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Abstract

This study answers two questions brought by internet technology improvement in
industrial organization literature. The first essay, “Customer Poachingo@dirading
and Consumer Arbitrage”, relaxes the no consumer arbitrage assumption and studies the
impacts of coupon trading on equilibrium prices, promotion intensities (frequency and
depth) and profits. The results show that: (i) firms never have incentive tbutistri
defensive coupons; (ii) a larger fraction of coupon traders among consumers or highe
distribution costs reduce the attractiveness of couponing, and firms resplowgebng
their (offensive) promotion frequency and depth; (iii) when the cost of distributing
coupons increases, firms respond by sending fewer offensive coupons, but of higher
face value; (iv) increase in the fraction of coupon traders and increase in coupon

distribution cost both lead to higher equilibrium prices and profits.

The second essay, “Post-Sale Low Price Guarantee and Price Fluctuation”
explains the cyclical price fluctuation by the combination of firm’s self-pakd low
price guarantees and its intertemporal pricing policy. An empiricaysiedlased on
weekly price data from Best Buy and Circuit City shows that there is aveega
relationship between each firm’s current price change and its previous laiogec
This is consistent with my theory that firms may use an intertempocaigpolicy that
causes price fluctuation over time comparing to the existing literdtaresually

predicts a monotonic price decreasing over time.



CHAPTER |

INTRODUCTION

Industrial organization is usually defined as a field of economics that sthdies t
strategic behavior of firms, structure of firms and markets, and theiragtiteTs. An
important topic of industrial organization is price discrimination. The commonly
observed types are second and third degree price discrimihatidne past fifteen
yearg, technology development, especially internet development, has had dramatic
effects on both sides of a market (firms and consumers). This development raonly
significantly changed firm price discrimination strategies, &edicfirm instruments of
price discrimination and information collecting; but also has influenced consume

market behavior, as well as market structure.

On the firm side, the development of the internet may either increase market
efficiency or decrease market efficiency. On the one hand, better atfomallows
firms to offer products that are better suited for consumers, which in tureasesr
market efficiency. Examples can be found in product customization litetdkieire
Bernhardt et al. (2006). On the other hand, internet development facilitatesdfirms
price discriminate, and this price discrimination sometimes is assbovéte

inefficiency. Examples can be found in coupon literature such as Liu and Serfes (2004)

On the consumer side, one advantage brought by the development of technology

is that it enables consumers to acquire abundant information at a much lower cost. This

! Extended literature and definitions are givehapter II.

2 Commercialization of internet started in mid 1990s



information can be categorized into two types: price information and non-price
information. Better price information enables consumers to find better pnzks; a
better non-price information enables consumers to find better matched prédusts.

consequence, consumer welfare usually increases.

Chapter Il of this study provides a more extensive theoretical and related

empirical literature review.

[.1. Importance of the Study

In spite of extensive studies on price discrimination, there are still some ope
guestions, especially when considering new firm and consumer behavior brought by
technology improvement. Due to the development of the internet, both sides of the
market (firms and consumers) can now acquire abundant information at a lower cost
compared to decades ago. This has significantly affected firm $&ssegl consumer
behavior, and has brought new questions in the study of price discrimination. The
purpose of this dissertation is to address two of these issues: coupon competition whe
consumer arbitrage is allowed, and cyclical price fluctuation over time whesales

low price guarantee is adopted.

Theoretical economists have explored firm promotion strategies through
couponing or other similar ways from a wide range of perspectives. However, coupon
trading, an important phenomenon that may affect firms’ couponing stratisgies

ignored in this literature. In the past, the time cost or hassle cost oftiogjlecupons



and especially trading coupdnsas prohibitively high. Coupon trading activity among
consumers is not as popular as today and thus can be ignored without causing a
significant inconsistency with the real world. However, due to the impravieoh¢he
internet, for following reasons, coupon trading has become more and more popular

among consumers, and thus cannot be ignored any more.
1% The cost of collecting coupons has been dramatically lowered.

Comparing to the past when coupons are usually distributed in the form of printed
paper, nowadays, many firms distribute coupons through the internet, and coupons are
usually in the form of electronic documents (usually PDF files), or even giettcd
code. The innovation in the forms of coupon has significantly eased the way of

collecting coupons.
2" The cost of trading coupons has been lowered.

Following the innovation of coupon formats, consumers do not have to trade the
printed physical coupon face to face any more, instead, they can finish the trading by
simple email. This not only lowers the transaction cost of finishing the tradinglsout
releases the limitation of finding potential buyers and sellers. A potentigbon
buyer/seller doesn’t have to be a local resident near a seller/buiger;shé could live

anywhere in the world since they can finish the trading process online.
3. Many websites have been developed to facilitate trading.

In the past fifteen years, many websites and online forums have been set up to

facilitate trading among consumers. Besides the most well known weli3dg, Ehere

% This may come from the cost of finding a potentiaipon buyer or seller, and cost of
negotiating a transaction price.



are numerous websites and forums that help consumers to trade coupons and other
products, such as E-Junkie.com, Craigslist.org, and so on. The emergence of these
websites has diminished the cost of finding potential traders dramaticallallOtres
improvement in the internet has made coupon trading very easy today. And coupon
trading, an important behavior among some consumers, which may affect firm
competition strategies, certainly cannot be ignored in coupon competition or other

similar promotion literature any more.

Based on existing coupon competition literature, my thesis incorporates consume
coupon trading behavior into firm coupon competition. This change allows us to study
the effect of coupon trading on firm coupon competition strategies. In short, this stud

fills a gap in the coupon competition literature.

The other important consequence of the development of internet is that consumers
can get abundant information at low cost nowadays. Since many stores (brick & motor
stores or pure online stores) have started their online business, it's much easier for
consumers to collect product information than ever before, especially foidbe pr
information. In order to compare prices across stores or track pricesroger ti
consumers can simplify click some buttons on a computer, rather than drive or walk to

the brick & motor stores. This has significant effect on firms’ pricinatetyies.

A variety of literature has been developed to explain price dispersion in@aberti
dimension that is over tinfeA crucial assumption made in this literature is that
consumers can only buy early at a high price or late at a low price. This assympt

though it may still be true in some circumstances, should be revised since meny fi

* See Stokey (1979) and Nair (2007) for example.



today adopt a low price guarantee policy (Hereafter LPG). One way to ¢ategbc

is to divide it into two groups: LPG across stores and LPG overtithe.LPG across

stores has been extensively studied from different aspects, theoretchéynairically.

Salop (1986) uses theoretical model to explain how LPG could be used as an instrument
to achieve collusion among stores. Manez (2006) empirically shows that LPG could be
used as a signal of low price. However, the latter, LPG over time, has drativetgl

little attention from economists. My thesis fills this gap by examiniAG lover time,

and its effect on firms’ pricing strategy.

[.2. Objectives of the Study

In order to fill these two gaps, my study is presented in two separats.eBsay
first essay develops a theoretical model, in which coupon trading among consumers
allowed. The effects of coupon trading on firm competitive behavior are examined. The
second essay first presents a theoretical model to examine firmsaposel LPG
policy and its effect on firms’ intertemporal pricing strategy, profihstimer surplus
and social welfare. Then | use weekly data from Best Buy and CircuitcCity

empirically examine the theoretical model.

[.3. Results of the Study

The third chapter, “Customer Poaching, Coupon Trading and Consumer
Arbitrage”, deals with firm coupon competition when coupon trading among consumers

is presented. The results indicate that coupon trading among consumers hasusignifi

® There are some stores adopt a LPG which is a ewtibn of these two. For example, Staples
claims if consumer finds a lower price anywhere elithin 14 days of purchase, it will refund the
difference.



effect on firm competitive behavior. Specifically, when the fraction of couponrgrade
increases, and when the cost of distributing coupons increases, competitieassdel

Competition through coupon distribution is a prisoner’s dilemma game.

The fourth chapter, “Post-Sale Low Price Guarantees and Price Hotuat
investigates firms’ LPG policy and its effect on firms’ pricing t&gges. The essay
finds that it is profitable for firms to adopt post-sale LPG policy. And furtheh, this
policy firms may change their prices periodically to price discriteitize consumers
with high cost of requesting price matching after purchase. This intertdmponag
policy causes the commonly observed phenomenon of price fluctuation over time.
Weekly data from Best Buy and Circuit City indicate that each firm’'spriange is
significantly correlated with its own previous change. This provides some eahpiri

evidence for the theoretical prediction at some degree.

[.4. Organization of the Study

Chapter Il presents a summary of the existing theoretical and erhfiieicture
of industrial organization. Chapter Ill presents the first essay, “Cust®asahing,
Coupon Trading and Consumer Arbitrage”. Chapter IV presents the second essay,
“Post-Sale Low Price Guarantees and Price Fluctuation”. Finallypt€h¥ lays out a
summary of the study and suggests possible extensions. In the next chapter, |

summarize the theoretical and empirical literature related to thig. stud



CHAPTER I

LITERATURE REVIEW

This chapter provides an overview of the landmark theoretical and related
empirical studies of industrial organization that focus on the price disctiornina
literature in the following areas: coupon distribution competition, price digpersi
intertemporal price change, and low-price guarantee. Section Il.1anvegerview of
price discrimination that provides the conceptual background for the studyrSe&i
outlines the literature related to coupon distribution competition. Section llo8lutes

the literature related to price dispersion, intertemporal priceegirand LPG.

[1.1. Price Discrimination

Overview and Taxonomy

Price discrimination has existed and has been studied for a long time. The
possible earliest economist to study price discrimination is Jules DupuénehF
economist-engineer. As pointed out by F.Y.Edgeworth (1910) and emphasized by
Robert Ekelund Jr. (1970), Dupuit is believed to be the earliest, and the highest
authority on the theory of price discrimination at that time. Regardlessdiff@sent
types, price discrimination can be simply defined as identical products (goods or
services) provided at different prices. Based on the degree to which produdepsovi
can charge different prices, Pigou (1932) categorize price discriminatmfirst,

second and third degree price discrimination.



In the first degree price discrimination, price varies by customers.ig hot very
commonly observed in real world, because it requires the product provider has the
ability to identify every single customer and the power to charge differeatspo
different customers. These two conditions are difficult to satisfy in miatynestances.

One possible example could be repeated auctions for the same products. Thinking about
an E-Bay seller selling multiple identical products through auction, each winning bid
for the product could be differefTherefore during this process, the same products are

provided at different prices.

Second degree price discrimination is when providers are incapable of
differentiating different types of consumers. Therefore they providerdiit supply
schedules and rely on consumers to sort themselves by choosing different options. The
most commonly observed second degree price discrimination is that price varies
according to quantity sold. As one can easily find, the price of one-gallon milk is

usually less than the twice of the price of half-gallon milk.

Third degree price discrimination occurs when providers are capable of
differentiating and charging different prices between consumer sléastie most
extreme case, price varies by individual customer, and this becomes frest gege
discrimination). Examples of third degree price discrimination could be senioudisc

or member discount.

As one can easily see from the above descriptions, these categories are not

mutually exclusive or collectively exhaustive. Therefore Ivan Png (2002gstgggn

® Here the seller still cannot extract the entingkis from the consumers. She can only charge
different prices depending on the willingness tg.pa

8



alternative taxonomy. Nevertheless, Pigou’s taxonomy is still the prevakogamy
in industrial organization literature. Among the three types of price dis@tmans
defined by Pigou, the most commonly seen and studied are second and third degree

price discrimination. | will start with second degree price discrimination.

Second Degree Price Discrimination

For second degree price discrimination, providers offer different schedules to let
consumers sort themselves into different groups. Consumers information ptaggaa
role in firms’ optimal price schedule determination. Stole (1995) discusses second
degree price discrimination in oligopoly market where firms’ products araypat
differentiated and consumers may have brand preference or quality pref@reac
paper finds that the optimal pricing schedules depend importantly on the type of private
information the consumer has. When competition increases, quality distortion, price,
and quality dispersion decrease. Armstrong (1999) discusses a model in which multi-

products monopoly facing consumers with unobservable tastes.

A common seen second price discrimination is quantity discount. Goldman and
Sibley (1984) give an example of non-uniform price based on quantity purchased.
Before their work, existing literature about quantity discount usually focug/o-part
non-uniform pricing. Their paper goes further by discussing arbitrary nooromif
pricing policies. In their paper, consumer demands are heterogeneous, anahfiym
know the distribution of the demand but not the demand of any exact consumer. The
firm thus chooses an optimal non-uniform pricing policy based on quantity purchased.

They find that this discrimination will in general increase welfarel$exaad non-



uniform price schedules will differ qualitatively when income effeatsigportant

from when they are not.

Besides the quantity discount discussed above, other characteristics could also be
used as a sorting instrument. Chiang and Spatt (1982) develop a model, in which
consumers are different in their valuations of waiting time to get the product. Knowing
this, the monopoly price discriminates part of the market by bundling its proddcts wi
different waiting time. They find that deadweight loss, consumer surplus and output

between single-price monopoly and imperfect discrimination are ambiguous.

Sometimes, it is profitable for providers to offer different schedules to price
discriminate part of the market; sometimes it is not profitable to do so. Diarh®8d)(
looks at a model with two classes of consumers—divided according to their wilsngnes
to pay—high type and low type. The model is in continuous time with a unit of flow of
new consumers into the market. He finds that the equilibrium can have a singlerpric
a pair of prices. In a two-price equilibrium, the lower price equals the loWergness

to pay of the low type, and the higher price is the reservation price of the high type.

Third Degree Price Discrimination

For third degree price discrimination, providers are able to sort different groups of
consumers based on some of their characteristics. This difference caedozized

into two types: vertical differentiation and horizontal differentiation.

In vertical differentiation, consumers have the same preference qytertin
different valuations of some characteristics of the product. A typical@ramquality.

Most (if not all) agree higher quality product is preferable, but only the consurhers w

10



value the quality high enough are willing to pay a premium to purchase a high quality
product, while others do not value the quality high enough will pay low price and get
low quality. This quality difference market could be automobile market (BM\&uger
Hyundai) or software market (Professional edition versus home edition). Sheked a
Sutton (1982) look at a three stage model in which number of firms, product qualities,
and prices are endogenous determined sequentially. They find the only perfect

equilibrium exists when there are exact two firms, and they offer distinctigsial

In horizontal differentiation, consumers have different tastes. An obvious example
can be found in the soft drink market—Pepsi versus Coke. This horizontal
differentiation is generally captured by consumers’ heterogeneoumitcah
benchmark model in horizontal differentiation literature is Hotelling’s m@#29). In
the paper, Hotelling consider a “linear city” of length 1. Consumers are uniformly
distributed along the line. Two shops, located at the two ends of the line, sell identica
products. Consumers have unit demand. Besides the price of the product, they have to
pay a transportation cost, which is a linear function of the distance between the
consumer’s location and the location of the firm that the consumer shops at. Hotelling’s
model has been broadly discussed and cited. Generally speaking, there areams str
of results: minimum differentiation, in which firms will minimize their éifénce; and

maximum differentiation, in which firms will maximize their differenc

Eaton and Lipsey (1975) examine the principle of minimum differentiation from
Hotelling’s model under various conditions. They find that of the models they studied,
minimum differentiation is a property only of those in which firms pursue a syrateg

zero conjectural variation and where the number of firms is restricted to tiaen W

11



new firm enters a market, or when an existing firm relocates, thererag stndency

for that firm to locate as close as possible to another firm. This behawitsr tie create
local clusters of firms in many equilibrium and disequilibrium situations. Tineiple

of minimum differentiation is a special case of the principle of local clagterhen the
number of firms in the market is restricted to two. D’Aspremont et al. (197 3 mee&
Hotelling’s model and the so-called principle of minimum differentiation, ardithat

no equilibrium price solution will exist when both sellers are not far enough from ea
other when using linear transportation cost as in Hotelling’s model. They then find wi
guadratic transportation cost, firms will move away from each other as farsaible.
Economides (1986) under the Hotelling’s model structure, discusses a set of different
transportation costs by let the transportation cost f(tiwdere 1<=a<=2. He finds that
in general neither minimal nor maximal differentiation is correct; rdtiexe exists a
range of a value such that the perfect equilibrium locations are interior pbthts

product space.

Other Price Discrimination Literature

There is also many literature related to intertemporal price dis@tman. A
general idea of this intertemporal price discrimination is that firmgehdifferent
prices over time to price discriminate part of the maflée.contrary to the usually
predicted monotonical price decreasing over time in existed literatureecond essay

predict a price fluctuation over time.

While major literature discusses second or third degree price discriomnat

final good market, Katz (1987) looks at third degree price discrimination in

" Detailed information about this literature is yioed in 11.3.

12



intermediate good market. His paper develops a model in which there is a monopolist
who is an intermediate good supplier. The intermediate good is an input into the
production of a homogeneous final good that is sold in a set of independent local
markets. The author finds that results are different from the final gooétetméne

factor that price discrimination may raise prices charged to both typeserstahows

that the demand interdependencies and possibility of integration can have powerful
effects on the equilibrium outcome. Price discrimination can decrease carsunplus

and welfare but it can also prevent socially inefficient integration.

[1.2. Coupon Trading Literature

Coupon Competition

Coupons have been used as an instrument to achieve second or third degree price
discrimination for a long time. Based on the distribution method, coupons can be
categorized as mass distribution or target coupon. For mass distribution coupons, each
consumer generally has equal chance to get the coupon, and based on his/her
characteristics (for example, time cost or hassle cost of using the coupioiesdec
whether to use the coupon or not. In this case, coupons are used as an instrument to
facilitate second degree price discrimination. For target coupons,dentscoupons to
a specific group or specific groups of consumers. These consumers, with the coupon,
can get the product at a lower price. In this case, coupon is used as an instrument to

achieve third degree price discrimination.

Early studies consider the use of coupons as a device to create market

segmentation due to consumer self-selection (mass media coupons). For example, in

13



Narasimhan (1984), couponing enables price discrimination providing a lower price to a
particular segment of consumers while keeping the price high for others. With the
availability of more consumer information, firms can rely less on consunier sel

selection and more on targeted coupons (see Shaffer and Zhang (1995) for examples of
such practices). Targeted coupons are mostly modeled as offensive coupons, i.e., to
poach rival firms’ loyal customers (Shaffer and Zhang (1995), Bester arakiBe

(1996), Fudenberg and Tirole (2000) etc.).

The study most relevant to my dissertation chapter three is Bester aadset
(1996). They look at a duopoly model where consumers have preferences for one brand
over the other. Each firm can send out coupons to consumers who prefer the other
firm’s product. They show that couponing intensifies competition between the firms,
and the equilibrium prices and profits are lower than when no coupons are offered.
Since couponing leads to a prisoners’ dilemma game, an increase in the cost of coupon

distribution would lead to higher prices and lower consumer surplus.

Fudenberg and Tirole (2000) look at a two-period game where in the second
period. Firms can separate consumers who bought from them in period 1 from those
consumers who did not. Consequently, each firm can poach the customers of their
competitors by sending them coupons to induce them to switch. They also find that
poaching leads to lower prices. They also investigate the efficiencygtdom

contracts or short-term contracts.

In the previous two papers, a poaching firm sends the same coupons to all of its
rival’'s customers. The coupons are different in Liu and Serfes (2004) and Simaffer

Zhang (1995, 2002). In Liu and Serfes, both firms send coupons of different face value.

14



This is because firms have detailed information which enables them to segment
consumers into various groups. In Shaffer and Zhang (1995), each firm offers only one
type of coupons, but it can choose to send coupons to only a portion of the customers
(partial couponing), since each firm has the ability to identify and taegdt e

individual consumer. The reason firms do partial couponing is because some
consumers’ preferences are so strong that the poaching firm can’t attradiythe

sending coupons. The game is still a prisoners’ dilemma game in which the net effect
of coupon targeting is the coupon distribution cost plus the discounts given to
redeemers. Only when firms are asymmetric, the game may not be a gfiddasmma

with one-to-one promotions (Shaffer and Zhang 2002), since there is also a market
share effect. The firm with the higher-quality product may gain from one-to-one

promotions at the cost of the lower-quality product firm.

Consumer Arbitrage

There have been few studies analyzing resale or consumer arbitrage, and they
typically consider only monopoly. In Anderson and Ginsburg (1999), consumers differ
in two dimensions: willingness to pay and arbitrage cost. In their setup, a monopolist
can sell its product in two countries. It may sell in the second country evereiish®e
local demand, with the sole purpose of discriminating across consumers with different
arbitrage costs in the first country. Calzolari and Pavan (2006) consider a mdfsopolis
problem of designing revenue-maximizing mechanisms when resale is posséye. T
find that the revenue-maximizing mechanism may require a socisalling procedure.
The auction literature has also considered how resale affects biddingtidnlpg the

information revealed in a primary auction market and changes in bidder p#ditipa
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patterns can create inefficiencies that affect the revenue rankirapdastl auction
formats when there is an option to resale in a secondary market. Zheng (2002)
investigates the design of seller- optimal auctions when winning biddersteapato
resell the good, and characterizes the sufficient and necessary conditiondog s
bidding with resale. Haile (2003) considers how resale opportunities affect bidders’
valuations and finds that the secondary market can benefit the initial séllerésale
seller can extract a sufficient share of the resale surplus. Inseirtbare is no pricing
decision that is conditioned on the bidding outcome of the auction. The efficient re-

allocation of coupons results via English auctions held with no incentive distortions.

