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Abstract

We develop a model of spatial competition with two heterogeneous in their market access chains,
choosing between third-degree price discrimination in their local markets (flexible pricing) and a
unified chain-level price (uniform pricing). The markets are interconnected with each other via
consumers who commute between them and can make purchases in locations where they do not
reside. Our model supports an asymmetric equilibrium, in which the two pricing strategies co-
exist: the larger chain uses uniform pricing, while the smaller chain employs flexible pricing. We
also find that the chains never choose the pricing strategies that maximize the total consumer
surplus.
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1 Introduction

In the retail sector, large players form chains of stores located in markets with different demand
characteristics and face a choice of which prices to set in these markets. Regarding the latter, the
traditional theory predicts that retail chains find it profitable to adjust their prices to local demand
conditions (third-degree price discrimination, or flexible pricing).! At the same time, a number of
empirical studies document that, instead of price discriminating consumers in local markets, some retail
chains commit to a unified chain-level price (uniform pricing).? In fact, different pricing strategies can
co-exist: some chains adjust their prices to local markets using a flexible pricing strategy; while other
chains (selling the same products) commit to uniform pricing across their local markets.? In this paper,
we develop a novel framework of spatial competition that sheds light on the trade-offs retail chains face
when choosing their pricing strategies, and explains the co-existence of flexible and uniform pricing
strategies across chains and its effects on social welfare and consumer surplus.

In our model, we consider an economy with three local markets: two markets are peripheral and
one market is central, — and each market is viewed as a Hotelling linear city. There are two competing
chains that sell a homogeneous good and have their stores located in these markets. Each chain can select
between two pricing strategies. It can commit to setting the same price of its good in all markets (uniform
pricing) or, alternatively, it can use flexible pricing, choosing the price for each market separately. The
decisions of the chains, which strategy to employ, are made simultaneously and independently. We then
add two key ingredients in the above framework. First, we assume that the markets are interconnected
with each other: there are consumers who commute from their peripheral markets to the central one
and make some of their purchases there.* In the case of uniform pricing used by a certain chain, the
commuters are informed about the price set by this chain in the central market, while in the case of

flexible pricing, the commuters do not observe the price and form some beliefs about its level. Second,

TEor example, see Beckmann (1976), Holahan (1975), and Thisse and Vives (1988).

2The uniform pricing strategy of some chains is discussed and confirmed by many studies among others analyzing pricing
patterns in movie-theater industry (Orbach and Einav, 2007), car rental market (Cho and Rust, 2010), iTunes Music store
songs (Shiller and Waldfogel, 2011), retail markets in the US (Nakamura, 2008; Hitsch, Hortacsu, and Lin, 2019; DellaVigna
and Gentzkow, 2019) and France (Allain, Chambolle, Turolla, and Villas-Boas, 2017).

31i, Gordon, and Netzer (2018) report the co-existence of flexible and uniform pricing policies used by major U.S. retailers
for selling digital cameras; Adams and Williams (2019) show similar results regarding zone pricing in the retail home-
improvement industry. In our paper, we document in Section 3 that around 41% of pharmacy chains in Moscow, Russia,
stick to uniform pricing, while their competitors choose flexible pricing.

4For instance, this can be work commute, a social or recreational trip.
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the chains are asymmetric in their access to the peripheral markets. Specifically, one of the chains is not
present in one of the peripheral markets: that is, the other chain is a local monopolist there and, therefore,
is bigger in terms of the number of stores. We show that these two assumptions result in the possibility
of asymmetric equilibrium, when the bigger chain finds it profitable to use uniform pricing, while the
smaller chain sticks to the flexible pricing strategy. This is in contrast to what existing studies on optimal
pricing policies for chains find, where the equilibrium either features only flexible pricing or allows for
uniform pricing but needs to be symmetric.’

The key assumptions of our model and the equilibrium outcome are consistent with some empirical
regularities we observe in the data. In particular, we consider pharmacy chains in Moscow, Russia,
where both flexible and uniform pricing are widespread, and document the following three facts: (1) the
uniform pricing chains are bigger and more spread around the city; (2) the uniform pricing chains have
more markets where they face no competition from other chains; (3) the uniform pricing chains tend to
have their affiliates/stores in markets where more commuters arrive to. Thus, our theoretical framework,
despite being rather stylized, turns out to be rich enough to capture some empirical patterns.

The intuition behind our main finding is based on the following trade-off. On the one hand, uniform
pricing reduces the ability of a chain using this strategy to extract consumer surplus. On the other hand,
given competition between the chains, uniform pricing allows the chain to attract commuters from the
peripheral markets who are informed about the price level the chain sets, and thereby to increase its
profits. This second effect, associated with uniform pricing, never emerges if there are no commuters
or if they have perfect information about prices in the central market. In the paper, we show that the
asymmetric equilibrium takes place when the relative size of the peripheral market, where only one retail
chain is present, is neither too large nor too small and the consumer valuation of the homogeneous product
sold by the chains is not high. In all other cases, both chains find it profitable to use flexible pricing. This
result emphasizes the importance of the firm asymmetry assumption for generating the co-existence of
flexible and uniform pricing. In particular, when the chains are symmetric in their access to the peripheral
markets (the size of the market with only one chain present there is equal to zero), both chains always
use the flexible pricing strategy. Finally, it is worth noting that the smaller chain always sticks to flexible

pricing in the equilibrium. Specifically, we find that uniform pricing turns out to be a dominant strategy

SFor example, see Thisse and Vives (1988) and Dobson and Waterson (2005, 2008).



for the smaller chain, only when the larger chain also uses uniform pricing and the relative size of the
peripheral market with only one chain is sufficiently large, which, as we show, cannot be the case in the
equilibrium.

In the paper, we also explore the relationship between pricing strategies chosen by the chains and
social welfare and consumer surplus. In particular, we show that the social welfare is maximized when
the chains equally share the markets where both of them present. This corresponds to the equilibrium in
which both chains use flexible pricing, implying that the asymmetric equilibrium, where the larger chain
employs uniform pricing, is inefficient. Regarding the consumer surplus, we find that, depending on the
parameters in the model, it is maximized either when both chains use uniform pricing or when the larger
chain uses flexible pricing, while the smaller one sticks to uniform pricing. This finding, in turn, implies
that the pricing strategies maximizing the consumer surplus are never chosen by the chains in the market
equilibrium.

In what follows, we discuss the related literature in Section 2 and summarize the empirical firm-level
findings in Section 3. In Section 4 and Section 5, we present our theoretical framework and results.

Section 6 concludes.

2 Related Literature

Our paper focuses on the theoretical analysis of the choice between uniform pricing and third-degree
price discrimination, or flexible pricing, and primarily contributes to the literature that tries to explain
the uniform pricing phenomenon. Thisse and Vives (1988) examine how two firms with exogenously
given locations set prices in geographically dispersed markets that are not connected to each other. They
find that flexible pricing is the unique equilibrium even if the firms can commit to their pricing strategies
(namely, flexible or uniform) before setting exact prices. In contrast to Thisse and Vives (1988), we
show that, in the model of spatial competition, the presence of interconnected local markets with
uninformed commuters can support an equilibrium where at least one of the firms adopts uniform
pricing. Holmes (1989) considers the case of two firms that produce differentiated goods, which are
imperfect substitutes, and operate in two markets where they compete in prices. As Holmes (1989)

shows, flexible pricing results in less total profit than uniform pricing does if a market where the



equilibrium price under discrimination is smaller (or a “weak” market) displays “higher cross-price
elasticity but lower industry elasticity of demand” than the other market.® Corts (1998) extends the
model of Holmes (1989) by making firms asymmetric and shows that a unilateral commitment to
uniform pricing can actually soften competition and increase the firms’ profits. Similar to our setting,
Corts (1998) requires sufficient heterogeneity between the firms to make uniform pricing preferable.
However, Corts (1998) does not explain the co-existence of uniform and flexible pricing strategies.
Armstrong and Vickers (2001) relate the choice of uniform pricing to the degree of competition in
different markets and conclude that firms can commit to this strategy only if the markets are sufficiently
uncompetitive. Dobson and Waterson (2005) extend this idea and assume that firms, selling differentiated
goods, differ in their access to markets. Specifically, they consider a framework with one chain firm
present in two isolated markets. In one of these markets, the chain does not face any competition, while
in the other market it competes with a local (non-chain) producer. Dobson and Waterson (2005) show that
uniform pricing relaxes competition in the contested market and can be profitable for the chain firm if (1)
the price elasticity in this market is not less than the price elasticity in the monopolistic market and (2) the
goods sold by the firms are sufficiently different. In their follow-up paper, Dobson and Waterson (2008)
introduce two chains to the baseline model and look at their incentives to engage in uniform pricing in
this new setting. However, Dobson and Waterson (2008) do not allow asymmetric equilibria to be played
— both chains must stick to the same pricing strategy. On the one hand, similar to Dobson and Waterson
(2005, 2008), we assume that chains differ in their access to local markets. On the other hand, we consider
a framework where chains sell a homogeneous good and the markets are interconnected via uninformed
commuters, which has non-trivial implications for the optimal pricing strategies. Moreover, in our model,
chains can choose freely between flexible pricing and uniform pricing, and this allows us to characterize
conditions under which the two pricing strategies co-exist. Gabrielsen, Johansen, and Straume (2023)
consider a model of spatial competition of symmetric retail chains that compete in the price and the
local quality of their products. As in Thisse and Vives (1988), they show that in the absence of quality
competition, the chains always choose flexible pricing. However, if the level of quality competition

is sufficiently high, there exist equilibria where at least one of the chains employs the uniform pricing

®Holmes (1989) focuses on symmetric equilibrium where both firms set identical market-specific prices under
discrimination and select the same price under uniform pricing.



strategy. In our paper, the chains compete in the price of a homogeneous good, and the co-existence of the
two pricing strategies in the equilibrium becomes possible because (1) the chains differ in their access to
local markets and (2) the markets are interconnected with each other via commuters who observe prices
only in locations where they reside.

The present paper also contributes to the literature on the effects of uniform pricing on social welfare
and consumer surplus. Overall, the evidence on the relationship between the uniform pricing strategy
and social welfare and consumer surplus is mixed. Miravete, Seim, and Thurk (2020) consider the
liquor market in Pennsylvania where markups for spirits are fixed by law. With the prohibited price
discrimination, the winners are low-income households and small specialized firms. Fabra and Reguant
(2020) show theoretically that uniform pricing benefits medium-size buyers at the expense of their small-
and large-size peers and illustrate numerically that this strategy may drive the total surplus up, which is
different from our analytical findings. Vélez-Veldsquez (2024) investigates the consequences of a ban on
price discrimination in broadband carriers in Colombia. The paper shows that this policy resulted in large
welfare transfers from low-income households towards high-income consumers and was accompanied by
the price increase for the Internet provision. Our paper contributes to this literature by showing that in the
environments similar to ours — where chain firms differ in their access to local markets and these markets
are interconnected via uninformed commuters, — uniform pricing is always detrimental for social welfare,
while consumer surplus, however, increases when one or both chains engage in uniform pricing.

Finally, our paper is related to a broader literature that provides explanations for uniform pricing
and, overall, low price dispersion. Levy, Bergen, Dutta, and Venable (1997) justify the uniform pricing
phenomenon with managerial inertia. A number of studies argue that uniform pricing can serve as a signal
for loyal customers and results from their perception of a fair price (Kahneman, Knetsch, and Thaler,
1986a,b; Chen and Cui, 2013). Another explanation is related to the presence of pricing zones, where
prices are uniform within a certain geographic area (Hoch, Kim, Montgomery, and Rossi, 1995; Adams
and Williams, 2019). Uniform pricing is quite common in online retailing (Brynjolfsson and Smith,
1999; Brown and Goolsbee, 2002; Cavallo, 2018; Clay, Krishnan, and Wolff, 2001). For instance, Ater
and Rigbi (2018) explain this with an increased transparency that limits third-degree price discrimination

online. Finally, the uniform pricing strategy can be optimal when consumers have low search costs



(Chandra and Tappata, 2011) or as a barrier to entry into a market (Feng, Li, and Shuai, 2023).

