This article was downloaded by: [168.122.32.202] On: 26 July 2017, At: 11:40
Publisher: Institute for Operations Research and the Management Sciences (INFORMS)
INFORMS is located in Maryland, USA

................... ‘ Marketing Science

SCIENCE Publication details, including instructions for authors and subscription information:
http://pubsonline.informs.org

Competitive Mobile Geo Targeting

Yuxin Chen, Xinxin Li, Monic Sun

To cite this article:
Yuxin Chen, Xinxin Li, Monic Sun (2017) Competitive Mobile Geo Targeting. Marketing Science

Published online in Articles in Advance 23 May 2017
. https://doi.org/10.1287/mksc.2017.1030

Full terms and conditions of use: http://pubsonline.informs.org/page/terms-and-conditions

This article may be used only for the purposes of research, teaching, and/or private study. Commercial use
or systematic downloading (by robots or other automatic processes) is prohibited without explicit Publisher
approval, unless otherwise noted. For more information, contact permissions@informs.org.

The Publisher does not warrant or guarantee the article’s accuracy, completeness, merchantability, fitness
for a particular purpose, or non-infringement. Descriptions of, or references to, products or publications, or
inclusion of an advertisement in this article, neither constitutes nor implies a guarantee, endorsement, or
support of claims made of that product, publication, or service.

Copyright © 2017, INFORMS

Please scroll down for article—it is on subsequent pages

inf

INFORMS is the largest professional society in the world for professionals in the fields of operations research, management
science, and analytics.
For more information on INFORMS, its publications, membership, or meetings visit http://www.informs.org

RIGHTSE LI MN iy


http://pubsonline.informs.org
https://doi.org/10.1287/mksc.2017.1030
http://pubsonline.informs.org/page/terms-and-conditions
http://www.informs.org

informs

http://pubsonline.informs.org/journal/mksc/

MARKETING SCIENCE

Articles in Advance, pp. 1-17
ISSN 0732-2399 (print), ISSN 1526-548X (online)

Competitive Mobile Geo Targeting

Yuxin Chen,? Xinxin Li,> Monic Sun¢

aNew York University Shanghai, 200122 Shanghai, China; bUr1iversity of Connecticut, Storrs, Connecticut 06269; ©Boston University,
Boston, Massachusetts 02215

Contact: yc18@nyu.edu (YC); xinxin.li@.uconn.edu (XL); monic@bu.edu (MS)

Received: March 8, 2015

Revised: May 9, 2016; October 25, 2016
Accepted: November 2, 2016

Published Online in Articles in Advance:
May 23, 2017

https://doi.org/10.1287/mksc.2017.1030

Copyright: © 2017 INFORMS

Abstract. We investigate in a competitive setting the consequences of mobile geo target-
ing, the practice of firms targeting consumers based on their real-time locations. A distinct
market feature of mobile geo targeting is that a consumer could travel across different
locations for an offer that maximizes his total utility. This mobile-deal seeking opportunity
motivates firms to carefully balance prices across locations to avoid intrafirm cannibaliza-
tion, which in turn mitigates interfirm price competition and prevents firms from going
into a prisoner’s dilemma. As a result, a firm’s profit can be higher under mobile geo tar-
geting than under uniform or traditional targeted pricing. We extend our model in three
different directions: (a) a fraction of consumers are not aware of mobile offers outside
of their permanent locations, (b) mobile offers can be collected when consumers travel
for other reasons, and (c) firms use both permanent and real-time locations when set-
ting prices. Our findings have important managerial implications for marketers who are
interested in optimizing their mobile geo-targeting strategies.
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1. Introduction
People are spending more time with their mobile de-
vices: U.S. adults, for example, are estimated to spend
an average of 2 hours and 51 minutes per day on
mobile devices in 2014 (eMarketer 2014a). According
to Ninth Decimal, 55% of consumers have purchased
a retail product as a result of seeing a mobile ad
(NinthDecimal 2014). The same study finds that when
mobile users are asked what information they are
most likely to respond to in a retail-related mobile
ad, the highest ranked answer is discounts/sales, top-
ping other answers such as product reviews or give-
aways. The 2015 Global Shopper Study finds that 37%
of the surveyed consumers use mobile coupons sent
as text/email messages and when asked the question
of “How likely would you be to use the following in-
store services offered on your smartphones?” 51% of
the consumers said yes to “Location-based coupons”
(Zebra Technologies 2015). Marketers are quick to fol-
low the eyeballs: global mobile ad spending more than
doubled from 2013 to 2014, projected to reach $94 bil-
lion in 2018 (eMarketer 2014b). In particular, 170 brands
in the United States, including Adidas, Pinkberry,
Walmart, and Outback Steakhouse, are known to be
using location-based mobile targeting technologies in
their marketing campaigns.'

The fast growth of mobile ad spending has trig-
gered an increasing body of empirical research on the
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topic, especially on location-based mobile targeting,
i.e., mobile geo targeting. Ghose et al. (2013) are among
the first to show that search costs may be higher on
mobile phones because of the small screen size, and
stores located in close proximity to a user’s home are
much more likely to be clicked on. Luo et al. (2014)
investigate the location and timing of mobile offers on
movie tickets and find that it can be profitable for firms
to allow more time when targeting nonproximal con-
sumers. Danaher et al. (2015) consider the redemption
of mobile coupons distributed within a shopping mall
and find that redemption is more likely if the offer has
a higher face value and is received at a location that is
closer to the store. Fong et al. (2015) examine the effec-
tiveness of geo-conquesting promotions with mobile
offers that target consumers located near a competitor’s
store. They find that firms may benefit from such pro-
motions and the optimal discount depth varies with
the distance from a firm. Besides location and timing,
other factors that have been shown to have an impact
on the effectiveness of mobile marketing include the
product category (Bart et al. 2014) and contextual fac-
tors such as crowdedness (Andrews et al. 2016) and
shoppers’ in-store paths (Hui et al. 2013).

While empirical research quickly accumulates, little
research is done in the theoretical domain on mobile
geo targeting. We aim to fill the gap in this paper by
providing insights on how firms can optimize mobile
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geo targeting in a competitive environment. As exist-
ing research often utilizes field experiments to gauge
causal effects of mobile geo targeting, it can be hard
to get two competing firms to participate in the same
study. Our theory can therefore help marketers under-
stand the incentives for competing firms to adopt the
mobile geo-targeting technology and conditions under
which the technology enhances their profitability.

We focus on an important feature of mobile geo tar-
geting that distinguishes it from traditional targeting
(e.g., mailed coupons): mobile geo targeting is often
based on a consumer’s real-time location rather than his
permanent/home location. Our survey of 158 Amazon
Mechanical Turk subjects shows that 54% of consumers
have used location-based mobile coupons. Among the
coupon users, 68% are aware of at least one of the
coupons before getting them and 60% have travelled to a
particular location to obtain such a coupon. Among the
nonusers, around half (49%) are aware of the existence
of such coupons. Across all of the consumers we have
surveyed, when asked “Would you be willing to travel
to a particular location to obtain such a coupon?” the
vast majority selected either “Yes” (28%) or “It depends
on the value of the coupon and the distance I have to
travel” (62%), and only 10% selected “No.”

In practice, mobile offers are delivered through both
“push” and “pull” technologies, although the bound-
ary between pull and push is getting increasingly
blurred. Once a consumer opts into a couponing/
payment application, say Google Wallet or Apple Pass-
book, the app then pulls coupons from participating
vendors based on the consumer’s real-time location. In
the example” shown in Figure 1, as soon as a consumer
enters the shaded region on the map that is predeter-
mined by the store, he receives a push notification from

Google Wallet on the phone’s home screen, which links
to the redeemable coupon with a barcode.

Another way of implementing mobile geo targeting
is to send location-based coupons through short mes-
sage service (SMS) (Fong et al. 2015, Danaher et al.
2015). Users typically opt in to receive such messages
beforehand so that their privacy is protected and mes-
sages are pushed to them once they enter the predeter-
mined region of target. Mobile geo targeting can also
be implemented through dynamic banner ads that link
to location-based coupons. As a critical new feature of
mobile geo targeting, the final price is determined by
the consumer’s real-time location and he could travel
across different regions to obtain the best overall offer.
The mobile-deal seeking (MDS) behavior, as demon-
strated in our model, turns out to have profound impli-
cations for competing firms’ pricing strategies and the
consequent market outcomes.

Specifically, we consider a duopoly model in which
each firm has consumers residing at its home base
and there are also some consumers located in the mid-
dle of the two firms. Besides their permanent loca-
tions, consumers are also differentiated in their rel-
ative preferences for each of the two firms’ product
or service as taste heterogeneity has been shown to
play an important role in the literature of competitive
targeting (e.g., Fudenberg and Tirole 2000, Besanko
et al. 2003, Shin and Sudhir 2010). We assume that
the unit transportation cost on the location dimension
is higher than the unit mismatch cost on the prod-
uct preference dimension, so that the physical loca-
tion is the primary source of differentiation between
the two firms and mobile location-based targeting has
a significant impact on how firms compete with each
other.

Figure 1. (Color Online) Mobile Coupon Notification from Google Wallet

£

~ £ Ontario St

a‘*\c—\ >

1q 21015

e Dr

DERRII

7368 3625 13248

RIGHTSE LI MN iy



Downloaded from informs.org by [168.122.32.202] on 26 July 2017, at 11:40 . For personal use only, al rights reserved.

Chen, Li, and Sun: Competitive Mobile Geo Targeting
Marketing Science, Articles in Advance, pp. 1-17, ©2017 INFORMS

Under mobile geo targeting, a consumer could re-
ceive different price offers as his real-time location
changes, and the final offer location can differ from
both his permanent location and the actual purchase
location. A consumer carefully evaluates his total util-
ity of buying with each available offer based on his
permanent location, the price at the offer location, and
his product preference. Once he identifies the best offer
that maximizes the total utility of buying, he makes a
final decision on whether to buy a product, and if so,
from which firm and with which offer.

Three main forces drive the equilibrium outcomes
in our model. First, firms” ability to price discriminate
helps them expand demand without having to charge
lower prices to the local consumers. As we allow cat-
egory demand to increase with targeted pricing, our
model fits best with nonnecessity product categories
with a reasonably high elasticity of demand, such as
movies (Luo et al. 2014) and café snack foods (Danaher
et al. 2015), for which a consumer may not make a pur-
chase unless he receives a discount. It is important to
note that while coupons of significant monetary value
may provide stronger motivations for consumers to
engage in mobile-deal seeking, coupons on small-value
products such as snacks can also be attractive when the
distance the consumer has to travel is small.?

Second, as documented in the literature, price dis-
crimination could intensify interfirm price competition
in each segment of the market and as a result, tradi-
tional targeted pricing is often found to lead to a pris-
oner’s dilemma in which every firm is worse off (Thisse
and Vives 1988, Shaffer and Zhang 1995, Corts 1998).
The same force applies in our model as well.

Third, as a unique feature of our model, consumer
mobile-deal seeking motivates each firm to balance its
prices across different consumer segments (i.e., loca-
tions) to avoid intrafirm cannibalization. As a result,
interfirm competition is mitigated at each location and
mobile geo targeting could outperform uniform pric-
ing in firm profitability, whereas traditional targeting
typically underperforms uniform pricing.

