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Abstract

Advance selling before the time of consumption is now possible for even very small service providers, given new

technologies (specifically, web-based transactions, biometrics and smart card technology). Moreover, recent research has

revealed that advance selling can substantially improve profits without traditional price discrimination. However, that research

was limited to monopoly settings.

This paper explores the impact of competition on advance selling driven by consumer uncertainty about future consumption

states (rather than price discrimination). We employ several different demand specifications to provide three major findings.

First, unlike yield management (driven by price discrimination), the relative profit advantage from advance selling (driven by

consumer uncertainty about future consumption states) in a competitive market can be higher or the same as that in a monopoly

market. For every demand specification that we investigate, competition does not diminish the advantage of advance selling.

The reason is that price discrimination leaves some groups (i.e., those being discriminated against) vulnerable to competitors

(e.g., price discounts) and competition weakens discrimination. In contrast, consumer uncertainty applies to all consumers in the

advance period so a competitor is unable to focus attention on only one group of consumers. However, in some demand

specifications, the existence of competitors can limit the situations when an advance selling equilibrium exists because of the

ability to unilaterally spot sell and damage profits of the seller who advance sells. Second, in some demand specifications,

advance selling can create a win–win–win situation where the profits of two competitors increase while consumer surplus

increases because advance selling allows greater market participation. Third, competition can strengthen the conditions under

which advance selling is advantageous compared with spot selling.

Hence, advance selling can be a very effective marketing tool in a competitive setting (albeit under more restrictive

conditions than in a monopoly setting). It is a tool that can diminish competition and, unlike price discrimination, increase buyer

surplus.
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1. Introduction

1.1. The ability to advance sell

Advance selling occurs when sellers sell their ser-

vices in a period advance of the consumption period

(also called the spot period). For example, an airline

might sell a ticket for a future flight (i.e., for use in the

spot period) at some period before the flight (i.e., the

advance period). A carwash might sell a ticket (i.e., in

the advance period) for a future wash on a specified

date (i.e., the spot period).

Although advance selling may have always been

potentially profitable, until recently, past impediments

such as transaction costs and arbitrage have limited its

usefulness. Transaction costs occur when buyers or

sellers incur additional costs to transact in the advance

period. For example, buyers may need to physically

travel to sellers to make advance purchases. In the

past, the travel industry (Gebhart, 1993; Lollar, 1992;

Mclean, 1997; O’Brien, 1991) was one of the few

industries that had a low-transaction cost channel (i.e.,

travel agents).

Another impediment was arbitrage. Arbitrage

occurs when speculators advance purchase at dis-

counted advance prices only to resell later. Arbitrage

hinders the seller’s ability to raise prices in the con-

sumption period (i.e., spot prices). Moreover, some

buyers may forgo advance purchases and buy later

from speculators. Again, the travel industry, which

required government identification from users, over-

came this impediment.

Fortunately, recent breakthroughs in technology

(Shugan, 2004) are rapidly and dramatically overcom-

ing these past impediments to advance selling (for

both business and consumer services). New technol-

ogies are making advance selling economically feasi-

ble in numerous industries, more than any time in

history.

Remarkable advances in information technology

(Varki & Rust, 1998) are lowering buyer and seller

transaction costs, as well as almost completely elim-

inating the overwhelming problem of arbitrage. For

example, web-based transactions, SSL encryption,

smart cards (i.e., credit card sized tickets with com-

puter chips) and broadband communications allow

complex and secure advance sales transactions from

remote locations via web technology (Gathright,
2001; Moad, 1996). From remote locations, buyers

can access on-line reservations to buy tickets and

personal vouchers (e.g., http://www.advancetickets.-

com). Improving technology may make advance sell-

ing possible in many new categories including dry

cleaning, dining, videos (Eliashberg & Raju, 1999),

film exhibition and products with network external-

ities (Padmanabhan, Rajiv, & Srinivasan, 1997; Xie &

Sirbu, 1995).

Technology is also helping to overcome the second

impediment — arbitrage. Sellers use personalized bar-

coded tickets, tickets with personalized magnetic

strips, biometric palm readers and smart cards, and

numerous related technologies to develop the capabil-

ity of advance selling with minimal arbitrage. National

Ticket Company, for example, prints personalized bar-

coded redemption tickets (www.nationalticket.com).

Amusement parks are beginning to place usage infor-

mation on magnetic ticket strips that are updated elec-

tronically at the gate. Disney is using biometric palm

readers and fingerprint scanners to identify season-pass

holders (Rogers, 2002).