Empirical and Experimental Coupon Literature

There are many experiments in the literature exploring variougetietirm
promotion or couponing on consumer psychology and purchasing behavior. Some
literature discusses adverse effects of promotion or couponing on firm prafitabd
consumer purchasing behavior. For example, Shor and Oliver (2006), from an
experiment, find that the diminished likelihood of purchase has adverse effects on
profitability and offsets any gains from market segmentation. Gonul and Sanivas
(1996) find that consumers’ perception of future coupons affects purchase using 158
weeks disposable diaper data. Some researcher explore the factoraytlzdtect
coupon usage. Bawa et al. (1997) argue that a person's coupon usage behavior will
depend not only on his or her inherent coupon proneness or desire to use coupons, but
also on the attractiveness of the coupons encountered. In Mittal's (1994) paper, he
claims that consumers' characteristics can determine their attitudespon usage.

Delvecchio (2005) uses two experiments to explore the effects of relative ahdabs

16



promotion value. Buckinx et al. (2003) develop two models to explore factors that

affect manufacturer and retailer coupon redemption rates.

[1.3. Online Price Dispersion, Over Time Price Chage and LPG

Online Price Dispersion

Price dispersion always exists in Brick & Motor stores. One major exjaria
that the price dispersion comes from consumer search cost. Salop (1977) develops a
model, in which consumers have an expectation of a subjective price distribution and
heterogeneous search costs. A consumer will calculate an optimal resss\feopn the
price distribution and search cost, and then search the local store until she finds a pric
equals to her reserve price. Knowing this, a monopolist can choose an optimal price
distribution and allow price discrimination. As pointed out by Bakos (1991, 1997) and
Smith et al. (1999), since the search cost dramatically drops for online shopping, we
should observe a price convergence. However, we still observe consistent price

dispersion online.
There are four major explanations for online price dispersion.

(1) Immaturity of markets. Brynjolfsson and Smith (2000) find price dispersion in
books and CDs market and one of their explanations is immaturity of online market.
Brown and Goolsbee (2002) investigate the online life insurance market anilafind t
price dispersion is large at the beginning but falls as the use of internet spreads.
However Baylis & Perloff (2002) find that the pattern of price dispersion in diagér
on electronic markets rarely changes over the course of more than onghyelardoes

not support price convergence as the market matures.
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(2) Search cost heterogeneity. After observing 32 online bookstores, Clay et al.
(2001) find consistent price dispersion, and their results suggest that many censumer

may not be engaging in search, despite its low cost and significant payoff.

(3) Mixed price strategy. Clemons et al. (2002) claim that firms can ease pri
competition by adopting a mixed price strategy after they observed the oaliak t
market. But Baylis & Perloff (2002) find that online price rankings in theimpsamio

not change their strategy much.

(4) Service premium. As pointed out by Lynch & Ariely (2000), online shopping
lowers the cost of acquiring price information, which will increase pricataatys
They develop an experiment for online wine shopping, and find that for differentiated
products like wines, lowering the cost of search for quality information reduces pr
sensitivity. Grover & Ramanlal (1999) also find that providing more detailed product
information could increase the reservation price for some consumers. However, Pan et
al. (2002) find that online service quality accounted for only a small percentageeof pri
dispersion based on an empirical analysis of 105 online retailers comprising 6,€39 pric

observations for 581 items in eight product categories.

When we observe the price patterns of Best Buy, Circuit City, OfficetDepo
Office Max, and Staples, we found prices are not only different from store tplstiore
also from time to time. There is a large body of literature studying pneege over

time.
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Over Time Price Change

A main theory used to explain each store’s own price change over time is
intertemporal pricing strategy. As pointed out by Elmaghraby & Keskinocak (2003)
recent years, due to technological improvement, there has been an igcaelagiion
of dynamic pricing policies in retail and other industries. Stokey (1979) prd@ose
monopoly model when both sides of the market have complete informationpaioest
Given that consumers differ from each other in terms of initial reservatioces@and
discount rates, intertemporal pricing can be used as a profitable prigengiation
instrument if consumers’ reservation prices fall proportionately fadsterthe firm’s
production costs. When costs don’'t decrease over time or they decrease at théesame ra

as reservation prices, a monopolist prefers to use a single price.

With incomplete information, Landsberger & Meilijson (1985) considered a
monopoly market, in which the firm only knows consumers’ distribution rather than the
exact reservation prices. They find that in order to make intertempacal
discrimination profitable, consumers with high reservation prices must be digedura
from waiting until low prices are offered. To generate these incentives ahepalist
may have to delay considerably the lowered-price sales. The largamthiemer
discount rate, the easier it is to discourage consumers with high reservatesnfmm
waiting. Rustichini and Villamil (1996) go even further in the strand of incomplete
information. They discuss a one buyer/one seller market, in which the buyegss/a
private information and changes randomly through time according to a Markov chain
with positive serial correlation. A firm uses its price to explore the bsiyatuation

over time. Its intertemporal pricing strategy weighs the cost of atitegnot learn the
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buyer’s value (which may decrease current profit) versus its benefeh\wiay
increase its future profit). In this literature, the profitability oEnemporal pricing

strategy relies on the different discount rates between firms and consumers.

In the strand of literature that both firms and consumers share the same discount
factor, Rodriguez and Locay (2002) present two different models in which both firm
and consumers share the same discount factor. In their first model, demankasti&toc
but consumers are uncertain about product availability in the future, so that those wi
higher willingness to pay prefer to pay higher prices today than face ktitbatghe
product may sellout. Their second model uses Leibenstein’s “snob &ffegénerate a
desire on the part of the more enthusiastic consumers to buy early, when the good is
more exclusive. Nair (2007) presents an empirical application to the markeddor
games in the US. The results indicate that consumer forward-looking behavior has a
significant effect on a firm’s optimal pricing. Hosken and Reiffen (2004jrexe
grocery retail price variation across a range of goods and regions afitied States.
They find that typical grocery product has a regular price and mostidegidtom that

regular price are downward.

Contrary to this literature relying on monopoly market, Levin et al. (2009) present
an intertemporal pricing model in an oligopolistic market. Neverthelddhjsa
intertemporal pricing literature is based on an assumption that some constamers a
willing to wait and buy in the future; while this assumption should be revised & firm

use post-sale self LPGs. Because with the post-sale self LPGs, epssam buy early

8 The satisfaction a consumer derives from a prodecteases with the number of consumers that
have consumed the good at the moment of purchase

20



and request a price match later if the price is lowered. This gives consommeentive

to wait and buy?

Low Price Guarantee

A first impression about LPG is that it must favor consumers in the satse th
consumers are given an opportunity to buy from their favorite store at apoaer
However as a number of researches have shown, LPG sometimes may hurt consumers
Existing literature explains LPG in three streams: collusive deproee discrimination
tool, and low price signdl. Salop (1986) points out the LPG could be used as an
instrument to facilitate collusion. A simple version of his model has two fiefliaga
homogeneous product to fully informed consumers. Without LPG, Bertrand
competition leads to both firms pricing at marginal cost. With LPG, however, both
firms price at the monopoly level. Logan and Lutter (1989) find that the resaliust
to heterogeneous products and an asymmetric duopoly. Empirically, Arleattkaly
(2006), using data on retail tire prices, find firms with price-matchingagtees tend to
have weakly higher advertised prices than firms with no guarantees; whensasith
price-beating guarantees tend to have weakly lower advertised priodsrimwith no
guarantees. In the strand of literature using LPG as price discrioninabl, Png and
Hirshleifer (1987) look at a duopoly market, in which there are two types of consumers:
Locals with elastic demand who will request price matching if possible, anst$our
who have perfect inelastic demand as long as the price is below their tiesepviae,

and will not request price match. They find that in equilibrium, LPG is used as an

°® Some consumers may still wait and buy either bseahe hassle cost of requesting price match
is too high for them, or they think the price wibht be lowered within the period of price matching.

19 Moorthy and Winter (2006) summarize a nice tabletfie comparison among these three.
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instrument to price discriminate the tourists. Corts (1996) looks at an oligapolisti
market, and finds LPG is used as a price discrimination tool rather than aarollusi
device. LPG may raise or lower equilibrium prices. The relatively new exidten

about LPG is using it as a signal of low price. Moorthy and Zhang (2006) oetesti

LPG under vertical differentiation structure, and find offering LPG is rmasigf low

price and low service, which is a way of branding the retailer to uninformed cossumer
Moorthy and Winter (2006) develop a duopoly model in which firms marginal costs are
random draws. They find LPG may be used as an instrument to signal low prige. The
provide empirical evidence from 46 retailers in U.S. and Canada to support the
signaling explanation. Manez (2006) collects prices data from three superatates

finds that LPG is offered by the firm with the lowest price. This indgcdte LPG here

is used as a low price signal. There are some researches investigatipgdi-sale self

low price guarantee policy (hereafter SLPG). For example, Chen ar{@09) study

the effects of SLPG on price competition among major consumer electretaiitsrs

and find SLPG is pro-competitive. Cooper (1986) find SLPG soften competition in a
two-period duopoly heterogeneous products model. Schnitzer (1994) examines SLPG
on collusion in a two-period homogeneous durable goods market and finds SLPG can

facilitate collusion at limited degre®.

My second essay provides a theoretical model to explain the relationship between
firm pricing strategy and firm post-sale low price guarantee. | findt#nh be used as

a price discrimination tool.

™ In those paper, they call the self LPG most-fagianestomer.
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CHAPTER Il
CUSTOMER POACHING, COUPON TRADING AND CONSUMER

ARBITRAGE

[11.1. Introduction

There is a large literature on price discriminafidoA common assumption made
in this literature (except for a few studies) is that consumers cannot engage
arbitrage*® In traditional markets, it is costly for a consumer to locate another jabtent
buyer of the same product and then trade. In that sense, the no-arbitrage assumption,
while not entirely true, may be realistic. However, this assumptionrsasingly
violated in the digital economy. First, it is easier to buy products cheap alidaieae
profit online (e.g. Ebay.com), since the direct “consumer-to-consumer” raaneet
more developed and information can be easily exchanged on the internet. Moreover,
one of the commonly used methods to achieve price discrimination is to target
consumers with coupons, and coupons can be easily traded. In the case of online
shopping, all that consumers need is a coupon code. Not surprisingly, more and more

coupons are traded online. For a simple example, go to Ebay.com and search under

12 A search in EconlLit results in 521 papers with¢prdiscrimination” in the titles of the papers.

13| a firm offers a menu of various qualities prbductsavailable to all consumers, and relies
onconsumerso self-select based on th&haracteristicsthen consumers have no incentive to
engage inarbitrage andhe assumptionis not needed. However, if the menu includes oftdrs
different quantities,or if the firm give different options todifferent consumers, then the no
arbitrage assumptiois needed.
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“coupon,” one can find over 20,000 (not counting multiple coupons in one listing) of

them for salé?

In this paper we relax the no consumer arbitrage assumption by allowing coupons
to be traded. Specifically, we assume that some consumers have low hassle cost
selling or buying coupons, and we call them coupon trdd@ther consumers have
prohibitively high cost of trading coupons and are called non-traders. We assume that
firms have information (e.g. purchase history) to differentiate betweerotheiloyal
customers and their rivals’, and thus can price discriminate between thendbgse
coupons to only one group or by sending different coupons to different groups. We
develop a location model of oligopolistic third-degree price discrimination to
investigate how prices, promotion intensities and profits change as therfraict

coupon traders increases.

Depending on the method of distribution, coupons can be divided into two types:
mass media coupons and targeted coupons. Mass media coupons are distributed
randomly by the firms, and consumers, based on their characteristics, esgtlfaseb
whether to collect and use the coupons (Narasimhan 1984). However, with the
availability of more and more data on actual consumer transactions, and better
technology to utilize such data, firms do not need to rely exclusively on consufner sel

selection. Instead, they can select shoppers with specific charaxteast send

4 These are only listings of coupons for auctiorsake, and not all of them are sold. To geta
senseof how many are actually sold, we searched for ecifip coupon (Staples coupon), and checked
the 10 listings with the earlieskpirationtime. We foundthat6 of them had bids. One of the 6
couponsbeingauctionedis a Staples $20 off $100 coupon. It has 4 bii vess than 2 hours
left for the auction,andthe highest bid i$3.75.

15 For example, some consumers may be familiar witlyEand have various accounts already set
up for transactions there, so the incremental &retien cost of trading coupons on Ebay is minimal.
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targeted coupons (Shaffer and Zhang 1995). A popular form of targeted coupon is an
offensive coupon (also called a poaching coupon). Firms send offensive coupons to
poach rival firm’s loyal customers, i.e., those who will purchase from the nirralff

prices are the samt@The opposite is a defensive coupon. A firm can distribute
defensive coupons to retain its own loyal customers, who may be poached by rival

firm’s offensive coupons.

In this paper, we focus on coupons which are tradable, i.e., carrying no restriction
on who can use theM We allow firms to send offensive coupons and/or defensive
coupons, but find that firms have incentive to send only offensive coupons. When a
coupon trader receives a poaching coupon, he will sell this coupon back to the
couponing firm’s loyal customers, since the latter value the coupon more. In the
symmetric pure strategy equilibrium of this model we find that when thedinaat
coupon traders increases, firms will promote (send coupons) less frequentlytand wit
lower coupon face value. This reduces competition, leading to higher prices and profits.
When coupon distribution cost increases, firms respond by promoting less frequently,
but with higher coupon face value. Equilibrium prices and profits also go up. lecreas

in the fraction of coupon traders and increase in coupon distribution cost both

1% This is somewhat similar to “reciprocal dumping’the trade literature (e.g. Brander and
Krugman (1983) and Deltas et. al. (2008)). In l=#tiings, each firm has disadvantage in one market,
whether it is due to weaker preferences of conssiinethat market (our case) or higher transpontatio
cost to serve consumers in that market (the recgpdumping case). Firms poach each other’s strong
markets, leading to lower profits for both firmsispners’ dilemma.

" In practice, some coupons carry restrictions imgeof who can use the coupons. For example,
if you receive an offer of a onetime bonus bytsing long distance call service to AT&T, you
qualify for the offer only if you are not currentlyith AT&T. However, many (if not most) coupons
carry no restrictions in terms of who can use thgpons. In the extension, we allow firms the cad@
distribute non-tradable coupons. Such couponsiedo the targeted customers and cannot be used b
other customers.
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discourage firms from sending coupons. Since price discrimination with coupons

constitutes a prisoners’ dilemma game, equilibrium prices and profitagecre

The rest of the paper is organized as follows. Our model is presented in Section 2,
and Section 3 contains our main results. In Section 4 we offer some extensions of our

model and we conclude in Section 5. Section 6 is Appendix.

[11.2. Description of the Model

Two firms—21and 2—produce competing goods with constant marginal cost,
which we normalize to zero. Each consumer buys at most one unit of the good and is
willing to pay V. We assume that V is sufficiently high and therefore the miarket
always covered. Consumers are heterogeneous with respect to the premiura they a
willing to pay for their favorite brand. This heterogeneity is capturedgarameter,
which represents the consumer’s degree of loyalty. Specifically, a consoated at
is indifferent between buying from the two firms if and onli=ih—p,. We assume that
|l is uniformly distributed in the interval [-L, L] with density*dWhen two firms
charge the same prices, consumers located at | > O will buy from firm leaodllad

firm 1's loyal customers. Similarly, customers with | < 0 are firmlayal customers.

The interval [-L, L] is partitioned into two segments: [-L, 0] and [O, L],
corresponding to firm 2’s and firm 1’s loyal customers respectively. Fimog which
segment each consumer is located in, but do not know exactly where in the

corresponding segment. For example, for someone located at L/2, firms will kaiow t

18 A similar model has been used in Shaffer and Zfa@g2) and Liu and Serfes (2006).
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she is located in the segment [0, L], but not that she is located Bt TH2re are two

types of pricing strategies that a firm can adopt in our context:

Uniform Pricing

Each consumer on the [-L, L] interval receives the same price. This prise is al
called the regular price, which is the price consumers pay without couponsg.aoet p
p. denote the regular prices of the two firms. Without loss of generality, askatye

2 Po.

Segment Couponing

Recall that the two segments are [-L, 0] and [0, L]. Firms can send coupons to
consumers in one segment but not those in the other segment, or send different coupons
to different segments. We allow firms to distribute both offensive and defensive
coupons? Let segment 1 denote the interval [-L, 0], and segment 2 the interval [0, L].

Let (4,4, 7711) denote firm 1's couponing intensity in segment 1, where firm 2’s loyal
customers are locatéliThis means that every consumer in segment 1 has an equal
probability’;1 of receiving coupons of face valug from firm 1.1, is called the

promotion frequency anx; is the promotion depth. Following the literature, we

9 We assume this exogenous information structuredambt investigate how this structure
emerges. One can think of a two-period model whiares can observe purchasing history but not
consumers’ exact willingness to pay for a good, such information structure would emerge
endogenously after consumers make purchasingidesiin the first period (e.g. Fudenberge and
Tirole). In a symmetric equilibrium of this twaeriod model, consumers located on the intefvél
0] will buy from firm 2 in the first period, andhdése located on the interval [0, L] will buy frdirm 1.
Then at the beginning of the second period, foheansumer, firms know whether she bought from it i
period 1. However, firms only know whether consusrtasught from them in period 1, but do not know
their exact locations.

2 Recall that if firms send coupons to poach rivmhf loyal customers, such coupons are called
offensive coupons. Defensive coupons are semtéinra firm’'s own loyal customers.

2L The first (second) subscript refers to firm (segthe
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consider dollars-off coupons instead of percentage-off coupons. Similarly, let;()
denote firm 1's defensive couponing intensity in segment 2. Note that, ¥ 0 and

112,=0, then firm 1 is sending offensive coupons alone. Similarly firm 2’s offensive
couponing intensities are given biy{, 1,,) and its defensive couponing intensity are
given by @,4, 121). When consumers do not use coupons, they will pay githerp,,
depending on which firm they buy from. With coupons, consumers located at segment

j=1, 2 will payp, — ry; if they buy from firm 1, or pay, — r; if they buy from firm 2.

Next we introduce the cost of distributing coupons. We assume that coupon
distribution cost is increasing and convex in the promotion effort and the size of the
segment. In particular, it takes the formk@fi;;L)*for firm i's promotion effort at
segment j. If firm i sends out both offensive and defensive coupons, then its total
promotion cost i%(A;1L)? + k(4;;L)%. Consumers incur no cost when using coupons.
However, they differ in whether they trade (buy/sell) coupons. A fraatiohthem
have zero cost of trading coupons. We call them coupon traders. If these consumers
receive coupons, they will either use the coupons or sell them to other consumers who
value the coupons more. They may also buy coupons from other customers. The
remainingl — « fraction have infinite cost of trading coupons and are called coupon

non-traders$?

22 \We relax this assumption by introducing coupon-nsers in Section 5.1. Our results do not
change qualitatively with the introduction of compmon-users.

3 t's certainly more realistic to assume a smoastrithution of coupon trading costs and
endogenize the fraction of coupon traders. Conssimvih trading costs below certain level are wilito
trade coupons—coupon traders, and those with highgpon trading costs will not—non-traders. The
cutoff coupon trading cost will determine the fiantof coupon traders. Note that, in this setupand
equilibrium prices and promotion strategies arerth¢pendent. For tractability, we assume that
exogenous in this paper, and we reserve the endagen ofa for future research.
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Our models are related to those in Bester and Petrakis, and Fudenberg and Tirole.
If we setoa=0 and rule out defensive coupons, our model becomes the one in Bester and
Petrakis (with uniform distribution). If we set= 0 andk = 0, our model becomes the

second period of Fudenberg and Tirole (short-term contracts with uniformatistn).
The game we will study can be described as follows.

e Stage 1. Firms, simultaneously and independently, decide their regular
prices (), promotion frequencyl(;) and depthi;), i, j = 1, 2%

e Stage 2. Coupon distribution is realized. Coupon trading then takes place.

e Stage 3. Consumers make purchasing decisions. If they use coupons, they

will pay regular price minus the coupon face value.

We assume that firms are risk neutral and maximize their expected.Bofits

firm i's problem is to choosp;, 4;;, 15, i,j = 1, 2, to maximize its profit,

maxm;(p;, Aijs Tijs P—is A-ijo T—ij)s L,J = 1, 2.

[11.3. Analysis

We first provide a road map for how we solve the game. The consumers can be
segmented into various groups, depending on whether they are coupon traders and
whether they receive coupons. We calculate firms’ profits from each groupwkhe

aggregate profits over all groups of consumers net of the coupon distribution cost.

24 Similar to Bester and Petrakis, we model the paive promotion strategies as a simultaneous
game. An alternative way of modeling is a sequéntiave game where firms choose one strategy (say
price) before they choose the other strategy (samption strategy). However, it is unclear to usethier
firms should choose price strategy or promotioatsgy first. On the one hand, it is often vieweat th
regular price is a higher level managerial decisind is relatively slow to adjust in practice than
promotions. On the other hand, we often observelaegrice changes while promotion strategy (e.g.
coupon face value) is relatively stable.
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Solving the first order conditions, we obtain the equilibrium price, promotion frequency

and depttf®
Consumers can be divided into the following groups:
Type (a): non-traders with neither firm’s coupon;
Type (b): non-traders with only offensive coupons;
Type (c): non-traders with only defensive coupons;
Type (d): non-traders with both firms’ coupons;
Type (e): traders.