We also examine three extensions of the main model.
First, we investigate what happens when only a frac-
tion of consumers are aware of all mobile offers and
actively seek the best offer, while the other consumers
are “naive” and only know about the offers at their
permanent locations. When the fraction of mobile-deal
seekers is small, consumers travel for better mobile
deals in equilibrium as firms find it more important
to compete aggressively for the large amount of naive
consumers at the middle location with low prices than
to prevent mobile-deal seeking. Interestingly, the equi-
librium profit in this case decreases with the fraction of
mobile-deal seekers, as the dominant effect of mobile-
deal seeking in this case is intrafirm cannibalization.
When the fraction of informed residents exceeds a
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certain threshold, potential cannibalization of high-
margin sales from the local consumers becomes so sig-
nificant that both firms raise their prices at the middle
to prevent deal seeking from occurring in equilibrium,
just like in our main model. Our results hence sug-
gest that increasing the fraction of informed residents,
through means such as direct advertising or support-
ing social media sites that promote information shar-
ing among customers, can potentially improve firms’
profits.

Second, we allow some residents to travel for rea-
sons that are external to shopping and stumble on the
best mobile offer without incurring additional travel
costs. In this case, firms need to equalize their prices
even more across locations and interfirm price compe-
tition is further mitigated. Interestingly, while uniform
pricing arises when mobile-deal seeking is costless and
traditional targeting arises when deal seeking is pro-
hibitively costly, both strategies can be outperformed
by mobile geo targeting in terms of profitability, a case
in which deal seeking is costless for some consumers
but prohibitively costly for others.

Finally, we explicitly compare the firm’s equilibrium
profit under traditional and mobile geo targeting. In
addition, we look into the possibility of firms setting
their prices based on both the permanent and real-
time locations of a consumer. In equilibrium, given the
same permanent (real-time) location of a consumer, the
further away a consumer’s real-time (permanent) loca-
tion is from the firm, the lower the equilibrium price.
Although each firm now optimizes a complicated price
schedule based on many possible combinations of per-
manent and real-time locations, the equilibrium out-
comes degenerate to those under traditional target-
ing: consumers use offers at their permanent locations
and the equilibrium price each consumer pays is the
same as that under traditional targeting. Intuitively,
each firm has a strong incentive to use information
on permanent location to directly prevent mobile-deal
seeking and intrafirm cannibalization, but doing so
turns out to hurt both firms because of intensified price
competition.

Taken together, our analysis shows that mobile geo
targeting, as a unique pricing mechanism that is based
on consumers’ real-time location, can benefit firms
in a competitive setting. While a consumer’s ability
to obtain and use an offer outside his home location
seems to have the obvious consequence of cannibal-
izing high-margin sales, this possibility may turn out
to benefit both firms through equalizing prices across
locations in each firm and limit the price competition
between different firms.

Our paper contributes to the literature of compet-
itive targeting, behavior-based price discrimination,
and mobile marketing. The first literature tends to
focus on the interaction of competition and price
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discrimination. Studies in this literature that explore
third-degree price discrimination along a horizontal
dimension such as location or taste often find that
price discrimination increases interfirm competition
and leads to a prisoner’s dilemma in which all firms
obtain lower profits, unless these firms are differenti-
ated in other dimensions (e.g., Thisse and Vives 1988,
Shaffer and Zhang 1995, Corts 1998). Lal and Rao
(1997), for example, consider supermarket competition
and show that a retailer may use price, service, and
communications together as a positioning tool. As a
result, retailers with different pricing strategies such
as every-day-low-price and hi-lo promotions could
use multidimensional targeting strategies that appeal
to all consumer segments. Shaffer and Zhang (2002)
show that one-to-one promotions have the potential
to either increase or decrease a firm’s equilibrium
profit, depending on, for example, whether the firm
has a larger market share than its competitor. On the
other hand, Desai and Purohit (2004) and Desai et al.
(2016) identify interesting scenarios, such as consumer
haggling and firms offering exchange promotions, in
which uniform pricing can also be the outcome of a
prisoner’s dilemma in a competitive setting.

By allowing consumers to self-select the best deal
across different locations, we are essentially modeling
a particular type of second-degree price discrimina-
tion in a horizontally differentiated market.* To our
knowledge, there is very limited work in this direction,
as most studies of second-degree price discrimination
focus on the optimal levels of vertical attributes such
as quality and quantity, and the corresponding price
schedule (e.g., Spulber 1989). In an interesting paper by
Desai (2001), the vertical competition between firms is
modeled in a Hotelling framework (1929): both H-type
and L-type consumers are allowed to have different
preferences toward the two competing firms. Similar to
other research on second-degree price discrimination,
Desai (2001) focuses on firms’ selection of the optimal
quality-price bundles, whereas we focus on the optimal
location-price bundles and consumers’ self-selection
on the horizontal, rather than vertical, dimension.

On a broader level, by focusing on horizontal loca-
tions as opposed to vertical quality, our model features
a strong form of “best response asymmetry” in that
firms are asymmetric in their rankings of strong and
weak markets: one firm’s strong market is the other
firm’s weak market (Stole 2007). While it is generally
acknowledged in studies of third-degree price discrim-
ination that such asymmetry can significantly change
the equilibrium outcomes in a competitive setting, to
our knowledge this is the first paper to incorporate
this asymmetry in the context of second-degree price
discrimination. Our results highlight that mobile-deal
seeking has the potential to limit interfirm price com-
petition to such a degree that mobile geo targeting, as a
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particular form of second-degree price discrimination,
can outperform both uniform pricing and third-degree
price discrimination in a competitive environment.

Behavior-based price discrimination refers to the
practice of firms pricing consumers differently based
on their behavior, which can serve as a signal of their
underlying preferences. Early works in this literature
argue that price discrimination based on past purchase
behavior can lead to a prisoner’s dilemma that ulti-
mately lowers profits for competing firms (Fudenberg
and Tirole 2000, Villas-Boas 1999). Zhang (2011) fur-
ther argues that as forward-looking firms try to atten-
uate this intensified competition by altering product
design in early periods, products turn out to be less
differentiated, causing even stronger competition and
lower profits for firms. Recent studies explore different
situations in which behavior-based price discrimina-
tion might benefit firms, for example, when one firm
is significantly more advanced in its capability to add
benefits to previous customers (Pazgal and Soberman
2008), when customers differ in purchase quantity and
their preferences change over time (Shin and Sudhir
2010), and when past purchase is positively correlated
with the likelihood that a consumer has a high will-
ingness to pay in a related product category (Shen and
Villas-Boas 2017). Besides past purchases, studies have
also investigated the consequences of pricing on other
variables such as information related to customer cost
to the firm (Shin et al 2012, Subramanian et al. 2014).

Our paper contributes to the literature of behavior-
based pricing by adding another dimension of con-
sumer behavior that firms can price on: a consumer’s
real-time location. As mobile-deal seeking helps limit
interfirm price competition and makes it more likely
for firms to benefit from location-based price discrim-
ination, our paper is different from classic studies
in the behavior-based pricing literature that rely on
firm asymmetry, either in capability or in informa-
tion about customer type, to soften competition. The
stochastic consumer preference assumed in Shin and
Sudhir (2010) is close to our setting in that consumer
types can change over time. A key difference, however,
is that consumer types change exogenously in their
model, whereas mobile-deal seeking is endogenous in
our model.

The literature of mobile geo targeting has also been
growing quickly in the past few years. It provides
empirical evidence that is consistent with our model.
Luo et al. (2014), for example, find that it can be prof-
itable for firms to allow more time when targeting
nonproximal consumers, which is consistent with our
assumption that consumers need to incur substantial
travel cost to visit the store when they receive a mobile
offer from far away. Consistent with our result that
firms would offer a lower price to consumers who are
located further away, Fong et al. (2015) find that the
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optimal discount is deeper at locations near the com-
petitor’s store than at locations near one’s own store.
Dubé et al. (2017) use a field experiment to estimate
consumer demand and the best response functions of
two competing firms engaging in price discrimination
via mobile devices. They find that mobile geo target-
ing decreases firm profit while behavioral targeting
based on the recency of last purchase increases profit.
Different from our study, they do not consider the
possibility of consumers actively seeking out the best
mobile offer across locations, or firms targeting con-
sumers located in the middle of two firms” home bases.
As a result, mobile targeting is conceptually similar to
traditional targeting in their study. As we make the
first attempt to model competitive mobile geo target-
ing in a game-theoretical framework, our results yield
interesting predictions for future empirical work in this
domain.

The remainder of the paper proceeds as follows.
In the next section, we introduce the main model of
competitive mobile geo targeting. We then present the
three extensions of the model, and conclude with a dis-
cussion of managerial implications and directions for
future research.

2. A Model of Competitive
Mobile Geo Targeting

We consider a spatial model of competitive mobile geo
targeting. Two firms are located at the endpoints of the
unit interval, Firm A at 0 and Firm B at 1. The produc-
tion cost is normalized to zero without loss of gener-
ality. There are three groups of consumers, each with
a mass of one. The first group resides at 0, the second
group resides at 1, and a third group resides at %2. That
is, each firm has a unit mass of home-base consumers,
while another unit mass of consumers reside at the
middle of the market an equal distance away from both
firms.”> We refer to a consumer’s base location as his
permanent or home location.

Residents at each location have heterogeneous pref-
erences toward the two firms. At each location, they
are distributed uniformly on a unit line in the prefer-
ence dimension with utility V —tx; — sy for Firm A
and utility V — tx, — s(1 — y) for Firm B, where V is
the consumers’ reservation price for the product cate-
gory, t is the unit transportation cost, s is the unit mis-
match cost on the preference dimension, y is uniformly
distributed in [0, 1] and captures the consumer’s pref-
erence mismatch with Firm A relative to Firm B, and
finally x;, i € {A, B}, is the total distance the consumer
has to travel to buy from firm i, including the distance
he travels to obtain the mobile offer, to visit the store to
make the actual purchase, and to come back home once
the purchase is made. A consumer purchases at most
one unit of the product and gets zero utility without a
purchase.
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In this section, we consider the situation in which
information on all of the offers (both their existence
and the associated prices) can spread across the con-
sumers through word of mouth.® Such information can
disseminate through two channels. First, consumers
would spontaneously spread word of mouth on these
offers. Second, mobile apps such as FourSquare,
Yowza’” and Google’s Field Trip® track location-based
coupons and present them on a map on the user’s
phone for easy perusing. As consumers become more
familiar with geo-targeted offers, we also expect them
to become more aware of such offers.

If consumers are only aware of their home-location
offers, the model becomes one of traditional targeting.
If consumers know about the existence of the other
offers but do not know the associated prices, the market
is then subject to the classic hold-up problem discussed
in the consumer search literature (e.g., Anderson and
Renault 2006): firms will have an incentive to raise the
price once consumers have incurred the travel cost to
arrive at a particular location. Anticipating this, con-
sumers would refrain from traveling for better offers to
begin with, making offers outside of their home loca-
tions irrelevant.

To ensure that firms’ physical locations constitute the
main source of differentiation, we assume that ¢ > s.
This is consistent with the idea that location-based tar-
geting is naturally more relevant for product categories
in which location is actually important. To fix ideas, we
focus on a particular range of V, s, and ¢t to illustrate
the key trade-offs in the main model. At the end of this
section, we show that our results are robust in other
parameter ranges. The parameter range for the main
model is defined by 2s <t <4s and 2t <V <2t +s.
The first set of inequalities ensures that a pure-strategy
equilibrium exists under mobile geo targeting and the
equilibrium prices differ under traditional and mobile
geo targeting. The second set of inequalities ensures
that the category willingness to pay is high enough for
a firm to target consumers located near its competitor
and low enough so that there is still room for demand
expansion.

