regardless of the rival’s price a firm finds it optimal to monopolize the seg-
ment. In contrast, when consumers are relatively differentiated on a given segment, serving
all consumers there requires a substantial reduction in the price targeted at the least flexible
consumer (because the most flexible consumer can switch brands costlessly), which makes
the monopolization outcome optimal only when the rival’s price (which serves as an anchor
for a firm’s price) is high enough.

It is also worth noting that the equilibrium distribution of consumers between the firms
depends only on which firm’s turf and on which flexibility segment (with relatively homoge-
neous or differentiated consumers) they are located. Precisely, in equilibrium all consumers

on segments m > 2 buy from their preferred firms and on segment m = 1 one third of
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the more flexible consumers switches to the less preferred firm.!? However, the equilibrium
prices of a firm on its turf depend also on whether a consumer is located between the two
firms or in its hinterland. Precisely, to consumers on the same segment on its turf a firm
charges a higher price if they are located in its hinterland because switching to the other firm
is more costly for them. In the next lemma we characterize the equilibrium of the second

stage of the game in the version of our model with relatively homogeneous consumers.

Lemma 2.2 (Stage 2: optimal prices. Relatively homogeneous consumers). Assume that
consumers are relatively homogeneous in flexibility. Equilibrium prices and demand regions
depend on consumer’s address, flexibility segment and the quality of customer flexibility
data.

i) Consider some x in the hinterland of firm i = A,B. On m > 1 firms charge prices
ph (da,dp;z, k) =t™ (k) (dg — da) and p?m(dA,dB;x,k:) = 0, where firm 1 serves all con-
sumers, j = A, B and i # j.

i1) Consider some x € [da,dp| on the turf of firm i = A, B. On m > 1 firms charge prices
ph (da,dp;z, k) = t™ (k) |da + dp — 22| and p?m(dA,dB;x,k) = 0, where firm 1 serves all
consumers, j = A, B and 1 # j.

Firms realize profits

k k_ -~
% (da,dp; k) = t((25+1)+1(2 12)k)+(gs+3dA)(dB da) o

2P +1)+1(2F~1))(4—da—3dp)(dg—d
My(da,dp; k) = SEHHE D)) da5ds)(dn—ds)

Proof. See Appendix.

In the version of our model with relatively homogeneous consumers, consumers are
relatively homogeneous on any flexibility segment for any quality of customer data. As we
showed above, in that case every firm follows a monopolization strategy on any segment

on its turf. As a result, the rival charges the prices of zero on a firm’s turf and serves no

2Note that limg— oo t"(k) = 0, such that when firms can perfectly discriminate based on consumer

flexibility, every firm serves in equilibrium all consumers on its turf.
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consumers there. We next analyze firms’ location choices given their optimal prices in the

second stage of the game.

Stage 1: Location choices. We first derive socially optimal locations. Following Ander-
son and de Palma (1988) we will distinguish between first-best and second-best locations. In
the former case social planner determines both prices and locations. In the latter case social
planer only determines locations, while firms choose non-cooperatively prices to maximize
their profits under the prescribed locations. In the following lemma we state first-best and

second-best locations in both versions of our model.

Lemma 2.3 (Socially optimal locations). In both versions of our model first-best prices
satisfy

Pim (@) S tlo —aj =t — | + pjpy (@) if |o— i < |z — 4],

and first-best locations are diB = 1/4 and d5P = 3/4. Second-best locations depend on
consumer heterogeneity in flexibility.

i) If consumers are relatively homogeneous, then second-best locations coincide with first-best
locations: diB’h =1/4 and d%B’h =3/4.

i1) If consumers are relatively differentiated, then second-best locations are

SB,d _ _9x2% FB SB.d _ 27x2%k—4 FB
dA (k)—m>dA anddB (/{)—m<d3,f07”anyk20,

such that imy oo d5°% (k) = 1/4 and limy_o0 d3>? (k) = 3/4.
Proof. See Appendix.

First-best prices must induce an allocation of consumers between the firms where every
consumer buys from the closer firm. Then first-best locations which minimize transport
costs are symmetric, and every firm is located in the middle of its turf, which yields df;B =
1/4 and d5P = 3/4. Note that first-best locations do not depend on how strongly consumers
differ in flexibility.

For given locations firms’ equilibrium prices and the resulting distribution of consumers

between the firms differ in the two versions of our model, such that we also get different
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second-best locations. As stated in Lemma 2.1, with relatively differentiated consumers
every firm loses on its turf the more flexible consumers. Compared to the first-best, in the
second-best firms are located closer to each other, which minimizes the transport costs of
those consumers. In contrast, with relatively homogeneous consumers first-best and second-
best locations coincide, because as stated in Lemma 2.2, in equilibrium every consumer buys
from its preferred firm under any firms’ locations. In the next proposition we characterize

firms’ equilibrium locations and compare them with the socially optimal ones.

Proposition 2.1 (Stage 1: location choices). Equilibrium locations depend on consumer
heterogeneity in flexibility.

i) If consumers are relatively homogeneous, then for any data quality k > 0 in equilibrium
firms choose locations:

1
dh=1-dly ==
A 4’
which coincide with both first-best and second-best locations. Firms realize profits

3t(2F4141(2F -1 .
" (k) = 3(2141(2 1)) wg ) i- A B

it) If consumers are relatively differentiated, then in equilibrium firms choose locations:

2k _ k
diy (k) =1 — diy (k) = 38255 om0 (2.3)

where 0d% (k) /Ok > 0 and 0d% (k) /0k < 0, such that with the improvement in data
quality firms locate closer to each other. It holds that dff1 (k) < diB < diB’d (k) for any
k > 0, while the inequality for firm B is symmetric. Moreover, limg_ oo djﬁ (k) = diB and

limg o0 d% (k) = d5P. Firms realize profits

d f(9x22k—9x2k+10)2(27x22k—27x2k+22)
17 (k) = ok 2
9% 22k+5 (9x 22k —9x 2k +8)

,i=A,B.

Proof. See Appendix.

In the following we will explain and provide intuition for our results in each version of

our model using the approach of Lederer and Hurter (1986, in the following: LH). When



19

consumers are relatively homogeneous, firms make socially optimal location choices, such
that the equilibrium locations coincide with both first-best and second-best locations. This
result is driven by the fact that every firm follows a monopolization strategy on any address
on its turf and serves in equilibrium all consumers there. It can be shown that when firm ¢
chooses the optimal location, it solves the optimization problem'
() b ] )

min {zofmln {Dj (dj;x),D; (di;z)} dm} , (2.4)
where D; (d;; ) := |z — d;| and (£ + ¢) (fol min {D; (dj;z), D; (d;;x)} dm) /2 can be, follow-
ing LH, defined as social transport costs, which are the total transport costs incurred by
consumers when they are served by firms in a cooperative manner minimizing transport
costs. The latter implies that every consumer buys from the closer firm. It follows from
(2.4) that the location choice of firm ¢ minimizes social transport costs given the location

115 Bquilibrium locations also

of the rival, d;, yielding first-best locations in equilibrium.
coincide with the second-best locations. The latter minimize transport costs given the equi-

librium allocation of consumers and, hence, also minimize social transport costs. Indeed,

13 All the derivations of the formulas presented in this section are provided in the Appendix.

4To be more precise, in our case the equilibrium location of a firm minimizes directly the total distance
travelled by consumers. In LH the equilibrium location of a firm minimizes directly social transport costs
(if production costs are zero). This difference is related to the fact that in our model firms do not know
the transport cost parameter of an individual consumer unless k& — oo. Then in equilibrium in the version
with relatively homogeneous consumers every consumer pays a price equal to the difference in the distances
between the consumer and the two firms multiplied by the transport cost parameter of the most flexible
consumer on the segment to which consumer belongs, and not consumer’s own transport cost parameter.
However, this difference between LH and our model does not change the main result that with relatively

homogeneous consumers firms make socially optimal location choices.

LH analyze firms’ location choices in a two-dimensional market region. LH show that in that case
equilibrium locations do not necessarily minimize social (transport) costs globally. However, this is always
the case in our model (in a version with relatively homogeneous consumers), where firms choose locations

on a unit-length Hotelling line over which consumers are distributed uniformly.
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they solve the optimization problem

t+t) !
min {()fmin{DA (da;x),Dp (dB;x)}dx}. (2.5)
dadp 2 9

When consumers are relatively differentiated, equilibrium locations differ both from the
first-best and second-best locations (provided flexibility data is not perfect). Following LH

and using the results of Lemma 2.1 we can show that when firm ¢ chooses location d;, it

solves the optimization problem

f I tl
rrcllin (14 af 5] min {D; (dj; z) , D; (di; z)} dz — a ( if (dj;z) dz| (2.6)
i 0 0

where a (k) =2/ [9 x 2k (28 — 1) + 8]. Different from the optimization problem with rel-
atively homogeneous consumers (2.4), in the optimization problem (2.6) firm ¢ minimizes
the weighted difference between social transport costs and transport costs of buying at firm
i given by the first and the second terms in (2.6), respectively. The latter term is new and
is driven by the incentive of a firm to locate further apart from the rival to mitigate compe-
tition under the imperfect ability of a firm to protect market shares on its turf. Consider,
for example, firm A. For a given location of the rival, the location choice which minimizes
social transport costs is da (dg) = dp/3. And the location choice, which maximizes the
transport costs of buying at firm A is d4 = 0. Then depending on « (k), da (dp; k) which
solves (2.6), takes some value between d4 (dp) = dp/3 and dy = 0. As first-best locations
solve the optimization problem (2.5) with ¢t = 0, it is straightforward that compared to
them, equilibrium locations are closer to the end points of the unit interval and the inter-
firm distance is larger in equilibrium than in the first-best. Second-best locations minimize

the transport costs

min { ! —25(143) fmm{DA() Dgp(1)}d t ék)fmax{DA( ),Dp ()}dm}, (2.7)
0

da,dp

where B(k) =1/ [9 x 2%]. Different from first-best locations, which minimize social trans-
port costs, second-best locations minimize the weighted sum of the social transport costs
and the maximal transport cost given by the first and the second terms in (2.7), respectively.

The first term in (2.7) is the transport costs of consumers who buy from their preferred
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firms, and the second term in (2.7) is the transport costs of consumers who buy from the
farther firms. The latter costs are minimized under minimal differentiation when both firms
are located at the middle of the unit interval.'® Then second-best locations are closer to
the middle of the unit interval compared to first-best locations, and the interfirm distance
is larger in equilibrium than in the second-best, too. Note finally that limg_,., o (k) = 0
and limg_,o, 5 (k) = 0, such that the optimization problem (2.6) is equivalent to (2.4) and
the optimization problem (2.7) is equivalent to (2.5) with ¢ = 0, and the equilibrium loca-
tions coincide with both first-best and second-best locations when flexibility data becomes
perfect. This happens because in that case every firm serves consumers only on its own
turf.

Combining our results in both versions of our model we make the following conclusions
on firms’ location choices in a Hotelling model with two-dimensional consumer heterogene-
ity, where firms can practice perfect third-degree price discrimination based on consumer
addresses and (possibly) imperfect one based on consumer flexibility. First, firms choose
socially optimal locations in two cases. If either consumers are relatively homogeneous in
flexibility or if firms have perfect customer flexibility data and thus can practice perfect
third-degree price discrimination along that dimension, too. In both cases every firm serves
all consumers on its turf. We conclude that the optimality result of LH may also hold
when customer data is imperfect. Second, when consumers are relatively differentiated in
flexibility and customer flexibility data is imperfect, firms make socially suboptimal loca-
tion choices. However, with the improvement in the quality of customer data equilibrium
locations become closer to the socially optimal ones. This result supports the intuition of
Hamilton and Thisse (1992, p. 184) that more flexibility in pricing leads to more efficient
location choices when demands at each location are price-sensitive. However, as our first

conclusion shows, flexibility in pricing (based on consumer transport cost parameters) is

1

""Note that [max{Da (da;z),D5p(dp;x)}dx = da — 1/2 — (da +dg)*> /4. Tt is straightforward
0

to show that the values da = dp = 1/2 solve the following constrained optimization problem:

maxa, d, [da —1/2 — (da +dp)* /4], s.t. da —dp <0, —da <0 and dp < 1.
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not a necessary condition for socially optimal locations.

In the following we compare our results with the other closely related article of Anderson
and de Palma (1988, in the following: AP). AP assume that products are heterogeneous
not only in the spatial dimension, but also in the characteristic space, which leads to price-
sensitive demands at each location. While both versions of our model imply price-sensitive
demands, our results are similar to those of AP only in the version with relatively differ-
entiated consumers, where firms’ markets overlap in equilibrium and most importantly, in
equilibrium firms do not choose optimal locations (apart from the case where firms can per-
fectly discriminate based on consumer flexibility). As we showed above, when consumers
are relatively homogeneous, in equilibrium every firm serves all consumers on its turf, such
that firms’ markets do not overlap, which leads to socially optimal equilibrium locations.

In AP (in the logit model) the equilibrium locations depend on parameter p > 0, which
is interpreted as a measure of consumer/product heterogeneity. In our case it makes sense
to define p as uy (k) := £ (dp — da) /2F, being inversely related to the quality of flexibility
data. Similar to AP we can draw a graph, which represents the equilibrium location of
firm A depending on the ratio p (k) := py (k) /T (dp — da) = 1/2%, where p (k) € (0,1] (see
Figure 2.1). As Figure 2.1 shows, our results correspond to those in AP where p is relatively
small. Precisely, the first-best location of firm A is constant, the second-best location of firm
A increases in p (k) and its equilibrium location decreases in u (k). To explain the behavior
of the equilibrium locations, AP identify two effects. With an increase in p from g = 0 in
AP products become heterogeneous (at each location) and a firm loses the monopoly power
over its turf. As a result, firms move further apart to mitigate competition (first effect).
At the same time higher p implies the increased ability of each firm to gain consumers on

the rival’s turf. With an increase in the size of the latter group firms tend to locate closer

""In AP the monopolization outcome is not possible, because regardless of the difference in firms’ prices
on a given address, some consumers choose the other firm than the majority of consumers. In contrast, in
our model one firm gains all consumers on a given address and flexibility segment if firms’ prices there are

very different.
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to the center to minimize the transport costs of serving those consumers (second effect).
At some point the second effect starts to dominate, and the interfirm distance decreases in
equilibrium. When p increases from p = 0 in our model, a firm loses the perfect targeting
ability on its turf, which allows the rival to gain the less loyal consumers of a firm. To
mitigate competition firms move further apart according to the first effect in AP. On the
other hand, the weakened ability of the rival to target consumers on its own turf allows a
firm to gain more consumers there, which creates an incentive to move closer to the rival
according to the second effect in AP. However, different from AP the second effect never
dominates in our model, as a firm gains at most only one third of consumers on the rival’s
turf.!®

Compared to AP, our analysis highlights the importance of the ability to discriminate
along the vertical dimension of consumer preferences for firms’ location choices. When data
on consumer flexibility improves (p decreases), firms choose locations as if their products
became more homogeneous (at each location), which mitigates competition and pushes the

equilibrium locations in the direction of the socially optimal ones.

"8 This result depends on the assumption of the uniform distribution of consumer transport cost parameters
on each location. For example, if there were two large consumer groups with relatively high and low transport
cost parameters, it could be optimal for a firm to serve only the former group on its turf, while the latter
would switch to the rival. In that case every firm could serve in equilibrium more loyal consumers of the

rival than the own loyal consumers.
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Figure 2.1. Equilibrium and optimal locations of firm A depending on u (k)

2.4 Extensions

In this section we consider two extensions. In the first one we allow firms to hold customer
flexibility data of asymmetric quality. In the second one we analyze firms’ incentives to

acquire customer flexibility data.

Extension 1: Asymmetric information. In this extension we assume that firms hold
customer flexibility data of asymmetric quality. Precisely, the quality of firm B’s data is
k > 0 and the quality of firm A’s data is k 4+ n, where n > 1. Hence, we assume that firm
A always holds some data on consumer flexibility, while firm B may have not such data.
Moreover, the quality of firm B’s data is always worse than that of firm A and n measures
the quality advantage of firm A’s data. In reality we often observe that firms differ in their
ability to collect and process customer data and to use it for price discrimination. One of the
many examples is the UK’s retail industry, where Tesco became a leading supermarket chain
after the introduction of a loyalty program, which allowed it to collect data on consumer
preferences and design individual discounts based on that data (see Winterman, 2013). The

following proposition summarizes our results on the equilibrium location choices of the firms
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when they hold customer data of asymmetric quality and compares them with the first-best
locations for the case of relatively homogeneous consumers. With the subscript “As” we

refer to the case of asymmetric information.20

Proposition 2.2 (Asymmetric data quality. Relatively homogeneous consumers). Assume
that consumers are relatively homogeneous in flexibility. Firms’ equilibrium location choices
depend on the quality of their customer data and the ratio of consumer flexibility.

i) If either k> 1 orif k=0 and | < 3/2, then the equilibrium locations coincide with the
first-best locations:

Ay (kyn,0) =1 - dg™ (k,n,0) = 1,

it) If k=0 and | > 3/2, then the equilibrium locations depend on the quality advantage of
firm A’s data in the following way.

a) If n <logy ((I—1)/(1—3/2)), then in equilibrium firms choose locations:

and

dh,AS(O l) _ —81—12x 2™ 14412 +13x2" +4
A 19 T T320—12x27—12Xx 27121612425 % 2" 16

dh,As (0 n l) o —241—12x2"—8x2"12 41212421 x2" +12
B » 1o T T320—12x27—12x 2712 +1612+25Xx2" 16 °

b) If n >1logy ((I—1)/(1—3/2)), then in equilibrium firms choose locations:

h,As _ —1422" 21422142 4]
dy (0,n,1) = ey o WAL
dh,As (O l) . 3x22n|—3x2"4+3x22"4+3x2"+1

B (gl T 4Ax22n |4 X2 ]+4x 22N ][+4x27 41"

19We follow the literature and assume that in the case of asymmetric information (where one firm has more
(accurate) data than the other), firms move sequentially. Precisely, the firm with less (accurate) data moves
first and the other firm follows. This assumption can be justified by the observation that prices (discounts)
designed for finer consumer groups can be changed easier than prices targeted at larger consumer groups.
Moreover, under simultaneous moves a Nash equilibrium may not exist. For articles, which use the same
assumption see, for instance, Thisse and Vives (1988), Shaffer and Zhang (1995, 2002) and Liu and Serfes

(2004, 2005).

20To concentrate on the most important results, in Proposition 2.2 we omit the equilibrium prices and the
allocation of consumers among the firms for any given location choices da and dp, which can be found in

the proof of Proposition 2.2 in the Appendix.
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It holds that lim,, oo d'5™ () = d5B and lim,, o d'5 (1) = d5B.

In both cases a) and b) it holds that dZ’AS () < diB and d%AS () < diB. With the
improvement in the quality of firm A’s data both firms move to the right and locate closer
to each other: 8d?’A$(-)/8n >0,i=A,B and 9 (d%’As(-) —dffl’As(-)) /on < 0. When
consumers become more differentiated in flexibility, then both firms mowve to the left and

locate farther away from each other: dd!™** (-) /Ol < 0 and 8 (dgAs () — dlzl’As ()) /Ol > 0.

i
Proof. See Appendix.

Different from the symmetric case where both firms hold flexibility data of the same
quality, with customer data of asymmetric quality firms’ location choices are not always
optimal even if consumers are relatively homogeneous. Precisely, the equilibrium locations
coincide with the first-best locations if either consumers are strongly homogeneous in flexi-
bility (I < 3/2) or if firm B holds some flexibility data (k > 1). In both cases firm B serves
all consumers on its turf for any firms’ location choices. As all consumers buy from their
more preferred firms, firms choose optimally the locations, which minimize social transport
costs, being the first-best locations, as we showed in our main analysis. However, if con-
sumers are not strongly homogeneous in flexibility (I > 3/2) and firm B does not hold any
customer data (k = 0), then firm B loses the more flexible consumers on its turf (those
with the smaller transport cost parameters on segment 1 identified by firm A) for any firms’
location choices. The reason is that with a customer data advantage firm A can better
target consumers on the turf of firm B, such that protecting market shares becomes more
costly for firm B (compared to the case when it holds some flexibility data, &k > 1). As
a result, firm B finds it optimal to target the more loyal consumers on its turf, while the
more flexible consumers switch to the rival.

The inefficient distribution of consumers between the firms leads to the equilibrium loca-
tions, which do not minimize social transport costs. As a result, customer data asymmetry
distorts both the equilibrium location of firm A and that of firm B and in equilibrium both
firms locate to the left from the first-best locations. However, when flexibility data of firm A

becomes more precise, firms move closer to the first-best locations, such that under perfect
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data equilibrium locations coincide with the first-best locations. The reason for this result is
that when firm A can better target consumers on the turf of firm B (n gets larger), the latter
is forced to decrease its price for the own loyal consumers (if n > logy ((I — 1) / (I — 3/2))),
such that it gains market shares among them.?! When the data of firm A becomes almost
perfect, firm B charges a price, which makes the most flexible consumer (with the transport
cost parameter t) indifferent between the two firms, and serves all of its loyal consumers.
The efficient allocation of consumers between the firms leads to the equilibrium locations,
which coincide with the first-best locations. It is also straightforward why the equilibrium
locations become closer to the first-best ones when consumers become more homogeneous
(I decreases): 0d?’AS (1) /0l < 0. The reason is that in that case less consumers buy from
their less preferred firm A.

We can now conclude. With relatively homogeneous consumers, asymmetry in the
available flexibility data distorts firs-best equilibrium locations only if firm B does not have
any flexibility data (kK = 0) and if consumers are not strongly homogeneous (I > 3/2).
However, even in that case efficiency is restored when the quality of firm A’s data becomes
perfect. In the next proposition we summarize our results on the firms’ equilibrium location

choices when consumers are relatively differentiated in flexibility.

Proposition 2.3 (Asymmetric data quality. Relatively differentiated consumers). Assume
that consumers are relatively differentiated in flexibility. Firms’ equilibrium location choices
depend on the quality of their customer data.

i) If k=0, then equilibrium locations are

dd’AS(O n) o 8x2%7432x 237 416x2%" —16x2"+1
A 9

8% 128x23n y 11axatn 5~ ond

dd,As (0 n) _ 24x227496x237480x24" —7
B ) T 8x22n1128x 23" +112x2%n 5"

With the improvement in firm A’ data quality, both firms move to the left: adf’As (1) /On <

0, 1 = A, B. The distance between the firms becomes (weakly) smaller if n < 2 and larger

21 As is shown in the Proof of Proposition 2.2 in the Appendix, in the case n > log, ((I — 1) /(I — 3/2)) on

its own turf firm B charges the price ps(da,ds;z,n) = (t+ (T —t) /2") (|da — 2| — |dB — z|).
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otherwise. Firms generally locate to the left from the first-best locations: for any n > 1 it

holds that diAs (-) < diB and for any n > 2 it holds that d™ (-) < d5B. Finally,

lim d%* () =1 <diP and lim dj* () =2 < dbP.

n—oo n—oo

ii) If k > 1, then equilibrium locations are di’AS (k,n) and d%AS (k,n), such that

lim  d%" () =d5P and  lim 4% () = dEP.

n—00,k—00 n—o00,k—0o

Proof. See Appendix.

With relatively differentiated consumers, different from the case of relatively homoge-
neous consumers, perfect flexibility data held by firm A does not lead to first-best locations.
Precisely, if firm B does not have any customer data (k = 0), then both firms choose loca-
tions to the left from the respective first-best locations and the efficiency is not achieved.
The reason is that in equilibrium both firms lose consumers on their turfs, as we showed in
the main analysis. Firm A loses consumers on its turf, because in the presence of a very
flexible consumer (with the transport cost parameter of zero), it is too costly to serve all
the loyal consumers. On the top of that, firm B loses consumers also due to a superior
ability of firm A to target consumers on its turf. With the improvement in the quality of
its data, firm A’s ability to protect its market shares gets larger, such that with the perfect
flexibility data firm A serves (almost) all of its loyal consumers. In contrast, firm B always
loses some consumers on its turf. This is different in the case of relatively homogeneous
consumers, where firm B serves (almost) all of its loyal consumers, when firm A holds data
of perfect quality, while firm B does not have any flexibility data.