Based on firm i's promotion effod;; (i,j = 1,2), each consumer in segment
has an equal probability;; , of receiving the coupon from firm Firms maximize their

expected profits, thus we only need to consider, on average, how many consumers are
of each type. We start by calculating each firm’s demand and profit iomtgpe of

consumers, and then add them up to obtain each firm’s overall demand and profit.

(1) Type (a): non-traders with neither firm’s coupons

We start with type (a) consumers, who are depicted in Figure IIl.1. Consumer
density are different in [-L, 0] and in [0, L]. First consider consumers on the interval
[-L, O]. The fraction of non-traders is— a. The probability of not receiving firm 1's
(offensive) coupon is 144, and the probability of not receiving firm 2’s (defensive)

coupons is 14;,. Overall the probability of being a non-trader and receiving neither

% First order conditions are necessary but notaefit. We need to make sure that the solutions
that we obtain constitute equilibrium strategies fp andi«). Instead of checking whether the Hessian is
negative semi-definite (which is quite messy), Wwevs that no firm has incentive to unilaterally detei
from this profile of strategies. Details are praddn the proof of Proposition 1 in the Appendix.
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firm’s coupon is(1 — a)(1 — 1,1)(1 — A,,). Similarly the fraction of non-traders with

neither firm’s coupon on the interval [0, LY is— a)(1 — A,5,)(1 — 15,).

Let [, denote the location of the marginal consumer, which is defined by
l, = p1 —p, = 0, sincep; = p,. Every consumer to the left of la will buy from firm 2
at pricep,, and those to the right will buy from firm 1 at prige Therefore, firms 1

and 2 make sales of

dig = (1 —a)(1 = 22)(1 = A0)(L — 1)

=1 -a)A—-212)A =)L —p1 +p2)
dyg =1 —a)(1—2;)(A = AL+ (1 —a)(1—2;)(A = 2,)1,

=(1-a)A-24D)A-2)L+ (1 —a)(1 —212)(1 — A33)(p1 — p2)
Their profits are
Mg = P1dig = P1(1 —a)(1 — A1) (1 — A32) (L — py + p2)

Toq = Palzq = P2(1 — a)(1—211)(1 — 25)L

+p,(1—a)(1 = A12)(A = A22)(p1 — p2)

(2) Type (b): non-traders with only offensive coupons

These consumers are depicted in Figure Ill.2. Let’s start with consum#rs on
interval [-L, O]. Firm 1 sends offensive coupons while firm 2 sends defensive coupons
there. The probability of being a non-trader, receiving firm 1’'s (offehsimepons but
not firm 2’s (defensive) coupons({$ — a)A,,(1 — A,,). Firms’ roles are reversed for

the interval [0, L]. The density of consumers receiving only offensive couponsshere i

(1= a)(1 = A12)Az,.
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Let [, andl,, denote the marginal consumer in segment 1 and 2 respectively.
The left marginal consumer, located gt is indifferent between buying from firm 1
with a coupon (thus paying — r;;) and buying from firm 2 without a coupon (thus
paying;oz).26 Similarly, the right marginal consumer (located,a) is indifferent
between buying from firm 1 at, and buying from firm 2 gt, — r,,. The exact

locations of these two marginal consumers are

b1 = (1 —111) = P20 bz =1 — (P2 — T22)-

It's easy to see thd; < 0 andl,, > 0. Otherwise, these coupons do not get the
firms any extra customers, and firms would be better off not to send offensive coupons.
Consumers located in the interval [},] receive coupons from firm 1, but the face
value of firm 1's coupon is not enough to compensate for their strong preferences for
firm 2’s product. As a result, they will buy from firm 28t Since they are non-traders,
they will not sell firm 1's coupons. However, for consumers locatet},in{], they
only have a weak preference for firm 2’s product. With firm 1’'s coupons, they will
choose to buy from firm 1 and pay — r;;. Similarly, consumers located in [{;)
will buy from firm 2 at a price op, — r,,, and consumers ird,},, L] will buy from firm

1 at the pricep,. Consequently, firms’ profits are

iy = (p1 — 1) —a)A1(1 = 231)(0 = Ipy) + p1(1 — @) (1 — A1) A5 (L — 1y3)

=1 — 1)1 — )11 (1 = A39)[p2 — (p1 — 111)]

+p1(1— a)(1 — A12) A5z [L — p1 + (2 — 122)]

% We assume that firms do not match each other’pausi If coupons are matched, then firms
would have no incentive to send poaching coupoilesarsome consumers do not request coupon-
matching.
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Top = D2(1 — a)A1 (1 — A21) Uy + L) + (P2 — 122) (1 — @) (1 — A12) 222152
=p2(1 — a)A; (1 = A2)[(p1 —111) — P2 + L]
+ (P2 — 122) (1 — @) (1 = A1) A52[p1 — (P2 — 7122)]
So far we have considered non-traders who either receive offensive coupons only
or no coupons. Since we allow firms to distributed both offensive and defensive

coupons, next we analyze non-traders who receive defensive coupons. In Lemma 1, we

will show that firms will never distribute both types of coupons.

(3) Type (c): non-traders with only defensive coupons

The third type of consumers are non-traders who receive defensive coupons only.
That is, non-traders on [-L, 0] who receive only firm 2’s coupons and those on [0, L]
who receive only firm 1's coupons. Their densities@re- «)(1 — 1,,)4,; and

(1 — a)A4,(1 — A,,) respectively.

Let's start with consumers on the interval [-L, 0]. These consumers pretfer fir
2’s products and we assumed that p,. Moreover, they receive coupons from their
preferred firm but not the other firm. Thus, they will all buy from firm 2 and pay
p, — 121. Next we consider consumers on [0, L]. All these consumers prefer firm 1's
product. Althouglp,; = p,, they receive firm 1's coupon. L&} denote the marginal
customer who is indifferent between buying from firm 1 with coupon and buying from
firm 2 without coupon. Ther., = (p; — r12) — p,. Depending on the sign &f,, there
are two cases. In the first cagg,< 0, i.e., all consumers on [0, L] buy from firm 1.

This case is depicted in Figure lll. 3. Firms’ profits are,

T = (p1 —112) (1 — a)A,(1 — A,)L
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Toe = (P2 — 121)(1 — a)(1 — A11)A4L

In the other casé,,>0. Then consumers on [Q;) buy from firm 2 while those

in [l,, L] buy from firm 1. Firms’ profits become
T = (1 —112) (1 — a)A1,(1 — A35) (L — 15)
= (p1 —112) (1 = a)A1,(1 = A) (L — (p; — 112) +p2)

Tae = (P2 = 121) (1 —a)(1 = A1) 221 L + po(1 — a)A15(1 — A32) 1

= (p2 —120) (1 — @) (1 = A1) A1 L + p2(1 — @) A12(1 — 222)[(p1 — T12) — P2]

(4) Type (d) non-traders with both firms’ coupons

Next, we move on to type (d) consumers—non-traders with both firms’ coupons.
These consumers are depicted in Figure Ill.4. Their densitig¢s arex)A,,4,; on [-L,

0] and(1 — a)44,4,; on [0, L] respectively.

Letl;; andl,, denote the marginal consumer in segment 1 and 2 respectively.
The left marginal consumer, located g, is indifferent between buying from firm 1
with a coupon (thus paying — r;;) and buying from firm 2 also with a coupon (thus
payingp, — 1,;). Similarly, the right marginal consumer (located g is indifferent
between buying from firm 1 at a pricewf — r,, and buying from firm 2 at a price of

p, — Ty2. The exact locations of these two marginal consumers are

lagg = (p1 — 111) — (P2 — 121), laz = (p1 — 112) — (P2 — T22)

Consumers located in the interval []y] receive coupons from both firms, and
the face value of firm 1's coupon is not enough to compensate for their strong

preferences for firm 2’s product. As a result, they will use firm 2’s coupons and buy
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from firm 2 atp, — r;,. Since they are non-traders, they will not sell firm 1's coupons.
However, for consumers located Ip,(, O], they only have a weak preference for firm
2’s product. With firm 1’s coupons, they will choose to buy from firm 1 and pay

p1 — r11- Similarly, consumers located in [B;) will buy from firm 2 atp, — r,,, and

consumers inlf,, L] will buy from firm 1 atp; — r;,. Consequently, firms’ profits are

Mg = (01 — 1)1 — a)A1421(0 — lg1) + (1 — 712) (1 — @) A12452 (L — 1g)
= (p1 — DA — A1 [(P2 = 120) — (P1 — 111)]

+ (p1 — 112) (1 — @) A12455[L — (p1 — T12) + (P2 — 722)]

Toq = (P2 — 121) (1 — a)A1421(Lgs + L) + (P2 — 122)(1 — @)A1245504,
= (p2 — )1 — @)A1 A21[(p1 — 111) — (P2 - 121) + L]

+ (P2 — 122) (1 — @) A2 [ (1 — 712) — (P2 — 722)]

(5) Type (e): traders

The last type of consumers is traders, with or without coupon. Their density is
on both segments. If coupons are auctioned, they are expected to go to the bidders who
value them the most, since there is a continuum of traders in our model. So we make the

assumption that the outcomes of coupon trading are efficient.

Let’s first consider segment 1 ([-L, 0]), where firm 2’s loyal custoraegs
located. These customers may receive firm 1's offensive coupons and firm 2’s
defensive coupons. Singg = p,, they will buy from firm 2 in the absence of coupons.
Therefore, they value firm 2’s coupons at their face value, but may value firm 1's
coupons at less than the face value. Therefore, they will use firm 2’s coupond| and se

firm 1’s coupons to traders who are firm 1's most loyal customers, i.e., thosecclose t

35



L.2” The intended objective of offensive coupons is to poach a rival firm’s loyal
customers, but since these poached customers generally value coupons léss than t
promoting firm’s loyal customers do, those coupons reaching traders will end up in the
hands of the promoting firm’s loyal customers. That is, a fraction of the oféensi

coupons (those that reach traders) become somewhat similar to defensive édupons.

Next consider segment 2 ([0, L]), where firm 1's loyal customers aaelibc
These customers will buy from firm 1 in the absence of coupons, except those located
close to zero if p>p,. Specifically, anyone located to the rightlo= p; — p, will buy
from firm 1 in the absence of coupons. They will use firm 1's coupons (if theyeecei
these coupons), and sell firm 2's coupons (again if they receive such coupons)go trader
located near -L—firm 2's most loyal customers. The rest of the conswinekg will
buy from firm 2 in the absence of coupons. Therefore, if they receive firm 2's coupons
they will use such coupons. However, if they receive firm 1's coupons, such coupons

will be traded to consumers located near L—firm 1's most loyal customers.
Intuitively, whena is too large, no firm will distribute coupons. We assume

throughout the paper that< % i.e., there are fewer coupon traders than non-tr&ders.

After coupon trading takes place, all coupons reaching traders will be tcaded t

consumers who would buy from the coupon-issuing firm with or without the coupons

2"We are not concerned with the exact transactimegiof coupons, i.e., how the surpluses will
be divided between coupon buyers and sellers.hiergé traders who receive poaching coupons (from
their less preferred firm) will choose to sell thback to the promoting firm’s most loyal customers.

% These traded offensive coupons are not exactlgahee as defensive coupons. First, the face
value of defensive coupons and traded offensiv@aiesi can be different. Second, offensive coupons
reaching traders are traded to the distributing’irmost loyal customers (so the less loyal ondisnat
buy such coupons), while all of the distributingrfis loyal customers have an equal probability of
receiving the defensive coupons.

29 Our results show that wherr1, firms stop sending coupons altogethigrQ, i, j=1, 2).
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(thus they value the coupons at their face value—the maximum value). Therefore, afte
the coupon distribution and trading, there is a marginal consigmear the middle,
who does not have a coupon and is indifferent between both products at their regular
prices>?
le=p1—Dp2
To the left ofl,, all consumers buy from firm 2. Those close to -L will use firm
2's coupon whether they receive it or buy it. Those to the rightadf buy from firm 1,

with consumers close to L using firm 1's coupon. Consumers in the neighborHgod of

will not have coupons to use, since there is more demand than supply for coupons.
Firms' profits from the traders are,
M = pra(Ll — L) —rady L — rpady,L
= p1a(L — py + pz) — r1a@dq1 L — 104, L
Tae = P2a(L + lg) — 1p1ad1 L — 150045, L
= p2a(L + Py — P2) — 1211 L — 1ppal5,L
Aggregating firms' profits over all types of consumers, and subtractingshefc

distributing coupons, we can obtain firm i's overall profit

e

T, = Z i —k(Aal)? — k(Apl)?,  i=12.

j=a

with j being the segment.

% This requires that there is more demand than gupplkeach firm’s coupons, and the consumers
in the neighborhood df will not have coupons. Intuitively this holds isttibuting coupons is
sufficiently costly (k is large) so thaf is significantly less than 1.
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Firmi’s problem is
maxmi(pi, Aij, G, Peis Aijs =), 1, j = 1, 2.

We will divide the solution to this problem into three steps. First, in Lemma 1, we
show that a firm never has incentive to distribute both offensive and defensive coupons,
whether on equilibrium or off equilibrium (deviation). Second, in Lemma 2, we prove
that firms do not distribute defensive coupons in a pure strategy equilibrium, with or
without offensive coupons. This leaves the only possibility of distributing offensive
coupons alone (distributing no coupons at all cannot be optimal given the quadratic
coupon distribution cost). Last, in Proposition 1, we derive the equilibrium where both

firms distribute offensive coupons only.

Lemma 1.When coupon distribution is costly (k>0), firms have no incentive to
distribute both offensive and defensive coupons, whether on equilibrium or off

equilibrium (deviation).
Proof. See Appendix.

The intuition is as follows. If a firm distributes coupons to both segments, it
implies that regular price is not optimal in either segment and in partiowar price
improves profits (even after accounting for coupon distribution cost and coupon
trading). Since lower price is better in both segments, the firm is bettemaf its
regular price and get rid of couponing in one segment. This way, it saves on coupon

distribution cost from that segment, and also improves profits from both segments.

It is interesting to compare our results with those in Shaffer and Zhang ,(1995)

where firms mix the use of offensive and defensive coupons in equilibrium. InIShaffe
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and Zhang (1995), firms know the exact location of each individual customer.
Consequently, they can decide whether or not to send targeted coupon to each
individual consumer. For those consumers whose preferences are too strong to be
induced to switch (loyals), firms will not send them coupons. For the rest of the
consumers (brand-switchers), there is no pure strategy and firms pky stiategies

with both firms sending targeted coupons at positive probabilities. On the contrary, in
our paper, firms do not know the exact locations of customers. Instead, they only know
whether the customers prefer their products or their rival's products i pree¢he

same. As a result, firms can only tailor their coupon decisions toward each segment
instead of each individual customer. If it sends defensive coupons to consumers who
prefer its product, then the consumers who have strong preferences (lageihaffer

and Zhang (1995)) and those who have weak preferences (brand-switchers) have a
equal probability of receiving its coupons. While it may enhance profit if the brand-
switchers receive coupons, couponing leads to pure losses if the coupons reach
consumers with strong preferences. Therefore, firms do not want to distributsidefe

coupons in our model.

Lemma 1 explains that firms will never send both offensive and defensive
coupons. And intuitively since it's optimal for firms to be more aggressive when
competing for the other firm's loyal customers, they will send only offecsivpons,

instead of sending defensive coupons only. This is confirmed in the next Lemma.

Lemma 2.There is no pure strategy equilibrium where firms distribute defensive

coupons only.

Proof. See Appendix.
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The intuition is as follows. Suppose that firm 2 distributes onlgrdg¥e coupons,
thus charging lower price to its loyal customers in segment 1 ([-lh&f) in segment 2.
Now consider firm 1. It faces lower price from its competitor in segment 1, and
consumers in segment 1 also prefer firm 2's products. Its best response should be
charger lower price in segment 1 than in segment 2. That is, it should distribute

offensive coupons instead of defensive coupons.

Proposition 1. There exists a symmetric pure strategy equilibrium in which firms
send only offensive coupons, when k is not too small relative to L. This equilibrium is

characterized by the following:

() The regular prices are

P1=P2=P = Q)
where

A = (a3 + 36ka — 27k

1
+ 3\/12a4k + 96a2k? + 192k3 — 6ka3® — 216k?a + 81k?)3

(i) The Promotion depths are

% al

. 1
1 =" =" :;(P __)' T3 =721 =0 (2)

1-a

(i)  The promotion frequencies are

¥ *\2
M1 =App =4 :w; M2 =22, =0 (3)

8(1-a)kL?

(iv)  Firms’equilibrium profits are
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T =T, =17 €,

_ 'L+ 64(1 — a)’kL’p" — 6(1 — a)?a’L*(p*)? + 8(1 — a)’aL(p”)® — 3(1 — a)*(p")*
B 64(1 — a)2kl?

Proof. See Appendix.

A numerical example

From equations (1), (2), (3) and (4), we can seegthahdr™ are linear in Lyz*
is quadratic in L, and* is independent of L. Thus we normalize L=1. We choose k=1/2

and further sei=1/5, i.e., 20% of the consumers are traders. Then the equilibrium is
p* =0.9525,r* = 0.3512,4* = 0.0987, 7" = 0.9309.

Recall that the coupon distribution cost i&lke. Plugging the value of B, and L,

this cost is about 0.005, or about 0.5% of the regular price.

Prisoners' dilemma

The model without coupons is essentially a standard Hotelling model (with the
measure of consumers being 2 instead of 1). It can be easily verified that the
equilibrium price is p=1. Each firm takes half of the market and enjoys a pirafitl.
Sending coupons to consumers first reduces firms' regular prices (seeing npWw tha
<1). This is because, when a firm's loyal customers are poached by themyal f
responds by lowering its regular price to try to retain these loyal custobwsver
regular prices lead to lower profits. The discounts which some consumers getdy usi

coupons and the coupon distribution cost will lower firms' profits even furttiep).
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[11.3.1. Comparative statics

Proposition 1 provides the expressions of the equilibrium price and promotion
variables (p,# andx). If we normalize L=1, these variables are only functions of k and
a. Therefore, we can analyze how they vary when we change eitinds, one at a time.
The expressions for the relevant partial derivatives are very lengthgpionting®* We
tried various parameter valuefind k, and found that the qualitative comparative
statics results do not depend on the choice of parameter value. Below, we assign

parameter value and report the results in graphs.

Fix k and vary

As long as k is sufficiently large so that firms have no incentive to deviatdgdeta
in Proof of Proposition 1), our results are robust to the choice of k. Resuttyfe;)rare

reported in Figure 111.5.

From the figure we can see that, when the fraction of coupon trajlensreases,
firms promote less frequently ¢ ) and with lower promotion depth {r). They set

higher prices and their profits increase. The intuition is as follows. Oppiroaiotion

effort balances the following:
benefit of couponing £1- a)Ar(p-r)
loss of couponing H.r

coupon distribution co&i(L)?

31 The Maple file which contains all the expressi@navailable upon request.
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A firm reaps benefit when its coupons reaches non-traders, and the benefit is
given by(1 — a)Ar(p-r). (1 — a)Ar measures the extra consumers the firm can attract,
at the discounted price gb — ). However, a loss is realized when the coupons reach
traders in the form akALr. aAL is the proportion of consumers affected, anslthe
loss of revenue for each of these consumers. There is also a cost of distributing coupons
in the form ofk (AL)%. An increase im lowers the benefit and increases the loss. To re-
balance the benefit, loss, and distribution cbstffects all three terms),needs to go
down. This is because, the benefit and loss are lineawhile the cost of distributing

coupons is quadratic in

Now let's see why an increaseanialso puts downward pressure on coupon face
valuer. Whena increases, the benefit decreases and the loss increases. To re-balance
the benefit and los$ @ffects the benefit and loss directhy)peeds to decrease. While
does not enter into the distribution cost term, there is an indirect tradeotfleftereen
promotion frequency and depth. That is, a firm can poach more of a rival's customers by
either sending more coupons with the same face value or sending the same number of
coupons but with larger face value. This indirect effect implies that, when a firm
reduces its promotion frequency, it increases its promotion depth. Our result suggests
that, this indirect tradeoff effect is dominated by the direct effect of dovehprassure
on promotion depth. With fewer poaching coupons of less value there is less

competition; thus price and profits go up. Obviously, consumers become worse off.

In a model with covered market and inelastic demand like ours, welfare
analysis is not very informative. Nevertheless, we would like to point out an effect

which coupon trading has on efficiency. Customer poaching leads to inefficient brand
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switching (consumers buy products they like less). If we fixdinpnomotion intensities,
allowing coupons to be traded implies less brand switching, thus improves efficiency
On top of this, coupon trading also reduces firms' promotion intensities, which leads to

even less brand switching.

Fix o and vary k

We tried various value of € [0, 1/2), and the results do not change qualitatively.
Results wherr = 0.2 are plotted in Figure Ill.6. These results are similar to those in

Bester and Petrakis.