3 Empirical Evidence on Uniform Pricing

In this section, we present several stylized facts that illustrate how chains that use uniform pricing differ
from their rivals engaged in flexible pricing. Specifically, we focus on pharmacy chains in Moscow,
Russia, where both flexible and uniform pricing are widespread. We consider pharmacy chains with at
least four affiliates. A chain is classified as using uniform pricing if its online prices do not differ across
affiliates; otherwise, we say that this chain use flexible pricing.” In total, our sample includes 26 uniform
pricing chains with 1,895 affiliates and 37 flexible pricing chains with 1,317 affiliates, respectively. On
average, prices differ by 8% across affiliates of a given flexible-pricing chain with the highest dispersion
of 14% for care products and the lowest dispersion of about 1% for optics (see Appendix B for more
details). The data we use contain information on the location and pricing strategy for each pharmacy
chain’s affiliate.’

We collect information about the locations of pharmacies as well as some other market-specific
characteristics from 2gis.ru maps designed for local business promotion. Also, we use open data from
the official portal of Moscow government. To identify a market, we propose two alternative approaches.
First, we define a market by pharmacies’ geographical closeness. Specifically, we find the clusters of
pharmacies such that the distance between two pharmacies within each cluster does not exceed one
kilometer. This approach gives us 896 markets in total. Second, we create a one-kilometer grid that fully
covers the map of Moscow and obtain 731 markets.

With these data in hand, we document three main stylized facts and highlight the difference between
the chains that use uniform pricing and their rivals with flexible pricing. These patterns are quite
indicative and seem to be in line with the key assumptions of the theoretical model we introduce in

Section 4.

7 Among smaller chains, only a few of them can be clearly identified as uniform pricing chains, whereas for the rest we
cannot find reliable information on prices at all.

8We limit our analysis to the “old” Moscow borders that mostly coincide with the Moscow Automobile Ring Road
(MKAD). Appendix A depicts the area of Moscow that we analyze.


https://2gis.ru/moscow
https://data.mos.ru/

Stylized fact 1: Uniform pricing chains are bigger and more spread around the city. On average,
the chains that use uniform pricing have a higher number of affiliates and are present in more markets (see
Table 1). To measure how spread a chain is across the markets, we compute the Herfindahl-Hirschman
index. We find that, on average, the uniform pricing chains have affiliates that are more evenly distributed

around the city, and this is mainly driven by the markets located outside of the Garden Ring and the Third

Transport Ring.
TABLE 1: AVERAGE CHAIN SIZE
Pricing Pricing
Flexible =~ Uniform  p—value  Flexible = Uniform  p—value

Number of affiliates 34.514 72.885 0.138

inside 1% ring 2.688 7.417 0.042

inside 2% ring 5.742 13.273 0.066

inside 1% ring (share) 0.057 0.047 0.645

inside 2% ring (share) 0.198 0.192 0.899

Market defined by clustering Market defined by grid

Number of markets 31.216 58.962 0.137 30.811 58.077 0.133
Average number of affiliates in a market 1.036 1.085 0.087 1.039 1.088 0.101
HHI

Total 0.110 0.064 0.017 0.109 0.064 0.016

Periphery — outside 1% ring 0.120 0.067 0.012 0.119 0.066 0.011

Periphery — outside 2" ring 0.140 0.085 0.049 0.138 0.086 0.055

Note: 26 uniform pricing chains and 46 flexible pricing chains. 1% ring is the Garden Ring; 2™ ring is the Third
Transport Ring.

To make our comparison more vivid, we take two medium-size chains that have the same number
of affiliates — Zdravcity (a uniform pricing chain) and Dezhurnaya Apteka (a flexible pricing chain). In
Figure 1, we show the respective locations of these two chains’ affiliates on the city map. As one can see,
for the uniform pricing chain (Zdravcity), the affiliates are located relatively far from each other, while
for the flexible pricing chain (Dezhurnaya Apteka), there are zones of high concentration (e.g., in the

South-West).

Stylized fact 2: Uniform pricing chains have more markets where they face no competition from
other chains. As Table 2 indicates, the affiliates of the uniform pricing chains are more likely to be the
only ones in the respective markets. One could expect that such a monopolistic position in a number of
markets should increase the benefits from adjusting prices to local demand (Varian, 1980). However, the

empirical evidence suggests quite the opposite — even though these chains can exploit their monopoly
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FIGURE 1: COMPARISON OF TwO EQUAL SIZE CHAINS — UNIFORM VS. FLEXIBLE PRICING
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power in more locations, they tend to commit to uniform pricing more often than their rivals with a
smaller number of monopolistic markets do. Moreover, the uniform pricing chains face less competition
from “big players” — top-5 and top-10 chains, based on the number of affiliates. Interestingly, the uniform
pricing chains are less likely to compete with each other in a particular market — as Table 3 reveals, the
affiliates of the uniform pricing chains have a larger share of markets where all their rivals use flexible
pricing.

TABLE 2: A NUMBER OF MONOPOLY MARKETS FOR CHAINS WITH UNIFORM AND FLEXIBLE
PRICING STRATEGIES

Pricing Pricing

Flexible = Uniform  p—value Flexible Uniform  p—value

Market defined by clustering Market defined by grid
Number of monopoly markets 2.378 6.077 0.083 1.189 3.077 0.087
Share of monopoly markets 0.086 0.101 0.509 0.036 0.045 0.467
Number of ‘big 5’ competitors 2.784 1.654 0.016 3.081 1.885 0.022
Number of ‘big 10’ competitors 3.703 2.154 0.015 4.243 2.962 0.059
No ‘big 5’ competitors 0.189 0.346 0.180 0.189 0.154 0.718
No ‘big 10’ competitors 0.162 0.308 0.196 0.081 0.115 0.664
Share of markets with no ‘big 5’ competitors 0.162 0.196 0.355 0.125 0.152 0.254
Share of markets with no ‘big 10’ competitors 0.126 0.162 0.290 0.070 0.100 0.130

Note: 26 uniform pricing chains and 37 flexible pricing chains.



TABLE 3: THE JOINT DISTRIBUTION OF LOCATIONS FOR UNIFORM AND FLEXIBLE
PRICING CHAINS

Pricing Pricing

Flexible = Uniform  p—value  Flexible = Uniform  p—value

Market defined by clustering Market defined by grid
N uniform pricing chains 3.498 2.931 0.000 3.508 2.995 0.000
No uniform pricing chains 0.131 0.178 0.000 0.097 0.113 0.137

Note: 1,895 affiliates of uniform pricing chains and 1,317 affiliates of flexible pricing chains.

Stylized fact 3: Uniform pricing chains tend to have their affiliates in markets where more
commuters arrive to. In the data, we find that markets covered by the uniform pricing chains seem to
attract more commuters: in other words, there is a positive relationship between the presence of the
uniform pricing chains in a market and the “attractiveness” of this market to commuters. In our analysis,
in the absence of detailed data on internal migration in Moscow, we rely on information about the inflow
and outflow of passengers for each metro station.” A net passenger outflow serves as a good proxy for
location centrality, which can be in turn associated with the attractiveness of a location and, thereby,
with a higher number of commuters there.'® For instance, metro stations located next to large business
areas are characterized by large positive net passenger outflows — the number of outflow travelers to
these stations significantly exceeds the number of inflow travelers.

As Table 4 indicates, on average, there are more metro stations and crosswalks in markets where the
uniform pricing chains have their affiliates; these markets also have a significantly higher outflow/inflow
ratio. We then focus only on metro stations with a positive net passenger outflow and, for each market,
compute the total number of such stations as well as their total net passenger outflows. We find that
markets having affiliates of the uniform pricing chains tend to have a higher number of metro stations
with a positive net passenger outflow and a higher total passenger outflow. We report similar findings
for the number of business centers and free parking zones,'! where the former is greater and the latter is

smaller for markets covered by the uniform pricing chains. Finally, we show that it is more likely that

“Moscow is fully covered by the metro network, which accounts for 65% of all travels around the city.

10This measure is used to determine location centrality by Han and Liu (2018); Pan and Lai (2019); Moylan and Somwrita
(2019) among others.

" Typically, there are fewer free parking zones in business areas.
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markets with the uniform pricing chains have main railway stations and other stations, by which regional

trains to the Moscow area pass by.

TABLE 4: MARKETS AND COMMUTERS

Pricing Pricing
Flexible Uniform p—value Flexible Uniform p—value
Market defined by clustering Market defined by grid

N metro stations 0.606 0.713 0.000 0.569 0.683 0.000
Passenger outflow/inflow 0.611 0.722 0.000 0.573 0.692 0.000
Positive net passenger outflow

Absolute sum 23,941.630  33,744.960 0.000 22,608.800  33,905.100 0.000

N of stations 0.339 0.442 0.000 0.312 0.419 0.000
N business centers 1.754 2.403 0.000 1.583 2.248 0.000
N crosswalks 2.273 3.010 0.000 2.093 2.524 0.001
N free parking zones 8.647 7.754 0.009 6.988 6.231 0.000

Note: 1,895 affiliates of uniform pricing chains and 1,317 affiliates of flexible pricing chains. Net passenger outflow is
the difference between passenger outflow and inflow.

4 The Baseline Model

Firms and markets. We consider an economy that consists of three markets: two periphery markets
(denoted by 1 and 2) and one central market (denoted by c); and two chain firms labeled with A and
B. Each market can be viewed as a Hotelling linear city on the [0, 1] interval. We assume that firm A
operates in all three markets, while firm B is active only in the central market and market 2. That is, firm
A is the only seller in market 1 and, therefore, acts there as a monopolist. In the other markets, firm A
competes with firm B. Notice that the above assumption implies heterogeneity across the firms in terms
of their presence in a certain market, which is the only source of firm heterogeneity in the model. It is
also worth noting that we do not consider in the present paper the mechanism of how firms choose which
market to serve, the distribution of firms across the markets is exogenously given in the model.

We also assume that each firm has exactly one store in market 2 and in market ¢ and firm A has one
store in market 1. We denote their respective stores by A;, where j € {1, 2, c}, and By with k € {2, c}.
Without the loss of generality, we assume that the stores of firm B (respectively A) are located at O
(respectively 1) in each market. The firms sell homogeneous good produced according to a constant

returns to scale technology with zero marginal and fixed costs of production. The assumption about zero
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FIGURE 2: BASELINE MODEL: MARKETS AND FIRMS
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marginal cost of production simplifies the analysis of the equilibrium in the model and at the same time
does not affect the qualitative implications of the model and the intuition behind them. The firms do not

face any capacity constraints and, hence, can serve any demand.