Consider the benchmark scenario in which the tech-
nology of mobile geo targeting is not available and each
firm charges a uniform price to all consumers. Suppose
that firms simultaneously choose their prices before
consumers decide whether to buy one unit of the prod-
uct, and if so, from which firm. We characterize the
equilibrium of this game below.

Proposition 1. Under uniform pricing, each firm remains
a local monopoly and sells to all of its home-base consumers.
Residents at V4 do not purchase from either firm. A firm'’s
optimal price and equilibrium profit are both V —s.

Proofs of all propositions, lemmas, and corollaries
are in the appendix. Proposition 1 suggests that a firm
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would set its price such that all local residents (i.e., res-
idents at the firm’s own location) would buy its prod-
uct, while other consumers do not buy its product.

Suppose now the technology of mobile geo targeting
becomes available to both firms, enabling them to set
prices based on the real-time location of a consumer.
Consider now the new game in which the firms simul-
taneously adopt mobile geo targeting with a separate
price charged at each location (if the prices charged by
a firm at all locations happen to be the same, then its
mobile geo targeting degenerates to uniform pricing).
As consumers obtain offers on their mobile devices,
they can travel across different locations to maximize
the total utility of buying. We assume that consumers
have rational expectations on firms’ location-based
prices. As a tie-breaking rule, we also assume that con-
sumers do not travel or choose to travel less when they
are indifferent.

To keep the analysis tractable, we focus on deriving
the symmetric equilibrium in which both firms adopt
the same pricing strategy.” As a first step, we show
that mobile geo targeting would disrupt the uniform
pricing equilibrium.

Lemma 1. When mobile geo targeting is available, there
does not exist a symmetric equilibrium with uniform pricing.

Intuitively, the ability to charge different prices at
different locations gives a firm increased flexibility to
compete with the other firm. For example, it could
potentially enable a firm to increase demand at dis-
tance %2 without decreasing its home-base profit. As
a result, a firm always finds it attractive to adopt
the mobile geo-targeting technology once it becomes
available.

Since uniform pricing is no longer part of the equi-
librium, we investigate next whether an equilibrium in
which both firms adopt mobile geo targeting can be
sustained. To characterize the firms’ pricing strategies
under mobile geo targeting, consider consumers’ total
cost of buying that equals the price he pays plus the
travel cost he has to incur. Table 1 summarizes this
total cost for all consumers, with {p,, p,, p1} denoting a
firm’s prices for consumers located at distances {0,%, 1}
from the firm in real time.

Based on the consumers’ total cost of buying, we
make the following observations.

Lemma 2. A symmetric equilibrium with mobile geo tar-
geting must satisfy the following properties: (a) demand at
distance O is positive for each firm, (b) a resident at dis-
tance O from a firm has (weakly) lower total cost of buy-
ing when using the offer at his home location, i.e., p, <
min{p,, + t,p; + 2t}, (c) a resident at distance V4 from a
firm has (weakly) lower total cost to buy with his home-
location offer than to buy with the firm’s offer at distance 1,
ie., py < p;+t, and (d) demand at distance 1 is O for each
firm,ie., p; +2t —py >s.

The intuition of Lemma 2 is as follows. First, demand
from local residents has to be positive. Since travel
cost is significant in our model, at least the perfectly
matched local resident would find it optimal to buy
from the firm at his home base. In addition, by prevent-
ing consumers from traveling for better offers, firms
could profit from the consumers’ saved travel costs. For
example, a local consumer would not find it optimal
to obtain the offer at distance % or 1. This is because
if he does, then the firm would find it more profitable
to lower the price at its home base to induce the con-
sumer to buy at his home location. By doing so, the
consumer can save on his travel cost and pay the firm
a higher price at his home location. Similarly, if a res-
ident at distance %% travels to distance 1 to obtain the
poaching offer there, the firm located at 0 could once
again lower the price at distance % to induce the con-
sumer to buy from it and profit from his saved travel
cost. Finally, given the relative importance of the travel
cost and taste mismatch, a firm finds it optimal to fight
the competitor out of its home base as local residents
yield the highest profit margin.

To capture how firms balance prices across locations
to prevent mobile-deal seeking, we formalize their
optimal pricing strategy under mobile geo targeting.

Proposition 2. Under mobile geo targeting, each firm
charges prices {2t —s,t —s,0} to consumers located at dis-
tances {0,%2,1}. The profit for each firm is 5t /2 —3s /2 and
all consumers are served in equilibrium.

The firms’ equilibrium prices above are driven by
their incentive to use mobile geo targeting to expand

Table 1. Consumers’ Total Cost of Buying under Mobile Geo Targeting

Residents at 0

Residents at %2 Residents at 1

Firm A’s price Po
Cost of buying from Firm A
Firm B’s price

P1
Cost of buying from Firm B p,+2t,p,, +2t,p, +2t  po+t,p, +1t,p, +2t

Pos Py +t,p1+2t

Py P1
po+t,put+t,py+2t  py+2t,p,+2t,p +2t
Py Po

Pos Py +E,p1+28

Notes. We list the total cost of buying with all three available offers, e.g., for top cell #1, the total cost is
p, if the consumer simply buys from Firm A with its offer at location 0, p,, + t if he travels to location %2
to get p,, and then comes back to buy from Firm A, and p, + 2t if he travels to location 1 to get p, and

then comes back to buy from Firm A.
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demand with lower targeted prices, and their incentive
to prevent deal seeking from high-margin local resi-
dents. Intuitively, a positive price at the competitor’s
home base cannot be sustained as the two firms would
fight a price war until the poaching firm is driven out
of the focal firm’s home base at price zero. As aresult, a
resident at 0 or 1 can always travel to the opposite end
of the line to buy the product with a total cost of 2¢. To
retain all of the local consumers, a firm has to charge
a price that is not higher than 2¢ —s. When 2t —s is
charged at the home base, the price at the middle loca-
tion needs to be at least t — s to prevent local residents
from traveling to the middle location for a better deal.
These optimal prices, when put together, yield the fol-
lowing comparative statics on firm profit.

Corollary 1. A firm’s equilibrium price and profit under
mobile geo targeting increase with t and decrease with s.

Essentially, when t increases, it is harder for con-
sumers to obtain mobile offers outside of their home
locations, and firms can hence increase equilibrium
prices. When s increases, on the other hand, firms have
to lower their home-base prices to keep all local resi-
dents, obtaining a lower profit in equilibrium.

Comparing mobile geo targeting to uniform pricing,
one can see that the technology lowers market price
at all locations and increases overall market coverage.
As with traditional forms of targeting, the ability for
firms to price discriminate against different consumers
allows them to expand their consumer base, although
it comes at the cost of intensified price competition
in each submarket. Different from traditional forms
of targeting, however, the firms’ incentive to balance
prices across locations to prevent mobile-deal seeking
helps limit interfirm price competition and enhance
firm profitability.

Proposition 3. Mobile geo targeting increases firms” equi-
librium profit from uniform pricing iff V < (5t —s)/2.

Proposition 3 suggests that mobile geo targeting en-
hances firm profitability when the consumers’ willing-
ness to pay for the product category is low, their travel
cost is high, and their preference regarding different
firms is weak. The intuition of this result lies in how
firms trade off demand expansion, interfirm price com-
petition, and their incentives to mitigate intrafirm com-
petition across different locations as firms move from
uniform pricing to mobile geo targeting. While each
firm’s demand in our model always increases from 1
to 1.5, the decrease in prices is less significant when
the condition in Proposition 3 is satisfied. When the
travel cost t is higher, consumers have a decreased
ability to travel and firms can charge higher prices
under mobile geo targeting. When consumer prefer-
ence becomes weaker (i.e., s is lower), price increases
for more consumers under mobile geo targeting than
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under uniform pricing, as demand is higher in the first
case. Finally, when consumers have a lower willingness
to pay, V, for the product category, their profit under
mobile geo targeting remains unchanged as the equi-
librium prices are determined by intrafirm price com-
petition across locations. On the other hand, they make
less profit under uniform pricing as price needs to be
lowered to retain all local residents. Overall, demand
increases and price decreases as firms adopt mobile
geo targeting and consumers are better off at all loca-
tions. Given Proposition 3, that is to say, there exist
conditions under which both firms and consumers
are strictly better off under mobile geo targeting than
under uniform pricing.

When only a fraction of consumers are mobile acces-
sible to the firms, firms would treat the two types of
consumers (nonaccessible and accessible) as two differ-
ent markets in which they practice uniform pricing and
mobile geo targeting, respectively. As a result, firms’
prices depend not only on the consumer’s location but
also on his accessibility to mobile geo targeting: even
consumers with zero distance to a firm may receive
a discount from the firm once they become accessi-
ble to mobile geo targeting, which prevents them from
seeking even bigger discounts at other locations. This
insight is formalized below and provides a good expla-
nation to why retailers such as Starbucks, Toys “R” Us,
Talbots, Peets Coffee, and Kohl’s, offer mobile-based
discounts to consumers who have already arrived at
their stores."

Corollary 2. If only a fraction of the consumers are accessi-
ble to mobile geo targeting, in every location, consumers who
are accessible to mobile geo targeting pay a lower price than
those who do not.

Another factor that could affect the equilibrium
prices under mobile geo targeting is the distribution
of consumers across different locations. Suppose the
mass of residents at location % is k (k > 0) and k is
small enough so that the firms remain local monopo-
lies in the uniform pricing equilibrium." We find that
when there are more consumers at the middle (i.e.,
k increases), firms’ profit under mobile geo targeting
would increase because the category demand expands
more. If we fix the total market size, however, profit
decreases with the proportion of residents at the mid-
dle because local residents yield a higher margin.

Last, we also explore what happens once we step
out of the assumed parameter region, with detailed
derivation of the equilibrium outcomes in the online
appendix. In general, when s/t decreases, firms find it
optimal to decrease equilibrium prices to {t + 3s,3s,0}
at distances {0,%,1}: a lower s/t means that the com-
petition at any given location becomes more fierce as
consumers care less about the difference between the
two firms’ offerings. When the category willingness
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to pay decreases, on the other hand, the firms lower
equilibrium prices to {V —s,V —t —s,0} at distances
{0,%,1} to make sure that all consumers would make
a purchase.

In summary, our exploration of the expanded pa-
rameter region suggests that as long as there exists a
pure strategy equilibrium under both mobile geo target-
ing and uniform pricing, mobile geo targeting (M) out-
performs uniform pricing (U) when the category res-
ervation priceislow,i.e., V <min{t+11s/2, 5t/2—-5/2},
and the general intuition that firms’ incentives to avoid
intrafirm cannibalization mitigate interfirm price com-
petition remains to hold. As in our main model, in
order for mobile geo targeting to outperform uniform
pricing, we need the category willingness to pay to be
reasonably low so that demand expansion can dom-
inate the reduction in price. Again, movies and café
snack foods could be good examples of such nonneces-
sity product categories.

3. Extensions

In this section, we develop three extensions of the main
model. To keep the analysis tractable and make the
results more comparable, we use the same parameter
range as in the main model for all of the extensions.
In addition, each extension extends the model in a dif-
ferent direction, so that new features introduced in
one extension, such as naive consumers and consumers
who stumble on mobile offers, do not carry over to the
other extensions unless otherwise mentioned.