Personalizing tickets, by placing buyer-specific

information within the ticket, makes it relatively dif-

ficult to resell unused tickets. This information allows

sellers to identify the buyer and prevents buyers from

checking the validity of a ticket purchased from spec-

ulators. For example, buyers cannot observe the infor-

mation on magnetic ticket strips and, therefore, cannot

assess whether a ticket is valid.

Hence, new technologies are overcoming past

impediments to advance selling, making it possible

to advance selling in numerous industries.

1.2. Uses for advance selling

The prior literature provides two compelling uses

for advance selling. First, advance selling can be a

tool to implement price discrimination. This usage for

advance selling is common in the travel industry

where price-sensitive leisure travelers are able to

advance purchase at discounted prices. Meanwhile,

price-insensitive business travelers, who are unable

to commit to travel in the advance period (e.g., last

minute meetings, meetings of unknown length making

returns unpredictable), pay much higher spot prices

for travel services. The technique called byield man-

agementQ was created to implement this form of price

http://www.advancetickets.com
http:www.nationalticket.com
http:www.nationalticket.com
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discrimination by reserving advance capacity for latter

sales at high prices. Considerable research exists con-

cerning the effectiveness of advance selling to imple-

ment price discrimination (i.e., Dana, 1998; Gale &

Holmes, 1992, 1993). Of course, models requiring

spot arrivals of relatively price-insensitive buyer

tend to fit best in only travel-related service markets.

Second, advance selling can be a tool to produce

greater sales in the advance period than in the spot

period without price discrimination (Shugan & Xie,

2000, 2004; Xie & Shugan, 2001). This opportunity

occurs in the frequent situation when buyers are

uncertain about their future consumption states. That

uncertainty may result from uncertainty about future

moods, opportunities, conflicts, demands on buyer

time or just uncertainty surrounding the consumption

occasion (Hauser & Wernerfelt, 1990). To understand,

be aware that buyers are often uncertain in the

advance period about their valuations in the future

spot period. A consumer’s utility for a service might

depend on the consumption state (e.g., hungry, bored,

excited, fatigued, somber, cheerful, gregarious),

unforeseen opportunities (e.g., alternative uses for

time, personal developments), unforeseen conflicts

(e.g., crises, illnesses) and so on.

Hence, consumers are often uncertain about their

future states when they advance purchase a future

service. For example, consider a buyer of a Chinese

dinner buffet on Saturday. Suppose that in a favor-

able state (i.e., no other opportunities, a sociable

mood, a hardy appetite, a craving for Chinese food),

a buyer would pay, say, $15 for this festive dinner

buffet. However, in an unfavorable state (i.e., friends

going to another restaurant or less of an appetite), the

buyer might be willing to pay only $5 for the same

buffet.

However, on Monday (5 days before the Buffet),

the buyer does not know the consumption state and

will only pay the expected value. For example, if the

states are equally likely, an advance price of

(50%�$15)+(50%�$5)=$10 produces an advance

sale. However, in the spot period, a spot price of $10

generates a sale with only a probability of 50%.

Hence, at $10, the seller enjoys (on average) greater

sales volume in the advance period than the spot

period. Past research (Shugan & Xie, 2000; Xie &

Shugan, 2001) shows when this increased volume

also produces greater profits.
This paper introduces a third reason to advance

sell. We show that, because our advance-selling model

does not require price discrimination, advance selling

increases profits in a competitive setting (unlike price

discrimination).

To insure the robustness of our findings, we

explore markets satisfying several very different

sets of market conditions. The first market consists

of two equal competitors in a two-stage market share

competition. The second market consists of equal

competitors competing within a linear demand speci-

fication. The third market consists of unequal com-

petitors where one competitor has more market power

and competitors compete given a discrete demand

specification.

We demonstrate that, in some situations (e.g., a

market share demand specification), advance selling

can be a tool to diminish competitors’ propensity to

cut prices. We show, for all the demand specification

that we analyze, that impact of competitive prices on

the firm’s reaction function is either less or no more in

the advance period than the spot period. It follows that

seller-incentives to engage in price-cutting can be

much less when sellers sell their services in the

advance period than the spot period. Consequently,

advance selling can be a more important marketing

tool in markets with competition than in markets

without competition. However, the conditions

required to achieve a competitive advance selling

equilibrium are more restrictive (at least, for the mar-

ket share specification) than the conditions required

for advance selling in a monopolistic situation.