Consumers. In each market i € {1, 2, c}, there is a mass of consumers that are uniformly distributed
over the [0, 1] interval with density #; > 0: that is, the total number of consumers in market 7 is 1;. We
assume that consumers leave for two periods, t = 1,2. Each consumer needs one unit of a good per
period, and this unit gives her the value of v > 0. In the first period (that can be viewed as a weekend, for
instance), consumers from the peripheral markets can shop only in their “home” markets. In the second
period (working days), half of consumers from each periphery market travels to the central market and
makes purchases there. This assumption can be interpreted as that in each peripheral market there is a
share of consumers who need to commute to the center during working days and cannot postpone their
purchases until returning to the home market. In the model, we normalize this share to 1/2. On the one
hand, this allows us avoiding unnecessary complications in the model. On the other hand, this assumption
does not seem too restrictive, as the effects of a change in this share on the equilibrium outcome can be at
least partly (if not completely) represented by the effects of corresponding changes in the market densities
n;. For instance, a rise in the share of “commuters” makes the presence of “peripheral” consumers in the
central market more pronounced, which in turn can be achieved by reducing the relative size of the
central market. Consumers from the central market always make their purchases in their home market

and, thereby, never travel. Figure 2 depicts the market structure.
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In each market, each consumer is characterized by location x € [0, 1]. As in a standard Hotelling
model, to reach a certain store in her home market located at [ € {0, 1}, she needs to pay the cost of
T - |x —I| ,where T > 0 holds. In the central market, each commuter arrives at location y € [0, 1], which
is uncorrelated with her home location x, and all commuters are uniformly distributed over the [0, 1]
interval. Similarly, to reach a certain store in the central market, a commuter at i needs to pay the cost of

T-|ly—1].

Information and pricing. We define by p4; and ppy prices set by firms A and B in the markets with
j € {1,2,c}and k € {2, c}. We assume that consumers know prices only in their home market.
Namely, they observe (1) p 41 in market 1, (2) p 42 and ppp in market 2, and (3) p 4. and pp. in market c.
When commuters arrive to market ¢, they generally do not have information about p 4. and pp., but form
expectations about them. We denote these expected prices by pa. and pp., respectively, and assume that
they do not depend on consumers’ identities.

Firms set prices to maximize their profits over two periods. We consider two pricing strategies. First,
a firm can set different prices in different markets. We denote this strategy as flexible pricing. In this
case, the prices set by the firm in peripheral markets are not informative about the prices it sets in the
central market. Alternatively, a firm can choose to set identical prices in all the markets (for instance,
PA1 = PA2 = PAc = pa). We refer to this strategy as uniform pricing.'?> Under such a strategy, the
price in the peripheral markets set by the firm, using this strategy, is perfectly informative about the price
set by that firm in the central market. We assume that both firm’s pricing strategy and prices are set for

two time periods, i.e., the firms commit to their choices. The game proceeds in two stages.

Stage 1: Firm A and firm B simultaneously choose their pricing strategies (flexible or uniform) and

commit to them.
Stage 2:

1. The firms set prices in all markets simultaneously and non-cooperatively.

2. Consumers observe prices set by the firms in their home markets:

» t = 1: Given these prices, consumers decide which store to visit in their home market.

12In the paper, we assume away firm strategies, when uniform pricing is “partial” with identical prices set on the subset of
the markets.
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e t = 2: Half of consumers, or commuters, travel from the periphery to the central market.
Given her beliefs, each commuter chooses which store to visit in market ¢c. Consumers who

stay at their home locations, shop exactly like at t = 1.

We solve the game by backward induction. At Stage 2, we consider a fulfilled expectations equilibrium

(for example, see Katz and Shapiro, 1985) that can be defined as follows.

Definition. The equilibrium at Stage 2 is a collection of prices p = {pi}ie{Al,Az,Ac, B2, Bc} and beliefs
p= {ﬁi}ie{Ac,Bc} such that:

* each consumer maximizes her utility given p and P,

* p maximizes firms’ profits given P, and

* beliefs are consistent, i.e., p = P.

At Stage 1, we consider a Nash equilibrium. In the next subsection, we characterize the aggregate

consumer demand in the model.

4.1 Demand Characterization

As the first step in deriving the equilibrium at Stage 2, we represent the aggregate demand for the product
sold by each store in each market as a function of observed firms’ prices and consumers’ beliefs about

the unobserved prices.

4.1.1 The Peripheral Markets

We start with the peripheral markets. In market 1, there is only one store of firm A located at 1. Thus, a
consumer located at x buys from it if and only if (we normalize the utility in the case of zero consumption

of the good to zero):

v—pa1—7(1—x)>0&
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As a result, the aggregate demand in market 1 (here, we take into account consumer demand in both

periods) is given by )
0 , PA1 >0,
D4 (pa1) = M (%) ,pa1 € [v—1, 0] (D
\32ﬂ , pa1 <0 —T,

where the coefficient 3/2 captures the fact that at f = 2 one-half of the consumers leaves market 1
and travels to market c. Later in the paper, we determine the condition on the parameters such that
U > pa1 -+ T in the equilibrium, implying that all consumers in market 1 purchase the good.

In market 2, the firms compete with each other. A consumer located at x chooses to purchase the

product in the store of firm B if and only if:

< PAa2 — P2+ T

Py — TX > D — —T(1—
V—pp—TX>0—pap—T(l—x) & x e

and

v—pp—Tx > 0.

The latter inequality holds if

v_pBZZPAz—I;BerT UZPA2+§B2+T. @)

If the inequality in (2) takes place, then, given the prices, all consumers purchase the good either from
firm A or firm B. In the paper, we consider the equilibrium where this is the case and formulate later the
corresponding constraint on the parameters. Checking for corner solutions, we obtain that the aggregate

demand for the good sold by firm 7 in market 2 is given by:

0 s Pi2 > P2+ T,
,2 _ 2= Pi
D"* (pia, sz) = 3% (—p’2 ;f”) s Pi2 € [sz — T, P2+ 7]/ ©)
3% 7 p12 < P]Z - T/

where i, j € {A, B} and i # j.
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4.1.2 The Central Market

The aggregate demand functions for the good sold in the central market have two ingredients. First, there
are local consumers who are aware of the prices set by the firms in this market. As for market 2, the
aggregate demand over two time periods of these consumers can be written as follows (recall that these

consumers shop only in their home market):
(

0 s Pic > Pjc + T,
D" (pic, pjc) = $ 2n, (W) , Pic € [Pjc — T pje + 7|,

2n, s Pic < Pje — T,

\

where i, j € {A, B} and i # j. Similarly to the assumption about the prices set by the firms at market 2,

we assume that

0> PAc+PBc+T
—_— 2 .

“4)
Second, there are commuters form the peripheral markets. At the moment, we express their demand

for the good sold by the firms in terms of their beliefs about the prices. In particular, we have that the

aggregate demand of commuters is

;

O 7 ﬁic > ﬁ]C +T/

e (5 &) — Pic—Pict+T ~ ~ ~
Déan (Pier Pie) = § 152 (B25) e € [ie — 7, e + 1),

ni+n ~ ~
122 /pic<ij_Tr

\

where i, j € {A, B} and i # j. As before, we assume that

Pact PBc+T

>
0= 2

®)

In the next section, we derive the equilibrium at Stage 2. Specifically, we find firms’ optimal pricing

and profits given the pricing strategies they choose at Stage 1.
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4.2 The Equilibrium at Stage 2

As mentioned before, to characterize the optimal pricing strategies of the firms, we apply backward
induction. First, we solve for the equilibrium at Stage 2 (the profit maximization problem) for each
of the four possible combinations of pricing strategies. Second, we focus on Stage 1 and find the Nash
equilibrium of the game where the firms choose their pricing strategies independently and simultaneously.
We denote the four possible scenarios of firms’ pricing strategies as { FF, UF, FU, UU} where F and
U stand for flexible and uniform pricing strategies, respectively, and the first and second letters represent
firm A and B. For instance, FU means that firm A chooses flexible pricing, while firm B chooses uniform
pricing.

As discussed before, in order to make the problem non-trivial, we impose the following constraints

on prices in the equilibrium:

par <v—T,
pio € (pp— T, pp +7), Vi#jwherei, j € {A, B}

Pic € (Pjc — T, pje +T), Vi# jwherei, j € {A, B} (6)

v > pA2+§B2+T,

PActPBc+T
v > HEee—

\

The first inequality indicates that for given p 41, all consumers in market 1 purchase the good from firm
A. The next two inequalities ensure that in equilibrium no firm faces zero demand in market 2 and
market c, respectively. The last two inequalities guarantee that all consumers want to purchase the good
in market 2 and market c, correspondingly. Notice that for the commuters we have the inequality (5),
which includes their beliefs about the prices. However, since in the equilibrium beliefs are consistent,

inequality (5) is in fact equivalent to the last inequality in (6).

4.2.1 The FF Equilibrium

Under flexible pricing of both firms, firm A solves (condition (6) is verified later):
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3ny (v — 3n - + T)
FF 1 P A1 2 ( PB2 — PA2
max {n (T ral
Pt pazpacz0 U4 2 ( T > pa1 2 ( 2T pA2

PBe — PAc+ T ny+ny (P — Pac+ T
(o (Pt ) e (P ) o)

where the first (the second) entry refers to consumers who shop in market 1 (in market 2) in both

(7

periods and the third entry corresponds to consumers who shop in market ¢, including the commuters

arriving at t = 2. Firm B, which operates only in market 2 and market c, solves:

max
PB2, PB=>0

3n — +T
FF _ 2 [ PA2 — PB2
{mi = 2 ( 27 )P B2

PAc — PBc+ T nm+ny (Pac— P+ T
(o (P ) e g (M) e

Under flexible pricing of firm A, the price set in market 1, where only firm A operates, does not affect

®)

the other markets. As a result, solving for p 41, when the solution of the above maximization problem

with respect to p 41 is interior, implies that

okt 3m
= — — 2 —
apAl 2T (U pAl) O,
resulting in
_?
pa1 = 5

It is straightforward to see from (1) that p4q; = v/2 is interior, when v < 2t. If v > 27 holds, then
the optimal price is v — T and, as a result, all consumers in market 1 purchase the good from firm A.

Hereafter, we assume that v is sufficiently large (the first inequality in condition (6) is satisfied):

v > 27 9)

that leads to p41 = v — T in case when firm A sticks to flexible pricing. The demand in market 1 is then
3n1/2 and the profit of firm A in this market is 311 (v — 7) /2.
Next, we formulate a proposition that characterizes the equilibrium at Stage 2 when both firms use

flexible pricing.
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Proposition 1. If both firms use flexible pricing and

v > max (| 27, §T—}— M , (10)
2 4n,

then the equilibrium price vector is:

FF

Pa1=9—T,
FF _ _FF _

Pa2 =Pp2 =TT,

T (ny +ny)
Pac="Ppe =T+ —p —
c

and the firms earn:

% 2
(=) e Y PR L (H”“an) ,

2 4 4n,
2
* 3npT n+n
(7'[51:) = 42 +n.T (1 + 147’lc 2)
Proof. See Appendix C. [

When both firms use flexible pricing, the only source of heterogeneity between them is market 1
that is unavailable to firm B. This explains why firms’ equilibrium profits differ. One can notice that
the equilibrium prices in market 2 are similar to those in a standard Hotelling model with two firms. In
market ¢, commuters’ expectations about p 4. and pp, turn out to be important, increasing the equilibrium
price set by each firm by T (111 4 1) /4n. compared to the price observed in market 2. Interestingly, pi‘z
and pgf increase in (11 + np) /1, that is, a rise in the share of commuters with respect to the number of

local consumers in the central market leads to higher prices in market c.
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4.2.2 The UU Equilibrium

When both firms adopt uniform pricing (recall that in this case, the firms set the same price for all markets
where they are active), commuters from market 2 do not face any uncertainty about p 4. and pp,: that is,
their beliefs about the prices are exactly the prices the firms set. At the same time, commuters from market
1 know only the price set by firm A (as firm B does not present in market 1) and form some expectations
PBc about ppg.. Taking the above into account, we have the following firm profit maximization problems

(we omit in the below the market indexes in the prices and beliefs):

3n —pa+T nm (Pp—pa+T7
uu _ 1 PB — PA n (PB—PA
ey i = (53 (P 2t o3 (P ) )

uu _ PA—PB+T m (pa—pPp+T
ey = (20w o (M) )|

The constraints in (6) can be then rewritten as follows

;

pa<v—T,

pi€ (pj—1 pj+71) ,Vi#jwherei, j e {A, B}/ (1D

pA+pPB+T
v > 5 .