When both firms have customer flexibility data (kK > 1), then with data of perfect
quality firms choose first-best locations in equilibrium. We get the same result as in the
main analysis with relatively differentiated consumers, where both firms hold flexibility data
of the same quality. This similarity in the optimal locations is straightforward, because if
k — oo, then both firms have flexibility data of a perfect quality and we are basically back

in the symmetric case.
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Combining our results from the two versions of our model we can make the following
conclusions. When consumers are relatively homogeneous, then even in the asymmetric
case where firm B does not hold any flexibility data, firms make socially optimal location
choices provided that firm A holds perfect flexibility data. In contrast, when consumers are
relatively differentiated in flexibility, then perfect data held by firm A does not lead to the
optimal location choices if firm B does not have any flexibility data. Hence, if firms differ
in the quality of their customer data, then whether or not perfect data held by firm A is
sufficient to guarantee the optimal location choices of the firms, depends on how strongly

consumers differ in flexibility.

Extension 2: Customer data acquisition. In the main analysis we assumed that both
firms hold flexibility data. In contrast, in this extension we allow firms to choose whether
they want to acquire flexibility data (which is costless). We assume here that firms make
their location choices after their data acquisition decisions. Such a timing implies that data
acquisition decision is a longer run decision than the location choice, which can be justified
2

by the fact that firms often use the available customer data to find the optimal location.?

Precisely, we consider the following sequences of firms’ moves:
Stage 1 (Flexibility data acquisition). Independently from each other firms A and B decide
whether to acquire customer flexibility data of an exogenously given quality k& > 1.

Stage 2 (Location choice). Independently from each other firms A and B choose locations

da and dp, respectively.

Stage 3 (Prices). Independently from each other firms set prices to different consumer

groups.
The following proposition summarizes firms’ incentives to acquire customer flexibility data.

Proposition 2.4 (Customer data acquisition). Firms’ incentives to acquire customer flez-

22Pitney Bowes Software, a company which provides among others Location Intelligence, mentions in one
of its reports that “(t)o identify a profitable store location, acquiring customer and target market data is

essential” (see Deakin University Australia Worldly and Pitney Bowes Software, 2012).
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wbility data depend on consumer heterogeneily in flexibility.

i) If consumers are relatively homogeneous in flexibility, then a unique Nash equilibrium
exists, where both firms acquire customer data of any quality k > 1. In equilibrium firms
are better-off compared to the case where none of them holds flexibility data.

it) If consumers are relatively differentiated in flexibility, then a Nash equilibrium exists,
where none of the firms acquires customer data of any quality k > 1. If k > 2, then the
other Nash equilibrium exists, where both firms acquire flexibility data. In this equilibrium

firms are worse-off compared to the case, where none of them holds flexibility data.
Proof. See Appendix.

Our results show that firms’ decisions to acquire customer data depend on consumer
heterogeneity in flexibility and the quality of customer data. Precisely, with relatively
homogeneous consumers in equilibrium firms acquire flexibility data of any quality. When
consumers are relatively differentiated and customer data is very imprecise (k = 1), then
in equilibrium none of the firms acquires flexibility data. With the improvement in data
quality (k > 2) two equilibria coexist, where either both firms hold flexibility data or both
of them refrain from that. It is instructive to compare our results with those in Sapi and
Suleymanova (2013, in the following: SS), who analyze firms’ incentives to acquire customer
flexibility data in a similar setup, but in contrast to our article assume that firms’ locations
are exogenously given by d4 = 0 and dg = 1. The main difference is that in SS in the case of
relatively differentiated consumers firms necessarily end up in the prisoner’s dilemma when
data quality is sufficiently high (k > 2), because every firm has a unilateral incentive to
acquire customer data making in the end both of them worse-off. While such an equilibrium
exists also in our case, where firms can choose their locations, it is not unique and firms
may end up in the equilibrium, where none of them holds flexibility data.

This difference is due to the fact that compared to SS in our analysis a firm never
has a unilateral incentive to acquire flexibility data of any quality £ > 1. In our case a
firm acquires flexibility data in equilibrium only if the rival also does that. SS explain

firms’ data acquisition incentives through the interplay between the rent-extraction and
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competition effects. When data quality is low, competition effect dominates: using the new
available data each firm targets aggressively the loyal consumers of the rival, which creates a
downward pressure on the prices of the latter, such that both firms’ profits decrease. With
the improvement in data quality, however, the rent-extraction effect starts to dominate
because each firm is able to extract more rents from its loyal consumers when it holds data
of a better quality on their preferences. In our model where firms choose not only prices,
but also their locations, the third effect plays a role, which is the location effect.

We explain now how the location effect influences the unilateral incentives of a firm
to acquire flexibility data, which are responsible for the difference between our results and
those of SS. Consider the turf of firm A and its incentives to gain flexibility data when the
rival does not hold it. In equilibrium, on any address on a firms’ turf both firms’ prices
are proportional either to the difference in firms’ locations or to their sum (reduced by a
consumer’s address). Figure 2.2 depicts the difference between the equilibrium locations
of firm B and firm A, when only firm A holds flexibility data of quality & > 1, and the
difference between firms’ locations when none of them holds customer data.’® Figure 2.2
shows that although with the improvement in the quality of firm A’s data (k > 2), the
distance between firms’ locations starts to increase, it never reaches the level of the case
where both firms do not hold customer data.?* This implies that other things being equal,
equilibrium prices on any address on firm A’s turf are smaller when it unilaterally acquires
flexibility data compared to the case when it does not. Hence, the location effect contributes
to the negative competition effect and reduces the unilateral incentives of a firm to acquire
flexibility data. Intuitively, firms choose locations to protect their market shares, which

intensifies competition compared to the case where locations are given exogenously.

230 calculate the former we used the equilibrium values d4** (n) and d4** (n) from case i) of Proposition
2.3. To calculate the latter we used the equilibrium values d% (k) and d% (k) from Proposition 2.1 and

evaluated them at k = 0.

21 Quite a similar result applies to the sum of firms’ locations.
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Figure 2.2. Difference in firms’ locations when both firms do not hold flexibility data

(dashed line) and when only firm A has data (solid line)

How do these new results change our conclusions on the equilibrium locations of the
firms? We stated in Proposition 2.1 that when data on consumer flexibility becomes more
precise, firms choose locations closer to the first-best ones, if consumers are relatively dif-
ferentiated. However, as Proposition 2.4 shows, firms do not necessarily acquire flexibility
data in that case and may end up in the equilibrium where none of them holds flexibility

data, in which case equilibrium locations substantially depart from the first-best ones.

2.5 Conclusion

In this article we analyzed firms’ location choices in a Hotelling model with two-dimensional
consumer heterogeneity, along addresses and transport cost parameters (flexibility). We
assumed that firms have perfect data on consumer locations, while the quality of customer
flexibility data can be imperfect. Our results show that the optimality result of Lederer and
Hurter (1986) holds even when firms’ ability to practice third-degree price discrimination
based on consumer transport cost parameters is imperfect, provided consumers are relatively

homogeneous along that dimension. In that case under any location choices in equilibrium
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every firm serves all consumers on its turf, as in the case where firms have perfect data on
consumer flexibility. In contrast, when consumers are relatively differentiated in flexibility,
firms make socially suboptimal locations choices (unless the quality of customer flexibility
data is perfect). However, with the improvement in the quality of customer flexibility data
firms’ location choices become closer to the socially optimal ones. This result supports
the intuition of Hamilton and Thisse (1992) that to make socially optimal location choices
firms need more flexibility in pricing. We also find that firms’ ability to choose locations
is crucial for their incentives to acquire flexibility data. Precisely, it reduces them through
the location effect when consumers are relatively differentiated. Finally, we show that
when firms hold flexibility data of asymmetric quality, efficiency in firms’ location choices
can be restored with the improvement in data quality only when consumers are relatively
homogeneous. Our analysis is motivated by the availability of customer data, which allows
firms to practice third-degree price discrimination based on both consumer characteristics
relevant in spatial competition, addresses and transport cost parameters. It highlights the
importance of consumer heterogeneity in flexibility and the quality of customer flexibility

data for firms’ location choices.
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2.6 Appendix

In this Appendix we first provide the derivations of the formulas stated in the Section
“Equilibrium Analysis” and then we present the proofs of the Lemmas and Propositions

omitted in the text.

Derivations of the formulas. When consumers are relatively homogeneous, in equi-
librium every firm charges on any address on its turf the highest price, which allows to
monopolize a given flexibility segment. This price is proportional to the difference in the
distances between the consumer and each of the firms. Following Lederer and Hurter (1986,
in the following: LH) and using the results of Lemma 2.2 we can state the equilibrium prices

of firm i = A, B as
pzhm(di, dj; x, k) = ﬁm (k) (Dj (dj; JZ) — Di (dz, l’)) lf Dj (dj; 33) > DZ' (dz, .’E) and
p?m(d,;,dj;m, k) = 0if Dj(dj;x) < D; (di; ),

where D; (d;;x) := |x — d;|. Then the equilibrium profit of firm i for given locations d; and

d; can be expressed as
12
10} (di, dj; k) = or 2L (k) / [Dj (dj; x) — D; (di; )] dz
1 Dj(dj;z)>Di(di;$)
2k +1)+1(2F -1
S HEEDHE DL ) - D,
Dj(dj;x)>D;(di;x)

where i # j and j = A, B. Similar to Lemma 4 in LH we can rewrite I1?(d4,dp; k) as
17 (d;, dj; k) x 28+
= D; (d;;x)dx — D; (d;;x) dx
L[(2F +1) +1(2F - 1)] Dj(dj;x)lDi(di;x) Y Dj(dj;x)iDi(di;x)

= f Dj (dj;m) dx + f Dj (dj;m) dx
Dj(dj;x)>D;(dsx) Dj(dj;x)<Dj;(dg;x)
— f Dj (dj; :C) dx — f Di (dz, LC) dx
Dj(dj;x)<D;(di;x) Dj(dj;x)>D;(di;x)

1 1
= [Dj(dj;z)dx — [ min{D; (dj;z),D; (d;; z)} d.
0 0

Second-best locations solve the optimization problem

(t+1)
2

min {(t—’_t) il Dy (da;x)dx +

Dp (dp;x)dx ¢,
da,dB 2 Da(dasx)<Dp(dp;z) }

Dp(dp;x)<Da(dasr)
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which is equivalent to the problem

da,dp

min {(’f‘; ) jmin{DA (daiz), Dy (dB;x)}d:c}.

Consider now the case of relatively differentiated consumers. As shown in Lemma 2.1,
given any locations every firm serves on its own turf the more loyal consumers and the less
loyal consumers on the rival’s turf. In a similar way as above, following LH and using the

results of Lemma 2.1 we can state the equilibrium prices of firm i = A, B as

pglm(di, dj; T, k’) = " (/i?) [Dj (dj; LL‘) —D; (di; 33)} if Dj (dj; IE) > D; (di; 3:) and m > 2,

pd (d;, dj;x, k) = 26" (k) [D; (dj;x) — D; (disx)] /3 if Dj (dj;2) > D; (dj;x) and m = 1,
pglm(di, dj;x, k) = 0if Dj(dj;x) < D;(di;z) and m > 2,

pfm(di, dj;x, k) = t" (k) [D; (dj;x) — Dj (di; )] /3 if Dj (dj;2) < Dj (dj;x) and m = 1.

Then the profit of firm ¢ for given locations d; and d; can be expressed as

12 4%
I (d;, dj; k) = ok Lt (k) + g 2%1 [Dj (dj; z) — D; (di; x)] dz
2 Dj(dj;x)>Dj(ds;z)
t
+— S/ [D; (di; x) — Dj (dj; )] dz

9 x 22ij(dj;m)SDi(di;9U)
t(2F-1) 41
9k-+1 + 9 x 22k

[D; (dj; x) — D; (dis )] dz

] Dj(dj;x)>D;(disx)
t
T % 2ok o J . [D; (di; x) — Dj (dj; )] dz.
Dj(dj,l’)SDl(d“x)

Similar to Lemma 4 in LH we can rewrite 11¢(d4, dp; k) as

11{(di, djs ) 1 ) .
2k+1 9% 22k
2 ‘ .
- 1+9><2’€(2 1)+8] 4 fmm{D (dj; ), Dj (di; )} d.

Hence, when firm ¢ chooses location d;, its optimization problem is equivalent to

f
min | (14 «(k)) =

i

1
I D; (di;z)dz| ,
0

DO | o+

1
) g min (D; (d5), Di(d )} e o ()

l\D
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where o (k) =2/ [9 x 2% (28 — 1) + 8].

Second-best locations minimize the transport costs

t
{ Da(dasz)du+ J 5 (dp; ) ] [ fitdt
Da(dase)<Dp(dp;z) DB(dB;I)<DA(dA;z) 3521@
t
3%
+ Dy (dasx)dz + J DB(dB;;L')d;U:| f fetdt
Da(da;x)>Dp(dp;z) DB(dB, )>Da(da;z) 0

= [1 _25( ) fmln {DA ( ) Dp ()} dx + ;bfmax {DA () ,Dp ()} dz,

where B(k) = 1/ [9 x 22F].

We now derive the formulas necessary for the comparison of Anderson and de Palma
(1988, in the following: AP) and the version of our model with relatively differentiated con-
sumers. In that case the equilibrium prices on segment m = 1 (with relatively differentiated
consumers) can be derived from Proposition 1 in AP. Consider, for example, the interval
z < da.? We need to set ¢4 = cg = 0 and replace F; with the demand of firm A on

segment m = 1:

day (pAl (z) —pp1 () ,dp — dA,fl (k:)‘ x < dA> =1- %. (2.8)

In AP (in the logit model) equilibrium locations depend on parameter p > 0, which is inter-
preted as a measure of consumer /product heterogeneity. In our case it makes sense to define
pas py (k) :=t(dp — da) /2F. Then from (2.8) we get that [0di1 (-) /Opj1 ()| = 1/py (k)
(i,j = A, B), such that with an increase in p; (k) firms’ prices become less important in
determining their demands. Parameter p; (k) is inversely related to the quality of customer

flexibility data. If &k = 0, then for any x, 11, (k) gets its highest value of p; (0) =t (dp — da).

Proof of Lemma 2.1. As firms are symmetric, we will derive equilibrium on the two
intervals on the turf of firm A.
i) Interval 1: x < d4. Consider some x < d4 and some m. The transport cost parameter

of the indifferent consumer is

T(da,dp, pam (@), ppm(@); x|z < da) = 2AW0@ Hrovided 1(-) € [t7(K), T (K)], (2.9)

dp—da

250n the other intervals one should proceed in a similar way.
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such that consumers with ¢ > ¢(-) buy at firm A. Consider first m = 1. Maximization of

firms’ expected profits yields the best-response functions

-1
7 (k:)(dB*(éA)‘FpBl(x) if ppi(z) < fl(k;) (dp —da)

ppi(x) it ppi(x) > 7T (k) (dp — da)
(2.10)

pa1 (da,dp,pp1(z);z, klx < da) =

and

pp1(da,dp,pai(z);z,klz < da) =

pa1(®) it pai(z) <20 (k) (dp — da) o)

par(z) — (k) (dg — da) if pai(z) > 26 (k) (dg — da). '

Given the best-response functions (2.10) and (2.11) we conclude that two types of equi-
libria are possible, where either firm A monopolizes segment m or where both firms serve
consumers. Only the latter equilibrium exists where firms charge prices pﬁu(d A, dp;x k) =
2t (dp — da) / (3 x 2%) and pk,(da,dp;z, k) = T(dp —da) / (3 x 2¥). Firm A serves con-
sumers with ¢ > ' (k)/3.

Consider now segments m > 2, where the best-response function of firm A is

Pam(da,dp,ppm(2);z, k|lx < da) = ppm(x) +t™(k) (dp — da). (2.12)

As T"(k) — 2t™(k) < 0 for any m > 2, there is no ppy,(x) > 0 under which it is optimal for
firm A to share the market with firm B. (2.12) yields dem(dA, dp;x, k) = 0. Indeed, assume
that in equilibrium p%, (da,dp;x, k) > 0 holds. Firm B gets in equilibrium the profit of
zero, because (2.12) implies that firm B serves no consumers. But firm B can increase its
profit through slightly decreasing its price. Hence, p‘ém(d A,dp;x, k) = 0 must hold. Firm A
charges the price p%,, (da,dp;z, k) =™ (k) (dp — da) and serves all consumers on segment
m on address z.

On the interval = < d4 firms realize profits

4 (da,dp;k|z < da)

dp N2 _ 2k
[ fi ((35;) (dp — da) + 1z a) ;tmuc)) de
0

t(dp—da)da(9x22F—9x 2% +8)
9><22k+1
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and

Hp(da,dp; k| @ < dg) = 15—da)da,

Using symmetry we conclude on firms’ profits on the interval z > dp:

a(da,dpiklz > dp)= Z—(dB},de)z(;}de) and

HWdp—da)(1—dp)(9x22F —9x 2k 48
Hp(da,dpsklz > dp)= e da) gf;gk—tl x2h+9)

i1) Interval 2: dy < x < (da +dp) /2. Consider some dg < x < (da + dp) /2 and segment

m. The transport cost parameter of the indifferent consumer is

t~<dA,dB,pAm($)7me($)§$| da <z < dAJgrdB> = pfj?;;fz(i)’

provided £(-) € [t™(k), " (k)]. Firm A serves consumers with ¢ > #(-). Consider first m = 1.

Maximization of firms’ profits yields the best-response functions
pA1 (dAadvaBl(l‘);wvld da <z < %) =

%l(k)(dA“!‘dBZ—QI)‘i‘PBl(I) it pp1(z) < fl(k) (da + dp — 2z)

1 (2.13)
pp1(x) if ppi(x) >t (k) (da+dp —2z)
and
PB1 <dAadBapAl($)§$vk| da <z < %) =
pa1(z) if < 21" (k) (d -
pA1(T) < A+dp —2x
5 1() (k) ( ) (2.14)

par(@) — T (k) (da +dp — 23) if pai(z) > 28 (k) (da + dp — 22) .
Given the best-response functions (2.13) and (2.14) we conclude that two types of equilibria
are possible where either firm A serves all consumers on segment m or shares it with the

rival. Only the latter equilibrium exists, where firms charge prices

phi(da,dp;z, k) = 2t(da+dp —2z)/ (3 X 2’“) and

Phi(da,dpio,k) = Tlda+dp—20)/ (3% 2).

On m =1 firm A serves consumers with ¢ > 7/ (3 x 2’“).
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We now consider m > 2, where the best-response function of firm A takes the form

dg +d
AQB> =ppm(z, k) +t" (k) (da +dp — 2x),

PAm <dA,dB,me($);$,k| dg <z <

such that firm A never finds it optimal to share segment m with firm B. Applying
the logic described in part i) of the proof, we conclude that p% (da,dp;z,k) = 0 and
P4 (da,dp;x, k) = t™(k) (da +dp — 2z). Firm A serves all consumers on any segment
m > 2 on address x.

On the interval dg < z < (da + dp) /2 firms realize profits

Iy (dA,dB;k‘| da <z < %)

dp+dp
2 _ 2 - 2k
= [ f [(&;) (da+dp —27) + 4t(dA+2dkB—2x) %jtm(k)} dx
da

t(dp—da)?(9%x22F—9% 2k +8)
9% 22k+3

and

da+d H(dp—da)?
Mp (dadp; bl da < @ < 2agtn ) = Medaf

Using symmetry, we can conclude on firms’ profits on the interval (d4 + dp) /2 < z < dp:

datd i(dp—ds)?
My (dadpsk| 2522 < 2 <dp) = Sel) and

datd H(dp—da)? (9% 22k —9x 2k 48
p (dA;dB?M My << dB) = = 9(x22k+3 3

Summing up firms’ profits on all the four intervals we get

t(dgp—d 9x2k(2F—1)(3d +dp)+2(11do+dp)+8
Hd( / ’ / ;k‘) (dB A)( X ( 9):22: . B)+2(11da+dB) ) 1
t(dp—d 32—-9 2k 2k—1 3d da—4)—2(11d d
Hd(l , / ;k) (dp A)( x2"( 9><)2(2k [;-i- a—4)—2(11ldp+ A))‘

Q.E.D.

Proof of Lemma 2.2. As firms are symmetric, we will only derive equilibrium on the two
intervals on the turf of firm A and then conclude on the equilibrium on the turf of firm B.
i) Interval 1: x < ds. Consider some x < d4 and some m > 1. The transport cost

parameter of the indifferent consumer is

E(da,dp, pam(2), pom(x); 2|3 < da) = P2 provided i) € [£7(k), " (k)] .
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The best-response function of firm A is
Pam(da, dB, ppm(2); 2, k|x < da) = ppm(x) + 1" (k) (dp — da), (2.15)

such that for any price of the rival firm A monopolizes segment m on address x. As
t" (k) —2t™(k) < 0 for any m > 2, there is no pg,,(x) > 0 under which it is optimal for firm
A to share the market with firm B. (2.15) yields p%m(dA,dB;ac,k:) = 0. Indeed, assume
that in equilibrium p’ém(d A,dp;x, k) > 0 holds. Firm B gets in equilibrium the profit of
zero, because (2.15) implies that firm B serves no consumers. But firm B can increase its
profit through slightly decreasing its price. Hence, p%m(d A,dp;x, k) =0 must hold. Firm A
charges the price p, (da,dp;z, k) =t™(k) (dp — da) and serves all consumers on segment
m on address x. Hence, IIg(da,dp; k|z < d4) = 0 and the profit of firm A is computed as
2k dg

— F(ok _ k
T (da dii 2 < da) = S0 (k) [ (102500) do = 220 UGG L Ciaa)) ST AT
0

i1) Interval 2: da < x < (da +dp) /2. Consider some dy < x < (da + dp) /2 and some

m > 1. The transport cost parameter of the indifferent consumer is

E((da dp,pam (@), ppm(@);o] da < @ < 2agle ) o= 2alehpols),

provided ¢(-) € [t™(k),£"(k)]. Firm A serves consumers with ¢ > £(-). The best-response

function of firm A is
PAm (dA,dB,me(w);% klda <z < %) = pBm(r) +t" (k) (da +dp — 27).
Following the logic applied in part i) of the proof we conclude that

Pl (x,k) = 0and

Pin(da,dp;z, k) = t7™(k) (da+ dp — 2z).

Hence, IIg(da,dp; k|da < x < (da + dp) /2) = 0 and the profit of firm A is computed as

2k (da+dp)/2
T4 (dA,dB;/f| da<z< %) = Ytk (W) dr  (2.17)
1 da
(dp—da)®(F(28—1)+t(2%+1))
2k+3 .
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Summing up the profits (2.16) and (2.17) we get the profits of firm A as stated in the

lemma. The profits of firm B are derived using symmetry. @Q.E.D.

Proof of Lemma 2.3. We first derive first-best locations and prices. We will proceed in
two steps. We will first derive first-best prices for any given locations and then will find
first-best locations. Assume that firms are located at d4 < dp. Social welfare is maximized
when every consumer buys from the closer firm. Prices, which yield such a distribution of

consumers between the firms are p! 5 (), pfn‘? (x) > 0 such that
pgf () <t —xj| —t|z — +pfn§ (x) if |o — a4 < |z —xj]. (2.18)

Given (2.18), the first-best locations, d{? and d5P, have to minimize the transport costs

TCYP (da,dp; k) (2.19)
(E+t) da (dA+dB)/2 dp 1

= | [da—z)de+ [ (z—da)dz+ [ (dp—x)de+ [ (z—dp)dx]|,
0 da (da+dp)/2 dp

which yields the locations d4” = 1/4 and d5” = 3/4. Note that SOCs are fulfilled.