From the figure, we can see that when k increases, firms respond by promoting
less frequentlyA | ) but with higher promotion depthr ¢ ). Prices (even net of coupon

face value) and profits go up. These results are quite similar to the veiseitsve fixk

and varya, and so is the intuition. Both coupon trading &nd distribution costk(

work against sending coupons, and firms have fewer incentives to promote. However,
the implications on promotion depth are different. When firms promote less frequently
due to larger cost of distributing coupons, they respond by increasing the promotion
depth (tradeoff effect). This is because, while an increageapplies a direct

downward pressure an an increase ik does not directly affect the benefit and loss of
promotion, but only indirectly throughandr. Thus, wherk increases, only the

indirect tradeoff effect (higher promotion depth to go with lower promotion freglienc
exists. Consequently, promotion depth increasesiviince sending coupons
constitutes a prisoners' dilemma game, less promotion reduces competitioityintens

which leads to higher prices (including prices net of coupons). There are two opposite
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effects governing the effects of an increask on profits. First, the cost of distributing
coupons increases, affecting profits negatively. Second, wivareases, competition
is less intense which will improve profits. Our results show that the second effect

dominates the first one.

[11.4. Extensions

To check the robustness of our results, we extend our model in the following

directions.
[11.4.1 Introducing coupon non-users

In our model, we have assumed that all consumers are coupon users. This is
unrealistic and the sole purpose of this is to simplify the analysis. Neesshbkere we
show that our results do not change qualitatively if we introduce consumers who do not
use coupons. Assume that there is a fraction;y, of consumers who do not use
coupons. They are also uniformly distributed on the interval [-L, L], but they are
allowed to have different price sensitivity than the coupon users do. Specifically, we

assume that a coupon non-user locatédsandifferent between buying from either

firm if and only if | :Ltpz. 32 The remaining fraction of consumers are the same as

in our model. We then analyze two setups, depending on whether or not the firms can
distribute mass media coupons, in addition to the poaching coupons. We find that in

both setups, our comparative statics results stay qualitatively the samosastthe

main model.

32| we want coupon non-users to be less price teasthen we need*1. Recall that for
coupon users the marginal consumér=ig, — p,.
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In the first one, firms cannot distribute mass media coupons. Following
analysis similar to that in the main model, we look for a symmetric equilibrium
(p2 = p1, 72 =11, 12 = A1). We can then study how the equilibrium price, promotion
intensity and profit change with respecitor k. The comparative statics results are

the same as those in Section 111.3.1.

With the introduction of coupon non-users, especially when they are less price
sensitive than the coupon users are, it is natural to consider not just poaching coupons,
but mass media coupons as well. In the second setup, we assume that firms can
distribute mass media coupons to all consumers costlessly. We further dsaumasts
media coupons and poaching coupons can be combined. When firms send mass-media
coupons, all coupon users enjoy the discount of mass media coupons while coupon non-
users pay regular price. This is equivalent to firms charging one priceujpom® users,
and another price for coupon non-users. Therefore, we can treat coupon users and
coupon non-users as in separate markets. Then the coupon non-users market is the same
as the whole market in our initial model (of course with different market sanelsthe

comparative statics results are qualitatively the same as thoseionSE@&.1.
[11.4.2 Non-tradable coupons

We assumed that coupons are tradable in our model. But why would firms allow
their coupons to be traded? With online coupons, firms can certainly tie coupon codes
to the consumers they are targeting, and refuse to honor the coupons if used By others.

To analyze the issue of non-tradable coupons, we introduce another stage to our three-

3 For firms to do this, they must be able tie couwith consumers. That is, they can identify
each customer (e.g., name, address) without knokisiger location on the interval [-L, L] (prefers).
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stage game. In patrticular, in stage 0, firms first simultaneously angendently

decide whether they want their coupons to be tradable. We assume that tradable and
non-tradable coupons cost the same to distribute. Once decisions of coupon types are
made, the rest of the game proceeds in the same fashion as in Sectidhdhe2are a

total of four subgames after the coupon type decisions are made, depending on whether
the coupons are tradable or not. In the first subgame (T, T), both firms' coupons are
tradable. This is the same as our main model. In the second subgame, neither firm's
coupons are tradable (NT, NT). This is similar to impoging 0 in our main model.
Subgame 3 (T, NT) and 4 (NT, T) are symmetric to each other, where o fir

coupons are tradable but not the other firm's. We find that in general, firms want to
mimic each other's decisions on coupon types. That is, a firm wants to make its coupons
tradable if the other firm sends tradable coupons as*@tth subgame 1 and 2 can be
supported in subgame perfect Nash equilibria. However, equilibrium profits are higher

in subgame 1, justifying our use of tradable coupdns.
[11.4.3 Asymmetric Firms

When firms are symmetric, the equilibrium is symmetric and both firms alway
promote §; > 0). In this subsection, we allow firms to be asymmetric by introducing a
measurement of asymmetry, Consumers are distributed on the interval [gl.£+q],

with g = 0. Let firm 1's segment to be lgt and firm 2’'s segment to be -lgt We then

% An exception is that when bothand k are small, we have asymmetric equilibrianatualy
one firm chooses to issue tradable coupons.

% Note that the (NT, NT) subgame is the same a§Tth€) subgame but with=0. From our
comparative statics results, we have shown thatiledqum profits increases with. Thus (T, T) leads to
higher profits for firms than (NT, NT) does. Makingupons tradable may also have other benefitshwhic
we do not model here. For example, verifying n@aéble coupons adds hassle costs to both the fidm a
customers; denying customers' rights to use coup@ysupset the customers and firms may lose their
business.
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look for asymmetric equilibrium. Specifically we are interested in finevhgther one
or both firms stop promoting can emerge as equilibrium. For simplicity, we assume
firms only send offensive coupons. There are 4 possible promotion strategy
combinations as in the table I11.1.

Next we explain how we check for possible equilibrium in each of these four
types, starting with type 4 where both firms promote. Firms' profits ara give

followings:

my = pi[L = (1 = @)rpply + ((@ = DAy — 1)(py — p2) +q] — (1 = @)rdi Ay,
+111441[2p1 — P2 + @(=L = 2p; + p2 + @)] — kAL (L — q)°
my =pa[L +p1—p2 — (1= )Ay (g —p1 +p2) — ql = (1 = )15y 25,
+792252(p1 — 20, + a(L — py + 2p, + q@)] — kA3, (L + q)?

The first order conditions are

aT[i . aT[i _ aT[i
07\1 B adl B apl

=0,i=1,2.
Using% =0 and% = 0, we can obtaiA; andd; (i = 1, 2) as functions qgf;
andp,.3® We can then plug them int%g—_i , Which are polynomials of degree 3ppand

p2, as in the symmetric case. Howeve#ag ,are also polynomials of q, spemﬂcaﬂlé'E is
i 2

a polynomial of degree 5 in g. As a result, we cannot sghandp, analytically and

we have to rely on numerical analysis instead. Since the results are not semaitive

gualitatively, we fixk = %for this sectior?’ Pick anya € [0, %)q > 0 and normalize

% ); < 1isrequired and imposed throughout the paper.

37We checked our results for various k's and corgitrthat changing k does not change our
results qualitatively.
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L = 1, we can solve fqu, andp, numerically, and then use them to ggt;. % If the
resulting 4;, r; > 0, we say there is no violation, and we only need to check whether one
or both firms have incentive to deviate by not promoting. For some parameter
combinations, the solution to FOC leads to violations, for example; 0. In this case,

we assume that firm 2 will not promotg,§ = r,, = 0), and solve the new FOCS.

Then we check whether firms have incentives to deviate.
Next we present a series of lemmas which establish part of Proposition 2.

Lemma 3.When the degree of firm asymmetng large, firm 2 will not promote.

Moreover, whery — L, there is no pure strategy equilibrium.
Proof. See Appendix.

The intuition of why the smaller firm does not promote whes large is as
follows. For simplicity, assume that= 0, i.e., no coupon traders. If the smaller firm
sends coupon to the large firm's customers, all these customers have an equal
probability of receiving the coupon. Note that the smaller firm charges a lowey $o
the larger firm's less loyal customers will switch to the smalier éven without the
smaller firm's coupons. Sending them coupons will not change their purchasing
decisions, but it will lead to lower final price. So the smaller firm has no iveettti
send coupons. The larger firm does not have this problem, since without its coupon, the

smaller firm's loyal customers will never purchase from the ldnger

38 We have multiple solutions ofppe, and we pick the only one wigh, p, € (0,2L).

39f there are violations for both firms, we assuimetineither firm will promote.
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Wheng is very largeq — L), i.e., if two firms charge the same price then almost
all consumers will buy from one firm, there is no pure strategy equilibritnms.i3
because it is in the higher quality firm's best interest to send out coupons and d¢sab all i
rival's customers who receive coupons and are not coupon traders. This leads to a corne
solution. But then firm 2 will always have incentive to either increase oratecres
price, and there is no pure strategy equilibrium. To guarantee the existence of a pure

strategy equilibrium, we make the following assumption:
Assumption 1q is not too largdq < g(a, k)).

The cutoffg depends o andk. For example, set k% we findg = 0.82 when

a =0 andg =~ 0.98 whernx = 0.49.

Lemma 4.The equilibrium is of Type 4 (both firms promote), if and orgyisf

small.

Proof. Whether a firm promotes or not depends on the cost and benefit of
promoting. We have showed that wher 0, both firms promote in the symmetric
equilibrium. A sufficiently small but positive is not going to change the cost/benefit
of promotion much. Therefore, when ¢ is small, although the equilibrium is asyimymetr

both firms will promote.

Wheng is not small, our results show that the solutions to FOCs lead to violations

(eitherd;; < 0 orry, <0), which implies that there is no type 4 equilibrium.

We have now analyzed the case when q is small (type 4 equilibrium) or large (no
PSNE). When q takes intermediate values, we will end up with the other threeftypes
equilibria. The following proposition summarizes our results.
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Proposition 2 Fix k = % . The equilibria we find are plotted in Figure II1.7.

Depending o, there are 4 patterns when g increases:
() @ < 0.333: the pattern is Type4 Type 1- No PSNE.

(i) @ € (0.334,0.338): the pattern is Type 4 Type 1- Type 2— Type 1- No

PSNE.

(i) @ € (0.339,0.381):: the pattern is Type 4 Type 3— Type 2- Type 1-

No PSNE.
(iv) @ € (0.382,0.499): the pattern is Type 4 Type 1- Type 2= No PSNE.
Proof. See Appendix.

Discussion of comparative statics results whémcreases

Due to the numerical nature of our results, we are not sure how an increase in
would affect equilibrium price, promotion frequency and depth and profits, since this
depends on the values of g anoh general. The general theme in Figure 111.7 is that,
for anyq < q(a, k), whena increases, firms are less likely to promote. This result has
the same spirit as the benchmark symmetry case, that is, more coupon trading make
promotion less attractive, and firms respond by reducing their promotion frequehcy a
intensity, although at different paces. From the figure, the area for Typelibragui
shrinks, i.e., it's less likely to have both firms promote. The area for Typev2.gts
empty wherx is small, but its size increases wheimcreases about certain threshold,
implying that it's more likely to have no firm promoting as an equilibrium. When
increases, the smaller firm may stop promoting first. This is the case$ny s, and

the pattern is Type 4 Type 1- Type 2. However, wheq is small, the larger firm
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may stop promoting first, and the pattern is Type #ype 3— Type 2. Intuitively,
when firms reduce their promotion frequency and depth, they would increase
equilibrium prices as well, which will leads to higher profits, just as in therstnic
case. However since firms are asymmetric, an increasengy affect the two firms

differently, in terms of magnitude or even direction of the effects.

[11.5. Conclusion

There is a large literature on price discrimination, which has typicaliytaiaed
the assumption that consumer arbitrage is not feasible. This assumption isngtyeasi
violated when price discrimination is achieved through couponing, and coupons are
increasingly traded online. We relax the no-arbitrage assumption byradloaupons
to be traded to and used by consumers not initially targeted by the firm. bulaati
we assume that a fraction of consumers are coupon traders who can buy/sell coupons.
We then analyze the impact of coupon trading on firms' decisions to promote @n term
of promotion frequency and promotion depth), the equilibrium prices and profits. We
find that when the fraction of coupon traders increases, firms respond by promsging le
frequently (sending fewer coupons out) and reducing the face value of coupons. This
reduces competition and leads to higher equilibrium prices and profits. Whenttbé cos
distributing coupons increases, the results on promotion frequency, prices and profits
are similar to the results when the fraction of coupon traders increases &isuse
both coupon trading and distribution costs work against coupon promotions, reducing a
firm's incentives to promote. The only difference is that while coupon face value

decreases with the fraction of coupon traders, it increases with coupon distrilogtion ¢
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In both cases, consumers are all worse off since prices increase. Osraesubbust
to several extensions including the introduction of coupon non-users, non-tradable
coupons and asymmetric firms.

[11.6. Appendix

Proof of Lemma 1.

Without loss of generality due to symmetry, we only show that firm 1 has no
incentive to distribute both offensive and defensive coupons. Suppose not, fix firm 2's
price and promotion strategies, anddeti;1, 112,71, andry, denote firm 1's best
response to firm 2's strategy. We call thisithial strategy Since firm 1 distributes

both offensive and defensive coupons, thys> 0 andr,; > 0,j =1, 2.

Next we will rank §; and K. Intuitively firms are more aggressive and charge
lower prices in the other firm's turf, due to best-response asymmetryi(@rsevieak
market is the other firm's strong market). This impligs>rri,. We will show that firm

1 can improve its profit by playing the following strategy instead
P1=P1— Nz A11 = AT = i1 — Tz Ay = 11, = 0.

We call this strategy thalternative strategywhere firm 1 distributes offensive
coupons only. Next, we prove that compared to the initial strategy, under the alternative
strategy, firm 1 (i) earns weakly higher profit from the non-tradajedins weakly

higher profit from the traders and (iii) saves on coupon distribution cost.
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Higher profit from non-traders

We first calculate firm 1's profit from non-traders under the initialegsatStart
with consumers on the left interval [-L, O]. Lef; (p) denote firm 1's expected profit in

the left segment when its effective price is p. Firm 1's profit in the Igfheet is

(1= A1)y (P) + Ay (Pr — 744).
Similarly firm 1's profit in the right segment is
(1 = A12)mRr(P) + Agpmip (P — T12).

Note thatr,; (P,) < my (P, — 1r11) and mz(P;) < mgr(P; — 115) must hold.
Otherwise, firm 1 would be better off not to distribute the coupons. Moreover, since the
initial strategy is a best-response to firm 2's strategyrq maximizes firm 1's profits.

This implies that

i, (Py— 111) > my (Py— 112) > my (Py),

since p- ry; < py - 12 < p1, andmy; (p) is concave in p (demand is linear in p),

and p - r;; is a maximum.

Firm 1's profit from non-traders under the initial strategy (with both types o

coupons) is
my = (1= A)my (P + Ay (Py— 111) + (1 = Agx)mr(Pr)

+ Aipmir(Py — 142)

Similarly, we can show that firm 1's profit from non-traders under theatiee

strategy (with offensive coupons only) is

my = (1= 4wy, (Py — 112) + Aygmy (P — 119) + mp(Py — 742).
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We have shown that,; (P, — ry5) > my.(P;) andm g (P; — 115) > mr(Py).

Thus
Ty = Ty,

and firm 1 earns higher profit from the non-traders under the alternative ptiibeg

inequality is strict unlesk;; = A,, = 0.

Higher profit from traders

Next we compare firm 1's profit from traders under the initial strategyhatd t
under the alternative strategy. In both segments, firm 1's final prices@fi@gons are
the same under either strategy, while the regular price is lower unddtetimative
strategy. For traders who receive firm 1's coupons, lower regular prasesrtieat they
are more likely to buy from firm 1, instead of buying from firm 2 and selling fisn 1
coupons. This improves profits. Moreover, when coupons are traded, lower coupon face
value also implies lower loss for firm 1. Therefore, firm 1's profit fromersgs higher

under the alternative strategy.

Save on coupon distribution cost

The coupon distribution costkg1,,L)* + k(A4,,L)* under the initial strategy,
while it's onlyk(1;1L)? under the alternative strategy. Wheneked, coupon

distribution cost is strictly lower under the alternative strategy.

To summarize, firm 1 earns higher profits from traders and non-traders and saves
on coupon distribution cost under the alternative strategy. Thus the initiadgtrate

where firm 1 distributes both offensive and defensive coupons, cannot be a best-
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response to firm 2's strategy. Therefore, it will never distribute both ofpEsipons on

equilibrium or off equilibrium (in deviation).

Proof of Lemma 2.

We start by deriving firm 1's best response in each segment, assuming that,
hypothetically, it can choose an individual price for each segment. We use L te denot
the left segment or segment 1, and use R to denote the right segment (segment 2). We
usep;; andm;;, 1= 1, 2,j =L, R to denote firm i's price at and profit from segment j.

Then
my, = P[0 — (P — (P2r)], mir = Pig[L — (Pir — (P2Rr)].
The first-order conditions are

omy;, 1
= =2p1, + P2 =0 = py = 5 P2L -

0T 1 1
Fo =L —2pir+p2r =0 = pig= §L+§P2R-

For firm 1 to have incentive to send defensive coupons only, it must be that

Pir < D1 © P2 — D2r > L.

However, this is impossible when firm 2 is sending defensive coupons only.
For consumers who do not receive its coupons, the effective prices are the same, or
P21 = D2r- FOr those who do receive firm 2's defensive coupons (in the left segment),

we havep,; < par-
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Therefore, whenever firm 2 sends defensive coupons only, firm 1's best
response is to choogg, < piy, i.€., to send offensive coupons instead of defensive

coupons.

Proof of Proposition 1.

We divide this proof into three parts. In part 1, we assume that firms do not
distribute defensive coupons, and we derive the optimal prices and offensive couponing
strategies. This is the equilibrium candidate. Then in part 2, we show that figither
has incentive to deviate from this without distributing defensive couf3dngart 3, we
show that neither firm has incentive to deviate and distribute defensive coupons only.
Recall that Lemma proved that neither firm has incentive to distribute botisivie

and defensive coupons, on or off equilibrium.

Part 1: Equilibrium candidate: Firms distribute offensive coupons only

When firms distribute offensive coupons omly, = A,; = ry, =15, = 0, and

type (c) and (d) customers do not exist. Firms' profit functions become

my=P(1— a)(1— 2A3)(L=Py+ P))+ Py(1 — a)Ap;(L— Py + P, — 135) +
(P — 1) — a)Ay (P, — P+ 111) + Pya(L — Py + P;) — ryaldy L —
K(A4,L)? (5)
m, = P,(1— a)(1— A3))L+P,(1— a)(1 — Ap)(Py— P) + P,(1 — a)Aq (L +
Pl—rll—p2+ P2—r221— ad22P1— P2+ r22+ P2al+ P1— P2—

T2 A5 L — K(AzzL)z (6)

0 A companion Maple file for Part 1 and 2 is avaléator download at http://faculty-
staff.ou.edu/L/Qihong.Liu-1/research.html.
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We can use the FOCs for both firms, or use FOC for either firm and then impose
symmetry conditions. Both lead to the same solutions. We will report the lattevdne

here.

Taking derivative af; with respect to p r;; andi,, respectively, then imposing

the symmetry conditions {= py, .2 = 11 andi;,=X\;41), we can obtain

677:1

Fll = —/111(QL — P1— 2r11a + 27‘11 + (,Zpl) = (. (7)
0

Wn’lll = —2kM1 L% — mpal — apymyg + i@+ parg — 15 = 0. (8)
0

6_7;:1[ =L - P1— /1117‘116{ + /lllapl + T11/111 - /111?91 = 0. (9)

Since the cost of coupon distribution is quadratix, iand the rest is roughly

linear in}, it must be that the optimal,>0. Then, equation (7) implies,

al—pi+ apq 1 al

M= ey 5(}91 - E)' (10)
From this expression, we can see that p .

Next, we substitute the expression,gfinto equation (8) and solve fag,. We

obtain

1. = @lopitapy)?
11 8(1—a)kL2

(11)

Using r1 and\44 in equation (9), we can solve for the equilibrium pfite,

“I There are 3 solutions. We pick the one that isard positive.
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2 37 g¢ +t=zk 1
34- 272 3 | L
P = -1+ a

Where

A= (a3 + 36ka — 27k

1
3

+ 3V 12a%k + 96a2k? + 192k3 — 6ka’® — 216k2a + 81k2)

We can substitute this expression ghyack into the expressions qf @ndi,;.

The final expressions are too lengthy to report.

So far, we have used first order conditions to solve for the optimal choices of
prices and promotion intensities. However, first order conditions are necessary but not
sufficient. We need to make sure that the solutions we obtained indeed constitute an
equilibrium. Instead of checking whether the Hessian matrix is negativdedenite
(which is quite messy), we show that this is an equilibrium by verifying tlithiene
firm has an incentive to unilaterally deviate from this pair of stratégiester and
Petrakis use a similar method). Without loss of generality, we fix firmrizs and
promotion strategies as given in Proposition 1, and allow firm 1 to deviate from these

strategies.