\

The next proposition characterizes the equilibrium at Stage 2 when both firms choose uniform pricing.

Proposition 2. If
5211 (np + ne) + 7n?

v>2T+ T ,
(4 (ny +nc) +nq1) (12 (np + ne) + nq)

(12)

and both firms use uniform pricing, then the equilibrium price vector is:

521y (ny + ne) + 7n3
(4 (np +nc)+ny) (12 (ny+ne) +nq)’
8T7’11
12 (np + ne) +ny”

pal =THT

PE =T+
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and the firms earn:

2
( t 4t (Zn% +17n1 (ng +ne) +12 (ny + nc)2>
i) =
A (n1 4 4ny + 4n) (n1 + 1205 + 12n.)?

(ngu) * 9T (m2+nc) Bny +4ns + 4nc)2.
(ny +12ny + 12nc)2

Proof. See Appendix C. [l

As can be seen from the above proposition, in the equilibrium condition (11) is equivalent to (12).
One can also see that the prices charged by the firms are higher than T, the price set in a standard Hotelling
model with two firms, and depend on the relative market size 11/ (1. + ny). This is due to imperfect
information of commuters from market 1 about the price set by firm B in the central market. In particular,

if n1 = 0, in this case all commuters are informed, ua — Ut —
1 Pa PB

4.2.3 The FU Equilibrium

In this subsection, we assume that firm A uses flexible pricing, while firm B uniform. In this case, the

firm profit maximization problems are given by

3ny (v— 3n — +T
Fu _ °Mm PA1 2 (PB— PA2
PALJ?S)P}ACZO {NA 2 ( T > part 2 ( 2T ) pA2

PB—PAct T\ M (PB—PactT\ M2 (pp—pPac+T
el () e () 3 () e

may (! = (%92 (PR PET) gy (PR POETY) gy

ny (Pac—pp+T L Pac—Pp+T
2 27 2 27 PB (-

(13)
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Condition (6) can be rewritten in the following way:

p
PAlSU_T/

pa2, Pac € (pB— 7T, pp+ 1),
(14)
+pp+T
e Z PA2 ZPB ,

PActHPB+T
\ v > He—

As before, we formulate a proposition that characterizes the equilibrium firm prices and profits in the FU

equilibrium.

Proposition 3. If

v > max {2‘(, 4 (m + 6my + 6ne) (6nc +m £ 12) T} , (15)
(8nc (4ne 4+ nq +ny) + (8nc + ny + ny) (8ne + 11ny))
n € [0, 211y + e + /913 + 5dnane + 49ng) , (16)

and only firm B uses uniform pricing, then the equilibrium price vector is:

par =0T,
2 (nq + 6ny 4 6n;) (8nc + ny + ny) .
8nc (4ne 4+ nq + np) + (8ne +ny + ny) (8ne + 11ny) ~’
U 4 (4n. + ny + np) (ng + 6ny + 6n¢)
Pac = gy, (4nc + ny +np) + (8nc +ny +no) (8nc + 11ny) v
ru —8nc (4nc+ny +np) + (4nq + 13np + 16n.) (8nc + ny + ny)
Ps- = 81, (4ne + ny + ny) + (8nc + nq + na) (8n + 11ny)

FU _
Pa2 =

and the firms earn:
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( Fu)*:3”1 (v—r)—|—3n2 (pgu—pingT) pFU+4nc+n1+n2 <PEU—P§}CI+T> pEU

tA 2 2 2T 42 2 2T Ac+
(npu)* _(3m2(pas—pE AT | Anetmt phd —pti 4+t pEU
B 2 27 2 27 B

Proof. See Appendix C. [

Note that in the statement of the above proposition, we do not substitute for the equilibrium prices in
the expressions for the equilibrium profits, as in this case they look too complex. Another thing to notice
is the condition on the market sizes in (16). The idea behind it is that, if market 1 is sufficiently large
relative to market 2 and the central market, the prices chosen by firms are such that pibzl + 1< pgu,
which contradicts (14). The intuition is the following. If market 1 is large, commuters from this market to
the central one play an important role for firms, when they set their prices at the central market. Moreover,
these commuters are not informed about the prices both firms choose in the central market (this is because
firm A uses flexible pricing, while firm B is not present in market 1). As a result, for sufficiently high
n1, firm B, that uses uniform pricing, decides to choose such a high price pgu to increase the profit in
the central market that it loses its consumers in market 2. The latter does not happen, if market 2 is
sufficiently large relative to market 1. Interestingly, pgu is also lower than pfg + 7, if the central market
is large enough. This is because consumers in the central market are informed about the prices set by
the firms there, which implies a downward pressure on the prices the firms choose competing with each

other.
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4.2.4 The UF Equilibrium

Finally, in this subsection, we assume that firm A uses uniform pricing, while firm B flexible. In this

case, condition (6) can be rewritten in the following way:

)
pa<v—T,

PB2, PBc € (Pa— T, pa+17),

7)
patpp+t
v Z A 282 ,
+pBctT
Kv > pa F;B )
The firm profit maximization problems are in turn given by
3n 3n —pa+T
ur _ °Mm 2 (PB2 — PA
iﬂ%’é{”f‘ = Pt ( 27 )pA
—pA+T ny+ny (Ppe—pPa—+T
+ (21, PBc — PA + 1 2 ( PBc — PA pat,
2T 2 2T (18)
3n — +7T
Uur _ 9o"2 (PA — PB2
pra, P 0 {HB o2 < 2t ) P2t

PA—PB+T n+ny (pa—pPBc+7T
2 .
( e ( 27 ) T ( 27 PBe
As before, we formulate a proposition that characterizes the equilibrium firm prices and profits in the
UF equilibrium.

Proposition 4. If

o> 6 (4nc + 3ny +4ny) (8n. + nq + ny)

T 19
~ 9y (8nc +ny +np) + 2 (dne +ny +np) (12nc + ny + na) (19

511y — 20m, + /5 (4513 + 360man + 464n2)

10 , (20)

ny € |0,

and only firm A uses uniform pricing, then the equilibrium price vector is:
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ur _ (12nq 4 9ny) (8nc + ny + no) + 4 (dne + ny + ny) (6ne +ny +ny)
Pa = Iy (8nc + ny +ny) + 2 (4ne + ny + np) (12n, + ny + ny)
3 (4n¢ + 3nq + 4ny) (8ne + ny + ny) .
Iy (8ne +ny +np) +2(4ne +ny+np) (12n. +ny +np) -’
UF 6 (4nc +ny + ny) (4ne + 3ny + 4ny)
Pbe = Iy (8nc + ny + ny) + 2 (4ne + ny + np) (12n, + ny + ny) t

T,

UF _
Pp2 =

and the firms earn:

ur\* _ [ 3m | 3n szF - P%F +T ) ny + 1y pBlgCF _ P%F g ur

« 3y, [pUF _ pUF ¢ i+ UF _ UF | o
<7TgF> _ 2<PA P2 P%2F+<2nc+ 1 2) PA_ — Phe pUF.

2 2T 2 2T

Proof. See Appendix C. [

Similar to the FU equilibrium, there is an additional constraint on the market sizes. If market 1 is
sufficiently large, the prices chosen by firms are such that pgzp + 1< p%P , which contradicts (17). As in
the previous section, for sufficiently high 71, the firm that uses uniform pricing decides to choose such a
high price to increase the profit in the central market that it loses its consumers in market 2.

In the next section, we consider the equilibrium at the first stage.

S5 Optimal Pricing Strategies

In this section, we find the equilibrium at Stage 1 and analyze its properties. As one can see, the
expressions for the profits derived in the previous section are quite complex to be compared in the
general case with arbitrary market sizes. Therefore, in the below analysis we consider the special case
with 1y = n, = n and ny = a-n, where a > 0 captures how large market 1 is relative to the other
markets. In particular, when a = 0, we have the case with completely symmetric firms in terms their
access to the markets; when, for instance, 2 = 1, all the markets have the same density of local

consumers at each point of the unit interval, but only firm A serves market 1.
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5.1 The Equilibrium at Stage 1

First, we impose the constraints on v and a to ensure that both firms face non-zero demand in all the
markets where they are present. Specifically, we need that the constraints on the parameters formulated
in Propositions 14 are satisfied. It is relatively straightforward to show that the latter constraints can be
rewritten in the following way:

v > 9(a)

ae [O, —\/437%8*15>

, 2D

where

7+a) 37 (3a*+56a+128) 4t (a®+19a+84) 67 (3a*+35a + 72)
4 7 (a2+32a+192) ' (27a+211) (242 +45a+211)

¥(a) = max {ZT, T(

(22)
The next lemma simplifies the expression for .
Lemma 1. Fora € [0, —W), the expression for 0(a) in (22) is simplified to
@ 67 (3a% + 35a + 72)
O(a) =
202 + 45a + 211
Proof. See Appendix C. [
Thus, we assume that
" 67(34°+35a+72)
v>0(a) = S5t
202 +45a+211 (23)

V4345—-15
aec |:O T 10
Next, we formulate the main theorem in the paper.

Theorem 1. Suppose conditions in (23) hold. Then, there exist U, where

0=+ (16a2+165a+221)2_£(a+5>2+2a—1 > 5a)
6a (222 + 45a + 211)* 3a \ 4 2a '

4~ 0.34, and d ~ 2.84 such that:

» Fora € |0, 4), the unique Nash equilibrium of Stage 1 is (F, F) for any feasible v,
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» Fora € |4, @), the Nash equilibrium of Stage 1 depends on v:

— forv € [9(a), 3(a)), the unique Nash equilibrium of Stage 1 is (U, F), and

— forv > 9(a), the unique Nash equilibrium of Stage 1 is (F, F),

e Fora € [ﬁ, (\/ 4345 — 15> /10), the unique Nash equilibrium of Stage 1 is (F, F) for any feasible

0.
Proof. See Appendix C. U

In the proof, we show that if firm A uses flexible pricing, firm B always responds with the same
strategy. When firm A sticks to uniform pricing, the response of firm B depends on the value of a but is
not affected by parameter v. If a is sufficiently small, firm B finds strategy F more attractive, and flexible
pricing turns out to be its dominant strategy. Otherwise, firm B responds to the competitor’s action U
with uniform pricing as well, which can change the equilibrium of the game. Firm A’s choice depends on
both a and v, and the effect of a on its strategy is non-monotone.!? For each set of parameters specified
in Theorem 1, either firm A or firm B has a dominant strategy, which makes the Nash equilibrium of the
Stage 1 game unique.'

Theorem 1 has the following interpretation. When a is small enough, market 1 does not seem to be
decisive for firm A in terms of its pricing strategy. In fact, the situation is close to that when a = 0 and
firms are completely symmetric, which results in sticking to the same pricing strategy F of both firms
irrespective of the value of v. With a being sufficiently high, market 1 is so large relative to the other
markets that firm A finds its optimal to set a separate price for this market to extract more surplus, which
leads again to the equilibrium with flexible pricing. When, however, a is neither too big nor too small,
the situation is different and the value of v, which defines the surplus firm A can extract from market
1, becomes important. If v is relatively low, this surplus turns out to be rather small. Then, setting the

same price in all the markets where firm A is present helps it to attract commuters, who do not observe

the price of firm B in market c, and this positive effect outweighs losses from no full surplus extraction

BParameter T has no direct effect on firm A’s strategy choice.