We now turn to the second-best locations. Here we have to distinguish between the
cases of relatively homogeneous and differentiated consumers, because for any locations
firms charge different prices in equilibrium depending on the case. We start with the case
of relatively homogeneous consumers. Note that the equilibrium prices stated in Lemma
2.2 satisfy (2.18). Indeed, in equilibrium every consumer buys from the closer firm. Then
second-best locations should also minimize (2.19), which yields diB’h = 1/4 and d%B’h =
3/4.

We now consider the case of relatively differentiated consumers. According to Lemma
2.1, on its own turf each firm serves consumers with ¢ > ¢/ (3 X 2""), while consumers

with ¢t < ¢/ (3 X 2’“) switch to the rival. Then second-best locations have to minimize the
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transport costs

TCB (dy, dp; k)
da i (da+dp)/2
(tftf (dA—a:)dm> dt+ [ (tft / (x—dA)d:v> dt
t/(3%2k) da
f/(3><2k) dp f/(3><2k) 1
(tft J (di)dx> dt+ [ (tftf (a:dA)dx> dt
0

(da+dp)/2 dp

+ f (tftj (x —dp) dm) dt + fz (tft de (dp —x) dx) dt
)

t/(3x2k) dp t/(3x2¥ (da+dp)/2

t/(3%2k) (da+dg)/2 i/(3x2%) da
+ (tft [ (dp—ux) dx) dt+ [ (tftf (dp — x) dw) dt
0 0

da 0
_ _2% ((dAggB)Q + (dAl_SdB) — 3 x 92k=3 ((dA)2 + (dB)2)>

_2% (_22k—2 + 22]€—1dB + 22k—2dAdB> ,

which yields

SB __9x2% SB _ 27x2%k 4
A3 (k) = 35,0 and d” (k) = 35 5m—-

SOCs are fulfilled. Note finally that limg_ d3° (k) = 1/4 and limg_ d3P (k) = 3/4.
Q.E.D.

Proof of Proposition 2.1. i) Maximization of the profits

k k_ —
1 (da, dg: k) — t((28+1)+1(2 12)k)+(33+3d/4)(d3 da) .4

t((2541)+1(24~1)) (4—da—3dp)(dp—da)
2k+3

(da,dp; k) =

with respect to d4 and dp yields the FOCs: dg—3d4 = 0 and d4 —3dg+2 = 0, respectively.
Solving them simultaneously we get dfﬁl = 1/4 and d% = 3/4, such that the profit of firm
1=A,Bis

() = U HEE)) (2.20)

Note that SOCs are fulfilled. To prove that these locations constitute indeed the equilibrium,
we have to prove that firm A does not have an incentive to choose a location d4 > d% = 3/4.

Due to symmetry, this would also imply that firm B does not have an incentive to choose
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dp < dff1 = 1/4. If firm A locates at dq > d%, then according to Lemma 2.2 it realizes the

profit

2k 4 1)+1(2F—1))(4—dp—3da)(da—d
Mg (dg, das k) = LEHDH )2),f+3 5-3da)(da—dz) (2.21)

Maximizing (2.21) with respect to da yields the FOC: dy (d) = (d +2) /3 = 11/12.

Firm A realizes the profit

1 k) _ (2 1) (28 -1))(4-dp—3da)(da—dp) _ t((2F+1)+1(2"-1))

5 (3 153 = e ), (2.22)

(o
-

Comparing the profits (2.20) and (2.22) we conclude that

2k 4+1)+1(2%-1))
3x2k+2

Hh(k)—HB(3 11'k):£(( > 0 for any k& > 0,

( 412
hence, firm A does not have an incentive to deviate to da > d%. We conclude that the

locations d4 = 1/4 and d’ = 3/4 constitute indeed the equilibrium.

i1) Maximization of the profits

t(dp—da)(9%x2F (28 1) (3da+dp)+2(11da+dp)+8)

% (da,dps k) = S TS and
t(dp—da)(—9x2F(2k—1)(3dp+da—4)—2(11dg+d.a)+32
M (da,dpik) = (e tCOEE O L) 201y ) 192)

with respect to d4 and dp yields the FOCs

9x2%dp (28 —1)+10dp—4

da(dp;k) = <o —zrxaigaz  and
9% 2k (28 —1)(da+2)+10d 4 +16
dp (dask) = 2Tx22F—27%2F 122 ,

respectively. Solving FOCs simultaneously we get the locations

d _ 9x22k_9x2k 16

dy (k) = 36x5%F 6.2k 153 and (2.23)
d _ 27x22F27x2F 426

dp (k) T 36x22F—36x2F+32°

such that firm i = A, B realizes the profit

9x22F —9x 2k 110)” (27x 22k —27x 2k 122)
9x22k+5 (9 22k —9x 2k 4-8)”

() =

Note that the SOCs are also fulfilled. To prove that the locations d% (k) and d% (k) con-

stitute indeed the equilibrium, we have to show that firm A does not have an incentive to
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locate at d4 > d% (k). As firms are symmetric, firm B then does not have an incentive to

locate at dp < d4 (k) either. If firm A chooses d4 > d% (k), then it realizes the profit

I (df (k) , da; ) (2.24)

t(da—d% (k) (—9x 2% (28 —1)(3da+d% (k) —4)—2(11d a+d% (k) )+32)
9% 22k+3 .

Maximization of (2.24) with respect to d4 yields

d ) _9x2k(2F—1)(d% (k)+2)+10d%, (k)+16
da (dB (k) ) k) - 27><2QE—27><2’“+223

2547 x 22k —1782% 23k 1 891 x 24k —1656 x 2K 4772
(36x22F —36x 2F 32)(27x22F —27x 2k 4-22)

such that firm A realizes the profit

d d o)) 7(9x 22k —9x 2k +10)"
B (dB (k) da (dB (F); k) 7k) T Ox22FF5(9x 22k —9x 2k 1-8)2(27x22F 27 x 2k +22)

Comparison of the profits II¢(k) and Ip (d% (k) ,da (d5 (k); k) ; k) yields

I (k) — T (dh (k) da (s (k)3 k) 1 )

(3x22k —3x 2% 12) (9x 22k —9x 2k 4-10)
3x22k+2(27x22k —27% 2k 4+22) (9% 22k —9x 2K 4-8)

> 0 for any k,

hence, firm A does not have an incentive to locate at d4 > d% (k). We conclude that the

locations d% (k) and d% (k) in (2.23) constitute indeed the equilibrium. Q.FE.D.

Proof of Proposition 2.2. This proof consists of the two parts. In the first part we
consider the second stage of the game and derive the equilibrium prices for any location
choices. In the second part we consider the first stage of the game and derive the equilibrium
locations of the firms. We also derive first-best locations and compare them with the

equilibrium locations.

Part 1. To prove the proposition we may rely on the results of Proposition 2 in Sapi and
Suleymanova (2013, in the following: SS), which states the equilibrium prices and consumer
demands in the case when consumers are relatively homogeneous, one firm (A) has customer
data on consumer flexibility of a given quality, the other does not, while both hold data on

consumer brand preferences. Our problem can also be described in a similar way, because
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on each flexibility segment identified by firm B, firm A can identify further 2" flexibility
segments, so that there firm A holds flexibility data of quality n, while firm B does not
hold any. Moreover, any segment m identified by firm B is a segment with relatively
homogeneous consumers for any £ > 0. Finally, as in SS and in our model both firms have
perfect data on consumer brand preferences, we can apply their results by making only the
necessary corrections related to the difference in firms’ locations, which are always set at
dsa =0 and dg = 1 in SS. Precisely, the equilibrium prices, which are always proportional
to the module of the difference in the distances of a consumer to the two firms, have to be
changed respectively.

SS show that on any address on its turf firm A optimally charges the price, at which it
gains all consumers, independently of the price charged by firm B. As a result, in equilibrium
firm B cannot do better than charging the price of zero. The equilibrium price of firm A
on any address x on its turf (x < (d4 + dp) /2) and any flexibility segment m identified by
firm A is pam(da,dp;z, k) =t™ (k) (|dg — x| — |da — z|). Integrating over all addresses on
the turf of firm A and summing up over all flexibility segments it can identify we arrive at

the profits of firm A on its turf:

k+n k+n __ _
Ia( da, dpi bl @ < (datdp) /2) =R DI s ) (5 g5

while firm B realizes a profit of zero on firm A’s turf.

We now turn to the turf of firm B. Consider some segment m identified by firm B. SS
show that the equilibrium there depends on whether the ratio £ /t™ is larger or smaller
than 3/2. We next have to distinguish between the cases k = 0 and £ > 1. Note that for
any k> 1 and any segment m = 1,2, ...,2¥ we have that £ /t™ < 3/2. Indeed, we have by
definition that " /t™ = [t+ (t —t)m/2"] / [t+ (I —t) (mn — 1) /2F]. Then " /t™ < 3/2
holds if and only if

(1—1)(3—m) <2 (2.26)

holds. If k = 1, then m can take only two values: 1 and 2. In both cases (2.26) holds (note

that { —1 < 1). If £ = 2, then m can take four values: 1, 2, 3 and 4. Again (2.26) holds
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in all the cases. We can conclude that (2.26) holds for all £ > 3 too. It is straightforward
that (2.26) holds for any m > 3 as (I — 1) (3 —m) < 0 then and 2¥ > 0. And if m < 2, then
(2.26) holds for any k > 3 just because it holds for k < 2 (as we have just showed) and 2*
increases in k.

We can now turn to the results of SS, which imply that on any flexibility segment with
t"/t™ < 3/2 firm B charges a price at which it gains all consumers there: pg,,(da,dp;x, k+
n) =t" (k+n)(Jda — x| — |dp — x|). Then firm A gets the profit of zero on the turf of firm

B, while the profit of firm B is

(4—da—3dp)(dp—da)
2k+3 9

Mp( da, dg; konl o > (datdp) /2) = EHHEL) (2.27)

which we get by integrating the profit realized on one address and one flexibility segment
over all addressees on the turf of firm B and summing up over all flexibility segments. Note
that (2.27) is the total profit of firm B and (2.25) is the total profit of firm A if £ > 1.

We finally consider the case £ = 0, where the only flexibility segment identified by
firm B includes all ¢ € [L f]. If [ < 2/3, then we get the same equilibrium as described
above, such that the formula (2.27) again describes the profit of firm B on its turf and
firms’ total profits are given by the same functions as in the case & > 1. If | > 2/3,
then as SS show, the profit depends on the quality of firm A’s data, n (as k = 0). By
changing the equilibrium prices in SS to account for varying locations of the firms, we can
state the equilibrium for our case. If n < logy ((I —1)/(l —3/2)), then firm B charges
the price pp(da,dp;z,n) = (2t — t) (|da — x| — |dp — z|) /2 on any address on its turf and
serves consumers with ¢ > (2f+ L) /4. Firm A charges a positive price only on m = 1:
pai(da,dp;z,n) = (2t —3t) (|da — x| — |dp — z|) /4. We can then calculate firms’ profits

on the turf of firm B as

2
Ma(da,dp;0,nle > (datdp)/2) ="E2 U gOUA3E) ong

— 2 — — —
p(da,dpi0,nlz > (datdp)/2) =1 e _da)dodazdds)

Summing up II4(-|z > (da + dp) /2) with (2.25), we get the total profit of firm A on both
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turfs together, while the profit of firm B is generated only on its own turf:

2 n n__ _
ni(.) _ (@3 (ngAl(ffi)%fdAdeB) 4 erne l)gglcigngSdA)(dB da) (2.28)
Op() _  (2-1)*(dp—da)(d—da—3dp)
t 32(-1) :

If in contrast, n > logy [(I — 1) (I — 3/2)], then on any address on its turf firm B charges
the price pp(da,dp;z,n) = (t+ (t—1t)/2") (|da — 2| — |dp — 2|) and serves consumers
with ¢ > ¢ + (f—;) /2"t Firm A charges a positive price only on segment m = 1:
pai(da,dp;z,n) = (I —t) (|da — z| — |dp — z|) /2""!. We can then calculate firms’ profits

on the turf of firm B as

Wa(da,dg;0,n|z > (dat+dp)/2) =Ll (-da=3ds)

Mp(da,dg;0,nle > (datdp)/2) = (1-gir) (14+551) Lle=da)lda—sds)

Summing up these profits with the profits realized on the turf of firm A, we get firms’ total

profits:

HA() _ t(lfl)(dB*Qdﬁ)ff*dA*z;dB) + z((2"+1)+l(2”712)35i3+3d14)(ddeA) (229)

() = (17271%) <1+12—T1) ;(ds—dA)(i—dA—fidB)

Part 2. We now turn to the first stage of the game and derive the equilibrium locations
depending on parameters k, n and [. Assume first that £ > 1. Maximizing the profits (2.25)
and (2.27) with respect to d4 and dp, respectively, and solving the two FOCs simultaneously
we get the equilibrium locations: d]Z"AS (k,m,1) = 1/4 and d}é’As (k,n,1) = 3/4. Note that
these are also the equilibrium locations in the case k = 0 and [ < 2/3. Note finally that
SOCs are fulfilled and none of the firms has an incentive to change its location such that
dy > dp.

a) Assume now that £ = 0, [ > 2/3 and n < log, (I —1) /(I —3/2)). Maximizing the
profits of firm A and firm B in (2.28) with respect to d4 and dp, respectively, and solving

the two FOCs simultaneously we get the equilibrium locations:

h,As _ —81—12x2"1+4124+13x2"+4
a7 0,m,0) = —risanictaan ErieRmsxiris And (2.30)

dh,As (0 n l) . —241—12x271—8x2"1%2 41212421 x 2" +12
B 1 T T321—12x271—12X 2712+ 16124+25% 27 +16
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Note that the SOCs are satisfied and any of the firms does not have an incentive to change
its location such that d4 > dp. We now analyze how the equilibrium locations change with
the improvement in the quality of firm A’s data. Taking the derivatives of dZ’AS (+) and

d%’As (+) in (2.30) with respect to n we get

2
ad'y e () 3x2"+2(In2) (212 -51+3) .
: = >
on (16l2712><2"l712><2"l27321+25><2"+16)2> 0,ifn > 1 and > 2/3,
2
adl s () 27+2(In 2) (202 —51+3) _
pr— >
on (16l2—12><2"l—12><2"l2—32l+25><2"+16)2> 0,if n > 1and > 2/3’

which implies that with the improvement in data quality of firm A both firms move to the
right. Consider now the difference d’5™* (-) — d"s*% (-). We take the derivative of the latter

difference with respect to n for any n > 1 and any [ > 2/3,

A A
o(dy™ ()-dy ™)) 21+3(In 2) (212 —51+3)”
on T (1612—12x271—12x 272 —32]4+25% 2" +16)

<0,

such that when the quality of firm A’s data becomes better, firms locate closer to each other.
We now analyze, which values the equilibrium locations take when n — log, ((I — 1) / (I — 3/2)).

We get that

li hoAs () _ 42221419 931
n%logz((lirlr;/(lfg/g)) A <) 412-521+49 ( )

Let f1(I) denote the RHS of (2.31). Note that on the interval I € (3/2,2], fi(l) is a
monotonically decreasing function with lim;_,3/5 f1(l) = 1/4 and f1(2) = 3/13 =~ 0.23.
Since dZ’AS (-) monotonically increases in n and since for any [ € (3/2,2] it holds that

fi(l) < diP = 1/4, we conclude that for any n < log, ((I —1) /(1 —3/2)) and any | €

(3/2,2] we have that d};"AS (-) < d4B. We next turn to the location of firm B. We get that

duAs () = 412421439 (2.32)

lim — )
n—logy ((1-1)/(1—3/2)) B 412-521+49

Let fa(l) denote the RHS of (2.32). Note that on the interval [ € (3/2,2], fa(l) is a
monotonically decreasing function with lim;_,3/9 f2(I) = 3/4 and f2(2) = 29/39 ~ 0.74.
Since d%’AS (-) monotonically increases in n and since for any [ € (3/2,2] it holds that
f2(l) < dEP = 3/4, we conclude that for any n < log, ((I —1) /(1 —3/2)) and any | €

(3/2,2] we have that di™ () < d5B.
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We next show that when consumers become more differentiated ([ increases), the location

of firm A moves to the left. Taking the derivative of dﬁl’As () with respect to [ we get:

adAs () 3x27+3(21-3) (1-3x2"14+2" 1 1)
ol T (1612—12x271—12x 2712 —32]+25X 2" +16)

5 < 0. (2.33)

Note that 20 — 3 > 0 for any [ € (3/2,2]. To determine the sign of the expression g1 (l) :=
[ —3x2" + 2" — 1, note that for any n > 1 it holds that 2" > 2 and for all | € (3/2, 2]
it holds that (I —1) /(3] —2) < 1, which implies that (I —1) /(31 —2) < 2", such that
g1(1) < 0 yielding adZ’AS (1) /Ol < 0 as stated in (2.33). Consider now the address of firm

B. We get that

adhAs() 27+3(21-3) (1-3x 2" 14271 1)
ol 7 (1612—12x2n1—12x 2712 —32]4+25x 2" +16)

7 <0,

where the sign of the derivative follows from the same considerations as above. We conclude

that when consumers become more differentiated, firm B moves to the left. We finally

analyze how the the difference d’5™** (-) — d"y** () responds to a change in I. We get that
o(dy* ()-dy* () 2n+4(21-3) (1-3x 2" 1427+ 1) 0
ol T (1612—12x 27— 12% 2712321+ 25X 21+ 16)2 > U,

such that firms locate farther apart from each other when consumers become more differ-
entiated.

b) Assume now that k£ = 0, [ > 2/3 and n > log, ((I — 1) (I —3/2)). Taking the deriv-
ative of IT4(+) and IIg(-) in (2.29) with respect to d4 and dp, respectively, and solving

simultaneously the two FOCs we get the equilibrium locations:

h,As _ —14227 2142274274 ]
dA (07 ) l)

i o ax 2t axa and

dh7AS(0 ) = —14+3x22" —3x 2" 4+3x 22" [+3x2" 41
B 19 T Tl AX2ZnAx M+ 422N 4x 27+ 1 "

Note that SOCs are satisfied and any of the firms does not have an incentive to change
its location such that d4 > dp. All the dependencies of the optimal locations, which we
derived in a) hold also in the case when n > logy ((I — 1) (I — 3/2)), which can be shown
in a similar way as above. We only have to mention that for all I € (3/2,2] it holds that

limy, oo ds™ (-) = 1/4 and lim, o0 di™* (-) = 3/4. Q.E.D.
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Proof of Proposition 2.3. This proof consists of the two parts. In the first part we
consider the second stage of the game and derive the equilibrium prices for any location
choices. In the second part we consider the first stage of the game and derive the equilibrium
locations of the firms. We also derive first-best locations and compare them with the
equilibrium locations. In this proof we will sometimes denote a flexibility segment with two
numbers, m, s, where m is the number of the segment identified by firm B and s is the
number of the segment identified by firm A on segment m. In most of the cases (where it

does not cause any misunderstanding) we will denote a segment with only one number.

Part 1. We start with the turf of firm A by considering some address there. It makes sense
to consider separately each segment m identified by firm B. Note that on any such segment
firm B holds data on consumer flexibility of quality zero, while the quality of firm A’s data is
n. Note next that any m > 2 is a segment with relatively homogeneous consumers. Then we
can refer to the proof of Proposition 2.2 where we showed that when consumers are relatively
homogeneous, firm A serves all consumers on any address on its turf. On each such segment
firm A identifies further 2" flexibility segments, where it charges a price, which makes the
most flexible consumer (with the lowest transport cost parameter) indifferent between the
two firms. Consider now segment m = 1, which is a segment with relatively differentiated
consumers (as t' = 0). To get the equilibrium prices on that segment we can refer to the
results stated in Proposition 3 of Sapi and Suleymanova (2013, in the following: SS), which
describe the optimal prices of the firms when consumers are relatively differentiated, firm A
holds flexibility data of a given quality, while firm B does not. These results can be applied
for m = 1, because firm A can identify there 2" segments, while firm B none. Also, all
the equilibrium prices on a given consumer address are proportional to the module of the
difference in the distances between a consumer and each of the firms. Hence, in our case
the prices only have to be corrected to take into account different firm locations (as in SS
firm locations are fixed at d4 = 0 and dp = 1). SS show that on any segment identified
by firm A, starting from the second segment, it charges a price, which makes the mots

flexible consumer (with the lowest transport cost parameter) indifferent between buying at
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the two firms and, hence, serves all consumers there. On the first segment (identified by
firm A), firms charge the prices, such that firm A serves consumers with ¢ > f/2ktn+2,
Combining the equilibrium results on all the segments identified by firm B, we conclude
that our problem yields the same results on the turf of firm A as if firm B had no customer
data at all, while firm A had data of quality &+ n. But then we can use the profit formulas

derived in SS (replacing k with k 4+ n and correcting for the equilibrium prices in a way

described above). As a result, we get the following profits on the turf of firm A25:

— k4+n _ k+n

Wi (Josafe) = F(dp—da) Bdatdp) (5t + St ). (2:39)
t(dp—da)(3da+d

Iy (o dafte) — Mgyt

We now turn to the turf of firm B. Consider first segments m > 3 identified by firm
B (provided k > 2) with t™ (k) = t(m — 1) /2¥ and " (k) = tm/2*. Note that for any
k > 2 and any m > 3 it holds that " (k) /t™ (k) < 3/2. Then we can apply the results of
Proposition 2.2, which show that in that case firm B on any such segment charges the price,
which makes the most flexible consumer on the segment indifferent between the two firms
and gains all consumers on m. In contrast, firm A charges a price of zero on any m > 3

and realizes no profits there. Then the profits of firm B on segment m > 3 are given by

t(2k 1) (28 —2)(dp—da)(4—d4—3d
pmss( dardg; kynl @ > (datdp) j2) = 2o da)(da=3dy) (2.35)

Consider now segment m = 2 identified by firm B (provided k > 1) with ¢? (k) = #/2* and
7* (k) = 2/2%. Note that for any k > 1 it holds that £° (k) /t2 (k) = 2, such that m = 2
is a segment with relatively homogeneous consumers. On this segment firm A can identify
further 2¥ segments, while firm B none. Hence, we can apply the results of Proposition

2.2 for the case [ > 2/3 (and only replace ¢ with ¢2 (k) and  with £* (k) in the formulas).

‘ 1/2
20 precisely, the profit formulas in SS have to be first divided by [ (1 = 2z)dz, which is the integral over
0

the difference in the distance between a consumer with address x on firm A’s turf and firm B and the
distance between that consumer and firm A. In the second step the profits have to be multiplied with the
sum of the two integrals, f(;lA (dp — da)dz and fli(jA+{iB)/2 (da + dp — 2x) dx, which is equivalent to the

above integral when the locations of firm A and firm B are da and dp instead of 0 and 1, respectively.
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They state that the equilibrium depends on the quality of firm A’s data, n. Note that
the critical value of firm A’s quality, logy [(I — 1) (I —3/2)], in our case takes the value
logs2 = 1. As we assume that n > 1, then only the case of Proposition 2.2 with n >
logy [(I — 1) (I — 3/2)] applies. In that case firm B charges the price ppa(da,dp;x, k,n) =
t(1+1/2")(|/da — x| — |dp — z|) /2" and serves consumers with ¢ > # (1+1/2"+1) /2% on
m = 2. Firm A charges a positive price only on the first segment it can identify on m = 2:

paza(da,dp;x, k,n) =t (lda — x| — |dg — z|) /2"*+1. Then on m = 2 firms realize profits:

Mas(da,dgiknla>(dat+dp)/2) t
AZ(clg—él},a\)(‘l—d,a\—%dsl)3 T 22(k4nd2) and (236)

Opo(dadpikn|z>(datdp)/2) i 1 1
O T i) (= —5d5) = gorn (Ltge) (L—gaer) -

Consider finally segment m = 1 (identified by firm B) with ¢! (k) = 0 and 7' (k) = #/2%,
which is a segment with relatively differentiated consumers where firm A holds data of
quality n > 1, while firm B does not hold any flexibility data. To derive the equilib-
rium profits on this segment we can again refer to the results stated in Proposition 3 of
SS. We can use their profit formulas, in which we have to replace { with = /2% di-
vide with f11/2 (22 — 1) dz and multiply with the sum of f(ilierB)/? (2z — dg — dp) dz and

fdlB (dp — da) dzx, similarly as we did in the case of firm A’s turf. As a result, we get

a1 (dadpiknlz>(datdp)/2) _ H(22F2-2n+245) and (2.37)
(dp—da)(4—da—3dR) - 22n+k+7 .