Finally, we reveal that when one seller has more

market power, a situation occurs where the profit of

both sellers improves while consumer surplus

increases (i.e., a win–win–win situation). This situa-

tion occurs when, first, advance selling is profitable

and, second, when the market power of the sellers is

sufficiently small so that they are unable to extract the

entire consumer surplus. In that case, both sellers

enjoy greater profits from advance selling and con-

sumers gain surplus as well.

This paper is organized as follows. First, we

review the literature in advance selling. Second we

provide a numeric example showing how buyer

uncertainty makes advance selling profitable. Third,

we analyze the case with identical competitors using

a market share demand structure (Bell, Keeney, &
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Little, 1975). We compare the advantage of advance

selling (to spot selling) in a monopolistic market to

the advantage of advance selling in a competitive

market with equal competitors. Fourth, we analyze

the case with identical competitors for several alter-

native demand structures. Fifth, we analyze a com-

petitive situation in which one seller has more

market power. Finally, we provide a summary and

state our conclusions.
2. Existing literature

Advance selling is already an important area of

study. As we previously noted, early research on

advance selling focused on the price discrimination

in travel services such as airlines. For price discrimi-

nation to work, it was necessary to have leisure and

business travelers with specific arrival times (i.e., late

business arrivals) and specific price sensitivities (i.e.,

greater for leisure travelers). Advance selling was

usually implemented with yield management systems

that reserve airline seats for spot sales. Desiraju and

Shugan (1999), however, show that the conditions

required for yield management to improve profits

are satisfied in only a few industries.

One early paper (Gale & Holmes, 1992) considers

two flights operated by a monopolist, one of which

will be a peak flight. The paper assumes transaction

costs are too great to efficiently spot price both flights

via a day-of-departure auction to obtain a first-best

allocation. Advance selling induces customers with

weak preferences across flights (i.e., low time costs)

to purchase in the advance period accepting a lower

probability of taking their preferred flights. Customers

with strong preferences buy on the date-of-departure,

pay a higher price but usually get their preferred

flight. Advance prices are set to equalize demand

across the two flights and, thereby, increase the ability

of spot buyers to get their preferred flight. The paper

concludes that a monopolist who maximizes profits

also maximizes social welfare. However, the paper

does exploit unique features of the airline industry.

Another paper (Gale & Holmes, 1993) considers

the same situation when the airline knows which is the

peak flight but buyers do not. They show that advance

selling by the monopolist airline can divert buyers

from peak to off-peak flights, which increases profits.
bThe main empirical prediction of this paper is that

airlines will limit the availability of discount seats on

peak flightsQ (Gale & Holmes, 1993).

Dana (1998) further generalizes these results. He

considers two customer types called business and

pleasure travelers. Business travelers are willing to

pay more (i.e., higher valuation) but have a much

greater uncertainty and lower purchase probability.

Consequently, there is a negative correlation between

valuation and demand uncertainty. As predicted by

traditional models of second-degree price discrimina-

tion (e.g., Gerstner & Holthausen, 1986), pleasure

travelers accept advance purchase discounts while

business travelers wait and pay higher spot prices.

For the peak flight, Dana (1998) considers both pro-

portional and parallel rationing of seats. He shows

advance discounts are optimal when sellers are

price-takers and pleasure travelers prefer advance pur-

chases. This preference occurs when leisure buyers

expect an insufficient number of seats on peak flights

(industry-wide) and rationing of seats favors business

travelers. Then, pleasure travelers will prefer to

advance purchase to avoid discriminatory rationing.

In addition, when pleasure travelers are almost certain

they will buy, they buy in advance to avoid any

rationing.

A related literature considers buy backs (Biyalo-

gorsky & Gerstner, 2004), non-binding reservations

(Png, 1989) and overbooking (Arenberg, 1991; Biya-

logorsky, Carmon, Fruchter, & Gerstner, 1999,

2000). Biyalogorsky and Gerstner (2004), for exam-

ple, show that any seller who has a limited number of

units for sale (for example, airplane seats or hotel

rooms) can profit by buying back previously sold

units. The seller should buy back units at higher

prices than the units were originally sold at (incurring

a temporary loss), in order to resell those units to

buyers at still higher prices. The use of overselling

with opportunistic cancellations can increase ex-

pected profits and improve allocation efficiency in

many business sectors including airlines, hotels,

trucking and media advertising. Xie and Gerstner

(in press) suggest that offering refunds for an

advance buyer who wants to cancel a pre-purchased

service to pursue an alternative can be profitable

even under a bdown-sellingQ cancellation policy in

which the service is resold at a lower price than the

price paid by the advance buyer. A refund policy
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creates opportunities for multiple selling in a capa-

city-constrained service—i.e., collecting cancellation

fees from advance buyers who cancel, and then

reselling the freed slots. Finally, a recent paper (Biya-

logorsky, Gerstner, Weiss, & Xie, 2005) shows that

advance selling upgradeable tickets that entitle the

holder to an upgrade if space becomes available in a

higher service class can improve profit for services

with fixed capacity and uncertain demand.