14 Although there can be equilibria where one of the firms randomizes between strategy F and strategy U, all of them
correspond to boundary cases (for example, v = 7). Since such equilibria are extremely specific and very unrealistic, we do
not look at them separately.
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in market 1. As a result, we observe (U, F) as the Nash equilibrium (firm B’s dominant strategy is still
flexible pricing). With v high enough, the surplus firm A extracts from market 1 under flexible pricing is
rather large compared to the competitive benefits uniform pricing brings. Thus, flexible pricing is more

attractive for firm A in this case.

5.2 Uniform Pricing and Social Welfare

As Theorem 1 states, there are only two strategy profiles — (F, F) and (U, F), — that can be a Nash
equilibrium of the Stage 1 game. In other words, in some cases firm A benefits from setting the same
price in all the markets where it is present. In this section, we examine how this affects the social welfare
evaluated in equilibrium. As in Section 5.1, we assume that conditions in (23) hold and both firms face

non-zero demand in the markets where they operate. We focus on utilitarian welfare measured as
i ]
W = Zicq1,2,00W;,

where j € {FF, UU, FU, UF} corresponds to pricing strategies chosen by the firms and sz is the social
welfare in market i € {1, 2, ¢} given by
] j i\ i\*
W =csl+ (nl,) + (mly)
with C S{ being the corresponding consumer surplus.
The first thing to show is that the social welfare in market 1, or W , does not depend on the price

set by firm A in this market. If the conditions in (23) hold, all consumers in market 1 buy from firm A.

Then, the consumer surplus (taken over two periods) in this market can be found as

CS]i: (nl—i—%)/Ol(v—pAl—T(l—x))dx:%(v—pm—%>,

and firm A receives

() =2

As a result, we have that
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Wi =csj+ () = 2 (0-3).

Note that the above holds for any pricing strategies j € {FF, UU, FU, UF}. This finding allows us to
claim that social welfare only depends on the prices the firms set in markets 2 and ¢, where they compete

with each other. The next proposition states when social welfare turns out to be the highest.

Proposition 5. Suppose the conditions in (23) hold. Then, social welfare achieves its maximum, when
both firms set equal prices in markets 2 and C: pap = ppp and pac = ppe: that is, under the (F, F)

pricing strategy.
Proof. See Appendix C. 0

In the proof of Proposition 5, we first define the social welfare as a function of consumers’ threshold
types in markets 2 and c, respectively.!> Then, we show that the social welfare is maximized when the
firms equally share these two markets, which is possible if and only if they set identical prices. This
corresponds to the (F, F) Nash equilibrium of the Stage 1 game, and this equilibrium is feasible given
conditions in (23). Hence, the Nash equilibrium of the Stage 1 game where firm A uses uniform pricing
is inefficient compared to the (F, F) equilibrium.

To quantify efficiency losses associated with uniform pricing, we define
Aw = WFE —wWUE > o,

where Ay > 0 follows from Propositions 1, 4, and 5. Then, we investigate how Ay depends on
parameter a that captures the size of market 1 relative to the other markets. As Theorem 1 states, firm A
chooses uniform pricing if a is neither too big nor too small and v is rather low. This allows us to restrict
attention to a € [4, @) and v € [G(a), (a)), where the threshold values for a4 and v are defined in

1'16

Theorem The following lemma states how Ay responds to changes in parameter 4.

Lemma 2. Suppose a € [d, ) and v € [9(a), 5(a)) hold. Then, the efficiency losses associated with

uniform pricing by firm A are increasing in parameter a, or oAy /da > 0.

15 Actually, the proof of Proposition 5 does not rely on the assumption of 1y = n. = n, ny =a - n.
!Notice that a € [4, @) and v € [0, 7) imply conditions in (23).
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Proof. See Appendix C. [

This result is quite intuitive. If a increases, market 1, where firm A acts as a monopolist, becomes
larger relative to the other two markets where it faces competition from firm B. As a result, the advantage
of firm A over firm B and its ability to extract consumer surplus improve, too. This power imbalance,
however, leads to deadweight losses (compared to the case when both firms set identical market-specific
prices), and social welfare declines.

The above analysis implies that the allocation maximizing the social welfare determined as the sum
of the consumer surplus and firms’ profits involves equal prices and market shares of the firms in all
markets. We then focus solely on the consumer surplus and investigate how it depends on the pricing
strategies adopted by firms. In other words, we explore which pair of the pricing strategies maximizes

the total consumer surplus defined as
CS/ = Zic(1,2,61CSl,

where j € {FF, UU, FU, UF}. The following proposition summarizes our findings.

Proposition 6. Assume that conditions in (23) hold. Then, there  exists

i~ 0.2583 ¢ [0, (m . 15) /10) such that:

1. For a being sufficiently small: a € [0, d|; (U, U) maximizes the total consumer surplus for any

feasible v,
2. For a being large enough: a € <ﬁ, (\/ 4345 — 15) /10) ; there exists 0(a) > ¥(a) such that:

* (F, U) maximizes the total consumer surplus for v € [0(a), 0(a)], and

* (U, U) maximizes the total consumer surplus for v > 0(a).
Proof. See Appendix C. [

As Proposition 6 implicitly states, the strategy profiles that maximize the total consumer surplus
are never chosen by the firms in the equilibrium (see Theorem 1). This result is rather intuitive, since
profit maximization is generally achieved at the cost of consumer surplus, and the following corollary

formalizes our observation.
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Corollary 1. Assume that conditions in (23) hold. Then, the Nash equilibrium of the Stage 1 game never

maximizes the total consumer surplus.

To highlight the intuition behind Proposition 6, it is important to understand what happens to the
consumer surplus at the market level. In the Appendix we show that, if the relative size of market 1 is
sufficiently small, which corresponds to a low enough, strategy profile (U, U) is the best for consumers
in the central market. The intuition behind this result is the following. In the case of flexible pricing,
the presence of uninformed commuters in the central market creates upward pressure on the firm prices,
making them higher than they would be in the case of uniform pricing, when the presence of market 2
with perfectly informed consumers “smooths” the price level. In other words, when market 1 is relatively
small, flexible pricing leads to relatively high prices in the central market and low prices in market 2,
while uniform pricing results in some “average” pricing in the markets, which benefits consumers in the
central market.

When the relative size of market 1 rises, it starts playing a more important role. In particular, the
advantage of firm A over its rival becomes more pronounced, as in the case of uniform pricing there is
a substantial amount of commuters from market 1, who are informed about the price of firm A, but not
informed about the price of firm B. As a result, the uniform price set by firm A increases, and consumers
in market ¢ turn out to be worse off if firm A does not switch to flexible pricing. This implies that, when
a is sufficiently high, strategy profile (F, U) appears to be the best for consumers in the central market
(the formal proof can be found in the Appendix).

In market 2, there are no uninformed consumers and the firms compete with each other. As we
show in the Appendix, in this market, the (F, F) strategy profile is always the best for the consumers, as
uniform pricing “brings” higher prices from the central market. In contrast, consumer surplus in market
1, where only firm A is active, is maximized when both firms stick to uniform pricing, and this finding
is not novel in the literature (for example, see Holmes, 1989; Dobson and Waterson, 2005, 2008). The
idea behind is that using flexible pricing, firm A can extract as much surplus from market 1 as possible
(up to the point where some consumers stop buying its good). With uniform pricing, its ability to price
discriminate becomes limited — essentially, firm A commits not to use its monopolistic power in market

1, — and consumer surplus in this market increases.
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Hence, the overall effect of different pricing strategies on the total consumer surplus formulated in
Proposition 6 is determined by the weighted effects on the consumer surplus in each market discussed
above and depends on the relative size of market 1 (parameter 4) and the value of the good (parameter v).
In particular, when 4 is sufficiently small, the total consumer surplus is maximized under (U, U), and this
is mainly driven by consumers who shop in market c. If 4 increases and more commuters from market
1 arrive to market c, the value of the good, v, becomes important. For v being sufficiently small, the
positive effect of uniform pricing adopted by firm A on CSy, which is closely related to the value of v, is
smaller than the negative effect of this pricing strategy on CS,, and the total consumer surplus is higher
under (F, U) than in case of (U, U). When v increases, consumers in market 1 gain much more than
their peers in market c lose under uniform pricing by firm A, and (U, U) maximizes the total consumer
surplus. Note that under the assumption of 1, = n. = n, n{ = an, market 2 appears to be not that
decisive, because it is always smaller than market ¢ where commuters arrive to. 17

The findings in this section provide novel insights on the relationship between firms’ pricing strategies
and social welfare. If a policymaker is concerned about the total consumer surplus maximization, under
certain conditions it can be optimal to force both chain firms to use uniform pricing, as uniform pricing
seems to be a good way to limit the ability of chain firms to price discriminate. At the same time, the total
social welfare in this case appears to be lower than when both firms use flexible pricing. These results
may call for policies aimed at restricting or facilitating firms’ incentives to engage in uniform pricing (for
example, by bringing more competition to markets where one of the chains acts as a monopolist or has

excessive market power for some other reasons), depending on the goals of a policymaker.

6 Discussion and Conclusions

This paper enlarges the support for the uniform pricing phenomenon by introducing interconnection of
heterogeneous markets via commuters. We show that if two chains are alike and have access to almost
the same set of markets, both firms engage in flexible pricing. When heterogeneity between the chains

increases, a larger firm, which acts as a monopolist in some of the markets, can benefit from uniform

I7Tf we relax this assumption and let the size of market 2 change, (F, F) can also maximize the total consumer surplus under
certain conditions.
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pricing, while its rival still sticks to flexible pricing. The main trade-off for the former firm is driven by
the interplay between the surplus it can extract from consumers in monopolized markets under flexible
pricing and the opportunity of exploiting uninformed commuters to the central market, where the other
chain is also presented, that uniform pricing gives.

As for welfare implications, uniform pricing, adopted by at least one of the firms, unambiguously
reduces the total surplus. At the same time, consumer surplus increases when both chain firms or only a
smaller one set uniform prices across different markets because this limits their ability to price
discriminate. This sheds light on the policies a regulator should implement depending on the goals that
need to be achieved.

Although our baseline model is stylized, it allows us to explain the co-existence of uniform and
flexible pricing and to capture some empirical regularities. The two forces that make uniform pricing
possible in equilibrium are (1) the presence of commuters who generally have no information about
prices in a market where they do not reside, and (2) the fact that one of the firms has no access to a subset
of markets. If at least one of these assumptions is relaxed, we get back to a model with isolated markets
/ symmetric firms, where the only possible equilibrium of the Stage 1 game is flexible pricing for both
firms. Indeed, in the absence of market 1 and uninformed commuters, firms clearly have no incentive to
use the uniform pricing strategy. If the firms are identical, which corresponds to the case when the size
of market 1 is zero (or n7 = 0), it is possible to show that both firms choose flexible pricing irrespective
of the sizes of market 2 and the central market. This result, in fact, follows from Propositions 1 and
2. Specifically, if n; = 0, then according to the propositions, in the case of uniform pricing both firms
set their prices equal to T, while flexible pricing allows them to discriminate consumers shopping in the
central market by setting prices strictly higher than T, thanks to uninformed commuters from market 2.
This in turn implies that flexible pricing is more preferable for both firms than uniform pricing. Other
assumptions made in Section 4 are not pivotal for our results, and we discuss some of them below.