Mpi(da,dg;k,nlz>(da+dp)/2) 7 (1_|_L_|_ 1 )
(dB—dA)(4—dA—3dB) - 2k+4 2n 22n+2 ) -

We can now summarize our results to compute firms’ profits on the turf of firm B depending
on data quality. If £ > 1, then to calculate the profits of firm B on its turf, we have to
sum up lpp>3(:[z > (da+dp)/2) in (2.35), lpa(-|z > (da+dp)/2) in (2.36) and

Hpi(-|x > (da +dp)/2) in (2.37), which yields?”

Op(da,dgikn|z>(da+dp)/2) T (220 | 3x2" 7
- (-da3dp)  — 2 (T6+ 16 _67) (2.38)

Summing up Hp(:|z < (da+dp) /2) in (2.34) and Hp(-|z > (da +dp) /2) in (2.38) we

*"Note that if k = 1, then M pm>3( da,dg;1,n|z > (dat+dg) /2) = 0.
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get the total profits of firm B for any k > 1:

HB(dA’dB§k’n) 3da+dp (4—da—3dp) (22 | 3x2n 7
= + SAN (2.39)
16 16 64

t(dg—da)  22(+n)+5 22n 16
We calculate now the profits of firm A for £ > 1. The profits of firm A on the turf of
firm B can be calculated as the sum of IT42(:|x > (da +dp) /2) in (2.36) and a1 (-|z >
(da +dp)/2) in (2.37), which yields

HaClz>(da+dp)/2) _ 1 22n+2_gnt2i5 (2.40)
t(dg—da)(4—da—3dp) 22(k+n+2) 22n+k+7 . .

Summing up the profits of firm A on its own turf and that of the rival, IT4(-|z < (da + dB) /2)
in (2.34) and T4 (-|z > (da + dB) /2) in (2.40), respectively, we get the total profits of firm

A for any k > 1:

Ha(dy,dpskn)
tdp—da)

2n+2_on+2 k+n __ k+n+3
(4 - dA*3dB) (22(1€4}n+2) + 2 22n+2k+7 +5> + (3dA+dB) (22k+n+§ + %%km)i&) : (2-41>

We finally consider the case k = 0. On its own turf firm B realizes the profit Ilp;(-|z >
(da+dp) /2) stated in (2.37). Summing up this profit with IIz(:|z < (da +dp)/2) in

(2.34) we get total profits of firm B when k = 0:

T5(d,y, dy;0,n) =t (dp—da) ((4—‘1/;*—“5” (14 s+ 52iz) + 33;1%3) . (2.42)

On the turf of firm B firm A realizes the profit II41(:|x > (da + dp) /2) stated in (2.37)
while on its own turf the profit is given by I14(:|x < (da + dp) /2) in (2.34). Summing up
those profits we get the total profits of firm A for k = 0:

Al n_ n+3 22n+2_gn+2.45
f(dBA—(d)A): (3da+dp) <22n+31 + 222(n)i_§> + ( 22T ) (4—da—3dp). (2.43)

Part 2. We now turn to the first stage of the game, where firms simultaneously choose their
locations. Consider first the case k > 1. Maximizing the profits IIz(-) in (2.39) and II4(-)

in (2.41) with respect to dp and d4, respectively, we get the equilibrium locations when

k>1:
A% (k,n) = —?((i’zg and (2.44)
d,A _ (k,n)
g™ (kn) = fEay
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where

g(k,n) = —84 x 2%k 14 x 229K _88 x 232" 149 x 22K 1 35 x 23F
—28 x 22k92n 4 56 x 93k92n _39 » 93k93n_ 56  otko2n

—16 x 23k241 1 96 x 247231 39 x 2o _g w okon 5w 9k 48,

fk,n) = 48 x 22F2n 488 x 23k 28 x 228 _35 x 23k 448 x 22ko2n
—56 x 239214 39  23k93n L 994 » 9¥k92n 4 16 « 93kodn

—384 x 24F93n_198 x 24k odn 4

p(k,n) = 60 x22F2" 44 x 2279k 188 x 23k9n 35 x 22K _35 x 23F
+20 x 22k92n_56 » 23k92n 4 39 93k93n 1 168 « 94kg2n

+16 x 23241988 x 2k23" 96 % 24k94n 4 x 2k 45 x 2k 48,
While the equilibrium locations in (2.44) are difficult to analyze, we may conclude that

lim  d% () =diP and  lim  d5Y () = dBP.

n—o00,k—o00 n—00,k— 00

Consider now k = 0. Taking the derivative of the profits (2.43) and (2.42) with respect

to d4 and dp, respectively, we get the equilibrium locations when k£ = 0:

d,As o 8x22m432x 23" 416x24" —16x2"+1
dy™ (0,n) = Sx20n s 128x By 1Tox2tn 5  and (2.45)

dd,As (0 n) _ 24x227496x23"480x 24 —7
B ) T 8x22n+128x23n+112x2%n 5"

Note that the SOCs are fulfilled and none of the firms has an incentive to deviate in a way
such that d4 > dp holds.

We next analyze how the equilibrium locations change with the improvement in the
quality of firms’ flexibility data. Taking the derivatives of dﬁAS (+) and d%As (+) with respect

ton > 1 we get

adhAs () 274 (46221 —208x 23" — 288 x 247 +-96 % 25" +96 x 207+ 6 2" —5 ) In 2
on - (22n 3 7 24n+4 4 23n47 _5)?

Bd‘}é‘As() B 22n+5 (9><23n+3_3X22n+4+25n+4+24n+7_39><2n+4) In?2
on - (22n+347x 24n+44.93n+7_5)2

<0,

<0,
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such that with the improvement in the quality of firm A’s data, both firms move to the
left. We next analyze how the difference d%AS () — dﬁAS () changes with the improvement

in data quality. We find that

adbA () ad% () (112x237—124% 227 +432x 247 +160x 25" —64x 267 +2x 2" +5) 274 In 2

on on (22743 17 24n+4 4 23n+7 _5)? )

which is negative if n < 2 and positive if n > 2. We also find that

Jim d%* () =1 and lim A () = 3. (2.46)

We calculate d%*(0,1) = 513/2843 < 1/4 and from the fact that di’As (+) is a strictly

decreasing function in n, we conclude that for any n > 1 it holds that dﬁAs (1) < diB. We

calculate now d%% (0,1) = 2137/2843 > 3/4 and d%™* (0,2) = 27001/36987 < 3/4. Com-
B B

bining the latter results with the fact that d%As () is a monotonically decreasing function,

we conclude that d‘éAS (-) < dEB for any n > 2. Q.E.D.

Proof of Proposition 2.4. Depending on the firms’ decisions to acquire flexibility data of
an exogenously given quality £ > 1, we can distinguish among the three subgames. In the
first subgame none of the firms acquires flexibility data, where firms realize profits stated in
cases i) and 7i) of Proposition 2.1 when consumers are relatively homogeneous and relatively

differentiated and data quality is set to k = 0, respectively:

h,NN _ 3t d,NN __ 275t . __
Hi —Teandl_[l— —Maz_{A)B}’

where the superscript “NN” denotes the decision of both firms to acquire no data. In the
second subgame both firms acquire customer data of an exogenously given quality k& > 1,
where they realize profits stated in cases i) and i) of Proposition 2.1 when consumers are

relatively homogeneous and relatively differentiated, respectively:
h,DD 3t(2F+1+1(2F -1
1I; (k) = ( 2k+g ) and

¥(9><22k79><2’“+10)2(27><22k727><2’“+22)

d,DD
11> =
i (k) 9x22k+5(9x 22k —9x 2k +8)”

Y

where the superscript “DD” denotes the decision of both firms to acquire flexibility data.

Finally, in the third subgame only one of the firms (firm A) acquires data of quality k > 1.
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In this subgame firms realize profits, which can be calculated using the results on the firms’
equilibrium location choices stated in Propositions 2.2 and 2.3 for the cases of relatively
homogeneous and differentiated consumers, respectively. We get that if consumers are
relatively homogeneous, then depending on the ratio of consumer heterogeneity, [, and the

quality of customer data, k, firm A realizes the profits:

1< 3/2 | then PN () = LAY
if (> 3/2 and k <log, ((I —1) /(1 —3/2)), then
HZ,DN (k) _ _;(z-1)(2k1—l+2k+1)2(2412—12xzkl—20x2kl2—481+3§x2k+24) and
2k (1612—12x2k1—12x2F12—321+25x 2+ +16)
if > 3/2 and k >logy ((1—1) /(1 —3/2)), then
PN (k) _ t(?kl—l+2k+1)2(6><22’“—l—6><2kl+6><22kl+6><2’“+1)7

A(4x 22k 1 —4x 21+ 4x 22k 44x 2% 41)

where the subscript “DN” denotes the case, where firm A acquires flexibility data, while

firm B does not. The profits of firm B are given in that case by

if1<3/2 , then 5PN (k)= 3

16
if (> 3/2 and k <logs ((I —1) /(1 —3/2)), then
PN (k) _ 6;(21_1)2(1_1)(sz—l+2k+1)2 .
B (1612 —12x2k1—12x2+12 321425 % 2% +16)
if [>3/2 and k >logy (I —1) /(1 —3/2)), then

3tx 2k (1428 1) (211428 1)
(4x22k—1—4x2k144x 22K 4 4x 2k +1)"

1" (k) - = (g 1)

When consumers are relatively differentiated, we get the following profits in the subgame,

where only firm A acquires customer data:

— 2
d,DN t(44x 220 4 4x 2k 1) (2k+1422k+1 4 93k+3 odk+3_1)
=" (k) = 70 , where

f(k) = 50x22*-160 x 2*¥—2560 x 2°¢—2112 x 26+

+4096 x 277 4+36 352 x 288457344 x 2°% 425088 x 219 and

7(12x22k 4122k 1) (28+1 422k +1 L 93k+3 4 g4kt _1)?

d,DN _
HB (k) - 22k(22k+3+7><24k+4+23k+775)2

We can next analyze firms’ incentives to acquire customer data. We start with the

case of the relatively homogeneous consumers. To conclude on the incentives of a firm to
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acquire customer data when the rival does not hold it, we have to consider the difference

HZ{DN (k) — H?’NN. Three cases depending on [ and k are possible. Assume first that

[ < 3/2, in which case

k1) (-
HZ’DN (k) — H?’NN:%N), for any k£ > 1 and any [ < 3/2, (2.47)

such that a firm has a unilateral incentive to acquire customer data of any quality k > 1 if

[ <3/2. Assume next that [ > 3/2 and k <log, (I —1) /(I —3/2)). As the direct compar-

ison between HZ’DN (k) and H?’NN can not be solved analytically, we consider instead the

following comparison:

DN DN
PN (k) - 7Y (k) (2.48)
1>3/2, k<logy((I—1)/(1—3/2)) 1<3/2
£(20-3)% (2k1—14+2F+1) (91 x 2% —36x 21— 52x 2*12 — 128146412 +64)) <0
32(25x 2% —12x2K1—12x 2k(2—321+1612+16) ’

To prove the sign of the inequality (2.48) note first that for any [ < 2 it holds that
(I1—1)/(I+1) < 1, while 2* > 1 for any k > 1, which implies that 2¥/ —[+2¥ +1 > 0. In a
similar way we can conclude that 91 x 2F — 36 x 2¥] — 52 x 2¥]2 — 128 + 64[2 464 < 0, which
explains the sign of the inequality in (2.48). Note finally that HZ’DN (k) increases in

1<3/2
l. Hence, combining the inequalities (2.47) and (2.48) we conclude that

PN (k) — VN0, for any 1 > 3/2 and k <log, (I — 1) / (I — 3/2)).

Assume next that [ > 3/2 and k > logy (I — 1) /(I — 3/2)). We proceed in a similar way as

above and consider the difference

PN (g PN 2.49
A )l>3/27 k>logy((1-1)/(1-3/2)) ( )133/2 (2:49)

t(1—1)(2F1—1+2F+1) (226 +4] 3142k +4 4 22k+4 _gk+4] 4 3)

> 0.
322k (4x22% —1—4x 2F1+4x 22k +4x 2k +1)°

We prove now the sign of the inequality (2.49). We showed above that 2¥1 — 1 42% 41 > 0

holds for any [ < 2 and k£ > 1. Note finally that

22k+4l_3l+2k+4+22k+4_2k+4l+3
(161+16)

_ gk _ —(16=16)—VAISP 5121364 (ok _ —(16—16])+A48° 5121464 0
= - 2(161+16) - 2(161+16) >0,
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which follows from the fact that 2* > 1 for any k& > 1 and for any [ < 2 it holds that

—(16-161) — VAISIZ 5120464 _ —(16-16])+/4481> 5121164
2(161+16) 2(161+16) L,

which explains the sign of the inequality in (2.49). We conclude that
PN (k) — VN0, for any [ > 3/2 and k >log, (1 — 1) / (1 — 3/2)) .

We can summarize that when consumers are relatively homogeneous, a firm always has a
unilateral incentive to acquire customer data, such that an equilibrium where none of the
firms acquires flexibility data does not exist. We next turn to the incentives of a firm to
acquire customer data when the rival also holds it. Assume first that [ < 3/2:

3t(2k-1)(1-1)

h,DD h,DN
1T; (k) — 1y (k) = 32%2F

> 0, for any [ < 3/2 and k > 1.

Assume next that [ > 3/2 and k < logy (I —1) /(I —3/2)). We get that

3;(2kl7l+2k+1)(%1271'”3%»%[4 689+107l)(2k )(Qkfﬁ)

hDD ;1\ _ 1fhDN 1y _
I (k) — 15~ (k) 2k (25 2% —12x2k1—12x 212 ~320+1612+16)

7

, where

—(741-6312+12034+414—27) +2(21—1) (I-1)* \/2(4I2—8I+5) and
11

@ = 2(B P 1734 LiA— B9 107y
= (741-63124+1213+41*—27) —2(21—1)(1—1)? /2(41> — 8l+5
B — (3312 17l3+7l4 689+107l)

Note that for any 3/2 < [ < 2 it holds that a < 1 and § < 2, while for any k& > 1 it holds
that 2¥ > 2, which implies that (2¥ — a) (2 — 8) > 0. For all 3/2 <[ < 2 it holds that
3372 3, 774_ 689 107
FU1TP 51 =55+ < 0.
Hence, we can conclude that if [ > 3/2 and k < log, ((I — 1) /(I —3/2)), then H?’DD (k) —

h DN (k) > 0. Assume finally that [ > 3/2 and k > log, (I — 1) / (I — 3/2)), in which case

h,DD _ h.DN (1 3(2k1—14+28+1) £ (1,k)
1L (k) — o5 (k)_2k(4><22kflf4><2kl+4><22’“l+4><2k+1)

5, where

k) == 1) (B -Z o ) +2% (<2234 2) + 55 (1= D) 1+ ).

Note that the following inequalities hold

k k
7><422 —24+24 > 0, forany k > 1 and

&;Hl)_ (=22 +2+3) > 0, foranyl>3/2,
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which implies that f(I,k) > 0 and H?’DD (k) — H}];’DN (k) > 0. We conclude that when con-
sumers are relatively homogeneous, then a firm always has an incentive to acquire customer
data when the rival holds it. Hence, we can conclude that a unique equilibrium exists where
both firms acquire customer data.

We now turn to the case of relatively differentiated consumers. To conclude on the
incentives of a firm to acquire flexibility data when the rival does not hold it, we have to

consider the difference:

HﬁDN (k) — 4N <0, for any k > 1. (2.50)

7

We now prove the sign of the inequality (2.50). Note first that the function Hf{DN (k)

decreases for any 1 < k < k (where k ~ 2.55) and increases for any k > k. Note next that

4PN (1) = 76236651/64661192 < TI9VN . Note finally that limy, ., TGPV (k) = 11/98 <

NNy

(2

. Hence, we conclude that inequality (2.50) indeed holds, which implies that a firm
never has a unilateral incentive to acquire customer data of any quality & > 1. It follows
then that firms’ decisions not to acquire flexibility data constitute the equilibrium. We
next analyze whether an equilibrium exists, where both firms acquire flexibility data. This
equilibrium exists if a firm has an incentive to acquire data given that the rival also holds

it. We have to consider the difference:
f (k) =102 () — RPN (k)

Note that f (k) is a monotonically increasing function, such that f (1) < 0 and f(2) > 0.
Hence, f (k) > 0 for any k& > 2. We conclude that if & > 2, then a Nash equilibrium
exists, where both firms acquire customer flexibility data. Summarizing our results for the
case of relatively differentiated consumers, we conclude that if £ = 1, then a unique Nash
equilibrium exists, where none of the firms acquires flexibility data. If k& > 2, then two Nash
equilibrium exist where either both firms do not acquire flexibility data or both of them do.

Finally, we analyze how firms’ profits change in the equilibrium where both of them

acquire customer data compared to the case, where none of the firms holds flexibility data.
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We start with the case of relatively homogeneous consumers. The comparison shows that

PP (k) — Hh,NN_3£(2k*1)(l*1)

i i =— 55— > 0, for all k>1and [ <2,

such that both firms are better-off. We now turn to the case of relatively differentiated

consumers. The comparison shows that for any k > 2:

d,DD d,NN
1I; (k) — 1T,

(84168x23% —88 816 x22% —43 749 x 24% +- 7938 x 25% - 4779 % 268 153 280x 2F —17 600 )
—147 456 x 22k 4331 776 x 23F —518 400 x 24+ 4373 248 x 25k — 186 624 x 26k

<0,

such that both firms are worse-off. Q.E.D.
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Chapter 3

Consumer Flexibility, Data Quality

and Collusion

3.1 Introduction

Advances in information technologies allow firms to collect, store and analyze various types
of customer data including demographics (address, gender, age, income), data on previous
purchases etc.! This data may give insights into consumers’ brand preferences and the
strength thereof (flexibility), allowing firms to price discriminate respectively. Ever since
Thisse and Vives (1988) it is known that competitive price discrimination may intensify
competition and decrease firms’ profits, as a result firms could collude not to acquire cus-

tomer data and/or share the market.?>3

'For example, IBM provides data processing platforms and Business analytics software which
help firms to store, process, forecast and statistically analyze various data (http://www-

01.ibm.com/software/data/bigdata/platform/product.html).

’In  telecommunications market, firms collect large amounts of customer data such
as name, gender, physical address and calling history. In 2005 Conseil de la Concur-
rence fined three biggest French mobile operators for engaging in anticompetitive agree-
ments. These companies were accused of sharing customer data and sharing the market.

http://www.autoritedelaconcurrence.fr/user /standard.php?id _rub=160&id _article=502

3In the airline industry firms collect customer data through Frequent Flyer Program (FFP) and use
it for third degree price discrimination. Customers can opt in and receive discounts based on the total

amount of miles they fly. In 1999 two Scandinavian airlines SAS and Maersk Air notified the European

62
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In this chapter I analyze how firms’ incentives to collude depend on the quality of cus-
tomer data. Following Sapi and Suleymanova (2013) I introduce two-dimensional consumer
heterogeneity and assume that consumers differ both with respect to their brand preferences
and flexibility. Respectively, two types of customer data are available to the firms. Further-
more, | assume that data on consumer addresses is perfect, while data on their flexibility
is not. For example, in location-based marketing firms know the precise location of each
consumer, while consumer sensitivity to different marketing activities (like price reductions
and advertising) can be estimated only with less-than-perfect accuracy.* I follow Liu and
Serfes (2007) to model imperfect customer data. I assume that firms are able to correctly
identify different flexibility segments and can allocate any consumer to one of them.” With
the improvemnt in the quality of customer data consumer segmentation becomes finer.

The articles most closely related to this work are Liu and Serfes (2007) and Sapi and
Suleymanova (2013). Liu and Serfes analyze firms’ incentives to collude depending on
the quality of data on consumer brand preferences when consumers are differentiated only
along that dimension. Sapi and Suleymanova analyze firms’ incentives to acquire imper-
fect customer flexibility data when data on consumer addresses is perfect and both firms
hold it. Following Sapi and Suleymanova (2013) I introduce two-dimensional consumer
heterogeneity, on brand preferences and flexibility (transport cost parameters) and analyze

firms’ incentives to collude depending on the quality of the latter characteristic of consumer

Commission about a cooperative agreement that included code-sharing on a number of routes and FFP
extension that allowed Maersk customers to earn points when flying with SAS and wice versa. However, in
2001 the European Commission fined the airlines for market-sharing agreement. (Sun-Air versus SAS and

Maersk Air, 2001)

1Epling (2002) uses data from long-distance telephony to show that information on customer’s location

and income allows firms to better price-discriminate among consumers.

’ Angwin (2010) describes how various internet companies collect personal information (location, age,
gender, income, education, marital status, etc.) about websites’ users and sell it to marketers and advertisers.
The data can be of any quality: "We can segment it all the way down to one person" says Eric Porres,

Lotame’s chief executive officer.
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preferences.

This chapter is organized as follows. Section 3.2 presents the model. In Section 3.3
I provide the equilibrium analysis and consider firms’ incentives to collude. I distinguish
between three collusive schemes: in the first scheme firms collude both in prices and their
data acquisition decisions; in the second, they collude only in prices; in the third, they
compete in prices and collude in data acquisition decisions. Section 3.4 compares the three

schemes. I conclude in Section 3.5.

3.2 The Model

There are two firms, A and B, each situated at the end of a unit interval. Firm A is located
at t4 = 0, and Firm B at xg = 1. Each firm produces a brand of the same good. I nor-
malize the marginal cost of production of such good to zero. There is a mass of consumers
normalized to unity. I follow Sapi and Suleymanova (2013) and assume that consumers are
differentiated both with respect to their addresses and transport cost parameters. There-
fore, every consumer is uniquely described by a pair of parameters (x,t), where z € [0, 1]
represents consumer’s address and ¢ € [t,¢] is her transport cost parameter (flexibility),
where ¢t > 0 and ¢ > t. T assume that z and ¢ are uniformly and independently distributed;
e, fi=1/(t—t), fo =1and fi, = 1/(t 1)

I assume that both firms hold perfect information on consumer locations. Firms can also
acquire customer flexibility data at zero cost. Data on consumer transport costs is imperfect
and is characterized by the exogenously given quality parameter k£ = 0,1, 2, ...,00. For any k
firms are able to divide the interval [t,] into n := 2¥ segments and allocate each consumer
to one of them. Every segment m = 1,2,...,2% is characterized by the transport cost
parameters ™ € [t™,t"'], where t"™ =t + (t —t)(m —1)/n and " =t + ( — t)m/n. Higher
k implies customer data with a finer segmentation of the interval [t,¢] and, hence, better
quality. If k — oo, firms have perfect information on consumers’ transport cost parameters.

I follow Sapi and Suleymanova (2013) and consider two versions of the model, depending

on consumer heterogeneity in flexibility measured by the ratio (¢, %) := t/t. In the first
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version consumers are relatively heterogeneous and t = 0, such that lim; o l(¢,t) = co. In
the second version consumers are relatively homogeneous with t > 0 and I(¢,1) < 2.