Although we might expect current yield manage-

ment systems to implement these clever ideas for

improving sales, Desiraju and Shugan (1999) show

they may not. Desiraju and Shugan (1999) show that,

despite their image of increasing sales, yield manage-

ment systems are systems that reserve capacity by

limiting advance purchases. These limits reserve suf-

ficient capacity for price-insensitive buyers who pur-

chase late. They argue that saving capacity for late

buyers is only profitable under restrictive conditions

(i.e., negatively correlated valuations and purchase

probabilities) that are present in what they call Class

A services. Hence, yield management systems may be

ineffective in most industries. They also present sev-

eral other findings. For example, they find that the

practice of overbooking increases seats for price-sen-

sitive customers, despite the fact that over-sold tickets

are actually sold to price-insensitive customers. Other

related articles include Pasternack (1985) and Gerst-

ner and Hess (1987).

Recent research (Shugan & Xie, 2000; Xie &

Shugan, 2001) provides another good reason to

advance sell different from traditional price discrimi-

nation but not inconsistent with price discrimination.

That research shows that advance selling can be prof-

itable for a monopolist under conditions that are far

more general than previously thought. These condi-

tions do not require either buyer heterogeneity in price

sensitivities or capacity constraints. That research

shows that advance selling is more profitable than

spot selling (i.e., tickets sold at the gate) because it

can increase sales when buyers are uncertain about

their future valuations. Shugan and Xie (2000) prove

that advance selling can produce greater profits than

spot selling. Xie and Shugan (2001) provide the con-

ditions that are necessary for that conclusion as well

as guidelines for using advance selling given capacity

constraints, refunds, buyer risk-aversion and exogen-

ous credibility. These articles show that buyer uncer-
tainty about future consumption states drives the

advantage of advance selling.

In general, the past literature focuses on using

advance selling as a tool for price discrimination or

a tool for increasing demand; we now explore another

use for this tool.
3. Buyer uncertainty and advance selling

Buyers are often uncertain about their future valua-

tions for a service. This situation occurs when buyer

utility depends on the consumption occasion (Hauser

& Wernerfelt, 1990). Some states might provide very

high utility while other states might provide almost no

utility.

A consumer, for example, might have a high utility

for a spare tire in the state of a bflat tireQ but virtually
no utility in normal situations. More often, the con-

sumer utility varies across states in a less dramatic

pattern. A consumer, for example, has a higher utility

for an aspirin in the state of a severe headache than a

less severe headache. Note that consumption states

might depend on many factors more complicated than

a simple flat or simple headache. For example, con-

sider vacationers who plan to visit a city (e.g., Ana-

heim) and are considering attending a theme park in

the city. When booking the trip, these vacationers may

be uncertain about the value theme park tickets will

have to them. The future valuation of a ticket depends

on many unknown future circumstances such as the

discovery upon arrival in the city, of unexpected

opportunities (e.g., meeting a friend, a particularly

desirable beach) that make the park more or less

desirable. The state also depends on the traveler’s

mood. Depending on these events and information

that becomes available in the future, a traveler has

different valuations for the park. Hence, the future

value of visiting the park may be high or low depend-

ing on circumstances. When buyers have uncertainty

about their future consumption states, they might still

advance buy when the advance price is sufficiently

low to compensate for the possible loss due to uncer-

tainty or because they want to secure capacity when

there is limited available capacity.

It is important to note that, similar to previous

research (Shugan & Xie, 2000), we do not focus on

uncertainty caused by external factors such as the
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weather. Such external factors can change demand

because all consumers will be influenced in the

same way by the external factors (e.g., everyone has

a lower willingness to pay for an outdoor concert

when it is a bad day). However, sellers can observe

external factors and adjust prices accordingly. Instead,

we model consumer uncertainty caused by personal

factors, such as health, mood, finance, work schedule,

and family situations, which sellers are unable to

observe. The impact of such internal factors on

buyer consumption utility will be modeled via the

density function of possible consumer valuations.

The density function will reflect the different con-

sumption states of different consumers as determined

by their personal situation.