3.1. Coexistence of Informed and
Naive Consumers

In our main model, all consumers are strategic and
seek the best overall offer. The model fits a scenario in
which information on all mobile offers is readily avail-
able to consumers. Currently, the technology may still
be in its early stage and some consumers are famil-
iarizing themselves with location-based offers. In this
extension, we investigate a situation in which a fraction
h (0 < h £1) of residents at each location are informed
of all available mobile offers, while others are targeted
by offers at their permanent locations only and are
“naive” and remain unaware of offers outside of their
permanent locations. That is, a naive resident at 0 is
only aware of p, from Firm A and p, from Firm B. Sim-
ilarly, a naive resident at ' is only aware of p,, from
both firms. By definition, the case of & = 0 corresponds
to traditional targeting, and that of & =1 corresponds
to mobile geo targeting as in our main model.

Proposition 4. When the fraction of informed residents
is small (h < (3t — 25 — 2V2+/[t(t —5))/(25)), equilibrium
prices are {2t — s, (1 + 2h)s, 0} at distances {0,%,1}. An
informed (naive) resident at O or 1 buys from his local firm
with its mobile offer at Y2 (his home location), and a resident
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at Va buys from his preferred firm with its offer at his home
location. Equilibrium profit is 2(1 —h)t + [h(3+2h)—1/2]s
and decreases with h. When the fraction of informed residents
is large (h > (3t — 2s — 2V2VE(t = 5))/(25)), the equilib-
rium outcomes are the same as those in the main model. In
both cases, the equilibrium profit under mobile geo targeting
is greater than that under uniform pricing if the category
willingness to pay is low.

When the fraction of informed residents is small,
firms’ incentive to prevent deal seeking is weak as
the loss from intrafirm cannibalization is limited and
they compete aggressively for the large amount of
naive consumers. In equilibrium, informed residents
at 0 and 1 travel to the middle location for the sig-
nificantly better offer before making a purchase. Equi-
librium profit in this case decreases with the fraction
of informed residents as the dominant effect of deal
seeking is to cannibalize high-margin sales from local
informed residents.

Once the fraction of informed residents reaches a cer-
tain threshold, both firms find it optimal to raise prices
substantially at the middle location, from (1 + 2k)s to
t —s, to prevent deal seeking from occurring in equi-
librium. Both firms experience a significant increase in
their profit at this threshold, due to the discontinuous
jump in price at the middle and the complete preven-
tion of equilibrium deal seeking.

Overall, while mobile-deal seeking could indeed oc-
cur in the early stages of mobile geo targeting when
the fraction of informed residents is low, our general
intuition that mobile geo targeting could outperform
uniform pricing for low levels of category willingness
to pay continues to hold. In particular, our results sug-
gest that increasing the fraction of informed residents,
through means such as direct advertising or support-
ing social media sites that promote information shar-
ing among customers, can potentially benefit firms.

3.2. Consumer Travel for External Reasons

A consumer could stumble on mobile coupons when
traveling for external reasons. For example, he may
receive a mobile coupon for a movie on a business
trip to a nearby office building. In this case, the cost
of mobile-deal seeking becomes external to the pur-
chase decision itself. To investigate the consequences
of this possibility, we allow in this extension a fraction
of the residents at each location to travel across all of
the locations for reasons that are external to making a
purchase from one of the two competing firms. They
can collect the best mobile offer effortlessly when trav-
eling for other purposes, and make a separate trip for
the actual purchase later on.”? In the example above,
the consumer collects the best offer for the movie on
his business trip, and makes a separate trip later on to
watch the movie at the designated theatre. Formally, at
each location, a fraction r (0 < r < 1) of the residents are
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mobile-deal collectors as described above, while the
remaining residents remain unaware of mobile offers
outside of their home locations. The endogenous travel
cost for all residents, no matter which offers they col-
lect or use, is the cost of visiting the firm of choice and
coming back home afterward.

A critical difference between this extension and the
previous one is that the cost of mobile-deal seeking
now becomes negligible. In the following proposition,
we discuss the impact of this change on the equilibrium
outcomes.

Proposition 5. When a fraction of the residents at each
location can collect the best mobile offer when traveling for
external reasons, (a) equilibrium prices at 0 and 1 are higher
than when these residents have to incur a travel cost to obtain
the offer, (b) the equilibrium price at distance 1 becomes
(weakly) higher than the price at distance Y2, and (c) the equi-
librium profit under mobile geo targeting is (weakly) higher
than that under uniform pricing.

As deal collection becomes free, intrafirm price com-
petition is intensified and firms equalize prices even
further across locations. Because deal collectors at dis-
tances 0 and % no longer need to incur the travel cost to
obtain p,, lower levels of the poaching price p; would
lead to more significant cannibalization of profits at
these two locations. As a result, firms now offer their
lowest prices at the middle location, %, rather than
at distance 1. The increase in the poaching price also
makes the firms less defensive at their home bases.
In equilibrium, prices at both firms” home locations,
0 and 1, are higher than when deal seeking is costly.

As in the previous extension, when the fraction of
mobile-deal collectors is small, those collectors resid-
ing at 0 and 1 use the better middle-location offers as
firms find it critical to compete for the large amount of
naive consumers at the middle. When the fraction of
deal collectors exceeds a certain threshold, firms find
it too costly to allow deal collections at the middle and
charge the same price at all locations. In the extreme
case of r =1, all consumers can collect offers effortlessly
and face the same effective price, and we are back to
the uniform pricing benchmark.

It is noteworthy that mobile geo targeting in this
extension is always weakly more profitable than uni-
form pricing. The intuition is that given its competitors’
mobile offers in equilibrium, a firm can always deviate
to the defensive strategy of charging the same price,
V —s, across all locations. Since the competitor’s poach-
ing price is high, all local residents would purchase
from the deviating firm, leading to a deviation profit
of V —s. For the firm not to deviate, it must be that it
can earn more than this level of profit under mobile
geo targeting.

Putting this extension together with the previous
extension, one can see that the general intuition that
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the ability of consumers to obtain offers outside of
their home locations can mitigate interfirm competi-
tion at each location and potentially increase firm profit
is robust to our assumptions on consumers’ cost of
obtaining the offers. Regardless of whether consumers
internalize their travel costs to obtain the best offer or
not, the mobile-deal seeking opportunity always tends
to incentivize a firm to balance its prices across loca-
tions and hence weaken interfirm price competition.

3.3. Tracing Down Consumers’ Base Locations

In this final extension, we consider the possibility for
firms to trace down the consumers’ home locations.
Tracing can be implemented with either new technolo-
gies such as Placed and JiWire, which can be used to
identify where consumers spend the bulk of their time
and create audience profiles based on their location
histories,"” or traditional technologies such as obtain-
ing a mailing list.

Suppose the firms can trace consumers and restrict
them to obtain only offers at their home locations. If
firms are already in the mobile geo-targeting equilib-
rium, they would have an incentive to adopt tracing
if the fixed cost of the tracing technology is lower
than (t — 25)?/(8s)."* Intuitively, tracing could imme-
diately prevent deal seeking across locations and is
hence attractive to the firms, although in a competi-
tive setting it erodes equilibrium profit by intensify-
ing price competition at each location. Conceptually,
mobile targeting at consumers” home locations only,
through tracing, is equivalent to traditional targeting,
and firms in this case would charge prices 2t —s,s,0 to
consumers at distances 0, %, 1."° The equilibrium profit
is 2t — s /2, which is lower than that under mobile geo
targeting.

Integrating these results with Propositions 1 and 2,
we present in Figure 2 the ranking of firm profit across
the scenarios of uniform pricing (U), mobile geo tar-
geting (M) as in the main model, and traditional tar-
geting (T), which is equivalent to mobile geo targeting
with tracing.

As can be seen from the figure, there exists a param-
eter range in which traditional targeting leads to lower
profits than uniform pricing while mobile geo tar-
geting leads to higher profits. Again, this is because
while mobile geo targeting has a similar benefit to de-
mand expansion as traditional targeting, it alleviates
the negative effect of intensified price competition. As

Figure 2. (Color Online) Profit Ranking of Uniform
Pricing (U), Traditional Targeting (T), and Mobile Geo
Targeting (M)

U<T<M T<U<M T<M<U

1 1 1 1
2t 2t + /2 (5t—s)/2 2t+s

Note. The third region above (T <M < U) appears only if  <3s.
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aresult, although mobile and traditional targeting both
reduce deadweight loss and expand market demand,
the former can be more profitable in a competitive
environment.

Finally, consider the possibility for firms to set their
prices based on both the home and real-time locations
of a consumer. Each firm in this case needs to deter-
mine nine prices based on the different combinations
of three permanent locations and three real-time loca-
tions. A consumer can pull mobile offers at most one
time. As in our main model, consumers are aware of
the prices at different locations, based on which they
decide whether to make a purchase and if so, from
which firm and at which location to pull the offer.

Proposition 6. Given any permanent (real-time) location,
the equilibrium price from a firm decreases with the distance
between the firm and the consumer’s real-time (permanent)
location. All consumers make a purchase with a home-
location offer, and the price they pay and the firm from which
they buy are all the same as under traditional targeting.

Since location is the main source of firm differentia-
tion in our model, prices decrease as consumers move
further away from the firm. As mentioned before, pric-
ing on the permanent location can directly prevent
intrafirm mobile-deal seeking. Tempted by this imme-
diate benefit, firms focus on the permanent locations
in their pricing strategy and end up competing fiercely
at each location. As a result, the equilibrium profit falls
back to the level under traditional targeting.

4. Conclusion
In this paper, we show in a duopoly setting that tar-
geting consumers based on their real-time locations on
a mobile platform can increase firm profit from tradi-
tional targeting and uniform pricing. In essence, the
ability for consumers to seek the best overall mobile
deal incentivizes firms to balance prices across differ-
ent locations and hence curtails interfirm price compe-
tition. We discuss conditions under which consumers
travel for better deals in equilibrium, how firms’ profit
under mobile geo targeting varies with the fraction of
informed consumers and their cost of seeking out the
best deal, and the possibility for firms to price simulta-
neously on consumers’ home and real-time locations.
Our results have important managerial implications
for marketers who aim to optimize their mobile geo-
targeting strategies. For example, managers should
carefully trade off the benefit (i.e., demand expan-
sion) and the cost (i.e., increased price competition)
of mobile geo targeting when compared to uniform
pricing. They should encourage more consumers to
become mobile-deal accessible only if mobile geo tar-
geting is beneficial, which tends to occur when the
category willingness to pay is low, the transportation
cost is high, and consumers’ taste preference is weak.
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Mobile-deal seeking is more likely to benefit firms
when the fraction of informed consumers is substan-
tial. In addition, surprise and effortless collections of
mobile deals tend to further equalize prices across loca-
tions and limit interfirm price competition. If the tech-
nology of tracing consumers” home locations is readily
available at a low cost, firms may end up suffering from
this technology because of the intensified price compe-
tition that it would bring about.

There are many interesting directions for future
research. Some companies, for example, have been
investing in connecting multiple devices of a con-
sumer and building an integrated profile based on
his purchase history, location history, demographics,
and browsing habits. It would be useful to understand
how these elements would interact with each other
in shaping a user’s purchase intent and correspond-
ingly, the optimal way to target different users. Also,
we have focused on a case in which consumers need
to incur physical travel costs to visit the store to pur-
chase the product, and as mobile payment matures,
one can imagine situations in which consumers make
purchases directly on their mobile device. In that case,
the relevant cost might be the shipping cost, which
could be partially absorbed by the firms. Finally, it may
be worthwhile to investigate how asymmetry between
firms may affect the effectiveness of competitive mobile
geo targeting.
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Appendix

Proof of Proposition 1. If firms only serve the local resi-
dents, m=p(V —p)/s, where V —s < p < V. The profit max-
imizing price is V /2. Because V /2 < V — s, the optimal price
is V —s, and the corresponding profitis V —s. Given s < t/2,
the middle location is not served because the utility of buy-
ing from either firm is V —t — (V —s) < 0. To make sure that
neither firm has an incentive to deviate to lowering its price
to serve residents at the middle, i.e.,, V —s > maxyc;(V -
t—As)(1+A), weneed V < s +2t. This condition also ensures
that neither firm has an incentive to serve the competitor’s
local residents, i.e., V —s > maxg ;< (V =2t =2As)(2+ A).