If a firm acquires flexibility data, it charges different prices depending on a consumer’s
address, flexibility segment and the quality of customer data: p;(z,m;n) with i = A, B.
Therefore, two consumers at the same location that belong to different flexibility segments
can be charged different prices. The utility of a consumer (z,t) in case of buying from Firm
1 is

Ui(pi(z,m;n), t,x) =V — tlz — xi| — pi(z, m;n),
where V' > 0 is the basic valuation of a product. In order to ensure that the market is
always covered in equilibrium, I assume that V is large enough. A consumer always buys
from a firm offering the highest utility. The indifferent consumer buys from the nearest
firm.

I consider an infinitely repeated game. In a stage game firms decide simultaneously
and independently whether to acquire customer flexibility data and which prices to charge.
These decisions become a common knowledge at the end of each stage game and firms have
a perfect memory of all past actions.

Firms may collude using trigger strategies, such that in period ¢ a firm plays coopera-
tively if in period ¢ — 1 the rival played cooperatively. In other words, firms stick to the
collusion agreement as long as nobody has deviated. However, if deviation takes place in
period ¢, firms will play Nash Equilibrium from period ¢ + 1 to infinity. I denote the one-
shot collusive profit of Firm i by 7% (n), the deviation profit by 7 (n), and non-cooperative
profit by 7¥(n). Collusion can only be sustained in the infinitely repeated game if the

discount factor is sufficiently high:

§>0(n) =
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3.3 Equilibrium Analysis

Non-cooperative profits. Note that in this model firms make data acquisition deci-
sions simultaneously with their price choices in a stage game, and therefore, in the non-
cooperative equilibrium firms always acquire customer data. This is different from Sapi and
Suleymanova (2013), where these two decisions are made sequentially. Hence, the equilib-
rium prices in my analysis are the same as in Sapi and Suleymanova in the subgame where
both firms acquire customer data. The interval [0,1/2) represents Firm A’s turf and the
interval (1/2,1] is Firm B’s turf. Given prices pa(x, m;n) and pp(x,m;n), the transport
cost parameter of the indifferent consumer on the segment m with address x is

t(xz,m;n) = pA(x’m;Ti) —;B(x,m;n)’ where t(x,m;n) € [t™,1"].
—2x

On any segment m, Firm A serves its most loyal consumers with high transport cost pa-

rameters t > t(x, m;n), and Firm B serves the least loyal consumers of Firm A with low
transport cost parameter, ¢t < %V(x, m;n). For any address z € [0,1/2) and on any segment
m, Firm A maximizes the expected profit

E[ma(z,m;n)|x < 1/2] = pa(z,m;n) Pr{t > t(x,m;n)},
while Firm B maximizes the expected profit
Elrp(z,m;n)|z < 1/2] = pp(z,m;n) Pr{t < t(z,m;n)}.

In my version of the model, the equilibrium prices and profits in the non-cooperative case
are identical to those stated in Proposition 1 in Sapi and Suleymanova (2013) and depend

on data quality and consumer heterogeneity in flexibility.

Proposition 3.1. (From Sapi and Suleymanova, 2013)

i) Assume that consumers are relatively differentiated. In equilibrium on Firm i’s turf on
the segment m = 1, firms charge prices pi(z,1;n) = 2t[1—2x|/(3n) and pj(z,1;n) =
t|1 —2x|/(3n). Firm i serves consumers with t > t/(3n). On the segments 2 < m < n
equilibrium prices are pi(x,m;n) =t (m — 1) |1 —2z| /n and p}(x,m;n) = 0, where Firm

i serves all consumers. Equilibrium profits are 11} (n) = 5t/(36n2) + /8 (1 — 1/n).
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i1) Assume that consumers are relatively homogeneous. In equilibrium on Firm s turf firms

charge prices pi(z,m;n) = [t+ (E—t) (m —1)/n] |1 —2z| and pj(z,m;n) = 0. Firm i

serves all consumers on its turf. Firms realize profits II¥(n) =t/4+ (t —t)/8[1 — 1/n].
The following two graphs show how firms’ non-cooperative profits change with the im-

provement in the quality of customer flexibility data. I use the values t = 1 and ¢ = 2 for

the cases of relatively homogeneous and relatively differentiated consumers, respectively.
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Figure 3.1. Non-cooperative profit with relatively differentiated consumers
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Figure 3.2. Non-cooperative profit with relatively homogeneous consumers

The two versions of the model (with relatively homogeneous and differentiated con-
sumers) yield two different equilibria which are driven by the type of the best-response

function of a firm on its turf. Precisely, as is shown in Sapi and Suleymanova (2013) when
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consumers are heterogeneous (homogeneous) a firm follows a market-sharing (monopoliza-
tion strategy) on its turf in the absence of data on consumer flexibility. In the former case
a firm optimally serves all consumers on its turf only if the rival’s price is sufficiently high.
Otherwise, a firm shares consumers on its turf with the rival. The reason is that it is costly
for a firm to serve all consumers on its turf, because the most flexible consumer can switch
brands costlessly. In equilibrium the rival charges indeed a relatively low price and targets
the least loyal consumers of a firm some of whom switch. As a result, in equilibrium firms
serve consumers on both turfs. The acquisition of data of quality £ = 1 intensifies compe-
tition as on both new segments the rival charges lower prices. As a result, profits decrease.
However, with a further improvement in data quality profits start to increase since a firm
can better target consumers, and the rent-extraction effect dominates.

When consumers are relatively homogeneous, for any price of the rival it suffice for a firm
to decrease a little the price targeted at the least flexible consumers to attract all consumers
with a given address. This makes it optimal for a firm to follow a monopolization strategy on
its turf, such that for any price of the rival a firm optimally serves all consumers on its turf.
Then in equilibrium the rival charges the price of zero on a firm’s turf and competition is
very intense. As the rival cannot decrease its price below zero, the acquisition of additional
data gives rise only to the rent-extraction effect, and a firm’s profits monotonically increase
in data quality. In the case of relatively differentiated consumers the behavior of non-
cooperative profits depending on data quality is similar to the one in Liu and Serfes (2007),
because in both cases there is a consumer who can switch brands costlessly. This is the

consumer with z = 1/2 in Liu and Serfes (2007) and the consumer with ¢ = 0 in my case.

Collusive profits. Firms may collude along two dimensions: customer data acquisition
decisions and pricing decisions. I follow Liu and Serfes (2007) and consider three collusive
schemes. In the first scheme firms acquire customer flexibility data and charge monopoly
discriminatory prices. Each firm acts as a monopolist on its own turf. Provided the basic
valuation is high enough, all consumers are served under collusion, and every consumer

buys from her most preferred firm at a price, which makes her indifferent between buying
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at that firm and not buying. This type of collusion leads to both firms using monopolization
strategies regardless of consumers’ heterogeneity in flexibility. If a firm deviates, it gains all
consumers on the rival’s turf. The following proposition states the collusive and deviation

prices and profits for the first scheme.

Proposition 3.2. Consider the collusive scheme under which firms acquire customer flex-
wbility data and charge collusive prices. Assume that the basic utility is relatively large:
V >max {t/24 (t—t)(m+1)/(2n),t + (m+1)(t — t)/n} for any m, n.

i) Under collusion, on its own turf on the segment m and address x, Firm i = A, B charges
the price p{'(xz,m;n) =V — (t+ (I — t)ym/n) |z — z;| and serves all consumers there. The
collusive profit of Firm i is 7% (n) = V/2 —t/8 — (t — t)(1+n)/(16n).

it) If Firm j deviates on the turf of Firm i, it charges the price p]D(:B,m; n) =V —
(ﬁ—i— (f—t)m/n) |z; — x| and serves all consumers. The price on its own turf does not

change. The deviation profit of Firm j is 7er(n) =V —t/2—(t-1)(1+n)/(4n).
Proof. See Appendix.

Let’s now turn to the second collusive scheme. Under this scheme, firms collude by
deciding not to acquire data on consumer flexibility and charge monopoly prices indepen-
dently of consumer’s flexibility. The following proposition states the collusive and deviation

prices and profits for the second scheme.

Proposition 3.3. Consider the collusive scheme under which firms do not acquire customer
flexibility data and collude in prices. Assume that the basic utility is relatively large: V >
max {f —t/2,t+ (m+1)/n(t —t)} for any m and n.

i) Under collusion, Firm i = A, B charges the price p§(x) = V —t|z — x;| to consumers
with address x. The collusive profit of Firm i is n¢ = V/2 — /8.

it) If Firm i deviates, it acquires consumer flexibility data. On its own turf it charges the

price p? (x,m;n) = V—(t + ( — t)m/n) |x — z;|, and p? (z, m;n) = V—tz—(t + (£ — t)ym/n) |2z — z;|

i
on the rival’s turf. The deviation profit of Firm i is ©P(n) =V — (t +3t)/8 — 3(t — t)(1 +

n)/(16n).
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Proof. See Appendix.

When a firm deviates under the second collusive scheme, it acquires data on consumer
flexibility and discriminates consumers with respect to their address and flexibility on both
turfs. If the basic consumer valuation is high enough, then firms charge prices under which
all consumers buy both under collusion and deviation. Firms use monopolization strategies.
This implies that under collusion each firm serves all consumers on its own turf and none
of the firms wants to target the most flexible consumers of the rival. However, if a firm
deviates, then it serves all consumers on both turfs.

The results from Propositions 3.2 and 3.3 do not depend on consumers’ heterogeneity.
Under these collusive schemes, both firms optimally share and monopolize the market. They
extract the highest possible rent from consumers and set such collusive prices that every
consumer buys from its nearest firm. Under deviation, a firm undercuts the rival’s collusive

price and serves all consumers.

Finally, I consider the third collusive scheme, where firms agree not to acquire customer
flexibility data and set competitive prices. This scheme does not make sense with relatively
homogeneous consumers as for any quality of customer flexibility data it yields profits which
are (weakly) smaller than the non-cooperative profits.® The reason being that in the non-
cooperative equilibrium firms discriminate consumers based on their address and flexibility.
Since the data on consumer address is perfect, the non-cooperative profit depends on the
quality of the customer flexibility data: Sapi and Suleymanova (2013) find that the non-
cooperative profits increase monotonically in data quality when consumers are relatively
homogeneous. When firms agree to not acquire customer flexibility data and compete in
prices (collusive scheme three), they discriminate consumers based solely on their address.
Therefore when consumers are relatively homogeneous, the profits in the third scheme
correspond to the lowest non-cooperative profits; i.e., when the quality of data is zero.

Hence, I consider this scheme only for relatively differentiated consumers. The following

SUnder third scheme the collusive profit in case of relatively homogeneous consumers is 7§ = /4.
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proposition states collusive and deviation profits under the third scheme.

Proposition 3.4. Consider the collusive scheme under which firms do not acquire customer
flexibility data and compete in prices.

i) Under collusion, on Firm i’s turf firms charge prices p§ (x) = 2t |1 — 2z| /3 and pjc(m) =
t]1 — 2z /3, where i = A, B and i # j. Firm i serves consumers with t > t/3. Collusive
profits are m; = 5t/36.

it) If Firm i deviates, it acquires customer flexibility data. Assume that n>2 (k> 1). On
its own turf Firm i charges the deviation price pP(z,m;n) =1/3(3(m —1)/n+1)|1 — 2x|.
On the rival’s turf it charges the price pP (z,m;n) = t/3(2—3m/n) |1 — 2z| to all consumers
if m < 2n/3—1, and pP(z,m;n) =1/6(2—3(m—1)/n) |1 — 2z| to consumers with flexibility

tet™ t/3+t™/2] if m >2n/3 —1. The deviation profit of Firm i is

N

2 )—(5n_3)t+[;l]f
T T o —

el o ft (2 - 3—m) 11— 2| dtda

[& i

3

N Z fzmm Gt , 1

m—1
2 —3—) |1 —2z|dtd
22— 3" 1 - 2u]ded

m=[%t]
Assume now that n = 2 (k = 1). On its own turf Firm i charges the deviation price
pP(x,1;2) = (5t/12) |1 — 22| if t € [£/12,%/2], and pP(x,2;2) = (5/6) |1 —2z| if t €
[£/2,2]. On Firm j’s turf Firm i charges p?(x,1;2) = (£/3) |1 — 2z| if t € [0,%/3], and
pP(x,2;2) = (£/12)|1 — 2| if t € [t/2,7t/12]. The deviation profit of Firm i is mP =

(17t)/96.
Proof. See Appendix.

When firms collude under this scheme and consumers are relatively differentiated, every
firm follows a market-sharing strategy on its turf and loses the less loyal consumers to
the rival. The reason is that this type of collusion does not allow for price discrimination
with respect to consumer flexibility, firms must set uniform prices to consumers with the
same address. With relatively differentiated consumers, it is optimal for a firm to charge
a relatively high price and target the most loyal consumers on its turf. As a result, under

this collusive scheme each firm serves consumers on both turfs.



72

If a firm deviates, it acquires customer flexibility data of quality: n > 2.7 When n = 2, it
adopts a different deviation strategy than when n > 2. Let’s consider the optimal deviation
strategy on Firm 4’s own turf. If n = 2, Firm ¢ follows a market-sharing strategy on the
first segment and a monopolization strategy on the second. However, if n > 2, it follows a
monopolization strategy on all segments. Now I turn to the optimal deviation strategy on a
rival’s turf. If n = 2, Firm 7 adopts a market-sharing strategy on both segments. However,
if n > 2, it follows also a monopolization strategy on some segments according to the
rule described in Proposition 3.4. These results are driven by the fact that consumers are
relatively differentiated. When the deviation takes place on a firm’s own turf, the negative
competition effect is very strong when n = 2, and becomes weaker when n increases. When
a firm deviates on the rival’s turf, the competition effect there is even stronger, therefore,
even with a data of better quality the deviating firm still targets only the most flexible
consumers of the rival. Hence, when a firm deviates under the third scheme, it does not

serve all consumers in the market.

3.4 Comparison of the collusive schemes
Assumption 3.1. Basic valuation is assumed to be sufficiently high, precisely V > 2t.8

To compare the three collusive schemes, I distinguish between two cases based on con-
sumer heterogeneity. Consider first the case of relatively homogeneous consumers. Collusive

scheme one can be sustained if the discount factor is relatively high:

The first order derivative of §;(n) with respect to n is positive under Assumption 3.1. As

"When n = 1, it stands for no data acquisition or customer data of zero quality, therefore I do not

consider this case.

8 Assumption 3.1 represents the strictest condition on V from Propositions 3.2 and 3.3 and it is obtained

when n=1and t =0.
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51(71) is an increasing function of m, it implies that collusion becomes more difficult to
sustain as the quality of customer flexibility data improves.
The second collusive scheme can be sustained if § > do(n), where
v _ 3t (=t 3
VAR Sl WS U CALE )

V- B (F (3l

In Figure 3.3 I present d5(n) as a function of n =1, ...,2%.9

. 0.55
discount factor

0.50 T

0.45

0.40 + F—t F— f —t —

Figure 3.3. d2(n) in case of relatively homogeneous consumers.

Again, the first-order derivative of gg(n) with respect to n is positive. Similarly to
the first collusive scheme, it becomes more difficult to sustain collusion when the quality
of customer flexibility data improves. Moreover, it is easier to sustain the first collusive
scheme: &1(n) < d2(n) for any n > 2.1% Liu and Serfes (2007) also get the latter result in a
model where data on consumer addresses is imperfect.

I now turn to the case of relatively differentiated consumers, where

Vv 3t(14+n)
01(n) = 2 16n
1(n) 5 iBnt))
36n2 8n
°In Figures 3.3 and 3.4 I use the following values: =6,1=2and t = 1 (in the case of relatively

homogeneous consumers).

07f p =1 then 01 (n) = d2(n).
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Vv 3t(1+n)

Ky — 2 16n

02(n) : v _ st _ 1 _ tontl)
36n2 8 16n

First-order derivatives of d1(n) and d2(n) with respect to n are positive. In Figure 3.4 1

present d2(n) in case of relatively differentiated consumers.!!
. 0.55
discount factor

0.50
0.45 T

0.40 —t
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n

Figure 3.4. §3(n) in case of relatively differentiated consumers.

In the third collusive scheme, d3(n) cannot be derived analytically. I estimate d3(n) for
different values of the initial parameters in the model. The results show that 3(n) is an
increasing function of n.?

My results support the findings of Liu and Serfes (2007) that it becomes more difficult
to sustain collusion when the quality of customer data improves. I conclude that the above
result holds not only when the quality of data on consumer addresses improves, but also
when the quality of data on consumer flexibility improves and firms hold perfect data on
consumer locations. This result holds both when consumers are relatively homogeneous and
relatively differentiated in flexibility, although the behavior of non-cooperative profits is dif-
ferent in the two cases. The intuition for this result is the following: As non-cooperative

profits increase with the improvement in data quality when consumers are relatively homo-

"1 do not show the graphics for §;1(n), because they are analogous to those already presented for dz(n).

2For example, for T = 10, I get 03(2) = 0.477; §3(4) = 0.679; §3(8) = 0.790; 53(16) = 0.856.
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geneous, the punishment following deviation becomes less severe with better data quality,

which makes deviation more attractive.

3.5 Conclusion

I analyze the sustainability of collusion in an infinitely repeated game depending on the
quality of customer flexibility data. I follow Sapi and Suleymanova (2013) and assume that
consumers are differentiated both with respect to their addresses and flexibility. Therefore,
firms can price-discriminate among consumers using two types of customer data: consumer
addresses and flexibility. I assume that data on consumer addresses is perfect, while data on
consumer flexibility is not. In this way I depart from Liu and Serfes (2007) who assume that
consumers are differentiated only in their addresses and this data is imperfect. I consider
two cases with respect to consumer heterogeneity in flexibility: relatively differentiated
consumers and relatively homogeneous consumers. In the former case the behavior of non-
cooperative profits as a function of data quality is similar to the behavior of non-cooperative
profits in Liu and Serfes: The profits first decrease and then increase. When consumers
are relatively homogeneous, the non-cooperative profits increase monotonically with the
improvement in data quality, which makes it more difficult to sustain collusion with the
improvement in quality of customer data compared to the case of relatively differentiated
consumers. My results support the findings of Liu and Serfes that collusion becomes more
difficult to sustain with the improvement in data quality and show that they are also relevant

for a different type of customer data, that on consumer flexibility.

3.6 Appendix

Proof Proposition 3.2. I characterize the collusive outcome under the first collusive
scheme. Under collusion every firm acts as a monopolist on its own turf. If the basic
consumer valuation is high enough, then every firm serves all consumers on its turf. The

transport cost parameter of the consumer on the segment m indifferent between buying
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from Firm A and not buying is

\% —pg(aj,m; n)
x

V—t"z —pS(z,min) =0 =" = , where £ € [t™,T"].

PG (x,m;n) is the collusive price set by Firm A for a consumer on segment m with address
x, given the quality of data is k and there are n := 2% segments. Firm A serves consumers
with ¢t < ¢™ for any address z < 1/2. The reason is that in each segment consumers
with relatively low transport cost parameters get positive utility when Firm A charges the
collusive price, pg(x, m;n). As a monopolist, Firm A can extract a higher rent from them.
Consumers with high transport cost, ¢ > ¢, choose to not buy at all, otherwise they get a

negative utility. The expected profit is

_C .
Bl min)le < 1/2] = o.min) Prfe < 77 = g (o, mimf (S PAR ),

Solving the maximization problem of Firm A w.r.t. p§(x,m;n) yields the condition on V,

which guarantees that Firm A serves all consumers for any = < 1/2 on any segment m:

itV >te+ E(f—t)(m +1) then p§(z,m;n) =V — (t—i— (f—t)m) zand ™ =1".
n n
The strongest condition implies x* = 1/2, yielding V' > t/2 + (£ — t)(m + 1)/(2n). The
collusive profit of Firm A is

n

- m V
g = Zf()lpf;% [0S (z, myn)dtde = — — = —

m=1

~+

(t—t)(1+n)
16m '

[\
oo

. . C . C
Since two firms are symmetric, 75 = T4

I now characterize the optimal deviation strategy. If a firm deviates, it charges a different
price only on the rival’s turf. Consider a deviation by Firm B. The indifferent consumer

on the turf of Firm A is characterized by the equation

V —tx —p§i(z,min) =V — (1 — 2)t — pp(x,m;n),

where pg(x, m;n) is the deviation price of Firm B on Firm A’s turf. The consumer indif-

ferent between buying from Firm A charging the collusive price and Firm B charging the
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deviation price is

o V= pB(z,min) — "

" % , where #™ € [t™, "] and x < 1/2.
—2x

Firm B serves consumers with ¢ < ¢™ for any address = < 1 /2. The reason is that under
deviation Firm B offers a lower price than the rival and the most flexible consumers find
it attractive to switch since they have a low transport cost. The expected deviation profit
of Firm B is E[rB(x,m;n)|z < 1/2] = pB(x,m;n) Pr{t < t™}. Solving the maximization
problem of Firm B I get the following condition, which guarantees that Firm B serves all

consumers on Firm A’s turf:

itV > t(l—=x)+

G;D(mu—x)ﬂ—zx),

then pB(z,m;n) = V — (L—i— (f—j)m> (1—z)and "™ =1".
n

The strongest condition implies = 0, yielding V' > t + (£ — t)(m + 1)/n. The deviation

profit of Firm B is

T = Z [fol/Qf;i/ftpg(iﬂam; n)dtdz| + 75z > 1/2)
m=1
_ t (t—t)(1+n)
=V 2 4n '

Q.E.D.

Proof Proposition 3.3. I first characterize the collusive outcome under the second collu-
sive scheme. Every firm acts as a monopolist on its turf and charges a monopoly price for
any address on its turf which does not depend on the segment. Consider the turf of Firm A.
For some x < 1/2 the transport cost parameter of the consumer indifferent between buying

at Firm A and not buying is

O ~
V—tx—pg(m)zoﬁt:ﬂ,wherete[ﬁ,ﬂ.

Firm A serves consumers with ¢ < £, because only consumers with relatively low transport
costs get positive utility when Firm A charges the collusive price, pg (z). Its expected profit

is
V —p§(z)

Bl <172 =35 Prie < B = (o (V22 ).
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I solve the maximization problem of Firm A w.r.t. p§(z). If the basic consumer valuation

is large enough, Firm A serves all consumers on any segment on its turf:
if V > (2t — t)x, then p§(z) =V —tz and t = 7.

The strongest condition implies x = 1/2, yielding V' > ¢ — /2. The collusive profit of Firm
Ais

v

2

Qo | I+

7S = 32 [} fupS () dtda =

Since two firms are symmetric, 77% = 772.

Every firm deviates through acquiring customer flexibility data of quality & and dis-
criminates among flexibility segments on both turfs. Consider the deviation by Firm B.
The consumer indifferent between buying from Firm A or Firm B with some x < 1/2 on

segment m is given by the equation
V — it —pG(x) =V — (1 - 2)t — pp(a,m:n),

where pg(m, m;n) is the deviation price of Firm B on Firm A’s turf. Plugging in pg(x) into

the above equation yields

o V —pB(x,m;n) -tz
B 1—2x

, where ™ € [t™, "]

Firm B serves consumers with ¢ < ™, because their utility is higher when they buy from
Firm B than from Firm A. The expected deviation profit of Firm B is E[rE(z,m;n)|z <
1/2] = pB(z,m;n)Pr{t < #™}. 1 solve the maximization problem of Firm B w.r.t.
pg (z,m;n) and get that if the basic consumer valuation is large enough, then Firm B

serves all consumers for some z < 1/2 and some m:

_ _ 1
Vs fr 4 -0 (1 - 20,
n
D 7 7 M Tm _gm
then pg(z,m;n) = V—t:z:—<§+(t—§)—)(1—2x)andt =t".
n

The strongest condition implies = 0, yielding V' >t + (£ — ¢)(m + 1) /n.
I now compute the deviation prices of Firm B on it own turf. The indifferent consumer on

the segment m for some x > 1/2 is characterized by the equation: V—t(1—z)—pB(z,m;n) =
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0. The transport cost parameter of the consumer on the segment m indifferent between

buying from Firm B and not buying is

o V=B ; > T
= plB (x,m7n)’ where "™ € [t™,T"].
—x

Firm B stays a monopolist and serves consumers with ¢ < #”. The expected deviation profit
of Firm B on its own twrf is E[x5(z, m;n)|z > 1/2] = pP(x,m;n) Pr{t <"}. I solve the
maximization problem w.r.t. pg (z,m;n) and get that if the basic consumer valuation is
large enough, then Firm B serves all consumers on some segment m and some address

x>1/2:

TR (t+(t—t)m;rl> (1-2),

then pB(z,m;n) = V—(t—i—(f—;)%) (1—x).