In the baseline model, we assume that in the second period, half of consumers from each periphery
market travel to the central market and make purchases there. The main reason for this simplification is
to keep the analytical tractability of the model. In particular, our focus in the paper is the role of the firm

asymmetry represented by the size of market 1. If we introduce one more parameter capturing the share
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of commuters from each market, the qualitative analysis becomes much more complicated. Moreover, as
stated previously, if we choose another reasonable value for the share of commuters, this will not affect
our result qualitatively, but only quantitatively. At the same time, it may be interesting and promising to
explore the role of the interplay between the size of market 1 and the share of commuters in determining
the equilibrium pricing strategies.

Another interesting extension can be to let some commuters select a market where to shop in the
second period, which they are not allowed to do in the present model. This would help us to endogenize
the share of commuters and may provide some additional insights, but at the cost of having an even less
analytically tractable model, compared to the case with the exogenous share of commuters represented
by a parameter. Intuitively, our main results should remain the same if the share of commuters who must
shop in the central market in the second period (for example, due to preference shocks or other reasons)
is not too small. However, we do not provide a detailed analysis here and leave this question for future
research.

One more potentially interesting extension is to further explore the role of consumer heterogeneity.
In the paper, we allow consumers to differ in their location (both within and between markets) and
commuting status. However, there can be other sources of heterogeneity (e.g., different preferences,
income level). For instance, it may be interesting to disentangle the role of market size in terms of the
number of consumers residing there and in terms of their income on the firms’ pricing strategies. This

research direction is also left for future analysis.
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A Map of Moscow

By the end of the 1960s, Moscow was limited by the Moscow Automobile Ring Road (MKAD). In
1969, the city of Zelenograd officially became the first “enclave” part of Moscow outside the MKAD.
Finally, the borders of Moscow substantially changed in 2011-2012 with the inclusion of new territories
(so-called “new” Moscow) to the South-West of the city.

To make sure that our sample is rather homogenous in geographical and population characteristics, we
limit our attention to “old” Moscow borders that mostly coincide with the MKAD. Therefore, we exclude
two big cities — Zelenograd and Troitsk, — that are officially located in Moscow but are geographically
remote and potentially different in demand. The same concerns hold for “new” Moscow, which is still
poorly connected to the city center via public transportation and is distinct not just geographically but

also in population characteristics and urban organization.

FIGURE 3: THE M0OSCOW AUTOMOBILE RING ROAD (MKAD) AND MOSCOW BORDERS

B Price Dispersion

In this Appendix, we discuss price dispersion across different affiliates of a given flexible-pricing
pharmacy chain. The information on assortment and prices is scrapped from a well-known online
aggregator aptekamos.ru that allows consumers to find out where and at what price a drug they need is

available. Since this online platform substantially simplifies consumer search, the majority of chain
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TABLE 5: PRICE DISPERSION IN FLEXIBLE PRICING CHAINS

Price dispersion max(pr;lecjz(_p r:;f;)(p rice) N
Mean SD Mean SD
Total 0.0797 0.1056  0.1224 0.2032 35,239
Need a recepe 0.0676 0.0608 0.1200 0.1132 6,538
Has limit price 0.0572 0.0576  0.1002 0.1014 3,094
By category
Drugs 0.0730 0.0743  0.1173 0.1319 15,654
Medical cosmetics 0.0738 0.1107  0.1147 0.2438 6,428
Medical devices 0.1028 0.1592  0.1432 0.2979 4,178
BAD 0.0745 0.0938  0.1252 0.1976 4,129
Care products 0.1406 0.1949  0.1560 0.3019 1,481
Hygiene products 0.0808 0.0920  0.1296 0.1770 947
Food products 0.0795 0.1024  0.1136 0.1904 615
Homeopathy 0.0785 0.1315  0.1190 0.2478 264
Therapeutic nutrition ~ 0.0512 0.0943  0.0814 0.1240 124
Optics 0.0082 0.0341  0.0148 0.0548 90
Disinfectants 0.1342 0.1282  0.2134 0.3011 67
Other 0.0917 0.1182  0.1188 0.2096 1211

Note: A drug is defined at the level of its trade name, dosage, producer, and country.

pharmacies, or 58% of drug stores in Moscow, post information on their assortment and prices there.'®
Still, the information provision is voluntary, and this limits our sample of pharmacies for which data on
assortment and prices are available.!”

On average, prices for a given product differ by 8% across different chain locations (see Table 5).
Differences in prices are slightly lower for drugs which require a prescription or those for which price
is regulated. We note that according to the Russian law, as long as a price is not more than 15% higher
than a price limit, pharmacy is free to choose a price for a drug for which a certain price limit applies. As
for the categories of products sold by flexible-pricing pharmacies, the highest dispersion results for care

products, disinfection, and medical cosmetics.

18We acknowledge that online prices can differ from offline ones (Cavallo, 2017) and therefore consider only a market of
online pre-orders, either via an aggregator or a pharmacy’s own website.

19Notably, two large pharmacy chains — 36,6 and Apteki Stolichki, — entered the platform only recently, and we do not have
information about assortment and prices for some of their affiliates.
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C Proofs

The proof of Proposition 1  Suppose conditions (6) hold. Then, taking into account that we solve for

optimal p 41 in the main text, the system of the first order conditions for optimal p 42, pac, PB2, PBc 1S as

follows:
aﬂiF 31’!2
— 2 _9 —0,
s AT (PB2 — 2pa2 + T)
aﬂip PBC — PAc+ T ny+ny (P — Pact+ T e
A =) S —
P Ac e ( 2T > T3 ( 2T ) T Pac
an.gp 31’12
B 22y —2 =0,
s AT (Pa2 —2pp2+ 1)
aﬂ'gF:zn pAC_pBC+T +n1~|—n2 ﬁAc_ﬁBc+T _E —0
OpBe ¢ 27 2 2T T PBe =

As can be seen, for p 4o and ppo, the solution is the same as in a standard Hotelling model:
FF _ _FF _
P2 = Pa2 =T

Constraint (6) requires

0> PA2+PBZ+T:3_T,
- 2 2

which holds as v > 2T.

For p 4. and pp., we first solve for prices as the functions of p 4. and pp. and then find consistent beliefs

by setting o, = pac and Pp. = pg.. Specifically, from the above first order conditions, we have

ne

ne ny +np
— — :2
Tch+ TPAC ne +

2

n+n
= pPac=2T+T7 12 z—pBC.
N

This in turn implies that

ny+mny np+np

pBC :T+T 4nc 12nc (pAC_pBC)/
B m+ny nptny,
PAc=T+T in, 121, (PAC Bc) .
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Setting o, = pac and Pp. = ppc, we have

FF _ _FF _ ny +np
ch_pAc_T+T .
4n,

These prices are compatible with constraint (6) if and only if: .
n n
0> PAc + PBc + T _ 3T+t 12nC2
Z 5 > .

Finally, we compute the equilibrium profits:

* 3 3 2
() =3 o B (14 2522
c

2
* 3
<n£F> =20 et (1 + 0 +n2)
4n,

The Proof of Proposition 2  The first order conditions with respect to p4 and pp are given by

oty
=0<—
8pA
nptne  m _3m | (pp—patT m (PB—pPatT
( T +4r)’9“‘_ 2+( 27 2(n24me) + 3 27 /
oy
=0
apB
np+ne.  (pa—pp+T nm (pa—pPp+T
T PBT ( 2T :>2(n24—nd-+ 2 ( 2T )'

Adding the conditions implies that

no + 1. nq np + N¢
_— o :2
( - +4T) pa+ p— (ny +ne+nyp) <

2T (ng +nc +my) — (n2 +nc) ps
ny+nc+ % '

pa = (24)
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Substituting into the first order condition for ppg, we derive

27 (ny +ne+ny) — (np +ne) ps

2(n2+nc)p3:( +T) <n2+nc—|—n—>——ﬁ3$

n ny
3(n2+nc)p3—2T(n2—i—nc—|—n1)—|—r<n2+nc—|— 41> —leg.

Taking into account that in the equilibrium, fgp = pp, we have

2T (o +ne+mny) + 7 (n2 +nc+ ) 2Tng

= :T+ .
PB 3(ny+nc)+ 3 3(ny+nc)+ 3

Then, substituting the derived expression for pp into (24), we have

52 (np + nc¢) +7nq
(4 (ny+nc) +n1) (12 (ny+ne) +ny)

pa=T+1Tm

Let us then check whether p; € (pj— T, pj+ 1), Vi # j where i, j € {A, B}. Specifically, we

need to check whether p4 < pp + T and p4 > pp — 7. For the former, we need to check

52 (ny +ne) + 7my o 2Ty

(4 (n2+7’lc)+7’l1) (12(1’12+7’lc)+1’11) 3(”2"‘”0)"‘%

T+ Tm

52 (np +nc) +7nq
4 (ny+ne) +n

n <12 (ny +ne) +9In <=
23 (4 1) + (ny + ne — ny)* > 0.

For the latter,

52 (np + ne) + 7nq - 8ty
(4(np+mne)+ny) (12 (npy+ne) +ny) = 12 (np+ne) +m

T+ T

24nq (np + nc)
4(ny+ne) +ng

12 (np 4 nc) + > 0.

As can be seen, the inequalities hold. We also find

52 (np +ne) +7my B 8ty
(4(ny+mne)+ny) (12 (npg+nc) +ny) 12 (np+ne) +m

pPA — PB = Tny

39



B T (20 (np +n¢) — nl)
S 12(npdn)+ng \4(np+ng)+ng )

This in fact implies that

pa > pp <= 20 (ny +n¢) > ny.

Moreover,
127 (ny +nc) (3n1 +4 (n2 +nc))
— —{—TZ > O,
PA — PB (4(n2+nc)+n1) (12 (n2—|—nc)—|—n1)
n? — 21nq (le + Tlc) + 24 (Tlg + nc)z
PB—PA ((12 (n2 +nc) +n1) (4 (n2 +ne) +n)
Note that
+ T
pA+T>%@pA—pB+T>O.

This immediately implies that condition (11) is satisfied when v > p4 + T.

Finally, the profits are then given by

(7)) = po ((p“‘_z—pf”) (2(n2 4 1) + %))

4(n2—|—nc) +3n1)2
12(np+ne)+ny )’

(749)" = pa <3;” + (pB P4 +T) (2(m2+ 1) + %))

_PA g, o n2 —2ny (ny + ne) + 24 (ny + ne)?
2 ! 12 (ny +n¢) +m

=97 (np +n) (

B 1701 (na +nc) +2n2 +12 (na + ne)?
—ba 12 (np +n¢) +nq

2
(12 (n2 4 ne)* + 17071 (n2 + ne) + 2n%>

=4t R
(4 (np +nc) +nq1) (12 (np + ne) + nq)
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The Proof of Proposition 3 The first order conditions with respect to pa1, P A2, PAc. and pp are given

by
d FU o
Ty :0<:>3n1 (v 2]%41):0,
8pA1 2 T
) FU o
A :O<:>3n2<p3 2PA2+T>:O,
apAz 2 2T
p) FU
TA 0
apAc
PB—2pAc+ T\ M (PB—=Pac+T\ M2 (PB—Pac+T\ _
2”6( 27 >+2< 2T )+2( 27 )‘0’
omLy
=0
JpB
3ny (paz—2pp+T Lon PAc—2pB+T\ _ (12 (Pac—2pp+T LM (Pac—PBHT
2 2T ‘ 2T 2 21 2 21 '
Solving for p 41 is straightforward:
3n1 (v—2pa1\ 0
5 < - )—0<:>p,41—2,

and this does not contradict condition (14) if and only if v > 27 holds. When firm A chooses pa; = %

for v > 27, demand in market 1 is equal to

%-min 1, v Pl _ 3 -min{l, i} = 3ﬂ
2 T 2T

Notice that min {1, U_—f““} = lif and only if pa; < v — T holds, that is, any p4; that satisfies this
condition gives the highest possible demand in market 1. Then, the profit-maximizing price p; for

v > 27 essentially solves

max {?ﬂ }
par€l0,o—1] | 2 parf:

Since the objective function is strictly increasing in p41 € [0, v — TJ, it is optimal to choose the largest
feasible p 41. Thus, firm A must set p4; = v — 7 for v > 27 in order to maximize its profit.