Part 2: Firm 1 deviates without sending defensive coupons

Since neither firm sends defensive coupons, there is still no type (c) and (d)
customers in deviation. Note that the demand/profit functions depend on the locations

of marginal consumers and there are two cases. In the first gazep,pstill holds and
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thusl, = 0. In the second case; g p,. In both cases, we assume that< 0 and

L,y > 0.42

Start with case 1 wherg p= p; still holds. Firm 1's deviation profit is given by
equation (5), withp, = p*, r,, = r* andl,, = A*. We normalize L=1. Optimal

choice requires that

dev dev
ony®”  Omg

ory;, 0y

Solving the first order conditions, we obtain

dev _ 20—a)py—(1—a)p"—«a

11 - 2(1 _ a) )
Adev _ aZ + aZ(p*)Z + 4a2p1 _ Zp*(l + zap* _ 4ap1 _ Za(p*)z + (p*)z
t (1-a)k

The first order conditions are necessary and sufficient. We leayé tham in
the expression, as clearly the expressions will be too lengthy to reportubstgise
the value op*. Now firm 1's deviation profit depends only pff?, a and k. We want

to check whether firm 1 can increase its profit by choogfli§ # p*, i.e., to have
nfe”(pfe”) >, Va,k.

We tried various combinations efand k, and we found that firm 1 can never
increase its profit by choosing a price different thanTherefore, firm 1 has no

incentive to deviate when no defensive coupons are used in the deviation. We then

*2|f 1,, < 0, then our formula ofl,, would be exaggerated. This is because the releleanand
is capped at L while our formula leadsdg, > L. Since we show that firm 1 has no incentive to devia
under the exaggerated demand function, it suredynibbancentive to deviate under the correct demand
function. Thus we ignore the case igf < 0. Note that,; < 0 must hold. This is because, as the
deviating firm, firm 1 must be able to sell to soafdirm 2's loyal customers, i.d;,; < 0.
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proceed to the case bf < 0 (i.e. p<p;). The steps are similar and we find that firm 1

has no incentive to deviate if k is not too small relative 1o L.

Next we want to show that firm 1 has no incentive to deviate and send defensive

coupons only.

Part 3: Firm 1 deviates by sending defensive coupons only

In proof of Lemma 2, we have shown that firm 1's best response is to choose
P11 < p1r @S long ap,; — p,r < L. In the proposed equilibrium candidate, when
consumers (in the right segment or segment 2) receive firm 2's offensive coupons
have

P2 =D P2r =P — 71 =P —P2r =7 < L.

When consumers in segment 2 do not receive firm 2's coupons, firm 2's prices are

the same in the two segments
P2 =P2r=DP -
In both cases, we have
P2r — P2r < L = pyp < p1r-

Therefore, firm 1 should not send defensive coupons only.

*3 Details are available in the companion Maple filer L=1 andu=0, the threshold value for k is
around k=0.159. Technically, there is another aaigton k. That is, when k is sufficiently smalyr
A" formula leads td*>1, which should be replaced By=1 (Probability cannot be greater than 1).
However, we find that this constraint on k is nelvierding since the threshold k is smaller than the
threshold k for firms not to have incentive to lavpeices and deviate. For example, wief, while the
threshold k for no deviation is k=0.159 (i.e., revidtion if k>0.159), that for fok*=1 is k=0.033.
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Proof of Lemma 3

First we show that whed is large, firm 2 does not promote. Let’s look at non-
traders with coupons when firm 2 promotes. Firm 2 will make sale af [Qp, + 75, ].
If firm 2 does not promote, it can only sell in the intef@ap; — p,]. The gain in
marginal revenue i3,(p, — 1)1, , I.€., againof A,r,, extra customers at price
p, — Ty,. The loss innframarginalrevenue isl,r,,(p; — p,), becausea measure
of 1,(p; — p,), customers now enjodiscourt and payp, — r,, instead ofp,. The
resultsshowthat, (p; — p,) — (p, — 12,) increases with g and becomes positive
when q is large. Thus when g is large, gain is less than losdjram@ will never
promote. If we include the coupattistributioncost and the possibility of coupon

trading,then firm 2 will have even less incentive popomote.

Next we show that when q is sufficiently close to L, there is no pure strategy
equilibrium. We do this in two steps. In step 1, we show that figgndgirm 1 has
incentive to promote, and grab all firm 2’s loyal customers who receive coupons. In
step 2, we show that given, r,, as best reply gb,, firm 2 will always have incentive

to changep,.

Step 1: We know that firm 2 will not promote. Suppose that firm 1 does not

promote as well. Theh,; = 1,, = r;; = ry, = 0. The solution to FOCs is

141 4 4
P1—1+3;Pz—1 3

Now consider the following deviation, firm 1 promotes and-getWhen
A11 — 0, the marginal cost of coupon distribution is 0, since this cost is quadrafic in
Therefore, if we assung; — 0, coupon distribution cost can be ignored.
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The gain is new sales to firm 2’s loyal customers who are non-traders but wit

firm 1's coupons,

gain =1 —a)dy;(py —111) (P2 — P1+711)

The loss happens when some coupons reach traders and are traded back to firm

1's loyal customers,
loss = a1 (L — q)ry1

Let A = gain—loss. It can be showed that when q is sufficiently large, firns 1 ha
incentive to setdl suchthat—r, =p,—(1—¢q),i.e.r1=p1—p, +(1—q) =
1 — q. In this case, for all firm 2’s loyal customers who receive firm aigpons, they

will buy from firm 1. Then,
_ A11
A=—(1-q)(2q —qa - 3a)

ObviouslyA> 0 wheng > i—“a with ;_—“a < 1 sincea < %

If we allowp, to be different froml — g, following similar steps as above, we

can obtain
_ A1
A=—(1-q)(29 — qa =3 + 3p, - 3a)

It can be easily checked thst 0 wheng > %. We need?’% <1,

which is satisfied ip, > == 4

*If p, is small, firm 1 will not try to take all firm 2'®yal customers who receive coupons. But
in this case, firm 2 is always better off raisimg In all the equilibria we findy, > 1/2 is always satisfied.
Moreover,p, increases witl,, and wherm—1/2,p,—1. Thus we assume that > 4o is satisfied.
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Therefore, whem,>4a, firm 1 will always promote, and choosg such that last
consumer (located at —1+q) is exactly indifferent between buying fromlfiwith

coupon, and buying from firm 2 without coupon.

Step 2: Pickp,>4a. Now we explain that firm 2 does not promote, firm 1
promotes and set; = p; — p, + (1 — q) can’t be an equilibrium. Let, = m,;, +
T3 0ther» Wherem,, denotes firm 2’s profit from its loyal customers who receive firm
1's coupons, and, ..., denotes its profit from all other customers. Note that.,
is continuously differentiable ip,. If firm 2 increase®, slightly, m,; will still be zero.

Assume that firm 2 has no incentive to increagehen,

aﬂz a7T2,0ther
:> —_—

—< 0
ap; op;

If firm 2 decreasep, slightly, it will gain some of its own loyal customer who
receive firm 1's coupons. This is because previously the last consumer iy exactl
indifferent between buying from firm 1 with coupon, and buying from firm2 at

Therefore,

Then

a7-[2 — aan a7T2,other
dp;  Op; op;

<0

This implies that firm 2 will always have incentive to lowser if we assume that

it has no incentive to increape.
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Proof of Proposition 2.

Since these are numerical results, we present details for specificgp@ram
combinations ot andgq, for type 1, 2 and 3 equilibria, and explain why they are

equilibria. Type 4 equilibrium is explained in Lemma 4.
Type 1: Larger firm promotes, smaller firm does not.

This is an equilibrium with variousy(q) combinations (including = 0). Set
a = 0.2, q = 0.5 for example. Assume that both firms promote, the solution for FOCs
lead tor,, < 0. So we assume that firm 2 does not promote, but firm 1 does. The
equilibrium isp;=1.112,p,=0.741,1,,=0.155,1,,=0, 1,,=0.679,r,,=0, and ,=1.258,
m,=0.617. In this case, q is not small, so that firm 2 will not promote, as explained after
Lemma 3. But q is not too large either, so firm 1 will make sales to part but not all of
firm 2’s loyal customers who receive firm 1's coupons. If firm 1 deviatesstop
promoting, we show that its profit will go down. If firm 2 deviates, we find that the
unique interior solution has,=< 0, so firm 2 will not deviate either. So neither firm

has incentive to deviate.
Type 3: Smaller firm promotes but not the larger firm.

This happens whemis large and q is intermediate. et 0.4, g = 0.15.
Assume both firms promote, the solution to FOCs leads;#0 0. So we assume that
firm 1 does not promote, firm 2 promotes, and we look for a type 3 equilibrium. The
equilibrium isp;=1.05,p,=0.95,1,,=r;,=0, 1,,=0.0007 7,,= 0.0417,=1.102,

m,=0.902. In this case, if firm 1 deviates and starts promoting, we find tha0,
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which is a violation. If firm 2 deviates and 3gt=r,,=0, its profit will go down. So

neither firm has incentive to deviate.

The key difference between this case and the corresponding case withgimilar
but without coupon trading is that, the larger firm has no incentive to promote. The
intuition is as follows. The larger firm sets a higher regular price thasntlader firm
does p, > p,), and with sufficient firm asymmetry, this differengee— p, can be quite
large. For firm 1 to make a sale to its rival’s loyal customers, it has to sepdrts
with significant face values{; > p; — p,). Firm 1's gain i, — r;;when the coupon
reaches a switching non-trader (0 when they don’t switch), and the jgss is,
when the coupon reaches a coupon trader. When d1 is small (but still greater than
p1 — p2), firm 1 cannot attract many firm 2’s loyal customers. Bui {fis large, the
loss of coupons reaching traders is large too. As a result, there;isthat can attract
enough of firm 2’s loyal customers to compensate for the cost of coupon trading.
However, firm 2 does not have this problem. It can set-gmy0, arbitrarily small if
necessary, to attract more of firm 1's loyal customers. So it will promote wisnot

too large.
Type 2: Neither firm promotes.

This happens only whenand q are large. Set= 0.4,q = 0.5 for example.
Assume both firms promote, the solution to FOCs lead to violations for both firms
(411:<0,1,,< 0). So we assume that neither firm will promote, and look for a type 2
equilibrium. The equilibrium we find i8;=1.166,p,=0.833,1;,=171=A4,,=1,,= 0,
m;=1.361,m,=0.694. If firm 1 deviates and starts promoting, we find Ahat 0 which

is a violation. If firm 2 deviates, we find thgt,< 0, also a violation. So neither firm has
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incentive to deviate. The intuition why firm 1 does not promote is similar to above.

Firm 2 does not promote because q is large, and the intuition is explained in Lemma 3.
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Table IIl.1. Four Types of Equilibrium

Firm 1 promotes

Firm 1 does not promote

Firm 2 promotes Type 4

Type 3
Type 2

Firm 2 does not promots Type 1

Figure Ill.1. Type a) Non-traders with neither firm’s coupons
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Figure Il.2. Type b) Non-traders with offensive coupons only
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Figure I11.3. Type c) Non-traders with defensive coupons only
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Figure Il.4. Type d) Non-traders with both firms’ coupons
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Figure 111.5. Comparative statics whena varies
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Figure 111.6. Comparative statics when k varies
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Figure III.7. Patterns of equilibria depending ona and q.
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CHAPTER IV

POST-SALE LOW PRICE GUARANTEE AND PRICE

FLUCTUATION

IV.1. Introduction

As widely observed, the online prices not only differ from store to store, but also
from time to timé&°. Recent research on online price dispersion focuses on the price
dispersion among stores. Very few stufiésok at price fluctuation over time. A
popular explanation for price changes over time is intertemporal pricatgggr Firms
use an intertemporal pricing strategy to either increase demand oreaisgaminate
part of the market. The intertemporal pricing strategy can explain market
situations very well. However, it does not fit our observation of price patterns fesin B
Buy and Circuit City well for two reasons. First, the intertemporal pristrefegy
usually predicts prices decrease monotonically over*firbat observed price changes
often indicate a cyclical movement. Second, a common assumption in the iptegkem
pricing literature is that some consumers are willing to wait and buy the piodbe
future at a lower price. However, as commonly observed, many retaileysadolat a

post-sale low price guarantee policy, which allows consumers to get réfaedrice

“5 This difference over time is not monotonically dessing; rather the price goes up and down
over time.

“8 There are many literatures look at price changedrby intertemporal pricing strategy. But in
most of them the price is monotonically decreasext me, which is a typical feature of intertemglor
pricing theory.

47 Usually firm lowers its price gradually to extrantximum profits from groups of consumers
with different demand elasticity or reservationcps.
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is lowered within limited time period after purchase. Taking this into coragidey

only few consumers will want to wait and buy in the futtire.

A simple general description of the low price guarantee policy iotleaving: if
you find a lower price than the store’s price, they will refund you the diftax or more
than the difference. If the store only refunds the price difference, it is yisadéd
price matching; and if the store refunds more than the diffefericis called price
beating. According to the target of LPG, this policy can be divided into two groups:
LPG targeting at the store’s competitors price, called competitors loe guiarantee
(hereafter CLPG); and LPG targeting at the store’s own post-saée gaited self low
price guarantee (hereafter SLPG). These two LPG policies areywisksdl by various
stores. Some stores only use CLPG, and examples could be found in airline companies,
Buy.com etc.; some stores only use SLPG, like Amazon.com, Dell etc.; while some use

both, for example Best Buy and Staples.

In this paper we explain the cyclical price change over time by firmg &.PG
to price discriminate across consumers. Specifically we strrtantivo-period duopoly
market, in which we show both firms will adopt the low price guarantee policyacht e
period there are new customers entering into the market. Some with ;métasand
have prohibitively high cost of requesting price match; the others with elastande
have low cost of requesting price match, and this cost is normalized to zero. We then

extend the two-period model to a dynamic model. We find the optimal strategy for

“*8 Those consumers may have very high hassle costjaésting price match.

9 Usually 110% of the difference as Best Bay115% of the difference as Skinstore.com.
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firms is to use a cyclical price strategy to price discriminatenlastic demand

consumers.

Using online price data from Best Buy and Circuit City, we test our thealret
prediction. We find a significant negative relationship between the firm’s ghnaege
and its own previous price change. This means if one firm increases (decitsgees

at this period, it will very likely decrease (increase) its price in thevialg period.

The rest of the paper is organized as follows. Section 2 provides a review of
related literature. Section 3 proposes a general theoretical model amecyllical
price change, then, a specific model to examine the consumer surglsscal surplus,
and at the end we extend the two-period model to a dynamic model. Section 4 offers

empirical analysis of Best Buy and Circuit City’s price changeti@e5 concludes.

IV.2. Theoretical model

IV.2.1 Overview

In this section we discuss the details of the SLPG with intertemporal pricing
model and related notion of equilibrium. Existing intertemporal price discriramat
literature usually predicts a monotonic price decrease. However, in praaigteointhe
time, we observe that price changes are not monotonic; rather priceatBudi(th
firms adopting SLPG policy, we can explain this cyclical price fluctuation towe.
We first present a two-period general theoretical model of how duopolies selling

homogeneous product to a population of heterogeneous consumers should adopt SLPG
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policy and set their optimal sequence of prices over trémilar to other

intertemporal pricing models, this model takes demand parameters as givarmeéasns
have complete information of firm pricing polici€sWe then present a more specific
theoretical model and discuss the firm’s profits, consumer surplus and social surplus
with or without SLPG and intertemporal pricing policy. At the end, wenelxtiee two-

period model to a dynamic model.

The equilibrium concepts we using here is Nash equilibrium and Sub-game

perfect Nash equilibrium.
IV.2.2 General theoretical model

We consider a two-period duopoly game, with two firms—1 and 2—produce
homogeneous goods with constant marginal costs. Without loss of generality, we
normalize the marginal cost to zero and assume there is no fixed cost or discount fact
over time. Firms decide their prices simultaneously in each period. In secbdriod,
new customers enter the market, and only new customers make purchasgsandta
This assumption excludes the possibility that consumers can wait and buy at a lower
price. In each period, consumers enter the market and choose whether to buy the
product or not. If they choose not to buy, they leave the market and will not re-enter the
market in the futuré® So each consumer lives in the market in two periods and can only

make purchase in the first period.

*% Since there is no consumer waits and buys inehersl period, discount factor doesn’t matter
in our model. We therefore assume there is no digciactor over time.

*1 These are general assumption made in intertempadcahg literature. For example, Stokey
(1979).

%2 Later, with SLPG, we can relax this assumptiond Ane can easily show that under SLPG no
consumer wants to wait and buy since they can mguprice match.
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There are three types of consumers, namely high, medium and low constimers.
Each consumer will buy at most one unit of the product from either firm. The high type
and medium type consumers are willing to pay up to V for the product. We assume that
the reservation price V is sufficiently high and thus the high type and medium type
consumers will buy exactly one unit of the product. The high type consumers are
divided into two groups; each firm embraces a group of high type consumers as their
loyal consumers. Within each group the high type consumers are willing & pay
homogeneous premium to buy at their favorite firm. This premium is high enough that
no high type consumer will buy at the firm other than her favorite firm. Ther&fore
each firm, their own high type consumer’s demand is perfectly inelastic thede
reservation price. The medium type consumers are heterogeneous with t@ spe
premium they are willing to pay for their favorite brand. We use a parahteter
measure this heterogeneity, which can be interpreted as the consumeesafegre
loyalty. Specifically, a consumer located at | is indifferent betwaeying from the two
firms if and only ifl = p; — p,. We can introduce the asymmetry in this market by
allowing firm 1(or firm 2) to have a larger medium market share when pfdés two
firms are equal. The last type is low type consumers, who are heterogendwus in t
reservation price. This reservation price is not high enough to guarantee eagbelow ty

consumer will buy exactly one unit of the product from either firm. Thezefor both

%3 The model with only two types of consumers—higbetyand low type, or medium type and low
type—uwill not change our result qualitatively. Tig@ason we choose three types of consumers is lecaus
we think this is closer to the real world situatidie high type consumers represent the consuntess w
value the product high enough and are willing tg @aery high premium to shop under a familiar
environment; the medium type consumers represertaghsumers who value the product high enough
but the premium they are willing to pay is not &ghhas the high type and heterogeneous; the low typ
consumers are those value the product not highgéndthe other reason | adopt three types of
consumers is that the two types of consumers mmilegenerate a uniform price in the high priceipdr
(which is not consistent with what we observechia dlata) as we will see later when we go to the
solution of the model.
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firms, the low type consumers’ demand is elastic. The low type consuraers ar

indifferent from buying from either firm, and th ?leéil’pZ)
1

_ |6D1(p1,p2)
dp>

54 whereD,

is low type’s demand, angl, p, are firm 1 and firm 2’s prices respectively. The
introduction of low type consumers allows our model to be able to fit in a more general
market rather than a strict duopoly market. For example, we can interprebdelr as

a market with two leading firms and a number of other small firms. The aelonkg

firms have some brand advantages over the small firms, and each has certain amount of
loyal customer who will only buy from their preferred firm. This is the high type
consumers in my model. There are some consumers who are willing to buy from one of
the leading firms, but when the price difference is large, they will swittiretother

leading firm. This is the medium type consumers in my model. There are also some
consumers who are willing to buy from the leading firms, but will also switch to the
small firms if the small firms charge much lower prices. This is thetype& consumers

in my model.

The two firms compete in prices, and at each stage, they cannot price discriminate
among customers because they are incapable of charging different pricésrémdif
customers. The firms have an option to choose whether adopting a SLPG policy or not
in the first period. If they adopt SLPG, when prices are lowered in the secood, peri
the consumers who bought the product in the first period at a higher price can request a
price match, and the firm will refund the difference, which is equivalent to knowing
some consumers buy the product in period 1 at period 2’s price. For example, if firm 1

adopts SLPG, and it lowers its price fregy to p, , from period 1 to period 2, then the

** Introducing firms preference in low type will nctiange our result qualitatively.
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consumers who request price match will get a refungl of- p, ,; after price matching,
these consumers actually pay, for the product. This SLPG policy only applies to the
firm’s own price one period after sale (i.e. firm 1 will not price match firm Atsejpr

For simplicity, we assume there is no discount factor over time.

Following Stokey (1979, we assume that consumers know the entire price
schedules over time of both firms and firms know all relevant characteo$tios
potential market. Although all period 1 consumers know period 2 pjgés1,2) in
period 1, not all of them will request a price match in period 2 even if firms Sd&ib.
We assume the high type and medium type consumers have very high hassle cost of
requesting price matching, and without loss of generality, we assuniadsige cost is
prohibitively high so that no high type or medium type consumers will request price
matching. For low type consumers, we assume their hassle cost of reqagstogy
match is very low and normalized to zero. Therefore, if a firm adopts SLPG and its
price is lowered in period 2, only the low type consumers who make purchasasdn per
1 will request a price match. The firms know the fraction and distribution of eaeh ty
of consumers and their reservation prices. We assume the fraction ancdticesenee
of high type consumer are not too large, and thus both firms want to serve all three

types of customers when they maximize their profits.

Next, we discuss some conditions under which there exists pure strategy Nash
equilibrium. When firms do not adopt SLPG, there is no linkage between periods. Each
firm’s objective is to maximize its profit at each period regardless ofataqars or

following periods’ strategies. Therefore we can analyze this as aratadiel.

% |t's a monopoly market in her paper, my model hisrduopoly market.
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021'ri
ap;?