As a simple example, consider two consumption

states, a favorable and an unfavorable state. Let q and

1�q denote the probability of being in the favorable

and unfavorable state, respectively. Let H and L

denote the valuation in the favorable and unfavorable

states, respectively.

Shugan and Xie (2000) reveal that, for a monopo-

list, advance selling at price qH +(1�q)L provides

more profits than only spot selling at any spot price.

For example, consider 100 vacationers who plan to

attend an amusement park in several weeks. If all goes

well, they will pay a high price, say $50, at the gate,

which we refer to as the high valuation. Otherwise,

they will pay only a lower price, say $15, which we

refer to as the low valuation. Suppose, for this exam-

ple, the valuations are equally likely and marginal

costs are zero. When the park only spot sells, the

park can sell spot tickets at $15 to all buyers, or at

$50 to half the buyers. The $15 and $50 spot prices

yield profits of $15�100=$1500 and $50�1 /

2�100=$2500, respectively. So the optimal spot

price is $50. With advance selling, weeks before

their vacation, buyers have an expected valuation of

($50�1 /2)+ ($15�1 /2)=$32.50. Advance selling at

$32.50 produces profits of $32.50�100=$3250

which is greater than the spot profits at any spot

price. The park improves profits by ($3250�
$2500) /$2500=30% and without price discrimination

(i.e., all buyers pay the same price). Moreover, note

that first-degree price discrimination in the spot period

involves selling to half the buyers at $15, i.e., the

buyers with low valuations, and other half the buyers

at $50. The profits from first-degree price discrimina-
tion in the spot period equal the profits from advance

selling to all vacationers.

This paper extends research of advance selling to

markets with competition. To explore the robustness

of our key findings, we develop several models that

are based on very different market structures. In each

structure, advance selling changes the distribution of

buyer valuations. Section 4 considers a two-stage

market share game (share competition followed by

resolution of usage rates) between equal competitors.

Section 5 examines the impact of competition on

advance selling between equal competitors for several

alternative demand structures. Section 6 considers

competition between unequal competitors given a

discrete demand structure where one competitor has

more market power.
4. Themarket with identical competitors—Market

share model

We now examine competition using a two-stage

market share model. Section 4.1 introduces the base

case (i.e., a monopolist). Section 4.2 considers com-

petition between equal competitors given a market

share model. Section 4.3 shows that competition en-

hances the profit improvement from advance selling.

Section 5 shows that, although this enhancement fails

to generalize to all common demand functions, for

many common demand specifications, competition

fails to decrease the advantage of advance selling.

4.1. Monopoly market (K=1)

We begin by studying the case with no competition

(i.e., only one seller j). Consider two periods, t=1, 2,

where t=1 denote advance period and t=2 denote spot

period, respectively. Consumption occurs in the spot

period. Buyers will purchase when their valuations are

sufficiently high (i.e., compared to the price). Let f(v)

denote the density function of possible buyer valua-

tions, v, in the spot period. Note that the density

function, f(v), implies that buyers have the same dis-

tribution of valuation but can have an infinite number

of possible evaluations (i.e., different consumption

states). Different consumers may have different rea-

lized levels of consumption utility depending on their

consumption states in the spot period, i.e., buyer con-



Table 1

Monopoly profits for spot and advance selling (ck b1)

Profit

Spot
p2m ¼ N

k
e�1�ck

Advance
p1m ¼ N

k
1� ckð Þ
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sumption utility is state-dependent. To obtain easily

interpretable closed-form solutions, this section con-

siders the common case when f(v) is exponential,1 i.e.,

f(v)=ke�kv.

Let btj denote consumers purchase probability

from the seller in period t. Of course, the probability

btj is a function of price, Ptj. Note that btj captures the

impact of price on primary demand. Hence, if N

denotes the market size, then btjN denotes the primary

demand or usage rate. Later, in the competitive case,

we will introduce atj to capture share competition so

that demand becomes atjbtjN.

Let c denote the seller’s cost. Eq. (1) provides the

profit for the monopolist seller j =m with a market

size of N when it sells in time t.

ptm ¼ N Ptm � cð Þbtm ð1Þ

4.1.1. Spot selling

Given the density function of valuations, f(v)=

ke�kv, and a spot price, P2m, the probability of

buying is b2m ¼
Rl
P2m

ke�kvdv ¼ e�kP2m : Given, p2m =

N( p2m�c)b2m, the first-order condition, (dp2m /

dp2m)=0 implies p2m=c+(1 /k) so that p2m =(N /

k)e� (1+ck).