The strongest condition implies © = 1/2, yielding V' > t/2 + (t — t)(m + 1)/(2n). The

deviation profit of Firm B is

n -m " 7
7B = S B mindtdo + 3 [ B (o, min)dtde
m=1

m=1
_ v t+3t 3(t-t)(1+n)
N 8 16n ’

Q.E.D.

Proof Proposition 3.4. Under the third collusive scheme firms agree not to acquire
flexibility data and charge uniform competitive prices. I consider the case of the model with
relatively differentiated consumers. Collusive prices and profits are a special case of non-
cooperative equilibrium, with £ = 0. In the equilibrium both firms follow a market-sharing
strategy, where Firm A sets the price p§(z|z < 1/2) = 2£(1 — 2x)/3 on its own turf and
serves consumers with ¢ € [£/3,7]. On the rival’s turf it charges p§ (z|z > 1/2) = (22 —1)/3,
and serves consumers with ¢t € [0,¢/3]. Firm B charges symmetric prices. The collusive
profit is 7 = 5¢/36, i = A, B.

Now, I turn to the deviation prices and profits. Suppose that Firm B deviates on A’s

turf by acquiring customer data (n > 2) and charging discriminatory prices. For z < 1/2,
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the consumer indifferent between buying from Firm A or from Firm B is given by the
condition:

V—te—pS(zlr <1/2) =V — (1 — )t — pB(x,m;n)

where pg(x,m; n) is the deviation price of Firm B on Firm A’s turf. Plugging pg(x\x <
1/2) = 2t(1 — 2x)/3 into the above equation I obtain the transport cost parameter of the

indifferent consumer:

21— 22) — 3ph ; o
om _ ( z) pB(ac,m,n)’ where t" € [t™ T"].
3(1 —2x)

On the rival’s turf Firm B serves consumers with relatively low transport cost, ¢t < t™. Since
consumers are relatively differentiated, there are always consumers who can switch brands
costlessly. Therefore Firm B targets only the most flexible consumers of the rival. The
expected deviation profit of Firm B is E[x5(z,m;n)|z < 1/2] = p2(x,m;n) Pr{t < t™}.
I solve the maximization problem of Firm B w.r.t. pB(z,m;n) taking into account that
1™ e [t™,1"]. T obtain the following results:
i) If m < 2n/3 — 1, then pB(x,m;n) = (£/3)(2 — 3m/n)(1 — 2x), each firm follows a
monopolization strategy on segment m and serves all consumers there.
i) If m > 2n/3 — 1, then pB(x,m;n) = (£/6)(2 — 3(m — 1)/n)(1 — 2x), Firm B follows a
market-sharing strategy on the segment m and serves only consumers with t € [t"™,t/3 +
/2.

Firm B optimally deviates on its own turf as well. For x > 1/2 the transport cost

parameter of the indifferent consumer is derived from the following condition:
(& _ D .
V—tx —pi(z|le>1/2) =V — (1 — )t — pg(z,m;n)

where pE(z,m;n) is the deviation price of Firm B on its own turf. Plugging pS (z|z >

1/2) = t(2x — 1)/3 into the above equation I obtain:
o 3pB(z,min) —t(2z — 1)

here 1" € [t™, T"].
3(2z — 1) , where 17 € [¢7, ¢7]

On its own turf Firm B serves consumers with relatively high transport cost, ¢ > ™. Since

consumers are relatively differentiated, it prefers to lose the most flexible consumers to the
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rival because serving them is not profitable. The expected deviation profit of Firm B is
ExB(z,m;n)|z > 1/2] = pB(x,m;n) Pr{t > t™}. I solve the maximization problem of
Firm B w.r.t. pB(x,m;n) taking into account that ™ € [t™, "] and get that:

i) If m < 2—n/3, then pB(x,m;n) = (£/6)(3m/n + 1)(2z — 1), Firm B follows a market-
sharing strategy on the segment m and serves only consumers with t € [t"/2 —1/6,1""].

i) If m > 2 —n/3, then pB(z,m;n) = (t/3)(2x — 1)(3(m — 1)/n + 1) and Firm B follows
a monopolization strategy on the segment m.

When n = 2 (k = 1) Firm B adopts a different deviation strategy. Since consumers
are relatively differentiated, it prefers to lose the most flexible consumers, whose transport
cost parameter is t € [0,¢/12], to Firm A. Hence, if m = 1, Firm B adopts a market-
sharing strategy and charges the price pE(z,1;2) = (51/12)(2z — 1) to consumers with
t € [t/12,t/2]. If m = 2, Firm B adopts a monopolization strategy and charges the price
pE(x,2;2) = (5/6)(2z — 1) to consumers with ¢ € [£/2,7]. The total deviation profit, when
n=2(k=1),is

B = f1/2 t/3f pE(x,1;2)dtdx + f1/2ft7/¥2/12ftpg(w, 2;2)dtdx

i/2 17t

+f1/2f/12fth $31;2)dtdl'+f1/2ft/2ftp3 x, 2; 2)dtd$l§' = %

If n >4 (k> 2), then Firm B follows a monopolization strategy on every segment on its
own turf. Thus, the total deviation profit is
[271 1

7l m—=1 t
-2 J2 A k2 (2t + S e

m—1
2—-3—)(1-2z)dtd

m_[2n]

. b, om—1
+D_ Jiyalpn fig (37— +1)(2z — 1)dtda
m=1

Q.E.D.



Chapter 4

Full Versus Partial Collusion
Among Brands and Private Label

Producers

Co-authored by Christian Wey

4.1 Introduction

We present a Salop-circle model which captures market competition between branded prod-
ucts and a private label substitute.! All products are differentiated in the horizontal dimen-
sion. In addition, the private label good is assumed to be inferior in the vertical dimension.
We use an infinitely repeated game approach to examine under which circumstances full
collusion of heterogeneous firms is easier or harder to sustain than partial collusion. In the
former case all firms (the brands and their private label substitute) collude, while in the
latter case only the brands form a self-enforcing cartel.

Private label products (also called store brands) encompass all merchandise sold under
a retailer’s brand. Their market share has risen significantly and today private labels are

an integral part of almost all retail markets. For instance, based on 2011 sales data of

! Another application of our analysis are pharmaceutical products where brands and their generic equiv-

alents compete against each other after the end of patent protection (see Frank and Salkever, 1997).
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Nielsen private labels accounted for 42 per cent in the United Kingdom.? Private labels
were initially part of a low-price, low-quality strategy allowing retailers to compete for
price-sensitive consumers (Hassan and Monier-Dilhan 2006). These budget private labels
were often designed as me too products and were positioned at the lower end of the quality
and price spectrum. Private labels were especially successful in markets where no strong
national brands were present (European Commission, 2011). However, over recent years
they have grown in the segment of added-value and premium products.®> Based on GfK
German retailing data, Inderst (2013, Figure 3, p. 14) reports that over the period 2007-
2012 budget private labels” market share stayed put at around 25 per cent, while the market
share of premium private labels increased from 9 per cent to 12.9 per cent over the same
period.

The rise of private label products has been explained by cost savings, buyer power

4

reasons and retailer differentiation.® The role private labels play within the context of

5

collusion has been largely neglected so far.” This is surprising because collusion is an

>Market shares are calculated based on the turnover of fast-moving consumer goods, excluding fresh food.
The market shares differ significantly across countries (for instance, Spain: 39%, Germany and Portugal
32%, while Greece has the lowest with 10%). Market shares have been increasing steadily. According to
European Commission (2011), from 2003 to 2009 their share increased by 2-7 percentage points in Western
and Southern Europe (except Spain) and by 10-26 percentage points in Spain and Central Europe. Inderst

(2013) provides a survey of these developments.

3For instance, the German supermarket chain Real offers its own premium labels in many product cate-

gories.

YHoch and Banerji (1993) have shown that cost savings can be so large that private labels may generate
even higher profit margins than the respective national brands. Private labels can substantially enhance a
retailer’s bargaining position vis-a-vis brand manufacturers because it enhances their outside option (Mills,
1998, Bontems, Monier-Dilhan, and Requillart, 1999, and Steiner, 2004). Moreover, private labels can
increase retailer differentiation as retailers would otherwise carry the same assortment of branded goods

(Gabrielsen and Sorgard, 2007).

> An exception is Steiner (2004) who warns explicitly that the issue of collusion between private label

goods and national brands may become more of an issue in the future. Interestingly, the issue of collusion
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ongoing issue among food manufacturers. In Germany, for instance, three cartel cases with
food manufacturers involved were decided recently. The coffee roasters’ cartel was a partial
cartel in which only brand coffee makers were found guilty of forming a cartel, while there
was no evidence found that private label producers (mainly store brands of retailers Aldi and
Lidl) have participated in the cartel (Bundeskartellamt, 2009). The coffee roasters’ cartel
is remarkable, because it lasted for many years even though it did not include the private
labels which have a market share of 17 per cent in the German coffee market in 2011
(Bundeskartellamt, 2014a, p. 208). In the sausage cartel, to the opposite, private label
producers participated in the cartel which included almost all branded sausage producers
(see Bundeskartellamt, 2014b). The confectionery manufacturers’ cartel only included six
branded products (see Bundeskartellamt, 2013).6

Behind this background our main research questions are the following: First, how do
horizontal product differentiation and the private label’s (vertical) quality affect the stability
of full and partial collusion (the former being an all-encompassing cartel, while the latter
only includes the branded goods)? And relatedly: When is a more homogenous cartel
among branded manufacturers more likely to form than a heterogeneous cartel which also
includes private label substitutes? Second, how is the private label producer’s incentive to
close the quality gap towards the branded goods affected by market conduct which can be
competitive, partially collusive or fully collusive?

We analyze a Salop circle model with three firms that differ in their (vertical) quality
parameter. Two out of three firms are high-quality brand producers, while the third firm is

a private label producer that has an inferior quality. We are interested to analyze whether

between private labels and branded goods does not play a major role in recent retailing sector inquires
by competition authorities (see, e.g., Bundeskartellamt, 2014a, Competition Commission, 2008, European

Commission, 1999).

%1t should be noted that cartel cases are decided on explicit evidence of cartel formation. The question,
therefore, whether or not private label producers participated in the cartel via tacit collusion was not decided

in those cases where only brand manufacturers found guilty.
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collusion among three heterogeneous firms is easier to sustain than partial collusion among
the two brand producers. We use an infinitely repeated game approach to examine the sta-
bility of collusion. We first show that the brand producers’ incentive constraint is critical
to obtain full collusion over partial collusion, whenever nonparticipation of one firm leads
to non-cooperative market conduct. In those instances, the private label firm always joins
the brand producers for a full collusion outcome, given that full collusion is incentive com-
patible for the brand manufacturers. If, however, nonparticipation of the private label firm
induces the brand manufacturers to form a partial cartel (which is always better than non-
cooperative conduct), then the private label may prefer partial collusion over full collusion.
This is, ceteris paribus, more likely to be the case, the lower the intensity of competition
(i.e., the higher the horizontal product differentiation) and the larger the (vertical) quality
gap between the private label and the branded goods. Thus, a private label firm is more
likely to join the branded goods producers to form an all-encompassing cartel the higher
the quality of the private label good and the more intense competition are.

We also show that the incentives to increase the private label’s quality are the largest
under full collusion with partial collusion and non-cooperative behavior following in that
order. The incentives are further enhanced by the prospect of making full collusion feasible
in the first place. There are two reasons why a quality upgrade of the private label good can
trigger full collusion. First, it relaxes the incentive constraint for the brand producers, and
second, it makes it more likely that the private label firm prefers full collusion over partial
collusion.

Our paper contributes to the collusion literature that deals with cartel stability when

firms’ are heterogeneous.” Hickner (1994) shows that an all-inclusive cartel is harder to

"Selten (1973) analyzes cartel stability as a coalition formation process (i.e., without referring to an infi-
nitely repeated game context). He assumes homogeneous products and Cournot competition. Full carteliza-
tion is only possible when there are few firms. See Prokop (1999) for a related approach within a model of
price competition, where it is also shown that the chance of full cartelization is very much limited. For a

survey, see Bos and Harrington (2010).
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sustain when products become more vertically differentiated.® Based on a spatial model of
horizontal product differentiation Ross (1992) argues that increased product differentiation
could enhance cartel stability (see also Chang, 1991).° Given those results, opposing forces
are present in a model that combines variety-differentiated products with (vertical) quality
differentiation. In addition, partial collusion has not been addressed in those works.”
Closely related is Bos and Harrington (2010) who analyze the sustainability of collusion
(full and partial) within an infinitely repeated game framework. Their focus is on capacity
asymmetries among firms, while firms’ products are homogenous. Overall, they show that
full collusion is harder to sustain, when firms become more asymmetric (with regard to their
capacity). Moreover, smaller firms are more likely to stay out of the cartel giving rise to
partial collusion among the largest firms in the market. We apply the same stability analysis
as they do; namely, we suppose that nonparticipation of a firm in the all-encompassing cartel
will keep collusion among the remaining firms if it is profitable for them.!!

We also contribute to the economic analysis of private labels (for a survey, see Berges-
Sennou, Bontems, and Requillart, 2004). Price effects and product positioning incen-
tives were analyzed in Mills (1995) and Bontems, Monier-Dilhan, Requillart (1999), and
Gabrielsen and Sorgard (2007).!2 Those works focused on the strategic effects within a

vertical relations setting without considering the collusion problem. Empirical works have

8 A related result is obtained in Rothschild (1992).

“Thomadsen and Rhee (2007) show that collusion is always harder to sustain the more differentiated the

products if costs of forming the cartel are sufficiently large.

°0Our model builds on Economides (1989, 1993) which are early models (of the Hotelling and Salop type,

respectively) with both horizontal and vertical product differentiation.

"' The debate about how to formalize a cartel’s stability in case of heterogeneous firms is ongoing (see Bos
and Harrington, 2010, for a survey). The impact of cost asymmetries in association with an indivisible cost

of collusion is analyzed in Ganslandt, Persson, and Vasconcelos (2012).

2Choi and Coughlan (2006) show (disregarding the vertical relation problem) that a private label should

position close to a strong (weak) national brand when its quality is high (low).
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shown ambiguous price effects of private labels on branded substitutes. Quite interestingly,
Putsis (1997) and Cotterill and Putsis (2000) have provided evidence that brands’ prices
decreased after the introduction of private label substitutes. In contrast, Ward et al. (2002)
show a positive association of private labels’ market shares and branded products’ prices.!?
A similar relationship is uncovered in Frank and Salkever (1997) who investigated price re-
sponses of branded pharmaceuticals after patent protection expired and generic substitutes
entered the market.

The chapter proceeds as follows. In Section 4.2 we present the model setup and Section
4.3 provides the equilibrium analysis. In Section 4.4 we analyze the private label producer’s

quality incentives and we show how collusion can be detected from market data. Section

4.5 provides further extensions and discussion. Finally, Section 4.6 concludes.

4.2 The Model

We specify a variant of the Salop circle model (Salop, 1979) which combines horizontal
product differentiation (as a measure of overall competition intensity) and vertical product
differentiation (which mirrors the inferior quality of the private label vis-a-vis the branded
goods). Let there be three firms (j = 0,1, 2) located equidistantly on the unit circle. Firms
1 and 2 produce two brands with (vertical) quality index s;, where i = 1,2."* Both firms
are horizontally differentiated and they are located at 1 = 1/3 and x9 = 2/3, respectively.
We refer to these goods as brands 1 and 2, respectively. Firm 0 is located at 9 = 0 on
the unit circle and produces a private label product which is a horizontally differentiated
variant, but of a lower (vertical) quality sg < s; for i = 1,2. We set production costs to

zero.15

Bontemps, Orozco, and Requillart (2008) provide related evidence for France.

4%We use the index ¢ to refer only to the brands ¢ = 1,2, whereas the index j is used to refer to all firms

j=0,1,2.

5 A three-firms Salop model is also used in Rasch and Wambach (2009) to analyze the effect of a two-firm

merger and internal-decision making rules on cartel stability. Yet, in their model, all products have the same
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Consumers are distributed uniformly along the unit circle with mass of one. Each
consumer buys at most one unit of the good. A consumer’s position z on the unit circle
represents her most preferred product variant in the horizontal dimension. The utility of a

consumer with address x € [0, 1] buying from firm ¢ = 1,2 is given by

U =s; —t|x; — x| — pi, (4.1)

(2

where p; is firm 4’s price. According to (4.1), we consider a linear transport cost function,
where t > 0 is the exogenously given transport cost parameter and s; is the (vertical) quality
index.' Correspondingly, the utility of a consumer with address 2 buying the private label
product is given by

Uy = so — min{tz;t(1 — x)} — po, (4.2)

where sg < 1 and pg is the price charged by firm 0. We set s; = so = 1 and define s := sg.
Thus both brands are assumed to be of the same quality and their quality is higher than the
private label’s quality. The quality gap between the brands and the private label is given
by 1 —s > 0. Consumers only buy a product if their utility is not negative.

We consider an infinitely repeated price competition game to study firms’ collusion
incentives. In the stage game all firms set their prices simultaneously. All firms have the
same discount factor § € [0, 1]. In the infinitely repeated game we focus on trigger strategies
with Nash reversal in the punishment phase.'”

We consider two types of collusion: i) full collusion (F'C'), where all three firms collude,

and 7) partial collusion (PC') where only firms 1 and 2 collude, while firm 0 behaves

vertical quality.

16See Economides (1989) for a similar approach to combine both horizontal and vertical product differen-

tiation within a Salop model.

1"We use a grim strategy as in the seminal paper of Friedman (1971) to derive firms’ collusion incentives.
While this is standard practice in the tacit collusion literature (see Mas-Colell, Whinston, and Green, 1995,
Chap. 12D), optimal punishments (so-called stick-and-carrot strategies) can be more effective in sustaining
collusion (see Abreu, 1986, 1988, and Abreu, Pearce, and Stacchetti 1986). Both approaches can be expected

to lead to the same qualitative results (see Hickner, 1996, and Chang, 1991).
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non-cooperatively. In addition, we denote by N the case that all firms behave always
non-cooperatively.

We analyze the stability of collusion under full and partial collusion. We denote by 7er
the non-cooperative (stage game) profit of firm i, by 7¢ the collusive (stage game) profit
of firm ¢ and by TI'Z-D’C the deviation profit of a colluding firm ¢, where the superscript C'
refers either to the partial collusion case or the full collusion case; i.e., C' = F'C, PC. Given
trigger strategies with Nash-reversal, firm 7 has no incentive to deviate from the collusive

behavior if and only if the discount factor is large enough; i.e., if

D,C
5360 T T 4.3
- Yy - WD’C—WN ()

K3 7

holds. We impose the following parameter restrictions which ensure that the market is

always covered in equilibrium.

Assumption 4.1. We restrict the analysis to all parameter pairs (t,s) which fulfill the
conditions 1 > s > max{1 — 5t/6,t/2,13t/6 — 2}. The minimal possible values of t and s
are tmin = 6/11 and smin = 3/8, while the mazimal possible values are tmax = 18/13 and
Smax = 1.

Assumption 4.1 specifies the feasible set of parameters we are considering throughout the
analysis (all conditions are derived in the Appendix). Specifically, restriction s > 1 — 5t/6
ensures that the equilibrium market share and price of the private label good are positive
under non-cooperative behavior. Conditions s > ¢/2 and s > 13t/6 — 2 ensure that the
market is covered under full and partial collusion, respectively. Specifically, condition s >
t/2 implies that the deviation price of the private label firm under full collusion is lower
than its collusive price. Finally, ¢ > ¢, = 6/11 makes sure that the deviating firm under
(both partial and full) collusion realizes a market share which is less than 100 per cent.'®
Nash Equilibrium of the Stage Game. Before we analyze the infinitely repeated game,

we solve the stage game to derive 7r§V , for 7 =0,1,2. We first derive the demand functions.

"8The remaining maximal and minimal values of ¢ and s follow from the restrictions that constrain s as

stated in the first sentence of Assumption 4.1.
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Note that firms are located equidistantly on the unit circle. Denote the indifferent consumer
between firms 0 and 1 by xg. Given prices py and p; the indifferent consumer between firms

0 and 1 is given by

1
S—Po—tmozl—pl—t(3—$0>

which gives her location on the segment x € (0,1/3):

1 t 1
$0:2t<8+3_p0+p1_1> fOY.’L’OG(O,S) (44)

Similarly, the indifferent consumer between firms 1 and 2 (denoted by z) is obtained from

1 2
1—P1—t<»’81—3> =1—p2—t<3—5€1>,

which gives her location on the segment = € (1/3,2/3):

t— 12
T = % for z1 € (3, 3) . (4.5)

Finally, the indifferent consumer between firms 2 and 0 (denoted by z2) is given by

2
1—p2—t<$2—3> =s5—po—t(1—x2)

which gives her location on the segment = € (2/3,1) :

1 2
x2:2t<1—s—|—53t+p0—172> form2€<3,1>~ (4.6)

Using (4.4), (4.5), and (4.6) we can write firm ¢’s demand D; as

ro+1—x9, ifi=0
D; = (4.7)
Ty — Tj—1, if i = 1,2.
Using (4.7) we can solve the firms’ maximization problems max, ;>0 7; = p;D; simultane-

ously to obtain the equilibrium prices and firms’ equilibrium profits under non-cooperative

behavior.

Proposition 4.1. Suppose that all firms behave non-cooperatively. We obtain the following
equilibrium values:
i) Prices: pl¥ = (3(1—s)+5t)/15, for i = 1,2, and p) = (6(s—1)+5t)/15. Moreover,

pY =pY > pl¥ if s <1 (with equality holding for s =1).
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i) Profits: ¥ = (5t + 3(1 — 5))? /(225¢), for i = 1,2, and 7 = (6(s — 1) + 5t) /(225¢);
moreover, iV = ¥ > ) (with equality holding for s =1).
iii) Locations of the indifferent consumers: zll = 1/6 — (1 — s)/(5t), Y = 1/2, and

) =5/6+ (1 —s)/(5t).
Proof. See Appendix.

Parts i) and ) of Proposition 4.1 state firms’ prices and profits, respectively. The
prices and profits of the brand producers decrease when the quality of the private label
increases, while the opposite holds for the private label producer. As long as the private
label good is of a strictly lower quality than the branded goods (s < 1), the brand producers
realize higher profits than the private label producer. Part i) of Proposition 4.1 shows that
the private label producer 0 serves the consumers with addresses (0,z2) U (zY, 1), while
the branded manufacturers 1 and 2 serve the consumers on the intervals (z)’,1/2) and
(1/2,2), respectively. If the quality of the private label good is inferior, s < 1, then firm
0 serves less consumers than firms 1 and 2, despite the fact that it charges the lowest price.
The relatively low quality of the private label good reduces its equilibrium demand. This
benefits the brands, because they can sell their products at a higher price and also enjoy
a larger equilibrium demand. However, if firm 0’s quality increases, firms 1 and 2 face
stronger competition and reduce their prices. If s = 1, then all three firms are homogeneous

in the vertical dimension and they share the market equally.