Condition 1: <0, fori=1,2, representing firm 1 or firm 2’s profit

respectivelyo

If condition 1 is satisfied, there exists a unique pure strategy Nash equilibrium
(p1,p3) in the static game when SLPG is not adopted by firms. Each firm will cltarge i
optimal single price over time, and there is no price discrimination over tinmeanga

consumers.

Since the low type consumers can request price matching one period after sal
when firms adopt SLPG, there is a linkage between the two periods. By adbpting t
SLPG policy and intertemporal pricing policy, firms are capable of pricgichisating
the high and medium type consumers in the first period. They can set a high price in the
first period and then a low price in the second period. The high and medium type
consumers in the first period will pay the high price; while the low type consumer
the first period and all consumers in the second period will pay the low price. Let’
denoter; ;. as firm i's profit from type j customers in period t, where i=1,2, and j=h,m,|.

Dj; are firms’ corresponding demand defined in similar way.

2.
0°m;
2

211,
Conditionz:g T 2,

Pi,1 Opi,2

<0, Where’]’[i'l = Tih,1 + T[i,m,l; Ty = T2 +
T[i‘m’z + T[i,l,l + T[i’l’z, fOI‘l = 1, 2

If condition 2 is satisfied, there exists a pure strategy Nash equilibrium twahe
period game when SLPG is adopted. With firm i choogingn period 1, ang;, in

the period 2, consumers in these two periods can be divided into two groups according

%% Png & Hirshleifer (1987) and Corts (1996) madeilsirassumption to assure strategic
complementarities of prices and guarantee uniqsesiesquilibrium in the game.
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to the price they paid. Group 1 consists of high and medium type consumers in period 1
who paypj, to firm i; group 2 consists of high type, medium type consumers in period

2 and all low type consumers, who ggy to firm i. With this price scheme, each

group’s profit is maximized, therefore the total profit is also maxidiiaed no firm

wants to deviate. By doing this, firms can get maximum profits from high type and
medium type consumers in the first period, and get maximum profits from thad res

consumers in the second periods.

aD,

” aD;
Condition 3:|¢| < |
opi opi

|;Di,1 < Djm + Djj for anyV > p; > 0. WhereD; , is
firm i's demand from high type consumelbs,, is defined in the similar way for

medium type and®, is demand for low type consumepsis firm i’s price.

Condition 3 means the low type consumers are more price sensitive than medium
type and the total demand from high type and medium type consumers is alwésts grea
than that of low type consumers. With condition 3, firms can get higher profits by

adopting SLPG and intertemporal pricing policy compared to single price.

Proposition 1 When all three conditions are satisfied and firms can choose
SLPG and an intertemporal pricing strategy, it's optimal for firms to adopt SLPG and
charge a high price in the first period and a low price in the following period. The
single pricing strategy is not a Nash equilibrium. The optimal single price (when firms
can not choose SLPG or intertemporal pricing strategy) is between the two
intertemporal prices (When firms can choose SLPG and an intertemporal pricing

strategy)

Proof. See Appendix.
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As proposition 1 shows, when possible, firms will adopt SLPG and intertemporal
pricing strategy. Based on the structure of our model, social surplus soletylsepe
the number of consumers served in the market. Under an intertemporal praiagystr
social surplus increases because more low type consumers are servedel@neort
price in second period compared to the game with a single pricetrestriéirm’s
profit from group 1 consumers will be increased, but profit from group 2 consumers
may or may not increase; therefore the total profit change is ambiguous. Consumer
surplus change is ambiguous. There are two opposite effects on consumer surplus. The
positive effect is that the lower price in the second period increases therem
surplus of high and medium type consumers in the second period and the surplus of all
low type consumers. The negative effect is the increased price for high anohmedi
type consumers in the first period. Following, we propose a specific model, in waich w

can examine profits, consumer surplus, and social surplus.
I\V.2.3 Specific model

Following our general model setup, at each stage, both firms decide their prices
simultaneously and they have complete information about consumers’ type and their
corresponding fractions. There is a total of 2L new consumers enteringutket ach
period, and the consumers can only make purchases in that period. Firm 1 and firm 2
each hagL of high type consumers. There is a totak¢l. medium type consumers.

The premium they are willing to pay for their favorite store is measur&dabych is

uniformly distributed on [-L+g L+q]. And the interval [-L+q L+q] is partitioned into
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two segments: [-L+g0] and [0, L+¢.>” When two firms charge the same prices,
consumers locate at [0, Lgaquill buy from firm 1, and we call them firm 1's medium

type loyal customers; consumers locate at [{L@&hwill buy from firm 2, and we call

them firm 2's medium type loyal customers. The g here is the measuremdegfee

of asymmetry. Wheng0, these two firms are symmetric in the medium type consumer
market; when ¢0, firm 1 is the strong firm with more market share; wheg@,firm 2

is the strong firm. If this asymmetry is constant over time, thenapnstant over time,
otherwise it varies with time. For simplicity, we assumis gonstant within the two
periods when we analyze the model. High type and medium type consumers’
reservation price is high enough to guarantee one unit demand from each of them. Fi
's demand from low type consumers(is—  — $)L — a, — ap; + ap;.>° a > 1 means

the low type consumers are more demand elastic than mediunatypeasures the
demand shock, which has a mean zero; and we assume it is constant within each two
period we study. The low type consumers have complete information about both firms’

current and next period pricés

Condition 1 and condition 2 in general model are satisfied for any parameter

values. Condition 3 is satisfied if following inequality is true.

2 1
@B +¢$) - DL-Ga+39)q

> Nowadays many firms have some kinds of reward ramog to let consumers sign up. Through
these programs, firms can get some information abasumers’ purchasing history and may extract
some information about their types and preferences.

8 We can allow firm demand to have different sewmijtito its own price and its competitor price,
e.g. introducingy,,,, and a.,ss for its own price and competitor price respectivdlhis adds another
parameter without changing the qualitative res#lts. simplicity, we assume that the two sensitgtare
the same.

%9 Since we assume and aare constant within these two periods, the asymynaetd demand
shock uncertainty will not affect consumers’ contplmformation about next period prices.
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Therefore if the fraction of high type and medium type consuredasge enough,

and the degree of asymmetry is not too large, condition 3 is safisfied.

First we look at firms’ optimal strategy when they do not adopt SLPG. Under thi
setup, since there is no connection between each two periods, firms will choose an

optimal price to maximize their profits in each period. Firm 1's profit is dswiol

T =Ty + Ty, + Ty
Ty = Py * BL
Tym = P1¢(L + qr — p1 + p2)
) = p1((1 —B—-¢)L—a —ap; + O(pz)
We can get firm 2’s profit in similar way. We then take first order conditieat
it equal to zero and solve for optimal prices. There is only one set of solution, and the

second order condition is negative, therefore this game has a unique pure strategy Na

equilibrium with firms’ prices as follow:

_1¢q+3L—-3a
A

—dpgq+3L—3a
b+ a

1
4 p2_3

Without assigning parameters values, firms’ profits are too lengthy tagispl

Next, we study firms’ optimal strategies when SLPG is adopted. We demote fi
I's profit from type j consumers in period tag, firm i's price in period t ap;;. Then

we can write firm 1 and firm 2’s profits as follow:

Ty =Tqh1 T Tyma1 T M1 T Tne T Tym2 T T2

Ty = TMyh1 + TMom1 + 211+ Moz + Tome + T2

89 When the two firms are symmetric, condition 3atisfied if 8 + ¢ > 0.5.
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Th1 = P1,1BL T2 h,1 = P2,1BL

Tyma = Pra®(L+ = Pr1 +P21), Toms = P21 P(L =+ Ppiy — P21)

M1 = min(pm, p1,2) ((1 —B—¢)L—a; - amin(pl,l, p1,2) + O(min(pz,l, pz,z))

T2l1 = min(pz,l, pz,z) ((1 =B — )L —a; — amin (py,1,P2,2) + amin (py,1,P1,2))

T h2 = P1,2BL o h2 = P2,2BL

Tm2 = p1,2¢(L +q—Ppi2t pz,z); T2m2 = pz,zq)(L —q+Pp12— pz,z)

T2 = P12 ((1 —B—¢)L—a; —ap;; + O(pz,z)

12 = P22((1 =B — )L —a; —apzz + apy 2)

Since it is a two stage game, we use backward induction to solve for both firms’

second stage prices and then the first stage prices. For each firm theya exique

set of solutions. Therefore there exists a unique pure strategy sub-gameNaste

equilibrium. Firm 1 and firm 2's prices() are as follow:

13LB 4+ 3Ld + dq 13LB+ 3Ld — dq
P11 = 3 ) P11 = 3 o)

_ 16L—3BL— 3L — 6a +dq
P12=3 b+ 2a

_ 16L—3BL— 3L — 6a— dq
P2z =3 b + 2

When g=0, the two firms are symmetric, their optimal prices are symmetric a

well.

Without loss of generality, we normalize L=1. Next we compare firmsépyic
profits, consumer surplus and social surplus under single pricing strategy wéh thos
under intertemporal pricing strategy. Since we have five parameters irotiet, m
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without assigning parameters values, they are too complicated to compaegoieher
we assume the two firms are symmetric and there is no demand shock. By these
assumption, we can sgt= 0,a = 0. We denotey, as the firm’s high price in the
intertemporal pricing subtracting firm’s price in single pricingtsgg; pq, as the

firm’s low price in intertemporal pricing subtracting firm’s singlécprmy as every two
periods firm’s profit under intertemporal pricing subtracting firm’s prafider single

pricing; csq as consumer surplus difference and defined in the same way. We have,

_ O%+PB+pa—d+Ba
N (d+a)d

QP +pptda—d+pa
(d+a) (p+20)

Pdh yPd) =

o @B g’ Y(B+O)(O+OB+da—+Ba)
d G+ (dp+2a)p 4 G+ (d+20)d

Proposition 2 Wheng = 0, anda = 0 firms’ profits and social surplus increase
with intertemporal pricing strategy under SLPG, and consumer surplus decreases with
intertemporal pricing strategy under SLPG. The single price without SLPG is between

the high price and low price under SLPG.
Sincea > 1, proposition 2 is easy to see.

We can look at a numerical example. Settjing 0,a =0, = % , P = § and

a = 2, the profits, consumer surplus, social surplus and prices are described in Table
IV.1. This table shows that profits and social surplus increase under SLPG; eonsum

surplus decreases under SLPG; and the single price without SLPG is betwegh the hi

price and low price under SLPG.
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I\V.2.4 Extend to dynamic game

Next we develop a dynamic model based on the two-period specific model. There
are infinite periods in the model. The two firms are symmetric and there is nadlema
shock. In each period, firms decide their prices simultaneous and independently.
Therefore each firm doesn’t know its competitor’s current price when troégedineir
price, but they know all prices before current period. Firms will match itsppige one

period after sale.

In each period, new consumers enter the market and exist in the market for two
periods. Consumer type, fraction, and demand are the same as those of thetwpecific
period model. Consumer will only make purchase in the period they enter the market
(first period). In the second period, low type consumer can request price match if pr
is lowered. Therefore, in each period, there exist two kinds of consumers in K&t:mar
old and new. The old consumers who entered the market in the last period will not make
a purchase, but the low type consumers may request a price match. The nemecsns
who enter the market in current period may make a purchase. When they enter the
market, consumers have complete information about firm pricing for the twomperi
they exist in the market. For example, consumers entering the markeith plemow
both firms’ price in that period (period t) and the following period (t+1). Since Iper ty
may request price if price is lowered in following period, when they make punghasi
decision, they will not only consider firms’ prices in period t but also prices iaderi

t+1.

Firms choose optimal pricing strategy to maximize their profits over f#inas
have complete information about consumer fractions and demand parameters. Therefore
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if their price is lowered in period t+1 comparing to period t, they know how many low
type consumers will request price match and pay the actual pnge,ofand they will

take this into account when they choose the optimal pricing strategy.

Firms try to maximize their profits. Since two firms are symmetreecan write
out firm 1’s profit and firm 2’s profit is similar. We denote firm 1’s profit froype |
consumers in period t as ;(, firm 1's price in period t ag, ;. Then we can write firm

1's profits in three different conditions as follow:

First,py t+1 > P1t > P1t—1, thenin period t, firm 1 tries to maximize its profit

T, ¢, Which can be expressed as follow:
Tt1 = Mht T Time T Moot
Ty he = P1,eBL, Timt = p1,1¢(L — Pt t pz,t)'
M1t = P1t ((1 — B — )L — apyy + amin(p,y, p2,t+1))
Secondp; ¢ > pyt—1 andps ¢ > p 41, then firm 1 price in period t has no effect

on low type consumers in that period, therefore, in period t firm 1 will set price to

maximize its profit from high and medium type consumers. We haygas follow:

T2 = Moht T Timt
T he = P1,eBL, Timt = p1,1¢(L — Pt t pz,t):
Third, p;+ < p1t—1 andpy+ > p1+1, then firm 1 price in period t has no effect on
low type consumers in that period but will decide the demand of low type from last
period, therefore firm 1 will set price to maximize its profit from lowetys last period

and high and medium type of this period. We hayg; as follow:
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T3 = Myht T Tyme + T 1t-1

Tyhe = P1,eBL Ty me = P11P(L — Pre + Par),
Ty 1t-1 = P1t ((1 - B—¢p)L— apqt + O‘min(pz,t—p pz,t))

Fourth,p; < p1¢—1 andp; ¢ < p1e+1, then firm 1 price in that period will not
only decide its profit from current period consumers but also the low type from last
period. We haver, ., as follow:

T3 = Mohe T Myme + Tpe + Ty e-1

Tyhe = P1eBL Tyme = P11P(L — Pre + Par),

Tt = P1t ((1 —B—¢p)L— apqt + O(min(pz,t, pZ,t+1))

Ty1t-1 = Pt ((1 —B— )L —apy + amin(p,_y, pZ,t))
We then solve for firm optimal strategies.

Proposition 3. In the dynamic game, one optimal strategy is to charge a high
price in one period and a low price in the following period, and repeat this price

scheme, in which

LB + Lo 2L — BL — L¢p
Pe=Ph = P TP

Proof. See Appendix.

Since there is no disturbance, each firm charges the same high price and low price
for each two periods. Then each firm’s current price change equals to treerelvits
previous price change (coefficient is negative one). If the parameters) are non

constant but highly stable, then each firm’s high price and low price will be highly
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stable for every periods. We would observe that the correlation between each firm’s
current price change and its previous price change is not negative one eub clos
negative one. As a consequence, each firm’s price changes may show & mycéca
fluctuation over time. Specifically, a firm may charge a high price in onedyeand a
low price in the following period, then high price, low price and so on. As a

consequence, we will observe a more frequent price adjustment ovét time.

Usually, the two firms in the market are not exactly symmaegrie 0). We
therefore allowg # 0 and explore to what degree each firm’s price change is affected
by its competitor’s price change; we use firm 1 for example. Since fgmetiod t
price is set to maximize its profits from group 1 consumers, and its period t+1sprice
set to maximize its profits from group 2 consumers; we can solve its period t and t+1

optimal price as a function of firm 2’s price. We have:

P2t where A4 = BL+Lp+¢q

P1,t:A+T, ”

2L-fBL-L¢p—-2a+¢pq
2(¢p+2a)

D2t+1

pl,t-l'l =B + T, Whel’eB =

Apy =B—A+25222 — g A4 Ap,

From above equation, we can see when there is no other disturbance, the
correlation between firm 1 price change and firm 2 price change iHmalfever, since
these two firms move simultaneous and independently, it's not proper to say firm 2
price change causes firm 1 price change or vice verse. When there distimbiance

(for example, demand shock), but the disturbance is relatively small, we would expec

®L This is consistent with the findings in Chen arid (2007)
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the coefficient to be close to one half. Overall, both firms’ prices will hotke same

direction, either increase or decrease.

IV.3. Empirical evidence

To test our theoretical model, we collected weekly online price data from Bes
Buy and Circuit City. Best Buy and Circuit City were the largest tieotenic
products retailers in the country during the period of collecting data, and both
companies adopt a SLPG policy within 30 days aftefsdterther, these two
companies competed directly against each other for the period of affalysike next

section, we will describe our data first and then propose our eaipiradel and results.
I\VV.3.1 Data description

We have weekly price observations, rebate values if there are any, guidghip
rates recorded every Sunday from Best Buy online and Circuit City online. The
observations were collected between Marét2R08 and Jan 112009, which is a total
of 46 week&". There are total of 49 different products in our data set, covering the
following nine major categories: mouse, MP3 player, printer, router, TV, SD daia
storage devic®, digital camera, and camcorder. For each category, we record two sub-

categories of products; the first sub-category consists of low end producisty m

%2 Best Buy’s policy has changed over time. Curreaglystated on their website, for computer,
monitors, notebook computers, projectors, camcsrdigital cameras, and radar detectors the SLPG
period is 14 days, for all other products excefiinsre, movies, music and video games, the pes@Di
days.

%3 Shares oBest Buywere up almost 9 percent the afternoon of Janugh2009 aftelCircuit
City claimed that it would liquidate all of its 567 U Sores. 82 percent @ircuit City's domestic stores
are within 5 miles of 8est Buy

4 We do not have observation on Jun&' 2908 though.

% For this category, we choose flash drive and ezfdrard disk drive.
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products for home use; while the other sub-category consists of high end products or
products for business and professional use. Within each sub-category, we incude tw
three products. For example, for the mouse category, we use Logitech mteals

the low end product, recording the prices of LX3, LX5, and LX7; and Logitech laser
mice as the high end product including VX Revolution, MX Revolution, and MX Air.
For printer category, we use All-In-One inkjet printers as our home use prodhuités, w
laser black-white printers as business use products. Not all products exesmarket

for the whole 46 weeks, and we do not have data for all products on J826@2, so

this is an unbalanced panel data with a gap. For 12 products we collected data for the
entire period of 45 weeks, while for two products we have only 6 weeks of data
collected over time. The average number of observations per product over tioatis a
28.33. We only use the data in the regression when we have prices from both companies
at the same week, and we have 1339 pairs of prices from Best Buy and Circuit City.
Among these 1339 pairs, in 535(39.96%) of them Best Buy charges higher price than
Circuit City; in 427(31.89%) of them Circuit City charges higher price; anle

remaining 377(28.16%) pairs they charge the same price. This indicates Bast Buy
price is slightly more likely to be higher than Circuit City within our obsgoua. A

positive price change means the price increased from last period; a negeéve pr
change means the price decreased. Table 2 is a summary of the prieeict2es)

Buy and Circuit City.

From the table 2 we can see that prices are fluctuating consistentlynoger ti
Moreover, the price change is not monotonically decreasing over time: aboutlone fi

of the time prices increased and about one fourth of the time prices decreased. The
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reason we observe more decreasing than increasing prices may be dueciataapne
product value over time caused by either cost reduction or new products entering the
market. A comparison across stores indicates that Circuit City'ssgranee less

fluctuation than Best Buy’s prices.
IV.3.2 Estimation

The purpose of the empirical analysis is to investigate the negative reltépion
within each firm’s own price change. In the empirical model, we havetioa/ing

notations:

P, ¢: Best Buy's price in period (week) t
P..: Circuit City's price in period (week) t
APyt = Pyt — Pyt
APey = Py — Pei—a
Due to firm’s SLPG policy, each firm’s price is a function of its previous pric
and its competitor’s current price and previous price. Since each company adopt a

SLPG 30 days after sale, which is approximately 4 weeks. W&have

Pyt = Bopb + BibPet + B2pPei-1 + BspPei—2 + BabPoi—1 + BspPoi—2 + BepPoi-3
+ Sb’t
Pc,t = BO,C + Bl,cpb,t + Bz,cpb,t—l + B3,ch,t—2 + B4,cPc,t—1 + BS,cPc,t—Z + Bﬁ,cpc,t—3 + Sc,t

Since our interest is the relationship among price changes, we take thenddfere

of period t and period t-1 for each firm’s model, and get our two regression méls a

% Later, we will show how we chose the optimal numifdag terms.
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APyt = Bop + BivAPet + B2pAPct—1 + B3 pAPct—2 + PapAPyt—1 + BspAPy i

+ BepAPp—3 + Aty

APc,t = BO,c, + Bl,cAPb,t + BZ,CAPb,t—l + B3,cAPb,t—2 + B4,cAPc,t—1 + BS,CAPC,t—Z

+ BG,CAPc,t—B + Aeg

We also include a set of time dummy variables to capture the hidden demand shock or
other effect that may affect firm’s price change. Since the modelassmrice change
over price change, the price differencing process cancels the product individoi. ef
This allows us to estimate the model via pooled OLS. Next, we estimate our mitdel wi
pure price change first, and then as a robustness check we estimate our nmodel wit
effective price change, in which the price are calculated from pure pnices possible
rebates value plus possible shipping rates, and estimate pure price model laiikiea re

price indicator.

Estimation with pure price change

Our model is estimated under three different setups: without time dummies, with
time dummies for certain period$®, and with all time dummies. We discuss the model
selection process for model with all dummies in detail here. And for models with no

dummy or part dummies, the process is similar and will be discussed briefly.

In order to select the optimal price difference lags, we first esithatmodel

with different lags and then compute the corresponding Akaike InformaticeriGnit

®”We include a constant because the prices of efgctproducts usually decrease over time.
% We include time dummies from Oct'28008 to Jan 12009.