Next, we solve for p 42, pac, and pp. Adding the first order conditions for p 4. and pp implies that
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one (“PAcHZTPBY M M2 (ST TPEE3Pa2) _ g (25)
2T 2 2 2T

Then, we use the first order condition for p 45 to express p 42 as a function of pp and substitute this into

(25), which results in

_ —8ncpac+4n T+ 13n,T + 16n,.T
PB = (810 + 11m,) '

(26)

Imposing pa. = P ac, P = P (that must hold in any fulfilled expectations equilibrium) in the first order

condition for p 4. implies

ny+mny\ ny +np
(ps+1) (1+4—nc) = PAc <2+—4ﬂc )

Substituting (26) into the latter, we derive

- 4 (4n. +nq +np) (nq + 61y + 61¢) -
Pac 8nc (4ne + ny +np) + (8nc +ny +ny) (8ne + 1ny)

Using this expression, we recover pg and p 4o from (26) and the first order condition for p 45, respectively:

_ —8nc (4nc + ny + ny) + (4ny + 13ny + 16n) (8nc + 11 + n2)
PE 8n. (4nc + n1 + na) + (8nc + ny + na) (8nc + 11ny)

>0,

2 (nq + 6ny + 6nc) (8nc + ny + ny)
Pa2 = T.
8nc (4n. + ny + np) + (8nc + ny + ny) (8nc + 11ny)

Let us then check when condition (14) holds for the given price vector. First, we focus on p4y €

(pg — T, pp + T), which implies pg € (pa2r — T, paz + T):

PA2 > PB— T <

2 (50mpnc 4 4ngny + 5n3 + 48n2 + 2ncny — n?)

T>0<+—
8nc (4ne + ny + np) + (8nc + ny + ny) (8ne + 11ny)

ny € {0, 2ny +ne + \/971% + 54nyn. + 49;1%) ,
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Pa2 < pp+ T <

—2(ny + 6ny + 6n¢) (81 + ny + ny)

T<0.
8nc (4ne + ny + np) + (8nc + ny + ny) (8ne + 11ny)

Thus, both firms face non-zero demand in market 2 if and only if 717 is sufficiently small.

Second, we look at p4. € (pp — T, pp + T), which implies pg € (pac — T, pac + 7):

PAc > PB — T <~

2 (8ncny + 56mcny + 48n2 + 11nyny + 11n3)

>0,
8nc (4ne +ny + ny) + (8nc +ny +ny) (8ne + 11ny)
PAc < PB+ T <=
—16 6 6
nc(”1+ ny + nc) <0,

8nc (4ne +ny +ny) + (8ne +ny + ny) (8n. + 11ny)
and these two conditions hold for any nq, np, n., T > 0.

Third, we check the constraints on v:

v > P A2 +2PB + T

> 3 (n1 + 6ny + 61;) (8nc +ny + nz) -
— 8n. (4nc +ny +ny) + (8nc +ny +ny) (8ne + 11ny) 7

0

o> Pac+pPB+T
- 2

4 (nq + 6ny + 6n.) (6nc + ny + ny)

(e T.
~ 8nc (4ne +nq +ny) + (8nc +ny + ny) (8nc + 11ny)

It is straightforward to see that the latter inequality implies the former for any 71, ny, n., T > 0. Then,

we need

v > max {2 4 (nq 4 6ny + 6n;) (6n. + ny + ny) }

T, T
8nc (4ne + ny + np) + (8nc + ny + ny) (8ne + 11ny)
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to make sure that condition (14) holds.

The Proof of Proposition 4 The first order conditions with respect to p 4, pp2, and pp. are given by:

onyt
=0 <
pa
3ny  3ny (ppr —2pa+T PBc —2pA+ T ny+ny (Ppe —2pa+T
2 —
2 T2 ( 27 et 27 T 27 0,

o) UF .
B _ ey 2 (pA 2sz+T>:0,
apgz 2 2T

an’gF:0<:>2nC PA=2PpcH T Mty (pA= Pect T _
OPBc 2T 2 2T

Since both profit functions are strictly concave in respective prices, a price vector that solves the system
of first order conditions characterizes a maximum. We use the first order condition for ppg, to express pga

as a function of p4:

UF
omg

oPR2

+7T
:O<:>p32:pA2 .

Then, we express pp. from the first order condition for pg. and impose g, = pp. that needs to hold in

any fulfilled expectations equilibrium:

an, pPA—2pPBe+ T _I_n1+nz PA—PBc+T 0 e
4T 2 2T

(pa+T) (4ne +ny +ny)
(8n¢ + ny + ny)

PBc =

Substituting these two expressions into the first order condition for p4 and taking pp. = pp., we solve

for pa:

3n1+3n2 pB2 —2pa+T Lon. pPBc —2pa+T +n1+n2 PBc —2pa+T _ e
2 2 2T 2T 2 2T
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2 2 4t 2

314 +9n2 (T— pA> L (4n. + nq + ny) <pA (=12n, — ny — np) + 27 (61, + ny + ny)

27 (8nc +ny + np)
(12n1 4+ 9ny) (8nc + nq +ny) + 4 (4ne + nqy + ny) (6n, + nq + ny)

Pa = Iy (8ne +ny +ny) +2 (4ne +ny + np) (12n, +ny + ny)

Now, we can recover ppp and pp:

(pa + 1) (4nc +n1 + ny)

PBe = (81 + ny + ny) -

6 (4n. +ny + ny) (4ne + 3nq + 4ny)
9y (8ne +ny +ny) +2 (4ne +ny +np) (12n. +ny +ny

)

_patT _
pB2 = 5 =

3 (4nc + 3ny +4ny) (8nc + ny + ny)
Iy (8ne +ny +ny) +2 (4ne +ny + np) (12n. + ny + ny

)’L'.

T,

) =0

Let us then check when condition (17) holds for the given price vector. First, we look at ppy €

(pa — T, pa + T), which implies pg € (pp2 — T, pp2 + 7):

PB2 > PA— T <=

9612 + 100no1, + 5111y + 1013 > 20n1n. + 5nf <=

511y — 20n, + /5 (4513 + 360man, + 464n2)

ni € 0/ 10 ’

P2 < pa+T <

(4n. + 3nqy +4ny) (8nc +ny +np) < 2 (4ne + 3ny +4ny) (8nc + nq +ny),

and the latter condition holds for any 71, np, n., T > 0. Second, we focus on pp, € (pA —T,pa+ T),

which implies pg € (ppc — T, PBc + T):
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48n% + 56nyn, —4nin. + Zn% + 13n1ny + 11n% > 0,

PBe < pa+ T <= (12n1 + 18ny) 4n. + (4n. + ny + ny) 24n, > 0,

and these two conditions also hold for any nq, np, n., T > 0.
Third, we check the constraints on v. It is straightforward to show that pg. > ppp. In addition, we

have that pg. < p4 + T implying

pA+ch+T
PA+T>—2 .

As aresult, it is sufficient to take

o> LT = 6(4nC+3”1 +4n2) (8n6+n1 —|-1’12) .
=P Iy (8nc + ny +nz) + 2 (4ne + ny +ny) (12nc + nq + nz)

to make sure that condition (17) holds.

The Proof of Lemma 1 First, it is straightforward to see that

37 (34 + 56a + 128) )
@2 +32a+192
holds for any a2 > 0. One can also show that
3(3a%+56a+128) 7+a 7a+ 104 1—1/a

<
2 132a+192 ~ 4 21320 +192 4

The latter holds for any a € [O, (\/ 4345 — 15> / 10) . Similarly,

3 (3a% + 56a + 128) 4 (2% + 19a + 84) L, 7a+104  4a+22-86/a
a% 4 32a + 192 27a + 211 a% 4 32a + 192 27a+211 '

which also holds for any a € [O, (\/ 4345 — 15) / 10). Finally, it can be shown that for any a > 0,

6T (3a% +35a+72) _ 37 (3a* 4 56a + 128)
2a% + 454 + 211 a% +32a + 192
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This finishes the proof.

The proof of Theorem 1 We find a Nash equilibrium of the game between the firms. The profits under

different pricing strategies look as follows:

* 3a(v—1) 3T a+5)\° n (37T — 14at + 24av + a*7)
() :”< 2 +Z+T< 4 )): 16 ’

GO 16n7 (a2 + 170 + 24)° (ntr) = (a+8) (1622 + 165a + 221)?
A (a+8)(a+242 ~\A 4(2a2 + 45a + 211)?
(a+12) (3 (a+9)%+16 (a+ 5)2)

5 g
(27a +211)

(nff‘u)*:n 32—a(v—r)~|—r

1 (1851847 — 41067a1 — 1715247 — 847437 4 38a*T + av (133563 + 341824 + 21874%) )

("iu) - 2 (27a +211)°

re\: T (a2 +10a+37) /¢ 180T (32 + 8)?
<7TB> 16 ’ (nB ) N ({1+24)2

(=47) 9t (3a+8)? (1942 + 214a + 643) (nft) «  2nt (4% +57a + 221)°
P 4 (202 + 450 + 211)? B (270 +211)2

Next, we check when F is a dominant strategy for firm A. We have

] ] a+8) (1642 + 1650 +221)° 2 5\2 2a—1
(r82) > () s 05 o (@O W2 (Y
6a (2a2 + 45a + 211) Sa \ 4 2a

2 2 2
32 (a2 4+ 170 +24)°  2(a+12)° (3(a+9)*+16(a+5)°)

Fu\* uu)*
7T > (7T < U0>T — +1
( A ) ( A ) 3a ({1 + 8) ({1 + 24)2 3a (2761 + 211)2

Using the Matlab software, we find that there exists such a; (= 0.44) that v; > v for

a € (al, <\/4345—15> /10) and for a € [0,m], v1 < w©p. We also find that

v1 > 7 & a € [ap, a3] ,where a, ~ 0.34 and a3 ~ 2.84. Finally, v, > 0 < a € [ay, as] ,where

a4 ~ 0.29 and a5 ~ 1.65.
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Then, we check when F is a dominant strategy for firm B. We have

£ a+10a+37 _ 2(4a% +57a +221)°
) =

(k) > (" 6~ (ato21)

which holds for any a; and

ur\* qu\* 19a% + 214a + 643 8
() > ()" = SO N
(2% +45a+211)" (a+24)
which in turn holds for a < ag,where ag ~ 3.09. Hence, if firm A plays strategy F, it is always better
for firm B to respond with strategy F. At the same time, firm B may find strategy U profitable, when

firm A sticks to uniform pricing and a > ag. Overall, we have 0 < a4 < ay < a1 < a5 < a3 < ag <

(V4345 —15) /10.
Finally, we look at different intervals for a and find the Nash equilibrium of the game between the
firms:
1. a € [O, 014) = itis ¥ > max {01, vz}, and F is a dominant strategy for both firms. As a result,
(F, F) is a unique Nash equilibrium:
Firm B
F U
LF YD (g
U (md")" () () ()

2. a € [ag, ap) = itis vy > ¥ > vy, and there are two cases to consider:

(a) v € [7, vp) = firm A chooses F when firm B plays F and selects U when the rival sticks to
U. At the same time, F is still a dominant strategy for firm B under a € [ay4, a2) , and (F, F)
is a unique Nash equilibrium:

Firm B

F (i) (mif)" (7)" ()
U (md) () () ()
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(b) v > vp = F is a dominant strategy for firm A, and this is equivalent to Case 1 where (F, F)

is the unique Nash equilibrium.
3. a € [ay, a1) = itis vy, > v1 > ¥, and we must look at three cases:

(a) v € [0, v1) = U is a dominant strategy for firm A. Since F is a dominant strategy for firm B
under a € [ap, a7), the unique Nash equilibrium turns out to be (U, F):

Firm B
F U
Fo(mf)", (mgh)" (7f)7, (mf4)”
Firm A
U (745)", ()" (i), (mgY)”
(b) v € [v1, v2) = firm A chooses F when firm B plays F and selects U when the rival sticks to

U, which is equivalent to Case 2.(a) considered above.