If firms serve residents at distances 0 and %4, but not resi-
dents at distance 1. There are two possible symmetric equi-
libra based on if residents at ¥ are all served. As we show
below, however, neither equilibrium exists.

First, if some residents at 2 do not buy from either firm,
then we musthave V-t —p—-s/2<0,andsop >V —t—5s/2.
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In this case, firms’ equilibrium profitis p + p(V —t —p)/s. The
profit maximizing price is (V —t —5)/2, because p > V -t —
s/2>(V —t —s)/2, the optimal price is V — t —s/2. In this
case, however, a firm has an incentive to deviate to charging
V — s because the deviation profit V — s is higher than the
equilibrium profit 3(V — t —5/2)/2.

Second, if all residents at %2 are served, then V —t —p —
5/2>0,and so p <V —t —s/2. Firms’ profits are 1, =p, +
Pa(pg—pa+s)/(2s) and 1ty = pp +pp(ps —pp +5)/(2s). Under
the first-order condition, p, = (pg + 35)/2, pg = (pa + 35)/2,
and the profit maximizing price is 3s. If 3s <V -t —5/2,
ie, V >t +7s/2, then the equilibrium price is 3s. In this
case, however, a firm has an incentive to deviate to charging
V — s because the deviation profit V —s is higher than the
equilibrium profit 9s/2 given V > t +75/2.1f3s >V -t —5/2,
then the equilibrium price is V —t —s/2 and from before, we
know the equilibrium does not exist.

If firms serve all residents, then p < V —2¢. In this case, a
firm has an incentive to deviate to charging p +2¢ —s because
the lowest deviation profit p +2t —s is greater than the highest
equilibrium profit 3p, given p <V -2t. Q.E.D.

Proof of Lemma 1. Consider the different ranges of prices
that firms can charge in a symmetric uniform pricing equi-
librium. First, suppose p > V —s. In this case we know from
Proposition 1 that a firm can increase its profit by lowering
its price to p =V —s. Second, suppose V-t <p <V —s so
that firms remain local monopolies. In this case a firm can
profitably deviate to charging a different price at location %,
py =V —t —s, which would enable the firm to generate a
positive profit at this location without decreasing its profit
from local residents. Third, suppose s < p <V —t. In this
case a firm can profit from lowering p,, by a small number
€ > 0 as the unconstrained optimal price at location ¥ is s.
Finally, suppose that p <'s, a firm then can profitably deviate
to charging t + s at its own location. Q.E.D.

Proof of Lemma 2. To show Lemma 2(a), suppose in equilib-
rium the demand at distance 0 is zero for both firms. There
are two possibilities. First, local residents do not buy from
either firm. Then we must have p, >V, p,, >V —t, and p, >
V —2t. Then no one at any location buys from either firm.
A firm can thus increase profit by setting p, lower than V.
Second, at least some local residents buy from the competing
firm (and the rest of the residents at distance 0, if there are
any left, do not buy from either firm). These residents cannot
buy from the competing firm at p, or p,, because their total
cost of shopping would be higher than if they buy from the
local firm at p, or py,. So these residents must buy from the
competing firm at p;. Then at least the local residents who
have a perfect match with the local firm on the preference
dimension should buy from the local firm at p;. Therefore,
neither possibility holds, so firms” demand at distance 0 must
be positive.

To show Lemma 2(b), realize that if p, > min{p, + ¢,
p1 +2t}, no one buys at p;. Then a firm can increase profit
by lowering p, to min{p,, + ¢, p; + 2t}. When the firm does
this, local residents switch from buying at p,, or p; to buying
at py, and the firm can gain an additional profit of ¢ or 2t from
these residents without affecting residents at other locations.

To show Lemma 2(c), realize that if p,, > p; +t, then no one
buys at p,. In this case, there are three possibilities. First, if
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po +2t < py +2t, then p, gives the lowest total cost of buying
at all locations. This is equivalent to uniform pricing equi-
librium, which, according to Lemma 1, does not exist under
mobile geo targeting. Second, if py +t < p; +2t < p, +2t, then
po gives the lowest total cost of buying at distance 0 and % and
p; gives the lowest total cost of buying at distance 1. Because
po+t < py+2t, the demand at distance 1 must be zero because
the difference in total cost of buying is greater than s. This
is again equivalent to uniform pricing equilibrium, which,
according to Lemma 1, does not exist under mobile geo tar-
geting. Third, if p; +2t < p, +t, then p, gives the lowest total
cost of buying at distance 0 and p, gives the lowest total cost
of buying at distance %2 and 1. A firm can deviate profitably
by lowering p,, to p; + t. In this deviation, consumers at dis-
tance 0 are not affected because of Lemma 2(b) and residents
at distance 1 are not affected because p,, + 2t would not be
the lowest price, while at least some residents at location %2
would switch from buying at p; to buying at p,,, and the firm
would hence make an additional profit of ¢+ on these con-
sumers. Note that here, firms must have a positive demand at
location % in equilibrium, as otherwise a firm has an incen-
tive to lower p,, to py — t(> p; = 0) to increase the firm'’s profit
at %5, without affecting the profit at other locations.

To show Lemma 2(d), suppose without loss of generality
that Firm B’s demand at location 0 is not zero. We show below
that it is profitable for Firm A in this case to lower p,. Given
Lemma 2(b) and Lemma 2(c), we have p, < p,, +t < p; +2£.
Therefore, a local resident would either buy from Firm A
at py, or buy from Firm B. The only possible scenario in which
demand for Firm B is positive is when the consumer buys
from Firm B at price p, and p; +2f —s < p,, as the consumers’
total cost of buying from Firm B at the other two prices are at
least higher than p, by ¢ (¢ > s). Firm A’s demand at location
0 is thus determined by V —p, —sy >V —(p; +2t) —=s(1 - y),
ie, y <(p;—py+s+2t)/(2s). Firm A’s profit at location 0 is
hence py(py — po + s +2t)/(2s) and it is optimal for the firm
to decrease its price as long as p; > (p; + s + 2t)/2. Given
p1+2t—s>(p; +s+2t)/2 whenever p, >0, and that a decrease
in p, for Firm A would not affect its profit at other locations
as long as py > p, +t (implied by py > p; +2t =5 > p, + 1),
Firm A finds it profitable to decrease its price. Q.E.D.

Proof of Proposition 2. From Lemma 2, we know that resi-
dents at location 0 and 1 buy at p, (although at this point
we cannot exclude the possibility that some of them may
not buy from either firm). In addition, we have p, < p,, + ¢
and py, < p; +t, with at most one condition binding given
Po <2t —s+p;.

(A) If py, <p, +tis binding, i.e., p,, = p; + t, we have p, <
py, +t and py <2t — s + p;. Since p; 20, py, > t. Since t > s
(s is the unconstrained optimal price at ¥ for two compet-
ing firms), both firms have incentives to lower prices to get
a higher profit from location '%; this can be done without
affecting residents at distance 0 or 1 (because p, < py, + t is
not binding). So this cannot be an equilibrium.

(B) If py < py, + t is binding, i.e., py = py, + ¢, we have py, <
pp +t and py < 2t —s + p;. In this case, firms’ demand at
distance 0 must be 1, i.e.,, py < V —s. Suppose this is not
true, ie,if V-s<p,<V,thenV -t -s<p, <V -t and
p, >V —2t. In this case, a firm can deviate and get a higher
profit at distance 0 by setting p, = V — s, without affecting its
profit at other locations.
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Given p, <V -5, we can further show that p, <2t -,
and then py, <t —s and py, <t —s+p;. So in equilibrium,
firms’ demand is 1 at distance 0 and % at distance %, and
firms’ profit is p,, + t + p,,/2 =t + 3p,, /2. Suppose this is not
true, ie., if 2t —s <py <V —s,thent-s<p, <V -t —s.
Then a firm can deviate profitably by setting p; to be just
below p, — (2t — s) because by doing so, the firm can have a
higher profit at distances 1 and %2 without affecting its profit
at distance 0.

Given p, <2t —s and p, = py, +t, p; must be 0. Suppose this
is not true, i.e., if p; > 0, then a firm can deviate profitably by
increasing both p, and p,,: if the firm increases p,, to p and
increases p, to py +1, its deviation profit is p(p,, —pr +5)/(25)
+ (pg +t), which is higher than the equilibrium profit when
pr > py as long as p,, < 3s, which is true since p,, <t —
s < 3s. Similarly we can show that given p; =0, p, cannot
be lower than 2t — s, otherwise a firm can deviate prof-
itably by raising p, and p,,. Therefore, the equilibrium prices
are {2t —s,t —s,0} at distance {0,%, 1}, and the equilibrium
profitis m=5t/2—-3s/2.

Below we check a firm'’s incentives to deviate from these
prices.

First, the firm has no incentive to lower p, because it would
lead to a lower profit from distance 0 and at the same time,
without affecting the profit from distance %2 or 1 (if p, is
lowered to a price at least equal to p,,) or even decreasing the
profit from some residents at distance % by ¢ (if p, is lowered
to a price less than p,,).

Second, the firm also has no incentive to raise p, because
it would lead to a profit loss of ¢ from distance 0 without
getting additional profit from distance %2 or 1, unless it raises
py, by the same amount and also changes p; if needed. In the
latter case, there are two possibilities. (1) If after the raise,
Po =Py +t < py +2t, then this deviation is not profitable at
distance 0 (based on the proof for Lemma 2(d)) or distance
Y5 (because py, is further away from the optimal price s when
considering the competition at this location alone). (2) If after
the raise, p; +2f < p, =p,, + f, then basically one firm deviates
to uniform pricing, which is also unprofitable as we show at
the end of this proof.

Third, the firm has no incentive to raise p,, because it
would deviate further from the optimal price s when con-
sidering the competition at this location alone, and the firm
would therefore lose profit from distance % without getting
additional profit from 0 or 1.

Fourth, if the firm lowers p,,, we derive the deviation profit
for the firm as follows. If the firm deviates and lowers p,,
to pp, it would get more consumers at Y2, but lose profit ¢
from consumers at distance 0 unless it lowers p, by the same
amount; in the latter case, it would lose profit p,, — pp from
consumers at distance 0. Because p,, — pp < t, the firm would
find it profitable to lower p, as well if it deviates. So the
deviation profit is pp(py, — pp +5)/(2s) + (pp + t), and this
is less than the equilibrium profit when pj < p,, as long as
Py < 3s, which is satisfied since 3s > t —s.

Last, the firm has no incentive to increase P1 because it
would not affect profits at any location.