% The reason we include time dummies for this peisatiat on Nov. 8, Circuit City closed its
155 brick and mortar stores; and on Jafi, T8rcuit City closed all its stores, including o store.
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(AIC) and Bayesian Information Criterion (BIC). Table 3 and table 4 showltbend

BIC scores of corresponding models.

From table 3 we can see that AIC scores and BIC scores choose different models
to estimate Best Buy’s price change. Comparing to AIC, the way the®l@ is
computed puts more penalties on additional independent variable when the time
dimension is large. In that sense, BIC usually favors a more parsimonious model. When
the sample size is large, due to the asymptotic property of BIC, it usughgrtorms
AIC; but when the time dimension is small, BIC may over penalize for thé@ui
independent variable. And in that case, AIC outperforms BIC. Here, for two reasons we
choose the model indicated by BIC. First, a general belief is that incliedusy
independent variables will make the model more efficient. Second, from the 10
Economist point of view, if Best Buy wants to response to Circuit City’s phaage,
the effect of a change implemented three weeks later is expected to b&\&mnal
suspect that it may be too late to have significant effect on market. Based®n the

considerations, we choose the fourth model.

Table 4 shows AIC and BIC scores for Circuit City model. Both AIC and BIC
procedures point to the selection of the fourth model. Therefore both regression models
lead to the selection of three lags of its own price changes and two lags of its

competitor’s price changes.

For models without time dummy variables and with partial time dummy variables,
we have similar results to those of models with full set of time dummy variahtes

Best Buy model, AIC and BIC point to the selection of different models, as we

0 AIC and BIC scores are reported in parentheséabie 3 and table 4.
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discussed before, we choose the model with lowest BIC score. In Circuit City, mode
both AIC and BIC point to the selection of model with three lags of Circuit (htyce

changes and two lags of Best Buy's price changes.

Table 5 gives results for pooled OLS estimation for Best Buy’s pure price
changes, and Table 6 gives results for pooled OLS estimation for Circus (alitg
price changes. From our estimation results presented in table 5 and tablea, see
there is no qualitative difference among these ffr@e coefficients on price changes,
which we focus on, are qualitatively the same and quantitatively close. Gieened
will focus our discussion on the model with part dummies. From the results we can see
that each company’s price change is significantly negatively cadelath its own
previous three weeks price changes, and positively correlated with thetitorigoe

current and previous price change.

For model estimating Best Buy’s price changes, the coefficient for onedagg
Best Buy’s price change is -0.702 which means on average if Best Blogs\as
increased by one dollar last week, then this week Best Buy will lower gts Ipyiabout
seventy cents. It's not exactly negative one as theory predicted, but ciogsitiet the
one period in theory is actually four weeks in empirical analysis, thus Best 8uy m
lower its price gradually, and the summation of all lagged coefficientsgs tdo
negative one (-1.167) the empirical findings are at some degree consistent with

theoretical predictiof’® The coefficient for current Circuit City’s price change is

" Except the constant and some time dummies, whiehat our primary interests.
2 At 1% significance level we fail to reject the hihlat it equals to -1.

3 Calculated impulse response from four weeks agolsis 0.013, this mean four weeks ago
price change doesn't have very large effect onetuprice change. One explanation is that firms are
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0.430 which means the price change correlation between Best Buy and Gircuit
0.430°. This is also at some degree consistent with our theory prediction. Best Buy’
price change is more affected by its own previous changes than Cirgist[iite
changes. For higher lags, the scale of the coefficients decrease, whité last week’s
price change has a larger effect on current price change than that otthbei@re last

week.

Circuit City’'s price change follows the same pattern as Best Bl difference
is the coefficients are smaller. This indicates that Circuit Cayrsent price is affected
less by its previous price changes and Best Buy’s pricegelaithis is, to some degree,
consistent with our observation in the data description that Circuit Citys isrless
volatile. The time dummy coefficients are not significant for most datepéxhree
dates for Best Buy and one date for Circuit City listed in the table. Theeglgmificant
dummy coefficient® for Best Buy indicates Best Buy’s price was increased in these
three weeks, which is not caused by its own previous price change nor Circut City’
price change. However all these three price increases are consittedireuit City's
problems in these periods. On November 3rd 2008, Circuit City announced it plans to

close 155 stores and lay off 17 percent of its workforce in the U.S., the dummy

more likely to response to a price change in thet fhree weeks, rather than wait until the lastkvef
price matching period (30 days).

" At 1% significance level, we fail to reject thellthat it equals to 0.5.

" In the OLS estimation, since the coefficients @fpetitor current price change are significant
in both model (Best Buy and Circuit City), it's ndear whether Circuit City price change caused Bes
Buy price change or vice verse. However, as latemill see, the coefficient of competitor currenicp
change is significant in Circuit City model but notBest Buy model. In that case, it means CirQiiiy
may decide its price according to Best Buy priag,Best Buy doesn't decide its price based on @ircu
City price. One possible explanation is Best Buy &ddarger market share, therefore it has largekeha
power and plays as a leader in the market.

8 In model with part dummies, two more dummies favN.6" and 2% are negative significant
at 5% level. This may because Best Buy loweregrite for the coming Thanksgiving and Black Friday.
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coefficient for November 2nd indicates Best Buy’s price was increasedtinéek.
Exactly one week later, Circuit City filed for bankruptcy protection. Tlnamy
coefficient for one day before that indicates Best Buy’s price asect again in that
week. On January Y6009, Circuit City said it failed to find a buyer and will liquidate
its 567 U.S. stores. Our result indicates that two weeks before that BesicBagsed

its price. The only significant dummy for Circuit City’s price chang@idNovember

16" 2008, which is the following Sunday after it filed the bankruptcy protection.

Although the Hausman specification test suggests using pooled OLS estimation,
we still present the instrumented variable estimation results hEoe.Best Buy model,
AP.._3 is used as an instrumented variable for the potentially endogenous vAHable
and for Circuit City modelAP, ;3 is used as an instrumented variable for the
potentially endogenous variald®, ;. Let’s look at the Best Buy model first: In all three
models, Best Buy’s price change is still negatively correlated withetsqurs price
changes, but at a higher degree compared to pooled OLS estimation. However, in IV
estimation, Circuit City’s price changes have no effect on Best Buigs ghanges.

Since Best Buy is the largest firm in the electronic products retailanahis means
Best Buy plays as a leader in the market. It decides its price not basedarnpg#itor
price. One noticeable point here is that tRésRmuch smaller than that of the pooled
OLS. This may suggest that IV estimation doesn't fit the frameworkwelly IV
estimation for the Circuit City model pretty much yields the samdtsess pooled OLS
with two exceptions. First, the coefficients on price changes have a largeinsbal

estimation. Second, constant and time dummies are not significant in all three models

"Table 7 and Table 8.
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IV estimation. Circuit City price change is still significantlyreelated with Best Buy

current price change. This indicates Circuit City may play as a fallmiteat market.

Estimation with effective price change and with indicator

For robustness check we also calculate the effective price whichrestdiierice
minus rebate8 plus shipping rates. We then calculate the price changes and follow AIC
and BIC scores to select the proper estimation model. Table 9 and Table 10ahow t
both AIC and BIC lead to the selection of the estimation models with the sanaslags
that of the pure price change estimation. Since we still atgian price difference model,
the product individual effects are cancelled out when differencing the prieesgn

estimate the model again via pooled OLS.

We first estimate the model under three different setups via pooled OLS. The
estimation results are reported in table 11 and table 12. Comparing thesenigisulte
model with pure prices, the relationship between price changes are qu&itiieve
same in both the Best Buy and Circuit City models. This confirms our clatreaba
firm’s price change is negatively related to its previous price chargkpositively
related to its competitor’s price changes. Quantitatively, theteffgarevious price
changes on current price change is smaller in models with the effpateecompared
to the models with pure price. The major difference is in the dummy coeffiarethts i
Best Buy model including all dummies. For Novemb¥r2008, the dummy coefficient
is not significant in the effective price estimation anymore; one possiblanation is
that in that week, Best Buy increased the prices but at the mean time il dfifereunt

shipping rates. Considering that one day later Circuit City closed its 155, shigses

®When there is no rebate, this is zero.
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eases the competition at brick and mortar places but not online. TherefoBuBéstd

an incentive to increase the regular price face by consumers at thenuticiogal

store; and at the same time it lowered its shipping rates to keep its deliveectheri
same for online shoppers. For NovembB208, the dummy coefficient is still
significant and positive, but with a larger coefficient in the effectiveepgegtimation.

For November 18 and 2% 2008, the dummy coefficients are significant and negative
in effective price estimation, but not significant in the pure price estmésince the
effective price is the price including shipping rates and rebates, this maglamed

by either a decreasing in shipping rate or an increasing in rebate amount. An
examination at the shipping rates and rebates shows that the decreaserng shipgi
can explain the significant negative dummy coefficients for these ddtesavErage
shipping rate drops from $12.13 on NovemBt®$2.80 on 18 and $1.96 on 23

One possible explanation is that since Circuit City has filed for bankruptecpout,
Best Buy may expect liquidation by Circuit City and thus an intensified online
competition. In response it lowered its shipping rates and thus the deliveryquric
online shoppers. For Janua) @9, the dummy coefficient is negative and significant at
5% level in pure price model but insignificant in effective price model. Bynexag

the rebates and shipping rates, there is no evidence to support that the difference is
caused by these two factors. This difference is still an open question, but does hot affec
our main results. The dummy coefficient in Circuit City model is qualitigtive
consistent between the pure price model and effective price model. Lookinguat Cir

City’s shipping policy, we find that the shipping rates for Circuit City werg ver
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consistent over time. It offered free shipping for orders over $24.99, and theress alm

no change in shipping rates for orders under $24.99.

IV estimation results are reported in Table 13 and Table 14. In Table 18¢all t
Best Buy models show that Circuit City’s price changes have no signiétfaot on
Best Buy’s price changes. Moreover, the model with all dummies indicates more
dummy coefficients are significant compared to other estimation relsuliable 14,
Circuit City model doesn’t present any qualitative difference on the ghiaege
coefficients. Nevertheless, each company’s price change is stificagtly correlated

with its previous price changes.

Next, based on the pure price model, we add a relative price indicator as

independent variable. The relative price indicator is generated as follow:

Lif Ppit-1> Dei-1
i =3-Lif Ppe-1 <DPce-1,
0, otherwise

wherep, _4is Best Buy last week pricg, ., is Circuit City last week price.

We estimate the model with no time dummy variable, and results are reported in
Table 15. As we can see, there is no qualitative difference between the ntbdel w

indicator and without indicator.

Overall, the empirical evidence provides some investigation into our theory, but
we have to point out the limitation here that the empirical analysis is not vergusgor

Therefore the empirical analysis cannot be used as a strong support to our theory.
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IV.4. Conclusion

The traditional intertemporal pricing literature usually predicts a noomoprice
decrease. In the real world, however, we usually observe price flucaidExisting
literature on low price guarantee (LPG) typically focuses on competitiongstores
and not over time. In this paper, we develop a theoretical model using SLPG to explain
the price fluctuation over time. In a theoretical model, we show that in equilibrium
firms use SLPGs and intertemporal pricing strategies. This will caicsefluctuations
over time. By examine a specific model, we find that when firms are syroraattithe
low type consumers’ demand respond to both firms prices at the same degreée, firms
profits and social surplus increase with SLPG, but consumer surplus decrehses wit
SLPG. Moreover, if we assume the parameters are constant over time, afiem’s
period price change is negatively correlated with its previous period priogelid),
and positively correlated with its competitor’s current price chan@g. \/ith weekly
data collected from Best Buy and Circuit City, we find that there is ainegat
correlation between each firm price change and its previous periods lpainges. An
interesting empirical extension is to do a comparison between industry with &idP
industry without SLPG. Future work could be done in this direction. If the work can
show the industry without SLPG doesn’t embrace this negative correlatioadmetw

price changes, then it will provide a stronger empirical support to the theory.
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IV.5. Appendix

Proof of Proposition 1.

We first denotep,, as the optimal high price in the intertemporal pricing strategy,
p; as the optimal low price in the intertemporal pricing strategypard the optimal

price in the single pricing strategy. Therefore we have

om; om; ITT:
W =0 @ % =0 @ & =0
Pilpi=pin Pilpi=p;, Pilpi=pis

Sincer; 1 = p;(D;p, + D; n), We can rewrite equation (1) as

0D; 1 Dip+Dim
Dip + Dim + a_pipi,h =0 = pip= Tm|
op;

Similar from equation (2) and equation (3) we have

_ Dy + Dy + 2Dy,
Pir = aDi,m| s |6Du|
op; op;

- _Din+Dim + Dy
pl,S - aDi’m| 6Du|
op; op;

From condition 3 we have

Din+Dim Din+Dim~+Diy  Dip+Dim+ Dy

pi'h - aDl"m 2 ’6Dmn| > aDl‘,m| n aDi,l| - pi’s
op; op; op; op;
dD;,; dD; .,
D;, + D; ~| > D;; [——
( i,h L,m) | F) ; | il api

0D, dD; dD;
l,l| > D” ( im + il
i op; op;
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0D; m
op;

+ aDi'l|>
ap;
Dip+ Dim + Dy Dip+ Dim + 2Dy,

= pi’s - aDi,m’ n aDi,l| > pi'l - aDi,m aDl‘,l|
op; op; ap; op;

oD;,
ap;

)

= (Di,h + Di,m + Di,l) (|

0D; m
op;

> (Dip + Dim + 2Dy) (|

+2|

So far, we have shown thgt, > p; s andp; s > p;;, and from condition 2 we

an'l"1

haveT > 0; therefore when firms adopt SLPG, it can deviate to increase its
L Di=Dis

profit by increase its first period price a infinite small amount and keepatsd
period price the same. By doing this, firm can increase its first period anofikeep its
second period profit the same. Therefore, when firms can adopt SLPG, it wilkalway

deviate from the single pricing strategy to intertemporal pricingestya

Proof of Proposition 3.

We prove proposition 3 is an equilibrium by checking deviation. If no firm will
deviate from the equilibrium pattern, then the high-low pricing schedule is an
equilibrium. Since the two firms are symmetric, we only need to show one f&rmoha

incentive to deviate. Without loss of generality, we look at firm 1.

For any period in the dynamic game, firm 1 sets its grigeto maximize its

profit as:

Ty = Ty (Pr) + Tmr(@r) + T (Prlor < Praa) + -1 (@7l0r < Pro1)

As a preliminary to the proof, we define two equilibrium prices under specific

conditions that will be met later in the proof.
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Suppose both firms follow the high-low pricing schedule, and assume that in

period T firm 1 charges high price. Therefore we have pr_,, andp; > pr41.

Whenp; > pr_4, period T-1 low type consumers cannot request price match in
period T, therefore their profits are determinegppy;, andm, ; r_; (prlpr < Pr-1) IS
zero inmy . Whenpy > pryq, period T low type consumers will request price match in
period T+1, therefore their profits are determinegpy;, andm, ; r(pr|pr < Pr+1) IS

zero inmy 7.
Overall, firm 1 profit in period T can be simplified as:
Ty, = Ty,11 = TphT T Tim,Ts

Firm 1 corresponding optimal price in period T is:

Pir = P, SUch tha{aﬂa1¢

P1 P1=Ph

=0.

Alternatively, suppose it charges a low price, and fius p;_,, and

Pr < Pr+1- Therefore my ;1 (pr|pr < pr-1) and my 7 (pr|pr < pr41) are not zero

in m; 7. Overall firm 1 profit in period T can be simplified as:

Ty = Ty T2 = MhT T TymT + T + T T-1,

and firm 1 corresponding optimal price in period T is:

P1,r = Pr, SUCh thaL = 0.

1,T,2
op1 P1=P1

When firm 1 chooseg,; to maximizen, ,, it has to consider two groups of low

type consumers; whereas when it chogse® maximizen, 4, it only considers the
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high and medium type consumers. Since low type consumer demand is more elastic, we

havep, < py,.

To prove Proposition 3, we examine any two periods for firm 1, namely period t
and period t+1. Before period t we assume firm 1 chooses SLPG and the high-low
pricing schedule, and firm 1 price in period tp1,_, = p;. After period t+1 firm 1
chooses SLPG and the high-low pricing schedule. Firm 1’s price in periop {2,=
Ph-

Next, we provide a road map for the remaining proof. We first show that these
two periods can be separated from their previous and following periods, and thus can be

analyzed separately. We then use similar analysis in the two-periodspganike to

find the optimal strategies for firms.

In order to show these two periods can be separated from the previous and
following periods, we need to show first thal, > p; ., and thus firm 1 period t-1
profit is unrelated to its period t price and secondghaf; < p; .4+, and thus firm 1

period t+1 profit is unrelated to its period t+2 price.

We first show thap, ; > p; 4. In period t, firm 1 can choogg ; = p; (-1 OF
D1t < Dit-1. If D1t < Pp1e-1, then the low type consumers who made purchase in
period t-1 will request price match in period t. We have two situations depending on the

relationship betweep, , andp; ¢ 1.

Firstp; ; < p1¢+1, then in period t firm chooses the optimal price to maximize the
total profits from its current period customers and last period low type custonie

have,
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Tyt = My ht T Tyme + Ty e + T 1e-1-

As we have shown the optimal low pricepjs therefore firm 1 will not choose a

price lower tharp,, which isp, ; = p; 1 = p;.

Secon, ¢ > p1¢+1, then in period t firm 1 chooses the optimal price to
maximize the total profits from its current period high and medium customerssand la

period low type customers. We have
!
Tt = TMpht T Time T Ty e-1

Firm 1 corresponding optimal priceps,’. Its last period price ig;, which is
chosen to maximize, ,,_,. Sincemn, ,._; contains more low type consumers thag’,
the corresponding optimal prige should also be lower than ;" (p1: > p1t-1 = 1),

and we have a contradiction here.

Combining these two cases, we haye > p, ,_;. Therefore, low type
consumers in period t-1 will not request price match. Firm 1 period t price hascto effe

on its previous period consumers.

We then show that; .41 < p;¢42. Let's look at period t+1. In period t+1, firm 1
can choos®; ¢11 < P12 OF D141 > Pre+2- If firm 1 choose®; 141 > Py 42, the low
type consumers will request price match in the next period. We have twasisuat

depending on the relationship betwegn,; andp, ;.

First, if p1 ¢+1 > p1¢, thenpy 44 has no effect on low type consumers in period t,
and sinCep; 111 > P1+2, P1e+1d0ESN’t determine the profit from low type consumers

in period t+1 as well. Therefore, firm 1 choopgs, ;t0o maximize its period t+1 profit:
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Tit+1 = Moht+1 T Mimt+1 = M1
The optimal price iy, which is equal te, ,.,. Therefore in this situation,
P1t+1 = Pit+2-

Second, ifp; r+1 < P14, thenp, .44 has effect on the low type consumers in
period t, and SiNCB; t+1 > D1 ¢+2, P1e+1d0€sN’t determine the profit from low type
consumers in period t+1. Therefore, firm 1 chogsgs,to maximize its period t+1

profit:

[A—
Tit41 = Myht T Tyme T Tq 1 -1-

The corresponding optimal priceps,.'. The period t+2 price igy,, which is
chosen to maximize, ;. Sincem, ; contains no low type consumer comparedg, ;’,
the corresponding optimal prigg is higher tham; ;.. Therefore, we have, ;,, >

P1.¢+1, Which creats a contradiction.

Combining these two cases, we haye,; < p;.+,. Therefore, low type
consumer in period t+1 will not request price a match in period t+2. Firm 1 period t+1

profit is unrelated to period t+2 price.

Overall, the price in period t has no effect on the price in period t-1, and the price
in period t+2 price has no effect on the price in period t+1. Therefore, these two periods
t and t+1, can be looked at separately and consider the game in which these prices

appear in a recurrent pattern.

Next, we examine two periods of the dynamic game seperately.
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In these two periods, firm 1 can either gt > p1 11 Orp¢ < Presq- Iffirm 1
setp;+ < p1¢+1, then period t+1 price has no effect on period t, therefore in eaciul peri
firm 1 chooses a price to maximize its profits from the customer of that perladhW
is

T[1 = Ttl,h + T[1,m + T[1,l'

This is equivalent to when there is not SLPG and firm adopts a single optimal

price.

If firm 1 setp; + > p; 41, then period t+1 price has an effect on period t. Firm 1
chooses a price schedule to maximize its total profits from these twogdiisidg the

same functional form as in the two-period specific game in section IV.2.2.Bgwee
Ty = T + Ty t41)

Tt = M1 = Mht T Timt Tt+1 = Moht+1 T Tomerr T Tolerr T Ty 1e

Ty ht = P1,eBLy Tyme = p1,t¢(L +q—pict pZ,t);

Tyt = Prt+1 ((1 —B—d)L—a; —apyr t+ amin(pz,t'pz,t+1)) )

Ty he+1 = Pre+1BL Ty mesr = p1,t+1¢(L +qQ—Pte1 T pz,t+1):

T11t41 = P1t+1 ((1 —B-—¢P)L—a, — apgp + O(pz,t+1)-

This is the same as in the specific two-period model. Firm Jpgete maximize

Ty = Tyt + Tqme ANAPqceq 1O MAXIMIzZeNy 5 = Ty ¢ + Ty hee1 + Tymer1 + Ty leen-

We calculate the first order conditions as follows:

0Ty 1
Op1,t

= pBL+ ¢(L — Pt t Pz,t) — P16
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677:1‘2

=2(1—-B - )L —4apyes1 + 2apses1 + L — PP1r41 + ¢(L —

OP1,t+1

Pit+1 T P2e+1)-

Using the first order conditions to derive an explicit expression of the optimal

strategies, we get:

LB + Lo 2L —BL— Lo
Pit = Pn = T'P1,t+1 =P = W

The second order condition is negative definite.