(¢) v > vy = F is a dominant strategy for firm A, and this is equivalent to Case 1 where (F, F)

is the unique Nash equilibrium.
4. a € [a1, a5) = itis v1 > vy > 7, and there are three cases to consider:

(a) v € [3, v) = U is a dominant strategy for firm A, while F is still a dominant strategy for
firm B. This is equivalent to Case 3.(a) where (U, F) is the Nash equilibrium.
(b) v € [vy, v1) = firm A chooses U when firm B plays F and selects F when the rival sticks to
U. Since F is a dominant strategy for firm B, the unique Nash equilibrium is (U, F):
Firm B
F U
LF D R (e

U (mif) ()T (R ()

(¢) v > v1 = F is a dominant strategy for firm A, and this is equivalent to Case 1 where (F, F)

is the Nash equilibrium.

5. a € [as, a3) = itis v; > T > vy, and we must look at two cases:
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(a) v € [3, v1) = firm A chooses U when firm B plays F and selects F when the rival sticks to

U, which is equivalent to Case 4.(b) where (U, F) is the unique Nash equilibrium.

(b) v > v1 = F is a dominant strategy of firm A, and this is equivalent to Case 1 where (F, F) is

the unique Nash equilibrium.

6. a € [a3, ag) = itis 0 > v1 > vy, and F is a dominant strategy for firm A for any feasible v. This

is equivalent to Case 1 where (F, F) is the unique Nash equilibrium.

7. a € |:ﬂ6, (\/4345 — 15) /10) = itis 0 > ©v1 > vy, and F is a dominant strategy for firm A. At
the same time, firm B chooses F when firm A plays F and selects U when the rival sticks to U.

Then, (F, F) is the unique Nash equilibrium:

Firm B
F U
F ()", (mgh)" (=), (mp4)
Firm A

U (74F)" ()" (A4, (mgY)”
Taking 0 = vq, 4= ap, and 4 = a3 we obtain the statement of the theorem.
The proof of Proposition 5  First, we derive an expression for W/, j € {FF, UU, FU, UF},

analytically and show how it depends on the prices set by the firms. Consider market 2, where all

consumers have the same information about local prices and define

P]Az - P%z +7T

=
XA =
2 27

Then, the consumer surplus (taken over two periods) in this market can be found as

csh = (n2+%) </0x§ (v_prz_Tx>dx+/£ (v—p{qz—r(l—x)>dx>
B) + (0 pp-1)(1-8)+ 1 (1 - (fg)z))
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=22 (Pt P+ o) b= () o= - 7).

The firms in turn obtain

j _ oM o\ joo__oN2_j j
Tar = 5 (1 - xz) Paz 7ga = 5 *2Ppo

and we get the following expression for Wé:
W) = CSy + 7Ty + T
31, ) : i i\2 . T ¥ . i
=5 <(—p’Bz+P]Az+T> B-7() +o—plp—5+(1-5) P]AZHQPJBZ)

:?%@—%Jrrfé (1—x]2>)

Next, we focus on market c. Here, consumers can have different information about the prices set
by the firms in market c, which affects their shopping decisions. However, since we evaluate the social
welfare in equilibrium, commuters’ expectations must coincide with the actual prices observed in market
c. As aresult, commuters behave exactly as local consumers in market ¢, and it is enough to define only

one threshold type:

] j
f] _ pAc_ch+T
.= .
2T

We use #.. to characterize the consumer surplus and social welfare (taken over two periods) in market c:

CSh = <2nc—|—%+%> (/Ofi (v—p%c—rx>dx+/fz (v—p{qc—r(l—x)>dx>

= (2ne+ 2+ 2) ((—p’gcwﬁcﬂ) fi—r(fj)2+v—PQc—§)f

' ny | np i\ ' ny | N2\ j j
7‘[{4 = <2nc—|—7+3> (1 —x£> p;c, 7T]BC = <2nc—|—7—|—7> xép]BC —

i ] i j n n T i ;
== (e 8) (=S 1))

Thus, we obtain the expression for Wi:

Wi = S0 qW = ?% (0-5)+52 <v—%+r5€£ (1-%))+



<2nc+%+%> (v—%+raz’; (1-41)).

As one can notice, p{ﬂ, Pégz’ p{q o and pé . affect W/ only through 9?]2 and :f{;, respectively; moreover,
W/ is additively separable in J?]Z and JZ{; Hence, it is straightforward to see that W/ is maximized when
3272 =1/2and JZZ; = 1/2, which corresponds to20

P{qz = péZandp{;lc = p%c

Finally, we must show that the maximum of W/ defined by pfqz = P{gz and p];q = p]B . 1s attainable. This

follows immediately from (1) Proposition 1 that supports p 4o = pp2 and pa, = pp. in case when both
firms use flexible pricing and (2) the conditions in (23) that make the (F, F) equilibrium well-defined
(namely, both firms face non-zero demand in all the markets where they are present). This finishes the

proof.

The proof of Lemma 2  We have that, if both firms use flexible pricing, 9?5 F=1/2and #F =1/2,

which results in

WD) R - peen (-3

When firm A uses uniform pricing, while firm B still sticks to flexible pricing, we derive that

WUFZS”_”(U_Z>+37”<U—%+TJ?§IF (1—f§lF>>+g(a+5) <U—%+Tf£ﬂ: (1—9?211“)),

where

SUF _ 3(3a+8)(9+a) _ 9a% +105a + 216

2 7 2(09(9+a)+2(5+a)(13+a))  2(2a%+45a +211)’
JZw;:3((2a+3)(9+a)—(5+a)(Za—l)): 36a + 96 .
¢ 9(9+4+a)+2(5+a)(13+a) 242 +45a + 211

20The Hessian matrix computed for W; with respect to ¥ and X¢ is negative semi-definite.
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Then, after some simplifications we can express the efficiency losses from uniform pricing, or Ay =

WEE — WUE g
Ay — % <3 (1 4 (1 _fzz,zF)) +(5+a) (1 45UF (1 _JzCuF)))

_ 44° 4 59a* + 278543 + 1400942 — 29694 + 1880
8 (222 + 45a + 211)*

It can be easily verified that Ay is strictly increasing with respect to 4 on [4, @) interval, which proves

the lemma.

The proof of Proposition 6  Using the proof of Proposition 5, it is straightforward to show that for
j € {FF, UU, FU, UF}:
CS = Lie(1,2,1CS) =
3an

= (U—Pm )"‘37 ((‘P%2+P{42+7> fé_T<fé>2+U—P{42_%>+

2
5+a i\ 2 i T
(50 (o o) o0 3)

j j j j
J_ P PetT i Pac—PptT
2 2T e 2T '

where

First, we show that

csil ~ cgUf —

3nt (39947 + 26109a° + 601455a° + 6469672a* + k3a® + koa® + kya + ko)
8 (a + 8) (243 + 9342 + 1291a + 5064)*

> 0,

where

ko = 152678400, ky = 216685568, ko = 124013760, k3 = 37535392.

The latter obviously holds for any #, T, 4, implying that strategy profile (U, U) results in higher total

consumer surplus than (U, F) does. Also, we can show that CSFU > CSFF holds for any set of
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parameters that satisfy conditions in (23):

nt (309a* + 5727a° + 352844 + 907994 + 123205) =0

CStU » CSHF — .
8 (274 +211)

Then, it is left to check when CSYY > CSFU holds. In particular, we have that

csuu » cgtl —

oo p —35a” + 5526a° + 406381a° + 89521084* + 8586112843 + moa® + mia — mo
a (a+ 8) (2742 + 859a + 5064)°

7

where

mg = 38169600, m = 552112384, m, = 367864656.

One can also check that

>0 <= a>a~(0.2583,

which has a non-empty intersection with conditions in (23). This leads us to the conclusion that for
a € [0,4], (U,U) maximizes the total consumer surplus for any feasible v. For
ac (ﬁ, (\/ 4345 — 15) / 10) , (F, U) maximizes the total consumer surplus for v € (9, 9] and (U, U)

maximizes the total consumer surplus for v > 9. This proves the proposition.

Consumer surplus in different markets under various pricing strategies Assume that conditions in
(23) hold. First, we consider market 1. When firms play (F, F) or (F, U), there is no difference in the
surplus consumers obtain in market 1 — the pricing strategy of firm B has no effect on the price firm A

sets in market 1. Also, we can show that C S%l UsC S%lF holds for any feasible set of parameters:

9an (15a° + 127> 4 4724 + 640)
2 (a+ 8) (242 + 45a + 211)

csit > sl «— >0
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Finally, we investigate when (U, U) results in higher consumer surplus in market 1 than (F, F) does:

942 + 168a + 384T
a2 +32a+192 '

csiiU > cstt = cstl = v >

and we can show that
942 + 168a + 384T _
a4+ 32a + 192

0 <——

3 (154> + 1274 + 4724 + 640)

— <0
2a% + 10943 + 203542 + 153924 + 40512

holds for any feasible a. This allows us to conclude that (U, U) maximizes consumer surplus in market
1 under conditions in (23).
Next, we focus on market 2. It is straightforward to show that (F F) maximizes consumer surplus in

this market for any parameters that satisfy conditions in (23):

3an (2943 4 13764 + 149124 + 64512)
8 (a2 + 324+ 192)

csht > csiid T >0,

3n (—4a* + 264a® + 47174 +19650a+6305)

csit > csit >0,
8 (27a +211)*
where
/4345 — 15
—4a* + 2644 4 4717a% + 19650a + 6305 > 0V a € [0, 1—0> ,
3n (35a* 4- 1770a° + 214524% + 76710a + 6305
CSht > csiiE n ) >0,

8 (222 + 45a +211)*
In the end, we check what strategy profile — (F, F), (U, U), (U, F), or (F, U), — maximizes consumer
surplus in market c. We can show that consumer surplus in market ¢ is always higher under (U, U) than

under (U, F):

3n (30a® + 3335a” + 118261a° + t5a° + tya* + t3a® + tra® + ta + to)

CSUU > CcSUF «—
2 (2a* 4 10943 + 203542 + 153924 + 40512)*

T>0,

where

to = 247249920, t; = 385464064, t; = 251952176, t3 = 88002392, t; = 17458929, t5 = 1961365.
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Moreover, (F, U) outperforms (F, F) for any parameters that satisfy conditions in (23):

n (297a* + 65194° + 4943542 + 1497494 + 142120)

CSHU > CSHF «— 5
8 (27a +211)

>0,

and we need to focus on (U, U) and (F, U) only. Imposing conditions in (23), the former strategy profile

results in higher consumer surplus in market c if and only if:
CSUU > CStY «—=a € [0, 4),

where 4 =~ 0.3359. Then, we conclude that (U, U) maximizes consumer surplus in market c¢ for a

sufficiently small, or a € [0, 4), and (F, U) maximizes consumer surplus in market ¢ when a is large

enough, ora € [d, (@ — 15) /10).
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