4.3 Equilibrium Analysis

We next analyze the infinitely repeated game for the cases of full collusion and partial
collusion. We then compare our results and we relate them to the case where firms always

behave non-cooperatively. Finally, we compare the stability of both types of collusion.
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4.3.1 Full Collusion

Assume that all firms in the market collude (case F'C). Then all firms maximize their joint

profit 7F¢ = Z?:o 7; and charge collusive prices.'? The maximization problem is given by

max 7% = poDg 4+ p1.D1 + paDs.
Po, p1, p2=>0

We impose the following constraints: First, the market is always covered and each firm
obtains a strictly positive market share. Second, all consumers realize a nonnegative utility
when buying one of the offered products. In the Appendix we show that these constraints
pin down the equilibrium under full collusion. The branded firms set the same price (they
are both symmetric) such that the indifferent consumer located at x = 1/2 gets a utility of
zero. The private label firm then sets a price such that the indifferent consumers located
at = 1/6 and 2 = 5/6 obtain also a utility of zero and are therefore indifferent between
buying the private label good or the next branded good. In addition, we also derive the
optimal deviation prices where we impose that the maximal market share of the deviating
firm is less than 100 per cent. The following proposition states the fully collusive prices and

profits as well as the deviation prices and deviation profits.

Proposition 4.2. Consider collusion by all three firms. We obtain the following equilibrium
values:

i) Prices: pf'® =1—1/6, for i = 1,2, and p§® = s —t/6, so that p5© < pF'® holds
(with equality holding at s =1).

i) Profits: nf'¢ =1/3 —1/18, for i = 1,2 and n§° = s/3 —1/18.

iii) Demands: Firm 0 serves consumers located at [0,1/6) U (5/6,1]. Firm 1 serves
consumers located at (1/6,1/2) and firm 2 at (1/2,5/6), respectively.

iv) Deviation by firm i, i = 1,2: The deviation prices and profits are piD’Fo =t/124+1/2

D,FC

and T; = (t+6)? /(144¢t), respectively.

We follow Donsimoni (1985) and Athey and Bagwell (2001) who select the collusive outcome which
maximizes joint profits (see Bos and Harrington, 2010, and Thomadsen and Rhee, 2007, for discussions of

this issue and for related literature).
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v) Deviation by firm 0: The deviation price and profits are p(l))’FC =t/12 4 5/2 and

7TOD’FC = (65 + t)* /(144t), respectively.
Proof. See Appendix.

Parts i) and i) of Proposition 4.2 state the collusive prices and profits when all three
firms collude. The firms charge higher prices than in the non-cooperative case. According
to part i) of Proposition 4.2 each firm’s market share is 1/3. It also implies that the
demand for the private label good increases compared to the non-cooperative case, while
the market share of the brands is reduced accordingly.

Parts iv) and v) give the deviation prices and profits of the firms. The deviating firm
undercuts its rivals by setting a lower price; it then obtains a higher market share and a
higher profit. The number of consumers served depends on the transport cost parameter.
We assume that the transport cost is large enough, so that the deviating firm obtains a

market share of less than 100 per cent (which is ensured by ¢t > 6/11; see Assumption 4.1).

4.3.2 Partial Collusion

In case of partial collusion (PC), firms 1 and 2 collude, while firm 0 behaves non-cooperatively.
Let pfc denote the price of firm i, for ¢ = 1,2, and let pgc be the non-cooperative price
set by firm 0 under partial collusion. The colluding brands maximize their joint profit and

their maximization problem is given by

max 7% = p1 Dy + paDs,
p1,p2=>0

while the maximization problem of firm 0 is

max my — poDo.
Po=>0

Solving the maximization problems gives rise to a set of first-order conditions which deter-

mine the equilibrium outcome.

Proposition 4.3. Consider partial collusion between firms 1 and 2, while firm 0 behaves

non-cooperatively. We obtain the following equilibrium values:
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i) Prices: pI'® = 5t/9+ (1 —s)/3, for i = 1,2, and p{'® = 4t/9 — (1 — 5)/3, so that
péjc < pZPC holds always.

it) Profits: 7¢ = (4t — 3(1 — 5))? /(81t) and 7FC = (5t + 3(1 — 5))? /(162t), for i =
1,2.

iii) Demands: Firm 0 serves consumers located at [0,z5¢) U (x5C, 1], where z5¢ > z}
and 25¢ < 2. Firm 1 serves consumers located at (z5'¢,1/2) and firm 2 at (1/2,25°), re-
spectively. Moreover, x{’¢ = (4t — 3(1 — 5)) /(18t), 2¥'¢ = 1/2, and 2{¢ = (14t + 3(1 — s))
/(18t).

w) If firm i, i = 1,2, deviates from partial collusion, then its price and profits are

pPPC = (1—5)/445t/12 and ﬂ_ZD,PC = ((1—s)/4 4 5t/12)* /t, respectively.

2

Proof. See Appendix.

Part iii) of Proposition 4.3 says when the two brands collude, they reduce their market
shares and serve less consumers compared to the non-cooperative case. Part iv) of Proposi-
tion 4.3 states that a brand could deviate from the collusive agreement by charging a lower
price than those set by the rival brand and the private label. Such a deviation increases its

profits.

4.3.3 Comparison of Results

Comparing the results derived so far we can order firms’ prices, demands and profits under

the three different types of conduct (non-cooperative, partially collusive and fully collusive).

Corollary 4.1. Comparing the equilibrium prices under non-cooperation, full and partial

collusion, we get: pfc > pfc > p;y, for j=0,1,2.

Proof. Follows directly from comparing the equilibrium prices as stated in Propositions

4.1-4.3.

Corollary 4.1 states that prices are increasing when firms’ conduct becomes more col-

lusive. Prices are maximal when there is full collusion. They remain higher under partial
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collusion than under non-cooperative behavior. Combining the latter observation with the
fact that the private label firm sets a lower price than the branded goods producers in case
of a partial cartel (see Proposition 4.3), we get that the brands’ prices serve as an umbrella
such that the private label’s price increases above the fully non-cooperative price under

partial collusion (see Bos and Harrington, 2010, for related results).?

Corollary 4.2. Comparing the equilibrium demands under non-cooperation, full and partial
collusion, we get the following orderings:

i) DY > DY, DFC > DY and DY > DIC for s >1—1/3.

i) DN > DFC, DN > DFPC and DFC > DFY, for s > 1 —t/3 with i = 1,2.

iii) D¢ = DFC = DIC = 1/3.

Proof. Follows directly from calculating firms’ demands (4.7) by using the locations of the

indifferent consumers as stated in Propositions 4.1-4.3.

By comparing the equilibrium demands, we notice that the brands serve the highest
share of the market in the non-cooperative case. Each brand serves more than one third of
the market. Under full collusion all firms share the demand equally. Under partial collusion,
brands charge a lower price than under full collusion and serve less consumers; thus, their

market shares become smaller than one third.

Corollary 4.3. Comparing the equilibrium profits under non-cooperation, full and partial
collusion, we get the following orderings:

i) 7FC > 7PC > 7N for i =1,2.

i) 75C > ml\ and 78'¢ > 7}’ hold always.

iii) mhC > alCif s > s*(t) = {t—3\/§\/M] /6 +1 and 75°¢ < 7l if s <

s*(t) (with equality holding at s = s*(t)). Moreover, 0s*(t)/0t > 0.

20In the EU, umbrella effects are potentially becoming more important for the assessment of the harm
created by a cartel in private law suits. According to the new EU Damages Directive (see EU, 2014) members
of a cartel can be held responsible for higher prices independently charged by firms competing with cartel
members. Umbrella pricing then refers to a market outcome, where independent firms increased their prices

in response to the cartel’s price increases.
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Proof. See Appendix.

Corollary 4.3 states that firms’ profits are always higher under collusion (both partial
and full collusion) compared to the profits under non-cooperative behavior. Full collusion
always leads to higher profits than partial collusion for the brand producers, ¢ = 1, 2, which
is not the case for the private label firm. In fact, the private label firm can realize higher
profits under partial collusion than under full collusion. This observation is important for
the stability of full and partial collusion, respectively.?! If s < s*(t), then it is optimal for
the private label firm not to join the brands for a full collusion outcome, given that the
brands keep their collusive conduct (i.e., partial collusion is realized).

The reason is that the market share of the private label firm always increases under
partial collusion when compared with its market share under full collusion. In the former
case, the private label’s market share on the segment = € [0,1/3] is z{'“ = 1/6 and in
the latter case the private label’s market share is x8¢ = (4t — 3(1 — s)) /(18t). We then
get 8¢ > 2FC if s > 1 —t/3 (see Corollary 4.2). Note also that d(z8¢ — 25'“) /ot =
(1 — 5)/(6t%) > 0 holds, so that the difference of the market shares is increasing in t.
Accordingly, from part iii) of Corollary 4.3 we can infer that 75¢ > 7£'C only becomes
feasible when ¢ > 6/5 holds. That means that for the profit of the private label to be larger
under partial collusion than under full collusion, the increase in the market share must be
large enough to compensate for the price decrease. In line with this observation, part 4ii)
of Corollary 4.3 also states that the critical value s*(¢) is increasing in ¢. This means that
the range of the quality parameter s for which partial collusion is preferred by the private
label firm increases in ¢t. Thus, everything else equal, a reduced competitive intensity (high

value of ¢) makes it more likely that the private label firm prefers partial collusion over full

collusion.

Corollary 4.4. Comparing the optimal deviation prices and profits under full and partial

1 This result is related to Donsimoni (1985) who analyzed cartel stability when firms differ in costs (but
produce a homogenous good). He showed that the most efficient firms always join the cartel while the less

efficient firms could stay outside.
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collusion, we get the following orderings:
i) 7er7FC > TrfC and pJD7FC < pfc with j =0,1,2.
D,PC D,PC

y PC
i) m; > 7" and p;

< pP? with j =0,1,2.
Proof. Follows directly from comparing the respective values as stated in Propositions

4.2-4.3.

Corollary 4.4 states that firms always deviate by charging a lower price to earn a higher
profit. This result also implies that firms’ critical discount factor (4.3) is always in the range

between zero and one.

4.4 Stability Analysis

Now we check the sustainability of the two collusive cases. Collusion is sustainable if
the discount factor (4.3) is large enough; i.e., § > 6]C holds, where C = FC,PC and
j=0,1,2. We find that 679 (s) > 65 (s) for any s € (3/8,1], where i = 1,2. When s — 1,
firms become more homogeneous in quality, and the two incentive constraints converge,
08¢ (s = 1) = 6F9(s = 1). Thus the private label’s incentive constraint holds, whenever it
holds for the brand manufacturers.

The critical discount factor of firm 4, ¢ = 1,2, under full collusion is given by

src _ T —afC 75(2—t)°
7

- gDFC N T 4852 + 1605t + 965 — 125t2 — 60t + 252

2

(4.8)

where 967¢ /s < 0 and 965 /dt < 0. Thus, the critical discount factor 8¢ is reduced
(implying that full collusion is easier to sustain) when the transport cost parameter and/or
the quality parameter of the private label are increasing. Intuitively, when s increases the
profit in the non-cooperative stage game (see part i) of Proposition 4.1) is reduced which
lowers the expected profit of deviation. At the same time both the fully collusive profit and
the profit in the deviation stage are independent of private label’s quality. Thus a higher
quality of the private label makes full collusion easier to sustain (lower value of 67°¢). Also,
increasing horizontal product differentiation increases the likelihood of full collusion as in

Ross (1992).
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The critical discount factor of firm 0 under full collusion is given by

D,FC
(SFC _ To — ﬂ-gc _ 75 (28 B t)2 (4 9)
0 aDFC _ 2N 7 10852 — 220st + 384s — 12512 4 320t — 192 '

where it can be shown that 965 /ds > 0 and 965'C /0t < 0. The former derivative says
that the private label firm’s incentive to collude is reduced when s increases. This is due
to the fact that in the punishment phase the profit of the private label good increases the
smaller the quality gap, so that the expected profit in the punishment phase increases in
s. As for the brands, the incentive constraint of the private label firm is more likely to be
fulfilled when the transport cost parameter increases (i.e., horizontal product differentiation
is high).

The critical discount factor of firm 4, ¢ = 1,2, under partial collusion is given by

spe_ T —wfC 25 (4.10)
i DPC_ N 81’ ’

1 (2

so that the stability of partial collusion among the brand producers neither depends on the
intensity of competition ¢ nor on the private label’s quality s. Thus partial collusion between
the branded products is immune against changes of the quality of the private label good
and changing intensities of competition.?> We summarize the comparison and properties of

the critical discount factors as follows.
Proposition 4.4. The orderings of the critical discount factors are as follows:
i) 65¢ < 6FC holds always (equality holding at s = 1).

i) 6FC < 6FC (6FC > 6FC) holds if s > 5(t) (s < 3(t)), with equality holding at

s = 3(t), where 3(t) := 5t/3 — (v/201t — 4412 — 126)/3 + 1. Moreover, 95(t)/0t < 0 and
0%3(t) /0t > 0.
Furthermore, 35¢ /0s < 0, 3¢ Jot < 0, 965 J9s > 0, and 965 /ot < 0 hold always.

Finally, 96F¢ J0s = 06F¢ Jot = 0.

Proof. See Appendix.

22 This may explain the relative stability of recently detected partial cartels among branded manufacturers

in Germany as mentioned in the Introduction.
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Part i) of Proposition 4.4 states that the brand producers are critical for sustaining full
collusion.?® If the discount factor is high enough such that the branded goods collude, so
does the private label firm. Part ii) shows that either full collusion or partial collusion is
easier to sustain. There exists a critical value 5(¢) such that for s > 5(¢) full collusion is
easier to sustain than partial collusion. If this condition is reversed, then the opposite holds
with partial collusion being easier to sustain than full collusion. The function $(¢) consists
of all pairs (¢, s) at which the critical discount factors under full and partial collusion are
the same. This function is convex and negatively sloped in a (¢, s) diagram over the feasible
set. This means that relatively large values of s and ¢ make it more likely that full collusion
is easier to sustain than partial collusion. Or put differently, partial collusion is easier to

sustain than full collusion when the values of s and t are relatively low.?*

. 05T
discount factor

Figure 4.1. dashed line: 67C; thin line: 65'; bold line: 67°¢

ZThis result is also obtained in Hickner (1994) who shows that it is always the high quality firm which

has the largest deviation incentives.

241f we allow for prices under full collusion which take care of the incentive constraint of the brand pro-
ducers, then the critical discount factor can be reduced for the brands (see Bos and Harrington, 2010). This
would mean that the private label had to increase its price to shift revenues to the branded firms. However,
such an optimization problem is also constrained by the private label firm’s participation constrained as

given by part i) of Corollary 4.3.
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Figure 4.1 illustrates the critical discount factors as functions of s when we set the
parameter value ¢ = 1. The upward sloping curve represents the critical discount factor of
the private label firm (thin line) which is never binding for s < 1. If the incentive constraint
for full collusion is fulfilled for the branded firms, then it is also always fulfilled for the
private label firm. Comparison of the critical discount factors of the brand producers under
full collusion (dashed line) and under partial collusion (bold line) shows that full collusion
is easier to sustain than partial collusion when s is larger than the threshold value s, (which
is reached at the intersection of both curves), while the opposite holds for lower values of s.
Thus, full collusion is, ceteris paribus, easier to sustain than partial collusion if the quality
gap of the private label good is not too large.

From Corollary 4.3 (which states firms’ profit levels under the three types of conduct)
we know that the brand producers always prefer full collusion over partial collusion, while
both types of collusion are preferred over non-cooperative behavior. The private label firm
also realizes the lowest profit level under non-cooperative behavior. In contrast to the brand
producers, the private label firm, however, may prefer partial collusion over full collusion.
Assuming that the firms select the type of conduct which maximizes their profits and taking
into account the feasibility of collusion, we get the following market conduct depending on

firms’ discount factors (the same stability criterion is applied in Bos and Harrington, 2010).

Proposition 4.5. Depending on the discount factor ¢ firms market conduct is as follows:
i) If 6 > max{6FC, 67}, then market conduct is FC if s > s*, whereas it is PC if
5 < 8%,
i) If 6¥C > 6§ > 6PC, then market conduct is PC.
iii) If 67 > 6 > 6FC then market conduct is FC.
w) If & < min{0FC 67}, then market conduct is N.
Proof. Follows from combining the results of Proposition 4.5 with part i) of Corollary

4.3.

Part i) of Proposition 4.5 refers to the case, where firms’ discount factor is sufficiently

large to make both full collusion and partial collusion stable. In this area, the private label
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firm’s preference for either type of collusion determines the market conduct. From Corollary
4.3, part iii), we know that the private label firm prefers full collusion if s > s*, whereas
the opposite holds for s < s*. The type of conduct then follows immediately from the
private label firm’s preference. Interestingly, we notice that the private label firm prefers
partial collusion over full collusion in the parameter area, where full collusion is easier to
sustain than partial collusion from the brand producers’ perspective. A prediction of the
likely market conduct only based on the critical discount factors would be misleading in
those instances. One has to consider the incentives of the private label firm to join the
brands in their collusive conduct or whether to behave non-cooperatively. Inspection of the
critical value s* yields that full collusion is always the outcome for low values of ¢ (precisely,
t < 6/5), while in the remaining parameter area partial collusion is preferred by the private
label firm only if s < s*(¢). In that area it holds that intense competition (low value of
t) makes, ceteris paribus, full collusion more likely (given that both types of collusion are
feasible). In the same way, it follows from the shape of s*, that low values of s tend to make
partial collusion more likely, while for large values of s it becomes less likely.

Part i) deals with cases where partial collusion is easier to sustain than full collusion.
If firm’s discount factor allows only for partial collusion, it will also be the market conduct
chosen by the firms. Part i) refers to the opposite case, where full collusion is easier to
sustain than partial collusion, while only the former is feasible. Clearly, in this case full
collusion is the type of conduct selected by the firms.

Finally, part iv) gives the case where neither type of collusion is incentive compatible, so
that non-cooperative behavior is the market conduct. A non-cooperative outcome is more
likely the larger the quality gap and/or the more intense competition. This follows directly
from 957C /9s < 0 and 96FC /Ot < 0, so that an increasing quality of the private label good
and reduced competition make full collusion easier to sustain. The former relation is in
line with Steiner’s (2004) observation that private labels’ quality has been increasing, while
signs of collusion between brands and private label goods have also emerged more recently.

Figure 4.2 illustrates our results presented in Proposition 4.5. The thin lines represent
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the constraints of the feasible set as specified in Assumption 4.1.2° The upward sloping
dashed curve is the locus of all pairs (¢,s) such that the private label firm is indifferent
between partial and full collusion. It represents the critical value s*(t) as specified in part 4ii)
of Corollary 4.3. The private label firm gets a higher (lower) profit under full collusion than
under partial collusion northeast (southwest) of the dashed curve. Inspection of the dashed
curve s*(t) yields that ¢ must pass a minimal value (namely, ¢ = 6/5 where 35(t) = s*(%)
holds), so that partial collusion can be more attractive than full collusion for the private
label firm. Only if the intensity of competition is sufficiently low (¢ > 6/5) partial collusion
can be preferred by the private label firm. In that range, however, the private label’s quality
must not surpass the critical value s*(¢) (dashed curve), to get partial collusion instead of

full collusion (while assuming that both are feasible).

Figure 4.2. thin lines: feasible set; bold curve: 3(t); dashed curve: s*(t)

The downward sloping bold curve in Figure 4.2 depicts the critical value $(¢) which
is the locus of all (¢,s) pairs where the critical discount factors of the brand producers
are equal under full and partial collusion. Full collusion is easier (harder) to sustain than

partial collusion for all (¢, s) pairs northeast (southwest) of the bold curve. Interestingly,

25 Of course, the following discussion of Figure 4.2 only refers to the range of parameters within the feasible

set.
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exactly when full collusion is easier to sustain than partial collusion (i.e., we are in the area
northeast of the bold curve), then it can happen that the private label firm prefers partial
collusion over full collusion.

The intensity of competition is measured by the parameter ¢. If the intensity of compe-
tition is large (low value of ¢), then full collusion becomes harder to sustain, so that partial
collusion is more likely. In contrast to this observation (which relies on the brand producers’
incentives to engage in full or partial collusion), the private label producer tends to prefer
partial collusion over full collusion when the intensity of competition is reduced (high value
of t). With regard to vertical quality differentiation (parameter s), both the incentives of
the brand manufacturers and the private label producer are more in line. An increase of the
quality of the private label makes it more likely that the incentive constraint of the brand
producers is fulfilled and that the private label producer prefers full collusion over partial

collusion.

4.5 Extensions and Discussion

In this section we analyze the private label firm’s incentives to improve its quality. We
also show how our results can be used to detect collusive conduct from market data. This
argument is based on the markedly different market responses to an improvement of the
private label’s quality under the three types of market conduct (non-cooperative, partially
or fully collusive).

Strategic choice of private label quality. The incentive of the private label producer
to close the quality gap, 1 —s, between the private label’s and the brands’ qualities critically
depends on the type of conduct. Assume an initial decision knot, where the private label’s
quality is set before the infinitely repeated market game starts. Suppose that the type of
market conduct is fixed being either N, PC or FC. Taking the total derivative of the

private label producer’s expected flow of profits (around the equilibrium values pg, p1, and
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p2 under the three different conduct regimes) with respect to the quality parameter s yields

dmog _ dmo 87r0 dpo Z Omo dp;

= 4.11
ds ds 8p0 ds Op; ds’ ( )

where we canceled out the factor 1/(1 — ¢§). The first term of the right-hand side of (4.11)
is the direct effect of a change in s on the private label firm’s profit which is positive but
different depending on the type of market conduct. The second term on the right-hand side
is zero because of the envelope theorem. The third term on the right-hand side represents
the strategic effect of the quality investment. It is noteworthy that it is negative under N
and PC' (because both dpY /ds and dp’®/ds are strictly negative), but disappears under
FC (because of dpf'“ /ds = 0). In the parlance of Fudenberg and Tirole (1984), there exists
an investment reducing strategic effect under N and PC' (puppy dog ploy), while there is no
such effect present under F'C. Not surprisingly, marginal investment incentives are largest
under F'C, what can be derived from calculating the total derivatives of (4.11) under the

three different types of market conduct.

Proposition 4.6. The private label firm’s marginal incentives to close the quality gap 1 —s
are largest under F'C with PC and N following in that order; i.e., dm e /ds > dwpc/ds >

drd’ /ds > 0 hold always.
Proof. See Appendix.

From Proposition 4.4 and Corollary 4.3, we know that an increase of the quality of
the private label makes full collusion more likely because of two reasons: First, a higher
value of s makes it easier for brand producers to sustain full collusion; i.e., 0(5ZF © /0s < 0.
As 95F¢ /9s = 0 holds, it then also follows that full collusion becomes relatively easier to
sustain than partial collusion the larger s (see Proposition 4.4). Second, a higher value of
s makes full collusion more attractive than partial collusion for the private label firm (part
iii) of Corollary 4.3).

Suppose now a generic change in s, say from s; to sy, with s; < s9, such that this
increase in the private label’s quality changes market conduct from non-cooperative (V) or

partially collusive (PC) to fully collusive (F'C). Investment incentives, which are given by
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the profit differential 7 (s2) — 7§ (s1) (with C = FC, PC, N) are then driven only by the

replacement effect and the following result follows immediately.?6

Proposition 4.7. Suppose a generic increase of the private label’s quality from s1 to so
with s; < s which changes market conduct from N or PC to F'C. The private label firm’s

incentives to close the quality gap 1 — s are then ordered as follows:
0 < (s2) — o (s1) > ) “(s2) — moC(s1) > 75 (s2) — w5 (1) > 0.