(C) If neither condition is binding, i.e., py < py, +t and
Py < p; +t, then we can show that it cannot be an equilibrium.
If consumers cannot travel to get a lower price (i.e., there
are constraints to keep the consumers from traveling), the
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optimal price at distance 0 is 2f — s, and the optimal price
at distance % is s. Since 2t —s > s +t, if py < py, +t is not
binding, it must be that at most one price is at its optimal
price. Then the firm would have an incentive to move the
other price closer to the optimal price. For example, if p,, <s,
then py <'s +t <2t — s and the firm would have an incentive
to raise p to get more profit from distance 0 without affecting
its demand at distance %. If p,, > s, then the firm would have
an incentive to lower p,, to get more profit from distance %2
without affecting its demand at distance 0 or 1. So this cannot
be an equilibrium.

As a final step of the proof, we show that the equilibrium
above would not break down because of firms deviating to
the uniform pricing strategy. Without loss of generality, check
Firm B’s incentive to deviate. Given Firm A’s equilibrium
prices, the most profitable deviation in uniform pricing for
Firm B is to charge 2t — s and sell to every consumer at dis-
tance 0. The deviation profit is 2t — s, which is always lower
than Firm B’s equilibrium profit given s <t. Q.E.D.

Proof of Corollary 1. The corollary follows directly from
Proposition 2.

Proof of Proposition 3. The firms’" profit under uniform
pricing is V — s, and their profit under mobile geo targeting
is 5¢/2 — 3s/2. Therefore, profit under mobile geo targeting
is higher if 5¢t/2 = 3s/2 > V — s, which can be reduced to
V <5t/2-s/2. QUE.D.

Proof of Corollary 2. The corollary follows directly from
Propositions 1 and 2.

Proof of Proposition 4. We show that the equilibrium out-
comes are as follows.

(1) IfO<h < (3t—2s—2V2+[t(t —5))/(29), prices are {2t —s,
(14 2h)s,0}, and deal seekers at 0 choose the mobile offer
at V4. Profit is 2(1 — h)t + (h(3 +2h) — 1/2)s, which is greater
than V —s if V < (s +6hs + 4h%s + 4t — 4ht)/2.

1. If 1 > h > (3t —4s — /t(5t —8s))/(4s), prices are {2t —s,
t —s,0}, and everyone uses the offer at his home location.
Profit is 2t — s + (t —s)/2, which is greater than V —s if V <
(5t —s)/2.

(2) If (25)71(3t — 25 —2V2+/t(t—s)) < h < (4s)'(3t —4s —
\/t(5t—8s)), prices are {2f —s,(1+2h)s,0} or {2t —s,t—s,0};
the latter has a higher profit, so the best equilibrium is {2¢ —s,
t—s,0}, profitis 2t —s +(t —s)/2, which is greater than V —s if
V<(5t-s)/2..

Below we explain how the equilibrium outcomes are
derived. There are two possible symmetric equilibria:

(1) Some or all deal seekers travel for better deals in equi-
librium.

(2) No one travels for better deals in equilibrium.

Case 1. Some or all deal seekers travel for better deals in equi-
librium.

There are four possibilities:

@) po>py+tandp, <p,+t.

In this case, the effective prices for the naive residents are
{Po,Pw,p1}, and the effective prices for the informed resi-
dents are {py,, p;, p1}. That is, the naive residents at 0 (1) can
either buy from Firm A at p, (p;) or buy from Firm B at p,(p,),
and the naive residents at % buy from either firm at p,,. The
informed residents at 0 (1) can either buy from Firm A at py,
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(py) or buy from Firm B at p;(p,,), and the informed residents
at %% can buy from either firm at p,,.

Because p, > p,, +t, more naive residents at 0 (1) buy from
Firm A (Firm B) than informed residents at 0 (1). The optimal
po and p; thus can be determined by solving the competition
atlocation 0 (or location 1) for naive residents, where we have
V—sy—py=V—-s(l-y)—2t—p;, whichleadsto y =(p; —po +
s+2t)/(2s). Therefore, py = (p1 +s+2t)/2,p1 = (py+5 —2t)/2,
and py =s +2t/3, p; =s —2t/3. Given s < t/2, p; <0. So we
have to set p; = 0. If p] =0, it can be derived that Firm A
finds it optimal to sell to all local residents. So p, is derived
by V —s —p, =V -2t -0, which leads to p; =2t — 5. Because
Po > Py + t, we know that all informed residents at location 0
(location 1) will buy from Firm A (Firm B) as well.

From p, > p, +t and p,, < p, +t, we know that p,, <t —s
and so the market at % is completely covered. To find the
optimal price p,,, each firm considers both the competition
at location % and its profit from local informed residents.
Firm A maximizes p,(pg — pa +5)/(2s) + poh and Firm B
maximizes pg(p4 — pp +5)/(2s) + pgh. Therefore, p, = (pp +
5+2hs)/2,pp = (pa +5+2hs)/2, and p}, = py = (1+2h)s, ie,
py, = (1+2h)s.

Therefore, the equilibrium prices are {2t —s, (1 + 2h)s,0}
and the equilibrium profit is (2t —s)(1 — k) + (1 +2h)s/2 +
h(1+2h)s =2(1 —h)t + (h(3+2h) —1/2)s. Because p,, <t —s,
this equilibrium holds only if i1 < t/(2s) — 1. Below we check
a firm’s incentives to deviate from these prices and show that
this equilibrium holds only if i < (3f —4s — +/t(5t — 8s))/(4s).

First, the firm has no incentive to increase p; because it
would not change its profit.

Second, the firm has no incentive to increase p, because
it would lead to a lower profit from naive local residents
without affecting the profit at other places or from informed
residents.

Third, the firm has no incentive to decrease p if h < (f —
V4s2 —2st + t2)/(2s). This can be shown as follows. If the
firm lowers p,, the most profitable deviation is to charge
t 4+ (1+2h)s so that the profit from the informed residents at
distance 0 would increase by t. In this case, the deviation
profit is t + (1 + 2h)s + (1 + 2h)s /2, which is smaller than the
equilibrium profit only if & < (t — V4s2 —2st +2)/(2s).

Fourth, the firm has no incentive to increase p,, if h < (3t —
4s — /t(5t —85))/(4s). This can be shown as follows. If the
firm increases p,,, the most profitable deviation is to charge
t —s so that the profit from local informed residents would
increase by t. In this case, the deviation profit is (2t —s) +
(t —s)((1+2h)s — (t —s) +5)/(2s), which is smaller than the
equilibrium profit only if /1 < (3t —4s — /t(5t — 8s))/(4s).

Last, the firm has no incentive to decrease p,, because it
would simply deviate from its optimal price at %2 without
improving its profit at location 0 or 1.

Because
3t —4s —+/t(5t —8s)  t—V4s2—2st+ 12
< and
4s 2s
3t —4s — +/t(5t — 8s) t 1
< - _
4s 2s

we conclude that the equilibrium holds if & < (3t — 4s —

V(5 —8s))/(4s).
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(b) po>py+tand py, >p; +t.

In this case, the effective prices for the naive residents are
{Po, P, p1}, and the effective prices for all informed residents
are p,. That is, the naive residents at 0 (1) can either buy
from Firm A at p, (p;) or buy from Firm B at p; (p,), and the
naive residents at %2 buy from either firm at p,,. The informed
residents can buy from either firm at p;. This equilibrium,
however, cannot hold. This can be shown as follows. From
py > p1 +t, we know p,, >t > s, where s is the unconstrained
optimal price at 2. So each firm has an incentive to decrease
Py, to get more naive residents at ¥4; by doing so, the firm gets
a higher profit from the naive residents without affecting its
profit from the informed residents, as long as the deviation
price is higher than p; +¢.

(©) po<py+tandp,>p,+t.

Depending on if p, is greater than p; + 2f, there are two
possible cases. First, if p, > p; + 2t, we have p,, +t > p, >
p, +2t. In this case, the effective prices for the naive residents
are {py, Py, p1}, the effective prices for the informed residents
are {p,,p,,p1} and p, >t >s. Second, if p, < p; + 2t, we
have p,, +t > p; +2t > p,. In this case, the effective prices
for the naive residents are {p,, py,, p,}, the effective prices for
the informed residents are {p,, p;, p,} and py, > > s. In both
cases, the equilibrium cannot hold because each firm has an
incentive to decrease p,, to get more naive residents at 2; by
doing so, the firm gets a higher profit from the naive residents
without affecting its profit from the informed residents, as
long as the deviation price is higher than p; +t.

(d) po<py+tandp, <p,+t.

In this case, the effective prices for the naive residents
are {p,, Py, p1}, and the effective prices for the informed
residents are {p,, po, Po}- In this case, we must have p, =s
and p; =0, and therefore p, < s + t. Thus, the equilib-
rium profit is po(1 +h/2)+ (1 - h)s/2 if py <V —t —5/2, or
pol+(V—t—pg)/s)+(1-h)s/2if V-t —s/2<p, <V —t,
orpy+(1—-h)s/2if V-t <p, <t+s. So the highest possible
equilibrium profit is either (V —t —s/2)(1+h/2)+ (1 - h)s/2
or f+s+(1—h)s/2. Then each firm has an incentive to deviate
to py = 2t — s because the deviation profit 2t —s + (1 — h)s/2
is greater than the highest possible equilibrium profit given
2s <t<4sand 2t <V <2t +s.

Case 2. No one travels for better deals in equilibrium.

In this case, we must have p, < p,, + ¢ and p,, < p; + 1.
Then following the same proof for Lemma 2(d), we know that
demand at distance 1 is 0 for both firms, i.e., p; + 2t —py >
s. We can then follow the same proof for Proposition 2 to
show that the equilibrium is {2¢ —s, t —s,0} and no deviation
from equilibrium requires & > (3t — 25 — 2V2+/t(t —s))/(2s).
The proof is similar to the proof for Proposition 2 with the
additional proof of no deviation, for which the detail is given
below.

The no-deviation condition is derived by checking the
firm’s incentive to lower price p,,. If the firm deviates and
lowers p,, from t —s to pp without changing p,, it would
get more residents at ', but lose profit from local informed
residents. In this case, the deviation profit is pp(py, —
pp +5)/(2s) + hpp + (1 — h)py, which is less than the equilib-
rium profit for all possible values of p, < p, if h > (3t —2s —
2\/5\”(1? —5))/(2s).If the firm deviates and lowers p,, from t —
s to pp and at the same time, lowers p, by the same amount,
it would lose profit p,, — pp from local residents. In this case,
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the deviation profit is pp(py, —pp +5)/(2s) + (pp +t), and this
is less than the equilibrium profit when p, < p,, as long as
py < 3s, which is satisfied since 3s >t —s. Q.E.D.

Proof of Proposition 5. In equilibrium, the effective prices
for the naive residents are {p,, p,, p1 }, and the effective prices
for the deal collectors are min{p,, p,;, p; } at all locations. That
is, the naive residents at 0 (1) can either buy from Firm A at
po (p1) or buy from Firm B at p;(p,), and the naive residents
at %2 buy from either firm at p,,. The deal collectors can buy
from either firm at min{p,, p,, p1 }.

We first note that in equilibrium, p, cannot be lower than
min{p,,, p,}, otherwise either firm can get a higher profit by
simply setting p; = p, and increasing p,; by doing so, the
firm’s profit from their local naive residents increases and its
profit from other residents is unchanged.

Since py = min{py,, p,}, the optimal p, can be determined
by solving the competition at location 0 (or location 1) for the
naive residents. From V —sy —p,=V —s(1 - y) =2t —p;, we
get y =(p, —po+s+2t)/(2s). So the optimal p, = (p, +5s +2t)/2,
which suggests that y = (p; +s +2t)/(4s) > 1 given p; > 0 and
t > 2s. Therefore, a firm always has an incentive to get all
naive local residents, so in equilibrium we must have p, =
min{p; +2t —s,V —s}. This also implies that neither firm gets
a positive demand from the naive residents at distance 1.