As we have already shown in Proposition 2, the profit from single pricing strategy
is lower than the profit from intertemporal pricing strategy. Firm will devieom the
single pricing strategy, therefore the equilibrium will be the iateporal pricing

strategy.
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Table 1V.1. Comparison of single pricing and intertemporal pricing

Single pricing strategy

Intertemporal pricing strategy

I 0.4286 1.7436
cs 2.6667v-1.0317 2.6667v-2.4444
SS 1.3333v+0.6825 2.6667v+1.0427
D 0.4286 2
0.3077
®All numerical values are approximate to four decimal places.
Table IV.2. Price statistics summary
Best Buy Circuit City
Price Change Frequency Maximum  Frequency  Maximum
Decrease 314 $500 295 $400
The same 660 721
Increase 277 $400 235 $800
Total 1,251 1,251
Price Range Minimum|  Maximum Minimum Maximum
$9.99 $4199.99 $6.99 $4199.99
#SanDisk 1G SD card
>4 panasonic TV (model: 58PZ700U)
¢ SanDisk 1G flash drive
Table IV.3. AIC and BIC for Best Buy pure price model
AIC BIC
APy = AP + APce g + APy g 12068.38 12285.94
(12066.17) | (12086.41)
(12052.06) | (12133.01)
Apb,t = APC,t + APC,t—l + APb,t—l + APb,t—Z 11088.65 11297.89
(11086.74) | (11111.65)
(11071.16) | (11156.15)
Apb,t = APC,t + APC,t—l + APC,t—Z + Apb,t—l + APb,t—Z 11078.69 11292.91
(11078.25) | (11107.14)
(11061.96) | (11151.63)
APy = AP + APy 4 + AP 5 + APy y + APy 5 + AP 5* 10038.71 10244.5
(10030.92) | (10065.21)
(10017.17) | (10110.27)
APy = AP,y + APy y + APt + APy 5+ APy + APy 5 + APy 3 10037.06 10247.75
(10029.15) | (10068.34)
(10015.61) | (10113.6)

&Models with all time dummy variables.
® Models without time dummy variable.
¢ Models with part time dummy variables.

*Selected model.
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Table IV.4. AIC and BIC for Circuit City pure price model

AlC BIC

12236.23 12453.8
(12190.54) | (12210.78)
APcy = APy + APy + APy (12209.53) | (12290.49)
11254.5 11463.74
(11213.45) | (11238.36)
AP, = AP, + APy, + AP, +AP,,_, (11231.13) | (11315.82)
11256.44 | 11470.66
(11215.14) | (11245.03)
APy = APy + APy g + APy + APy g + APy, (11232.92) | (11322.59)
9982.173 10187.96

9940.935) | (9975.233
APC,t = APb,t + APC,f—l + APC,f—Z + APb,t—l + APb,f—Z + APC,f—?)* E9955.981; E10049_083
9983.473 10194.16
(9942.551) | (9981.749)

APC,t = APb,f + APC,t—l + APC,t—Z + APC,t—S + APb,f—l + APb,t—Z + APb,t—3 (9957303) (100553)

&Models with all time dummy variables.

® Models without time dummy variable.

¢ Models with part time dummy variables.
*Selected model.
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Table IV.5. Pure Price Pooled OLS Estimation Results (Best Buy)

Variable AP, ° AP, ° AP, ,°
-3.744* -4.009* -9.595
Constant (1.226f (1.331) (10.033)
-0.693* -0.702* -0.701*
AP, ;4 (0.029) (0.029) (0.029)
-0.353* -0.349* -0.340*
APy, (0.034) (0.034) (0.035)
-0.124* -0.116* -0.112*
APy ;s (0.028) (0.028) (0.028)
0.436* 0.430* 0.427*
AP,, (0.030) (0.030) (0.030)
0.308* 0.307* 0.307*
AP, 4 (0.030) (0.030) (0.030)
0.038 0.040 0.040
AP, , (0.028) (0.028) (0.028)
Time dummie$
19.045%** 24.867***
11/02/08 (9.767) (13.939)
34.000* 39.516*
11/09/08 (9.774) (13.965)
-22.476%
11/16/08 (9.835)
-24.681**
11/23/08 (9.811)
24.077* 29.737*
1/04/08 (10.090) (14.173)
R? 0.489 0.508 0.520
Wald Test
APpi 4 + APy,
+ APy, 5 =-1 P>|[t|=0.020 P>|t|=0.024
AP, =05 P>F=0.035 P>F=0.019

®Model with no time dummy variable.
®Model with part time dummy variables.
‘Model with all time dummy variables.
dStandard errors are in parentheses.

“Only significant time dummies are reported.
*1% significance level; **5% significance level; *10% significance level.
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Table 1V.6. Pure Price Pooled OLS Estimation Results (Circuit City

Variable AP, AP, AP,
-2.316** -2.202** -2.084
Constant (1.164) (1.285) (9.736)
0.407* 0.413* 0.411*
APy (0.027) (0.028) (0.028)
0.203* 0.204* 0.199*
APy _q (0.032) (0.033) (0.034)
0.053*** 0.051*** 0.041
APpi_» (0.028) (0.027) (0.029)
-0.562* -0.560* -0.559*
AP ¢4 (0.026) (0.027) (0.027)
-0.192* -0.192~ -0.189~
AP, (0.030) (0.031) (0.031)
-0.078* -0.075* -0.071*
AP ;3 (0.026) (0.026) (0.027)
Time dummies
23.413** 23.513%**
11/16/08 (9.498) (13.583)
R? 0.412 0.418 0.429
Wald Test
APg i1 + AP, P>|t|=0.01 P>|t|=0.009
+AP 3 =—1
APy, = 0.5 P>F=0.001 P>F=0.002
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Table IV.7. Pure Price IV Estimation Results (Best Buy)

Variable APy ¢ APy, APy
-7.453** -7.843** -12.970
Constant (3.003) (3.277) (17.139)
-0.783* -0.803~ -0.817~
APp ;4 (0.072) (0.082) (0.097)
-0.469* -0.476* -0.486*
APy (0.091) (0.102) (0.120)
-0.203* -0.198* -0.201**
APy 3 (0.065) (0.070) (0.078)
-0.377 -0.403 -0.499
AP, (0.557) (0.599) (0.699)
-0.101 -0.110 -0.157
AP ;4 (0.282) (0.302) (0.352)
-0.092 -0.093 -0.107
AP i, (0.096) (0.102) (0.118)
Time dummies
37.691* 42.910**
11/09/08 (13.363) (21.856)
-35.266**
11/23/08 (15.182)
34.281** 40.247**
1/04/08 (15.375) (20.241)
R? 0.111 0.116 0.047
First Stage AP, AP, AP,
-0.066** -0.061** -0.056**
AP 3 (0.029) (0.029) (0.030)
F-statistics 65.56 23.69 10.33
Wald Test
APyt 1 + APyt
+ APy 3 =-1 P>|t|=0.036 P>|t|=0.05
AP., = 0.5 P>F=0.115 P>F=0.131

& Other variables are exogenous presented‘iatage.
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Table IV.8. Pure Price IV Estimation Results (Circuit City)

Variable AP, AP, AP,
-1.858 -1.512 3.336
Constant (1.389§% (1.557) (11.822)
0.502* 0.548* 0.554*
APy (0.158) (0.171) (0.179)
0.270** 0.301** 0.301**
APy (0.113) (0.124) (0.130)
0.082 0.093 0.084
APy (0.055) (0.059) (0.061)
-0.571* -0.573* -0.574*
AP.¢ 4 (0.030) (0.032) (0.033)
-0.188* -0.187* -0.185*
AP, (0.031) (0.031) (0.032)
-0.078* -0.075* -0.071*
AP ¢ 3 (0.026) (0.027) (0.027)
Time dummie’
R? 0.405 0.403 0.414
First Stage APy ¢ APy APy ¢
-0.170* -0.162* -0.157*
APp i3 (0.031) (0.031) (0.031)
F-statistics 100.79 38.80 16.77
Wald Test
APy 1 +AP.¢, P>|t|=0.014 P>|t|=0.015
+AP,, 5 =-1
AP, = 0.5 P>F=0.9881 P>F=0.777

#No dummy variable is significant in IV estimation.
®Other variables are exogenous presentedistage.
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Table IV.9. AIC and BIC for Best Buy effective price model

AIC BIC
APy = APcy + APceg + APy y 12238.13 | 12455.69
(12243.32) | (12263.56)
(12218.55) | (12299.51)
APy, =AP,y + AP, ;1 + APy + APy, 11261.46 11470.7
(11265.86) | (11290.77)
(11241.25) | (11325.94)
APy, =AP,  + AP, 1 + AP, + APy, 1 + APy, 11256.76 11470.98
(11262.44) | (11292.33)
(11236.95) | (11326.63)
APy, = AP,  + AP, + AP, + APy, + AP, , + AP, ,_5* 10212.22 | 10418.01
(10211.62) | (10245.92)
(10188.85 | (10281.95
APy =AP,y + AP, ;1 + AP,y + AP,y 3+ APy + APy 5 + APy, 5 10213.58 10424.27
(10212.88) | (10252.07)
(10190.25) | (10288.24)
#Models with all time dummy variables.
® Models without time dummy variable.
¢ Models with part time dummy variables.
*Selected model.
Table IV.10. AIC and BIC for Circuit City effective price model
AIC BIC
AP., = APy + AP, + APy, 4 12236.07 | 12453.64
(12191.18) | (12211.41)
(12209.66) | (12290.61)
AP, = APy + APy g + AP, i1 + AP, 11260.98 | 11470.23
(11221.05) | (11245.96)
(11238.01) | (11322.7)
AP, = APy + AP, 1 + AP, , + APy 1 + APy, , 11262.59 | 11476.81
(11222.21) | (11252.1)
(11239.4) | (11329.07)
AP, = APy, + AP, 1 + AP, + APy, + APy, , + AP, _3* 10003.31 | 10209.1
(9963.795) | (9998.093)
(9977.418) | (10070.51)
AP, = APy, + AP, 1 + AP,y + AP,y 3+ APy g + APy 5 + APy, 5 10004.37 | 10215.06
(9965.043) | (10004.24)
(9978.257) | (10076.25)

&Models with all time dummy variables.

® Models without time dummy variable.

¢ Models with part time dummy variables.
*Selected model.
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Table IV.11. Effective price Pooled OLS Estimation Results (Best Buy)

Variable APy ¢ APy, APy
-3.319** -3.943* 0.262
Constant (1.338) (1.450) (10.951)
-0.652* -0.664* -0.662*
APp ;4 (0.029) (0.029) (0.029)
-0.365* -0.362* -0.356*
APy (0.033) (0.034) (0.034)
-0.139* -0.131* -0.128*
APp;_3 (0.028) (0.028) (0.029)
0.453* 0.446* 0.444~
AP, (0.033) (0.033) (0.033)
0.286* 0.287* 0.287*
AP, i1 (0.033) (0.033) (0.033)
0.007 0.010 0.012
AP i, (0.031) (0.030) (0.031)
Time dummies
27.642**
11/02/08 (10.645)
39.194* 39.931**
11/09/08 (10.672) (15.258)
-28.601* -33.006**
11/16/08 (10.746) (15.332)
-27.966* -32.272**
11/23/08 (10.725) (15.218)
28.143**
1/04/08 (11.015)
R? 0.456 0.481 0.493
Wald Test
APpi 4 + APy,
+ APy 3 =-1 P>|t|=0.031 P>|t|=0.038
AP, = 0.5 P>F=0.1585 P>F=0.0.0987
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Table IV.12. Effective price Pooled OLS Estimation Results (CircuiCity)

Variable AP, AP, AP,
-2.684** -2.501** -1.530
Constant (1.175) (1.298) (9.851)
0.359* 0.367* 0.365*
APy (0.025) (0.026) (0.026)
0.164* 0.165* 0.162*
APy _q (0.029) (0.030) (0.031)
0.053** 0.050*** 0.043
APpi_» (0.026) (0.027) (0.027)
-0.544* -0.542* -0.542*
AP ¢4 (0.026) (0.027) (0.027)
-0.179* -0.178* -0.178*
AP, (0.031) (0.031) (0.031)
-0.070* -0.067** -0.063**
AP ;3 (0.026) (0.027) (0.027)
Time dummies
25.050* 24.270%**
11/16/08 (9.624) (13.744)
R? 0.400 0.406 0.418
Wald Test
APg i1 + AP, P>|t|=0.002 P>|t|=0.001
+AP 3 =—1
APy, = 0.5 P>F=0.0000 P>F=0.0000
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Table IV.13. Effective price IV Estimation Results (Best Bu

)

Variable APy ¢ APy, APy
-5.039** -5.607** -26.843**
Constant (2.560) (2.758) (13.973)
-0.688* -0.703* -0.706*
APy _q (0.055) (0.061) (0.067)
-0.411* -0.409* -0.409*
APy (0.067) (0.074) (0.081)
-0.176* -0.166* -0.166*
APy 3 (0.054) (0.058) (0.060)
0.075 -0.091 0.049
AP, (0.470) (0.491) (0.542)
0.095 0.109 0.089
AP ;4 (0.238) (0.247) (0.273)
-0.055 -0.047 -0.052
AP i, (0.083) (0.086) (0.094)
Time dummies
26.322%**
4/13/08 (15.186)
32.624**
4/20/08 (14.238)
25.97 1%+
4/27/08 (15.413)
26.941 %
6/01/08 (15.339)
27.245%*
6/15/08 (15.537)
30.233*+*
10/05/08 (16.938)
29.934** 51.398*
11/02/08 (11.711) (17.623)
41.031* 62.290
11/09/08 (11.585) (17.794)
-32.469**
11/23/08 (12.945)
38.354**
12/27/08 (17.991)
33.015** 54.660*
1/04/08 (13.481) (16.596)
R? 0.383 0.418 0.416
First stage AP_, AP, AP,
-0.069** -0.064** -0.060**
AP i3 (0.029) (0.029) (0.030)
F-statistics 65.32 23.63 10.27
Wald Test
APp¢q + APyt
+ APy 3 =—1 P>|t|=0.098 P>|t|=0.132
AP., = 0.5 P>F=0.3654 P>F=0.0.4045

2Other variables are exogenous presented‘istage.
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Table IV.14. Effective price IV Estimation Results (Circuit City)

Variable AP AP, AP,
-2.161 -1.719 -17.251
Constant (1.336) (1.521) (11.153)
0.475* 0.521* 0.508*
APy ¢ (0.138) (0.149) (0.155)
0.238** 0.267* 0.256**
APp 1 (0.092) (0.102) (0.106)
0.089*** 0.097*** 0.086
APy (0.049) (0.053) (0.054)
-0.550* -0.551* -0.550*
AP ¢4 (0.028) (0.028) (0.029)
-0.168* -0.165* -0.164*
AP.¢_, (0.033) (0.034) (0.034)
-0.066** -0.061** -0.058*
AP ¢_3 (0.027) (0.028) (0.034)
Time dummie$
26.740***
10/12/08 (14.321)
35.794**
10/19/08 (15.339)
29.145* 44 516**
11/16/08 (10.547) (17.200)
R? 0.387 0.385 0.400
First Stage APy ¢ APy ¢ APy
-0.183* -0.173* -0.170*
APy 3 (0.031) (0.031) (0.032)
F-statistics 89.12 35.27 15.20
Wald Test
AP.¢_1 +AP.¢ P>|t|=0.001 P>|t|=0.001
+ AP s 3 =—1
AP, = 0.5 P>F=0.8570 P>F=0.8903

#No dummy variable is significant in IV estimation.
b : d:
Other variables are exogenous presented‘istage.
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Table. 15. Model with relative price indicator

Variable APy ¢ AP,
-3.245* -2.716**
Constant (1.226) (1.158)
0.415*
APy (0.027)
-0.666* 0.181*
APy _q (0.029) (0.032)
-0.337* 0.043
APy (0.034) (0.028)
-0.117*
APp¢_3 (0.028)
0.448*
AP, (0.030)
0.290* -0.531*
AP.._4 (0.031) (0.027)
0.028 -0.173*
AP, , (0.028) (0.030)
-0.068*
APy 3 (0.026)
-5.326* 6.146**
Indicator (1.496) (1.424)
R? 0.495 0.423
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CHAPTER V

CONCLUSION

Price discrimination has been and is being extensively studied. The development
of technology, especially internet, has changed firms and consumers behavior
significantly. With the development of technology, consumers can get abundant of
information at a much lower coStThis change has effectively changed consumers’
behavior and firms’ competitive behavior. The study answers two changes brgught b
technology improvement at some degree. The first is coupon trading, which is hard to
observe decades ago and ignored by 10 literature, but now is becoming more and more
popular and cannot be ignored anymore. The second is firms post-sale LPG. Existing
literature usually focus on LPG among stores. But with the technology improt,etne
is more and more easy for consumers to track price after purchase happesalePost-

LPG thus is practically important in markets.

The first essay, “Customer Poaching, Coupon Trading and Consumer Arbitrage”,
incorporates consumer arbitrage by introducing coupon trading among consumers into
coupon competition model. Specifically the essay assumes that a fraction of a@nsume
are coupon traders who can trade coupons at a very low cost (normalized to zero). On
the other side of the market, firms compete in regular prices, promotion depths, and
promotion frequencies. The results show that when the fraction of coupon traders
increases, firms respond by promoting less frequently and redihe@myomotion depth.

When the cost of distributing coupons increases, firms promote less frequentiyhbut w

¥ Some papers point out that current problem isrinégion overload rather than information
shortage. See Anderson and de Palma (2009) form&am
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higher coupon face value. In both cases, competitions are released, and frgas cha
higher regular prices and get higher profits. Consumers are worse ofperes

increase. The results are robust to several extensions including the introduction of
coupon non-users and non-tradable coupons. Regarding to the extension of asymmetric
firms, results are more complicated, but it has the same spirit of the symmet

benchmark model in the sense of that more coupon traders and higher coupon

distribution cost reduce competition.

The second essay, “Post-Sale Low Price Guarantees and Price Fbanctuati
examines firms’ SLPG policy and its effect on consumers purchasing behadl
firms’ competitive behavior. In the theoretical model, part of the consuneers ar
assumed to have very low cost (hormalized to zero) to request price matchlafter s
Knowing this, firms can adopt SLPG and intertemporal pricing policy to discrienina
the consumers with high cost of requesting SLPG. In the empirical pak,priee data
from Best Buy and Circuit City are used to estimate each firm’s phianges. The
empirical results indicate that each firm’s price change is signtficand negatively
correlated with its own previous price changes. This coincides with the thabretic

model’s prediction, and thus supports the theoretical model at some degree.

V.1. Limitations

The limitations of the first essay arise from complexity of the model. $ivece
model has four endogenous variables, it is impossible to examine the model under a
more general setting. The essay discusses several extensions based on therbenchm

model. This, at some degree, may overcome the limitation.
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The limitations of the second essay mainly come from the data. The sampée size
not very large in terms of time dimension and products dimension. This may cause
some skepticism about empirical results. The other shortage regarding ttatrsetidat
there are only two firms. This may not be strong enough to claim that SLPGnoognbi
intertemporal pricing policy is a common strategy adopted by firms. Anahee is
that since the data contains only firms with SLPG, | cannot do comparison between
firms with SLPG and firms without SLPG. If | have data from firms with arntdout
SLPG, and can observe the periodical price fluctuation in the firms with SLPG but not

in the firms without SLPG, then | could be more confident about the theoretical.results

V.2. Implications for Future Research

In the strand of coupon trading literature, future studies could investigate
consumers’ arbitrage behavior. Especially what factors may atiastimers’
willingness to trade coupon. Another extension could be instead of assuming the
fraction of coupon traders exogenously, it is endogenously determined. These studie

could provide useful information on firms’ promotion strategies.

In the strand of SLPG and price fluctuation literature, future studies could star
from a richer data set, especially data with prices from firms withGSid firms
without SLPG. Another extension could be examining the difference between SLPG

and LPG among firms.
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V.3. Conclusion

Overall, this study answers two questions brought by development of technology.
The first essay shows that consumer arbitrage behavior has significabhbaffems’
promotion behavior, but it doesn’t change the fact that competition through couponing

is a prisoner’s dilemma.

The second essay shows that firms may use SLPG and intertemporal pricing
policy to price discriminate part of the market. Low type consumers bémefitthis
strategy, but high type consumers hurts by this strategy. In the spenifed, when
firms are symmetric and the low type consumers’ demand respond to both ficess pri
at the same degree, firms’ profits and social surplus increase with SLP&@nsumer

surplus decreases with SLPG.
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