Proof. Follows directly from nf¢ > nf'¢ > =}V

Proposition 4.7 follows from the ordering of the private label firm’s profit under the
three different types of market conduct. The private label producer has larger investment
incentives the lower the degree of collusion, because the net gain from a quality increase is
higher when competition is more intense initially.?”

These observations have two implications: First, an increase in the quality of the private
label may be strategic so as to obtain a full collusion outcome as the type of market conduct
chosen by the firms. Second, an increase in the quality of the private label may have
significant adverse effects for consumers, whenever it is used to trigger a full collusion
outcome. In fact, incentives to close the quality gap between the private label good and
the brands are maximal whenever non-cooperative behavior would prevail without any
investment. Such a constellation is obtained if 67 (s1) > 6 > 67 (s9) holds.

The pro-collusive effect of a higher quality of the private label good sheds new light on
the possible market effects of so-called premium private label goods. While the trend of an
increasing quality of private label goods has been generally interpreted as pro-competitive,
our investigation highlights their role in stabilizing full collusion between private label and

brand producers.

20Note that a change from N to PC' is not possible through an increase of s as 67¢ does not depend on s.

2TA qualitatively similar result is stated in Aubert, Rey, and Kovacic (2006) where a drastic innovation is

considered.
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Identifying collusive conduct. The following Table 1 describes the change in the prices
of the brands and the private label depending on an improvement of the private label’s qual-
ity s. Rows 2-4 relate to cases where the type of conduct is fixed as being non-cooperative,
partially collusive or fully collusive, respectively. The fifth row refers to those instances
where initially conduct is either non-cooperative or partially collusive, while a quality im-

provement of the private label induces a fully collusive outcome.

Conduct Brands’ prices | Private label’s price
N Lby —3) | 1(by3)

PC L(by — 4 T (by 3)

FC no change T (by 1)

switch to F'C | T

Table 4.1: Effects of an increase in s on brands’ and private label’s prices

Two observations are noteworthy: First, given that the type of conduct does not change,
the private label’s price is the more quality-sensitive, the more collusive the market conduct
(Table 4.1 states in the third column the sign of the own-price effect and the marginal effect
is given in brackets). If the type of conduct changes through an increase in s to full collusion
(see last row of Table 4.1), then the change in the private label’s price is a discrete jump
upward. Second, full collusion can be inferred from the absence of a negative sensitivity of
the brands’ prices with respect to the private label’s quality. According to Table 4.1, the
brands’ prices stay put if full collusion prevails. The price effect is even positive for the
branded goods if a higher private label quality leads to fully collusive conduct.?®

Incidentally, Ward et al. (2002) showed in their empirical analysis of scanner data

(obtained at cash registers) from US grocery stores that an increasing market share of

28Gee Gabrielsen and Sorgard (2007) for a vertical restraint theory which also shows that branded suppliers
could increase their prices in the presence of a private label (particularly of poor perceived quality). See also
Gilo (2008) for a survey of vertical restraints leading to a cartel outcome between retailer-controlled private

labels and branded goods.
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private labels tends to increase the brands’ prices. While this can be explained by same
static theories of product differentiation and vertical relations, our model suggests that such
an outcome can also result from a combination of an increasing private label quality and
collusive conduct.

The relations stated in Table 1 suggest two empirical strategies to identify collusion in
markets where brands and private labels compete. From the first observation it follows
that the private label’s own price response to a quality improvement is the larger the more
collusive industry conduct. The second observation suggests that fully collusive behavior
can be inferred from a nonnegative price effect of the brands resulting from an increase of

the private label’s quality.

4.6 Conclusion

We have analyzed collusion between brands and a private label substitute. We focused
on heterogeneity of firms due to product differentiation; both horizontal and vertical. We
assumed that nonparticipation of the private label producer in a cartel does not necessarily
lead to fully non-cooperative behavior, but may induce the brand manufacturers to form
a partial cartel. In fact, forming such a partial cartel is always optimal for the brand
producers when being incentive compatible. Given that both partial and full collusion are
feasible, the private label firm is more likely to revert to non-cooperative behavior (with
a partial cartel following), if horizontal and/or vertical differentiation is sufficiently large.
Thus, focusing on the private label’s incentive to participate in a full cartel, we get that this
is more likely whenever product differentiation (vertical and/or horizontal) is low enough.

Interestingly, this picture is different when considering the brand producers’ incentive
conditions. Then a higher degree of horizontal product differentiation works in favor of full
collusion, while the quality gap of the private label must not be too large. Thus, comparing
the brand producers’ incentive constraints gives the result, that full collusion is more likely
when horizontal product differentiation is large but vertical differentiation is low. Taking

both results together, we find that exactly in the parameter range, where full collusion is
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easier to sustain than partial collusion (from brands’ perspective), it could happen that the
private label producer opts for a partial collusion outcome by behaving non-cooperatively.
For this to happen, horizontal and vertical differentiation must be sufficiently large.

The partial collusion case has two characteristic features which merit mentioning. First,
the stability conditions of the brand manufacturers are independent of the degree of product
differentiation (both horizontal and vertical). Second, the private label firm can increase
its price under partial collusion above the equilibrium price under fully non-cooperative
conduct. The first observation can be used to explain the remarkable stability of cartels
among brand manufacturers even in an environment in which the degree of competition and
the private label’s quality change over time. The second result is potentially important for
the assessment of the harm created by a cartel that only involves explicit collusion among
the brand manufacturers. As private law suits also allow for damages created by a cartel’s
umbrella effects on outsiders’ prices the question emerges whether or not the outsiders did
join the explicit cartel by colluding tacitly (so that in fact a full cartel was in operation) or
whether the outsiders behaved non-cooperatively (in which case the cartel was partial). In
both instances, the outsiders increase their prices, however, by different amounts.

We have also analyzed the private label’s incentive to increase its quality where we
showed it is maximal under full collusion with partial collusion and non-cooperative behavior
following in that order. In addition, a quality increase makes full collusion more likely
because of two reasons: First, it relaxes the brand producers’ incentive constraint for full
collusion, and second, it makes it more likely that the private label firm prefers full collusion
over partial collusion. The latter observation has also implications for the competitive
assessment of private label goods. As long as private label goods were of the budget type,
private label producers had only little incentives to join into a full cartel, while branded
firms found it also easier to sustain a partial cartel. This may have changed as private
labels’ quality increased over time. As the quality gap becomes smaller, private label firms
and branded producers should have found it more attractive to form an all-encompassing

cartel.
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We have also shown that the price responses associated with a quality improvement of
the private label good can give important information for detecting cartelization. First, if
a quality increase does not induce a negative effect on brand producers’ prices (everything
else equal), then either full collusion is present or the market is triggered into fully collusive
conduct. Second, the larger the private label’s own-price effect of a quality increase, the

more likely it is that collusive conduct exists in the market.

4.7 Appendix

In this Appendix we present the missing proofs.

Proof of Proposition 4.1. Using firms’ demand functions (4.7), we can write the firms’

profits as
9 = Dopo = (xo + 1 —x2)po, (4.12)
a— D1p1 = (:L'l - :Eg)pl, and (413)
Ty = Dopy = (w2 — 21)p2. (4.14)

Substituting the values of the indifferent consumers (4.4), (4.5), and (4.6) into these expres-
sions, we get

- po (6s + 2t — 6pg + 3p1 + 3p2 — 6)
0 p—

6t ’
p1 (2t —3s+3pg — 6p1 + 3p2 + 3)
T = oL , and
- p2 (2t — 3s 4+ 3po + 3p1 — 6p2 + 3)
2 = .
6t

Maximization of each firm’s profit gives the following system of first-order conditions:

6s + 2t — 12pg + 3p1 + 3p2 — 6

= 0,
6t
2t — 3s+ 3pg — 12p1 + 3p2 + 3
oL = 0, and
2t —3s+ 3pg + 3p1 — 12p2 + 3 0
6t -

All profit functions are strictly concave, so that this system of first-order conditions deter-

mines the unique equilibrium outcome. Solving for the prices we get the following equilib-
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rium values as stated in part i) of the proposition:

—1 t
N 6(5 )"‘5 a

_ d
Po 15 n
3(1— s)+5¢
pN = —l——i2j;—fbri:]12

Substituting the equilibrium prices into (4.4), (4.5), and (4.6), we get the equilibrium loca-

tions of the indifferent consumers (see part 74i) of the proposition)

1 1—s
N
- - _ 4.15
o 6 5t ) ( )
1
Y = i,and (4.16)
5 1-—s
N
= = . 4.17
Lo 6 51 ( )

Note that z}’ € (0,1/3) and z2 € (2/3,1) must hold in an interior solution. This is true
for s > 1 — 5t/6 which is implied by Assumption 4.1. Substituting the equilibrium prices

and locations of the indifferent consumers into the profit functions (4.12), (4.13), and (4.14)

yields
N (6(s—1)+5¢t)
. 2251 and
N N (Bt+3(1—s))?
7T1 = 71—2 = .
225¢

which are stated in part 4i) of the proposition. We finally check whether the utilities of the

indifferent consumers (4.15), (4.16), and (4.17) are nonnegative. We obtain

25 +3 ¢

U,x @gzsg — 5 and
s+4 t

U = 75773

Setting Uxé"v Um{\ﬁ Uxé\’ > 0, we get the condition s > 5¢t/4—3/2, which holds by Assumption
4.1.

Q.E.D.

Proof of Proposition 4.2. Consider collusion by all three firms. The three firms maximize
their joint profit

max 7% = poDo 4 p1 Dy + paDo

b, pf'c, pf'€>0
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subject to consumers’ reservation utilities (which must be nonnegative). Substituting the
demand functions into 7F¢ and differentiating with respect to the prices, we get the fol-

lowing system of first-order conditions

35+t —6po+ 3p1 +3p2 — 3
3t

2t — 3s 4+ 6pg — 12p; + 6pyr + 3
6t

= 0 and

= 0, fori, i =1,2,71#7.

This system of first-order conditions is only fulfilled at ¢ = 0. Hence, there cannot exist an
interior solution to the maximization problem. We next show that Assumption 4.1 ensures
that the joint profit is maximized in the corner solution where all indifferent consumers get
a utility of zero, while the branded goods prices p; and ps are the same and the market is
fully covered. Suppose that all indifferent consumers get a utility of zero; i.e., Uy, = Uy, =
Uz, = 0 holds. Firms 1 and 2 are symmetric, hence, the location of the indifferent consumer
is ¥1 = 1/2 with p; = pa. Substituting theses values into U,,_; /o = 0, we get the following

equilibrium prices of the brands under full collusion

t
pfcngczl—a

(4.18)
We assume that the market is always covered. Therefore, the utility of the indifferent con-
sumer on the segments (0,1/3) and (2/3,1) must be zero, U, = U, = 0 (given the brands’
prices (4.18) the indifferent consumers are located at x = 1/6 and x = 5/6, respectively).

By substituting (4.4) and the collusive prices of the brands (4.18) into the utility functions

we get the price for the private label good:

t
pgc:s—g. (4.19)

Given the prices of the brands (4.18), we still have to check whether it is indeed optimal
to set the price pOF ¢ = s —t/6 which ensures that the market is fully covered. Note first
that the joint profit can never increase with a lower price for the private label, because
pOF ¢ < pf C for i = 1,2. However, we still have to ensure that there is no incentive to set a
higher price for the private label than pf €. If this were optimal, the market would not be

covered. In other words, under a higher collusive price charged by the private label there is
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a new indifferent consumer whose address is g = (s — po)/t < 1/6 on the segment (0,1/3)
(correspondingly, the new location on the segment (2/3, 1) is then o = 1—(s—pg)/t > 5/6).
Hence, given the prices of the brands (4.18), the joint profit cannot be increased by a price

of the private label which is higher than p{ Cif
FC = : o~
Py 2 Po with po := argmax Do(po)po-

Solving the maximization problem

1
max Do (po)po = max —2pg (s — po) (4.20)
Po po ¢
gives
. 1
po = 53

which implies

t.

Wl

Po < pt if and only if s >

The latter inequality is assumed in Assumption 4.1. Again, it ensures that the market is
fully covered under full collusion. We have, therefore, proven part i) and part iii) of the
proposition. The indifferent consumer between the private label and brand 1 (2) is located
at xg = 1/6 (zo = 5/6). Substituting the equilibrium prices and locations of the indifferent
consumers into the profit functions (4.12), (4.13), and (4.14) yields the profits under full

collusion (as stated in part ii) of the proposition)

FC S t
= 2_ "% and 421
7o 3718 ™ (4.21)
1t
e = FC = - — —.
™ T2 T 378

The sum of all firms’ profits under full collusion is then given by

2t
ﬂ_Fc_S"_ .

3 6

Derivation of the deviation profits. We first solve the deviation problem of one of the
brand producers which are symmetric. Next we solve the deviation problem of the private

label firm.
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Case 1 (deviation by firm 1): If firm 1 deviates, it charges a deviation price plD’FC.

Substituting the collusive prices (4.18)-(4.19) into (4.4) and (4.5), we get the locations of

the indifferent consumers depending on firm 1’s deviation price:

D,FC
t+2p7 7 =2
;COD’FC = T T and (4.22)
4t
D,FC
D.FC ot — 6p1 ’ + 6
Ty’ = 4.23
1 157 (4.23)
Note that we must ensure that a:?’FC - xOD’FC < 1. Firm 1 maximizes its deviation profit
D,FC _ D,FC, DFC __DFC
Auax T =p; (3 —z )
py 20

By substituting the locations of the indifferent consumers (4.22) and (4.23) into the profit
function and solving the maximization problem, we find the optimal deviation price of firm
1:
prc_ t 1
Tty
Note that the optimal deviation price of the brand pf)’FO is smaller than the collusive price

¥ ¢ for all t < 2 which holds by Assumption 4.1. Substituting the optimal deviation price

into (4.22) and (4.23), we get the locations of the indifferent consumers

D FC -6 and
0 24t
pFc _ 3t+2

x] = &

We must check whether the demand of the deviating firm is smaller than one, x?’Fc —

:cg) FC < 1. This is true if ¢ > 6/11 which is assumed in Assumption 4.1. The deviation

profit is then given by

DFC _ (t+ 6)°
1 144t

This proves part iv) of the proposition.
Case 2 (deviation by firm 0): Substituting the collusive prices into (4.4) and (4.6), we

get the locations of the indifferent consumers depending on the private label firm’s deviation

price:
D,FC
D.FC 6s 4+t — 6p0 ’
) 191 an ( )
11t — 65 + 6pPF¢
£DFC — 5+ OPo (4.25)

2 B 12¢
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FC

Again, we must ensure that xD +1- mg’Fc < 1. Firm 0 maximizes its deviation profit

D,FC _  D,FC/ D,FC
max =py  (zg
g 20

+1— a2ty

D,FC <p

This problem is only well defined for p I'C because in this case the market is fully

oFe > py'¢ the maximization problem (4.20) applies where we already

covered. For p
showed that pg C is optimal for s > t/3. By substituting the locations of the indifferent
consumers (4.24) and (4.25) into the profit function and solving the maximization problem,

we find the optimal deviation price of firm 0:

D,FC
Py’ 7"’

S
- 4.2
12 2 (4.26)

The optimal deviation price (4.26) is smaller than the collusive price of the private label

(4.19) if pi'@ — pD #C > 0 holds, which gives the condition

s> (4.27)

l\D\:*

Condition (4.27) is part of Assumption 4.1. Note that a deviation price of the private label
larger than the collusive price pf'“ cannot be optimal for s > t/3 as we have shown by
solving the maximization problem (4.20). Thus, the optimal deviation price of the private
label would be the collusive price p{'® for t/2 > s > ¢/3. By Assumption 4.1 this case is
ruled out, so that the private label firm finds it optimal to deviate with a price which is
smaller than the collusive price.

By substituting the optimal deviation price of the private label good into the locations

of the indifferent consumers (4.24) and (4.25), we get

mD’FC = 65+ ¢ and
0 24t '
;ED’FC _ 23t — 65
2 24t

We must check that under deviation the demand of the private label does not exceed one,

DFC’ DFC

+1- < 1. This holds for ¢ > 6s/11 which is implied by assuming ¢ > 6/11

(see Assumption 4.1). The deviation profit of firm 0 is then given by

Do _ (6s+ t)’
0 144t
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This proves part v) of the proposition.

Q.E.D.

Proof of Proposition 4.3. Consider collusion by firms 1 and 2, while firm 0 behaves

non-cooperatively. Firms 1 and 2 maximize their joint profit

P
max 77'Y = p1 Dy + p2 Do,
p1, p22>0

while the maximization problem of firm 0 is

maxmgy — ()D().
Po=>0 b

Substituting the demand functions into both problems and maximizing over the respective

prices, we get the following system of first-order conditions:

2t — 3s 4+ 3pg — 12p; + 6pyr + 3
6t

6s + 2t — 12po + 3p1 + 3p2 — 6
6t

= 0, fori,i' =1,2,i#4, and

= 0.

All maximization problems are strictly concave, so that the solution of this system of first-

order conditions gives the equilibrium prices as stated in part ¢) of the proposition; namely,

4 1-s
rc _ =
pO - 9 3 9
ot 1—s
PC PCZi

All prices are strictly positive under Assumption 4.1. Substituting the collusive prices into
(4.4), (4.5), and (4.6), we get the equilibrium locations of the indifferent consumers under

partial collusion (see part i) of the proposition)

To =
18¢
#P¢ = 2 and
2
pc 14t +3(1—5s)
Ty = .
18t

Assumption 4.1 ensures that 25'¢ € (0,1/3) and 2£¢ € (2/3,1). Substituting the equi-

librium prices and locations of the indifferent consumers into the profit functions (4.12),



116

(4.13), and (4.14) yields (part i) of the proposition)

e, (4t —3(1 — 5))°
= 4.2
o S1t ) ( 8)
pc _ po_ (Bt 3(1—s))*
! 2 162t

We finally check whether the utilities of the indifferent consumers (4.15), (4.16), and (4.17)
are nonnegative. We obtain

1+s 2t

Uﬁgc = Um§c =5 T3 and
s+2 13t
Ve = T3 T

These utility levels are nonnegative if s > max{13t/6 — 2,4t/3 — 1} which is assumed in
Assumption 4.1.

We next derive the deviation price and profit of one of the brand producers (both
are symmetric) as stated in part iv) of the proposition. Consider deviation by firm 1.
Substituting the collusive prices p5© and py’® into (4.4) and (4.5), we get the locations of

the indifferent consumers depending on the deviation price of firm 1:

D,PC
D,PC 6s —t 4 9py’ -6
x = 18t1 and (4.29)
D,PC
D.PC 1475—9]?1’ +3—3s
’ = . 4.
x 18 (4.30)

Firm 1 maximizes its deviation profit

D,PC _ D,PC; D,PC _ _D,PC
max T =p (x —x ).
Auax Ty 1 1 0

Py’ >0

By substituting the locations of the indifferent consumers (4.29) and (4.30) into the profit
function and solving the maximization problem, we find the optimal deviation price of firm

1:

D,PC 1—s5 5t

Substituting the optimal deviation price into (4.29) and (4.30), we get the locations of the

indifferent consumers under deviation

:ED’PC B 155 + 11t — 15
0 - 72t
D,PC 41t—38+3

xy = —.

72t
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We can show that m?’PC - xé)’PC < 1if s > 1 —7t/3 which holds by Assumption 4.1. The

deviation profit of firm 1 is then given by

2
prc_ 1 (5t 1-=s
M _t<12+ 1 )

Q.E.D.

Proof of Corollary 4.3. The proof of parts i) and ii) of the corollary follows immediately
from comparing the respective profit levels under non-cooperative behavior, full collusion
and partial collusion. Part 4ii) compares the profit levels of the private label firm under
full collusion (4.21), and under partial collusion (4.28). This comparison gives rise to the

condition
re __pc _ —18s% + 65t + 365 — 41¢2 + 48t — 18 -

o 0 162t 0

which holds if and only if

s> s (t) == %t - %ﬁ\/t (4—3t)+1.

Moreover,

os(t)  VEE—30) (\/t @ —30) + 9v3t — 6\/§>
o) 6t (4 — 3t)

which obtains three zeros at t € {0,(2/3) — (v/2v/41)/123,4/3}. Tt is easily checked that
ds*(t)/0(t) > 0 for all t € [(2/3) — (v/2v/41)/123,4/3]. As s*(t) cuts through the feasible
set (as specified in Assumption 4.1) over the interval ¢ € [6/5,54/41], it then follows that
0s*(t)/0(t) > 0 holds always.

Q.E.D.

Proof of Proposition 4.4. Part i) Inspecting the critical discount factors 65¢ and 67
(see (4.9) and (4.8), respectively), we get that 65° = 67C holds at s = 1. To prove that
6FC > §EC holds for s < 1, we first show that 67°¢ is monotonically decreasing in s over the

relevant parameter range. Taking the derivative with respect to the parameter s, we get

6Fc —160t + 965 — 96
i 75(2 1) 90 -
s (4852 — 160st — 96s + 125¢2 + 60t — 252)
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so that the sign of the derivative depends on the sign of the term —160t + 96s — 96. This

term is negative for all s < 5t/3+1 which is implied by Assumption 4.1. Thus, 857¢ /s < 0

FC
50

holds everywhere. We next show that is monotonically increasing in s over the relevant

parameter range. Taking the respective derivative, we get

965C  —285%t + 9652 — T6st2 + 160st — 965 + 45¢> — 104> + 48t
s (10852 — 220st + 384s — 125¢2 + 320t — 192)* /1200

, (4.31)

so that the sign of the derivative depends on the sign of the numerator. The numerator has

two potentially relevant roots at

1 —104¢t + 45t% 4 48
"(t) = =t and §"(t) =
5(t) = 5t and 57(1) 14t — 48

24
for t # -
Further inspection yields that s > max{s'(t), s”(¢)} holds in the feasible area as specified
in Assumption 4.1. This implies that the numerator of the right-hand side of (4.31) and
thus 96% ¢ /0s is strictly positive in the relevant parameter range. Combining these results
concerning the slopes of both critical values with the fact that both values are equal at
s = 1 gives the ordering stated in the proposition.

Part i) Setting 67'¢ = §C we can calculate the unique threshold value 5(t) := 5t/3 —

(v/201¢ — 44¢2 — 126)/3 + 1 which cuts through the feasible set (the expression below the
square root sign is always positive). The orderings stated in the proposition are then easily

verified. Calculating the first and second derivative with respect to t we get

ds(t) 188t + 10v/—44#2 + 201t — 126 — 201
= = < 0 and
ot 6 V=442 + 201t — 126
0%s(t 6075
5(2 ) _ o,
ot 4 (—4412 4 201t — 126)2

where the signs hold within the considered parameter range.

Q.E.D.

Proof of Proposition 4.6. We have to calculate the marginal profit changes of the private

label producer under the three types of market conduct. This yields

drdl T2+ 60t — 72
ds 225t ’
drl¢ 18s + 24t — 18
—— = —— and
ds 81t
dml)

1
ds 3
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Comparison of those values gives the ordering stated in the proposition. It remains to show

that
6F¢ 325 — 35t + 10st — 652 + 24
L= 1200 (t — 2) i T I0sh ZbsT T 5 <
ot (4852 — 160st — 96s + 125t2 4 60t — 252)

which holds because the numerator of the right-hand side is positive if

s> 5t/6 — 5(V/12 — 2t + 16) /6 + 8/3.

The above condition is implied by Assumption 4.1. Finally,

O65C 2853 + 765% — 1765 — A5st> + 48st + 48s + 20t — 24t
ot (10852 — 220st + 384s — 125¢2 + 320t — 192)* /1200

which holds because the numerator of the right-hand side is negative if

22 5 15
22O JS112 — 272t + 256 — =24
527 28\/ * 28"

which is implied by Assumption 4.1, again.
Q.E.D.
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