Next, we show that in equilibrium we must have p; > p,,.
Suppose in equilibrium, p; < p,,, then the effective prices for
the informed residents are {p,,p;,p;}. The optimal p,, thus
should equal the unconstrained optimal price at location %
for the naive residents, which is s. To solve for the optimal p,,
note there are two possible cases based on if location ¥ is
fully covered for the deal collectors who reside there. If it
is fully covered, each firm considers both the competition at
location % and its profit at distance 0 from the deal collectors.
Firm A maximizes rp4(1+ (pg —pa +5)/(2s)) and Firm B max-
imizes rpg(1+ (p4 — pg +5)/(25)). Therefore, p, = (pp +35)/2,
P = (pa +35)/2, and p’, = pj = 3s. This contradicts the pre-
sumption that p; < py,. If location ¥ is not fully covered, p, >
V —t—-s/2>ssince V > 2t >t +3s/2. This contradicts the
presumption that p; < p,.

Thus, we conclude that in equilibrium, the effective prices
for the naive residents are {p,, p;, p1 }, and the effective prices
for deal collectors are {pi,,py,py} and p; > p,,. We now
solve the optimal prices based on whether location %2 is fully
covered.

(1) Location Y2 is fully covered.

In this case, Firm A maximizes

Pp—Pa+ts Pp—Pats
rpA(l + P ) +(1=r)p, s ,
and Firm B maximizes
Pa—ppts Pa—Pp+s
P (1 + s ) +(1-r)ps P .

Therefore,

pa=(pp+s+2rs)/2, pp=(pa+s+2rs)/2, and
pu=pp=1+2r)s,

i.e., py, =(1+2r)s. Because p; > py,, and p, = min{p; + 2t —s,
V —s}, we have py =V —s given V < 2t + s. Therefore, the
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equilibrium prices are {V —s, (1 +2r)s, any price > (1+2r)s}
and the equilibrium profitis (1 —7)(V —s) + (1 +27)?s /2.

For location % to be fully covered we need t > 3s/2 +
2rs + t. We then further check a firm’s incentive to deviate
from these prices under this condition. First, the firm has no
incentive to increase p, because it reduces profit from the
naive local residents without affecting the profit from other
residents. Second, the firm has no incentive to decrease p,
because it reduces the profit from the naive local residents
and either does not affect the profit from other residents, or
even decreases the profit from other residents if the lowered
P is smaller than (1 + 2r)s. Third, the firm has no incentive
to decrease or increase p,, as long as p, > p,, because (1 +2r)
is the optimal price for p,, based on previous derivations.
Fourth, if the firm changes both p, and p,, so that p; < py,,
there are two possibilities. First, p; > V — 2t. In this case,
the deviating firm still gets no consumers from distance 1,
charges p,, to naive residents at location %, and charges p,
to deal collectors who reside at distance 0 and %. We can
show that the optimal deviation price p; is in fact larger than
the optimal deviation price p,,, violating the assumption that
p1 < py. Second, p; < V —2t. In this case, the deviating firm
gets some naive residents at distance 1 (but no informed res-
idents there), charges p,, to naive residents at location %2, and
charges p; to deal collectors who reside at distance 0 and %.
The highest deviation profit is when the deviation prices are
pp=0+r)sand p; =2rs2+r)+(1—r)(V -2t))/2 <V =2¢.
This deviation profit is less than the equilibrium profit only
if r>0483 orif r <0.483 and V <2((r(2+7)s)/(1 +7) + 1),
where r = 0.483 is the approximate solutionto 1+1/(1+7r) =

1-(1—-r)r/(1—r). Last, the firm may deviate to uniform
pricing V —s. The deviation profit V — s is less than the equi-
librium profit only if V < ((1+ 67 +4r2)/(2r))s.

In sum, the equilibrium holds if the following three con-
ditions hold: (1) V > 3s/2 +2rs +t, (2) r > 0.483 or both
r<0483 and V <2((r(2+7r)s)/(1+r)+t),and 3) V < ((1+
67 +4r2)/(2r))s. Because 2((r(2 +7)s)/(1 +r) + t) < (1 + 67 +
4r?)/(2r))s if r < (7s — 4t + V4152 —40st +16t2)/(8t — 4s) <
0.483, 3s5/2 + 2rs +t < (1 + 6r + 4r?)/(2r))s if r <
s/(=3s + 2t), and 3s/2 + 2rs + t < 2((r(2+7r)s)/(1+7r)+1t)
given t/4 < s < t/2, the three conditions can be com-
bined into (r < (7s — 4t + V4152 —40st +16+2)/(8f — 4s) and
3s/2+2rs+t <V <2((r2+7)s)/(1+r)+t)) or ((7s — 4t +
V4152 —40st +1612)/(8t —4s) < r <s/(—3s + 2t) and 3s/2 +
2rs +t <V < ((1 + 6r + 4r?)/(2r))s). We then further ver-
ify if these conditions hold under our main model assump-
tions (2t < V < 2t + s). Because 3s/2 + 2rs + t < 2t + s if
r<t/(2s)— 1, (1 +6r+4r?)/(2r))s > 2t if r < (2t —3s —
(2t —5)(2t —5s))/(4s), and 2((r(2 + 1)s) /(1 + 1) + ) > 2¢, the
final conditions for the equilibrium to hold are (r < (7s —4f +
V4152 —40st +1612)/(8t — 4s) and max{2t,3s/2 +2rs + t} <
V <min{2t+5,2((r(2+7)s)/(1+7)+1)}), or ((7s — 4t + V41s2 -
40st +16t%)/(8t —4s) < r <min{s/(-3s +2t),t/(2s) -}, (2t —
3s—+/(2t —s)(2t —55)/(4s)} and max{2f,3s/24+2rs+t} <V <
min{2t +s, (1 +6r +4r%)/(2r))s}.

(2) Location %: is partially covered.

In this case, each firm maximizes

V—t-p, V-t-p,
I’pl/z(l-i-Tpé)-i-(l—T’)pATp/.
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Therefore, p,, = (V — t + rs)/2. Because residents at %2 get a
positive utility at this price, violating the assumption that
location is not fully covered, this cannot be an equilibrium.
However, if the optimal price (1 + 2r)s from Case 1 yields a
nonpositive utility for the indifferent resident with y = at
location % (i.e., V < 3s/2 + 2rs + t), a possible equilibrium
exists here in which this resident receives exactly a utility
of zero, ie, p, =V —t —s/2. Because p; > py,, and p, =
min{p, +2t —s,V —s}, we have py =V —s given t > 2s. There-
fore, the equilibrium prices are {V —s,V —t —s/2, any price
>V —t —s/2} and the equilibrium profit is (1 — r)(V —s) +
(V—t-s/2)(r+1/2).

We then further check a firm’s incentive to deviate from
these prices. Similar to Case 1, we find that the firm has no
incentive to decrease or increase p, and the firm also has no
incentive to decrease or increase p,, as long as p; > py,. If the
firm changes both p, and p,, so that p; < p,, there are two
possibilities. First, p; > V —2t. In this case, the deviating firm
still gets no consumers from distance 1, charges p,, to naive
residents at location %3, and charges p; to deal collectors who
reside at distance 0 and %. We can show that the optimal
deviation price p, is in fact larger than the optimal devia-
tion price p,,, violating the assumption that p; < p,,. Second,
py <V =2t. In this case, the deviating firm gets some naive
residents from distance 1 (but no informed residents there),
charges p,, to naive residents at location %, and charges p,
to deal collectors who reside at distance 0 and %. We can
show that the optimal deviation price p, is larger than V —2t¢,
violating the assumption that p; < V —2t. Last, the firm may
deviate to uniform pricing V —s. The deviation profit V —s is
less than the equilibrium profit only if V' > (s—2rs+2f+4rt)/2.

In sum the equilibrium holds if %(S =2rs + 2t+4rt) <V <
3s/2+2rs +t. We then further verify if these conditions hold
under our main model assumptions (2t <V <2t +s). Because
(s —2rs+2t+4rt)/2<3s/2+2rs+tif r <s/(-3s +2t), (s —
2rs+2t+4rt)/2<2t+sifr <i—s/(s—2t),and 3s/2+2rs+t >
2t if r > t/(2s) — 3, the final conditions for the equilibrium to

hold are
i—§<r<mm i 1— i and
2s 4 —3s+2t"2 s-2t
max s—2rs-;2t+4rtl2t] v

3
< min 2t+s,§+2rs+t .

(3) Location %: is not covered.

In this case, each firm only sells to its own local residents.
The equilibrium prices are {V -5,V —s,> V —s}, and the
equilibrium profit is V —s. We then check a firm’s incen-
tive to deviate from these prices. Obviously, the firm has no
incentive to increase or decrease its pj. If the firm changes p,
and p,,, there are two possibilities. First, in deviation, V -2t <
Pp, <V —tand V-2t <pp <V —t.Inthis case, the deviating
firm sells to no residents at distance 1 but may sell to some
residents at location %. The deviation profit is the highest
when the firm gets naive residents from location %2 at pp,, and
gets deal collectors who reside at distances 0 and % at pp,.
To make sure that this deviation profit is lower than the
equilibrium profit, i.e., V—s5> (1 —=7)(V —s)+ maxyc (V-
t=As)r(1+ A)+ maxgc,<;(V -t —As)(1 —r)A, we need t +
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3s<V<s+(1+r)tor2t<V <min{t+3s,((-2+3r)s+rt+
24/s(s —=2rs +72t))/r}. Second, in deviation, V -2t <pp, <
V —t and pp, <V —2t. In this case, the deviating firm also
sells to some residents at distance 1, and the deviation profit
is the highest when the firm sells to naive residents at loca-
tion % at pp,, to naive residents at distance 1 at pp , and
to deal collectors at pp,. To make sure that this deviation
profit is lower than the equilibrium profit, i.e., V—-s>(1-r)-
(V —s) + maxoo 1 (V = 2f =2As)(r + r + A) + maxyc < (V —
t—As)(1—-r)A, weneed 2t <V <2t +4rs.

Because 2t + 4rs > s + (1 + r)t, 2t + 4rs > ((-2 + 3r)s
+ 1t + 2+/s(s =2rs+1r2t))/r, t + 3s < ((-2 + 3r)s + rt +
2+/s(s =2rs+7r2t))/r if r 2 2s/t, t +3s < s+ (1 +r)t if r >
2s/t, s+ (1 +r)t =22t if r > (t —s)/t and (-2 +3r)s + rt +
24/s(s —2rs +r2t))/r = 2t if r > 4s/(9s — t), the region where
the equilibrium holds is

1) r>max{(t—s)/t,2s/t} and 2t <V <s+ (1 +r)t, or

2) 45/(9s —t) <r<2s/tand 2t <V < ((-2+3r)s + rt +
24/s(s —2rs +r2t))/r.
Combining cases (1)—(3), we have all of the equilibrium out-
comes.

Proof of Proposition 6. Let pl.f/ ; represent Firm f’s price for
a consumer whose home location is at location i and who
decides to pull the offer at location j. Below we derive the
equilibrium price for each combination of i and j.

(1) Home location i =0 and current location j = 0.

For these consumers, if they pull the prices, their utility
of buying from Firm A is V - p{' ) - s(1 — y) and their utility
of buying from Firm B is V -2t — p{ - s(1 - y). To find
the optimal prices, we have V — Po 0= Sy=V-2t- Po 0=
s(l y), whichleadsto y = (po 0 po o T5+2t)/(2s). Therefore
P = (pg0 +5+21)/2, pg o= (pg‘0 +s —2t)/2 and pfy =s+
2t/3, p&, 00 =5—2t/3.Givens <t/2, pe, 0.0 <0.S0we have to set
Py = 0. Now if pf"y = 0, Firm A would find it optimal to sell to
all of these consumers and so po o is derived by V —s — Pf?,o =
V =2t -0, which leads to p{y =2t —s.

(2) Home location i =%2 and current location j = 0.

For these consumers, if they pull the prices, their utility of
buying from Firm A will be V — PQ,O —5(1 - y) because they
are at location 0 at the moment and their utility of buying
from Firm B is V —t — p}} | = s(1 — y) because they would
go back home anyway and their travel cost to Firm B is thus
only t. To find the optimal prices, we have V — pl/ 0o —Sy=V-
t— ,/Z 0 s(l y), which leads to y = (Pv 0~ 1/ o ts+1)/(2s).
Therefore, pl/z (p% 0o ts+1)/2, pl/z (pl/2 ots—1)/2,and
p% =5+ t/3 piyo=s—t/3. Thus, if t < 3s, the equlhbrlum
prices are p{)’; —s+t/3 plio=s—1t/3.1f t >3s, pli' < 0. S0
we have to set p/’ = 0. Now if p}}’; =0, Firm A would find it
optimal to sell to all of these consumers and so py,  is derived
by V-s— F’l/z,o =V —t -0, which leads top]/z/0 =t-s.

(3) Home location i =1 and current location j =0.

For these consumers, if they pull the prices, their utility
of buying from Firm A is V —p{ ) —s(1 - y) because they
are at location 0 at the moment and their utility of buying
from Firm B is V —p} ) —s(1~ y) because they would go back
home anyway and their travel cost to F1rm B is thus also 0.
To find the optimal prices, we have V — pl o—sy=V-pb,

s(l —y), which leads to y = (p1 0 p1 ot s)/(ZS) Therefore

Plo (F’10+S)/2 plU_(p10+S)/2 andp P1,0—S
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(4) Home location i =0 and current location j =%.

For these consumers, if they pull the prices, their utility
of buying from Firm A is V - p{!,, - s(1 - y) because they
would go back home anyway and their travel cost to Firm A
is thus 0, and their utility of buying from Firm B will be

—t—pg,, —s(1 - y) because they are at % and thus only
need to occur an additional travel cost of ¢ to go to Firm B.
To find the optimal prices, we have V - pg, —sy =V —t -
pg; —s(1—y), which leads to y = (p§ ,, = pg,; + 5 + £)/(25).
Therefore, pfl,, = (g, +5 +1)/2, pl,, = (05, +5 = £)/2, and
pg"% =5+ t/3 Py, =5 —t/3. Thus, if t < 3s, the equilibrium
prices are por% =s5+1t/3, pg;/z =s—t/3.If t > 3s, Pow <0. So
we have to set py’, =0. Now if pg, =0, Firm A would find it
optimal to sell to all of these consumers and so py,, is derived
by V —s-pg,, =V —t-0,which leads to pj;, =t —s.

(5) Home location i =%z and current location j = %.

For these consumers, if they pull the prices, their utility
of buying from Firm A is V —t- 1/1 » —s(1—y) and that of
buying from Firm B is V — pl/z y —s(1—y). To find the
optimal prices, we have V — t -piy y =Y = V—t—pp,-
s(1 y), which leads to y = (pl/ ” pl/2 wt s)/(ZS). Therefore,

1/11/2 (Pl/zl/z"'s)/z Pl/zl/z (F’l/z 1/;"'5)/2 and Pl/zl/z pll/;ztl/é =s.

(6) Home location i =1 and current location j = 2.

For these consumers, if they pull the prices, their utility of
buying from Firm A will be V -t — pf% —5(1 - y) because
they are at ¥2 and thus only need to occur an additional travel
cost of t to go to Firm A’s location, and their utility of buying
from Firm B is V —p{,, —s(1 - y) because they would go
back home anyway and their travel cost to Firm B is thus 0.
To find the optimal prices, we have V —t —pf, —sy =V —
pt, —s(1—y), which leads to y = (p7 ,, - p‘l“,%/+ s —1)/(2s).
Therefore, p1',, = (p7,, +s—t)/2, pi ,, = (p{,, + s +)/2, and
pfﬁ/z =s5—1/3, pf,ﬁ/z =5 +t/3. Thus, if t < 3s, the equilibrium
prices are p;, =s — /3, p', = s +1/3. 1f t > 3s, p{", < 0. So
we have to set p7}, = 0. Now if p{"}, =0, Firm B would find it
optimal to sell to all of these consumers and so pl,l/z is derived
by V—t-0=V-s-p},, whichleads to p;, = —s.

(7) Home location i =0 and current location j =1.

For these consumers, if they pull the prices, their utility of
buying from Firm A is V — pél —5(1 - y) because they would
go back home anyway and their travel cost to Firm A is thus 0,
and their utility of buying from Firm B is V —pg, —s(1-y)
because they are at Firm B’s location at the moment. To find
the optimal prices, we have V — Po 1 —sy=V- po 1 —s(1- y)
which leads to y = (pO,1 po 1+ s)/(2s) Therefore, po 1=

(pe1+9)/2,p5 1 =Py +5)/2,and pf = pl =s.

(8) Home location i =%2 and current location j = 1.

For these consumers, if they pull the prices, their utility of
buying from Firm A is V -t - ,/2 1 —s(1 = y) because they
would go back home anyway and thus only need to incur an
additional travel cost of ¢ to visit Firm A, and their utility of
buying from Firm B is V — pZ | — s(1 — y) because they are at
Firm B’s location at the moment. To find the optimal prices,
we have V —t — p{/“z/l —sy =V —p;, ,—s(1-y), which leads to
y (pl/2 1 pl/z —1)/(2s). Therefore, p{/:l =(py,+s—1)/2,
pl=(ph +s+ t)/2 and pfi', =s /3, pl' =5+ /3. Thus, if
t < 3s, the equihbrium prices are pl/;] =s—t/3,p) =s+1t/3.
If t > 3s, pl/ 1 <0. Sowehavetose’cpl/21 =0. Now1fp;;‘*1—0
Firm B would find it optimal to sell to all of these consumers

RIGHTS L1 N Hig

and so pV]is derivedby V-t -0=V -5 - pv 1» which leads
top%l—t—s

(9) Home location i =1 and current location j =1.

For these consumers, if they pull the prices, their utility
of buying from Firm A is V —2f — pl 1 —s(1=y) and their
utility of buying from Firm B is V — pl 1 —s(1-y). To find the
optimal prices, we have V -2t —pf | —sy =V —p, —s(1-y),
which leads to y= (pﬁ1 —pi, +5—2t)/(2s). Therefore, p;'; =
(p1 1 +s5=21)/2, pl 1 (p1 1+S+2t)/2 and pf, =s-2t/3, pf*l
s +2t/3 Givenss < t/2, p* <0.So we have to set i, =0. Now
if p{ =0, Firm A would fmd it optimal to sell to all of these
consumers and so p7,is derived by V =2t -0=V —s—p7,,
which leads to p{, =2t —s.

Now consider the decision of a resident at 0 who has ratio-
nal expectations on the prices being offered at each location.
Given the equilibrium prices that are set based on both home
location and current location, the consumer has no incentive
to travel to other locations for a different mobile offer because
the total cost of buying will not be reduced: if the consumer
uses the mobile offer at 13, the total cost of buying is s +4t/s
if t <3s and is 2t — s if t > 3s, both of which is no lower than
2t —s; if the consumer uses the offer at 1, the total cost of
buying is s +2tT, higher than 2t —s. The same conclusion can
be drawn for residents at %2 or 1.

Endnotes

Thttp: //www.adweek.com /news /technology /170-us-brands-are
-already-using-ad-tech-can-target-people-specific-building-163272
(accessed October 2016).

2 http://www.slideshare.net/Vibes_Thought_Leadership/vibes-ab
-cs-of-google-wallet-and-passbook-30915033  (accessed December
2015).

3For example, one SMS text message in Danaher et al. (2015, p. 715)
says, “Ever had a shake with Turkish Delight or Orange Tic Tacs?
Milkshake Store has reinvented milkshakes. Visit Level 1 today for $1
off any icy-cold shake!” and a shopper in the mall can easily retrieve
such a coupon from a pod near the mall entrance.

4We thank the associate editor for bringing this comparison with the
second-degree price discrimination to our attention.

5The choice of the middle location is intuitive and also consistent
with recent empirical studies of mobile targeting (e.g., Fong et al.
2015).

5In Extensions 1 and 2, we allow a fraction of consumers to remain
“naive” and unaware of offers outside of their home locations.
Thttps: // play.google.com/store/apps/details?id=com.yowza&hl=
en (accessed December 2015).

8https: //play.google.com/store/apps/details?id=com.nianticproject.scout
&hl=en and http://thenextweb.com/apps/2013/01/10/googles
-location-aware-field-trip-tour-guide-app-serves-up-mobile-deals
-courtesy-of-scoutmob/ (accessed December 2015).

9The analysis of a general equilibrium in which firms do not have to
adopt the same pricing strategy is intractable.

10See more examples at http: //www.thecouponsapp.com/ (accessed
February 2015).

" Detailed derivation of conditions and results are available in the
online appendix.

121f mobile-deal collectors do not incur any travel cost at all, then

the location loses its significance and we are back to Bertrand-type
competition for these type of consumers.


http://www.adweek.com/news/technology/170-us-brands-are-already-using-ad-tech-can-target-people-specific-building-163272
http://www.adweek.com/news/technology/170-us-brands-are-already-using-ad-tech-can-target-people-specific-building-163272
http://www.slideshare.net/Vibes_Thought_Leadership/vibes-ab-cs-of-google-wallet-and-passbook-30915033
http://www.slideshare.net/Vibes_Thought_Leadership/vibes-ab-cs-of-google-wallet-and-passbook-30915033
https://play.google.com/store/apps/details?id=com.yowza{&}hl=en
https://play.google.com/store/apps/details?id=com.yowza{&}hl=en
https://play.google.com/store/apps/details?id=com.nianticproject.scout{&}hl=en
https://play.google.com/store/apps/details?id=com.nianticproject.scout{&}hl=en
http://thenextweb.com/apps/2013/01/10/googles-location-aware-field-trip-tour-guide-app-serves-up-mobile-deals-courtesy-of-scoutmob/
http://thenextweb.com/apps/2013/01/10/googles-location-aware-field-trip-tour-guide-app-serves-up-mobile-deals-courtesy-of-scoutmob/
http://thenextweb.com/apps/2013/01/10/googles-location-aware-field-trip-tour-guide-app-serves-up-mobile-deals-courtesy-of-scoutmob/
http://www.thecouponsapp.com/
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13Gee, for example, http://marketingland.com/how-location-evolved
-into-audiences-for-mobile-ad-argeting-59126 (accessed February
2015).

1411 the most profitable deviation, the deviating firm charges 2t —s
to residents at 1, /2 at location % and at location 0. Its deviation
profit equals #?/(8s) + 2t — s minus the cost of tracing, and the devi-
ation profit is higher than the mobile geo-targeting profit under this
condition.

15This is equivalent to Extension 1 where h = 0, so the derivations
can be found in the proof of Proposition 4.
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