4.1.2. Advance selling

In advance period, consumers are willing to pay

the expected valuation, E v½ � ¼
R
vf vð Þdv ¼ 1

k : The

purchase probability for the advance period is b1m ¼n
1 if P1mV 1

k
0 otherwise

Eq. (2) provides the corresponding

advance selling profit.

p1m ¼ N P1m � cð Þb1m if P1mV 1
k

0 otherwise

�
ð2Þ

Note that, when ckz1, advance selling is not prof-

itable (i.e., p1mV0). Hence, we now only consider the

case when ck b1. Then, the optimal advance price for

the monopolist is p1m=(1 /k) and the optimal advance

profits become p1m ¼ N p1m � cð Þb1m ¼ N
k 1� ckð Þ:

Table 1 summarizes the monopolist profits for advance

and spot selling.
1 Reservation prices and wages are often captured by the expo-

nential distribution. For example, see Perloff and Salop (1985),

Hendricks, Porter, and Wilson (1994), Trajtenberg (1989), Chikte

and Deshmukh (1987), Anderson, de Palma, and Hong (1992),

Evans (1985), Xie and Sirbu (1995), Bolton (1989).
Solving p1m =p2m for c yields the cost cm. At cost

cm, advance and spot profits equate. When c Ncm,

profits from spot selling are greater. When cbcm,

profits from advance selling are greater. Lemma 1

reveals that cm=.841404 /k. See the Appendix for

Proofs of the Lemmata and the Theorems.

Lemma 1 (Profit advantage of advance selling in a

monopoly market). For any mean evaluation 1 /k,
advance selling is more profitable than spot selling

in a monopoly market given sufficiently low seller’s

cost c. Mathematically, p1m Np2m when cbcm where

cm = .841404 /k.

Advance selling (at the expected valuation)

increases sales when it allows advance sales to buyers

who would be in unfavorable states later and would

not purchase under a spot selling strategy. Advance

selling to those buyers, however, is only profitable

when costs are sufficiently small (i.e., cVcm). The
restriction on costs is weaker for smaller values of k
because cm increases as k decreases (see Lemma 1).

When costs are too high, the optimal advance price

might be less than cost. When high valuations are

unlikely (i.e., when k is large), again, the optimal

advance price might be less than cost. Hence, advance

selling increases profits over spot selling for any

distribution of consumer valuations provided that

expected valuations are above cost. Please see Shugan

and Xie (2004).

To illustrate Lemma 1, we provide a numerical

example. As shown in Table 1, at the optimal spot

price, the monopolist’s spot and advance demand are

Ne�kc�1 and N, respectively. Increased sales (i.e.,

N(1�e�kc�1)) come from buyers who will not buy

at high spot prices. For example, let N =50, (1 /k)=9
and c =$1, the optimal advance price of $9 yields a

demand of 50 and profits of 50($9�$1)=$400 while

the optimal spot price of p2m =c +(1 /k)=1+9=$10
yields demand of Ne�kp2m =16.5 and a spot profit

of ( p2m�c)Ne�kp2m =($10�$1)50e� (1 / 9)� 1=$148.
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Hence, advance selling with a $1 price discount

increases demand from 16.5 units to 50 units. It also

increases profits from $148 to $400, an increase of

170%.

Lemma 1 illustrates that the profit advantage of

advance selling does not require specific industry

characteristics such as capacity constraints nor does

it require a negative correlation between buyer’s price

sensitivity and their arrival time. The fundamental

reason for the profit advantage of advance selling is

consumer uncertainty about consumption states.

Lemma 1 is consistent with the finding by Xie and

Shugan (2001), although the latter is based on a

discrete two-point Bernoulli distribution of buyer

valuation while the former is based on a continuous

exponential distribution. Together, these findings sug-

gest that the profit advantage of advance selling is

general and is not subject to the assumption of a

specific distribution of buyer valuations.

In the following, we apply the same distribution of

consumer valuation used in the monopoly case to a

market with two equal competitors. We examine the

possible impact of competition on advance selling.

4.2. Duopoly market

This section considers a competitive duopoly mar-

ket with two sellers, i and j. Sellers divide the market

in a market share model so that choice probabilities

are proportional to relative attractiveness (i.e., a mar-

ket-attraction model, see Bell et al., 1975). Similar to

the last section, buyers have the same distribution of

valuations in the spot period but the distribution can

reflect an infinite number of possible evaluations.

In stage one, buyers decide between the sellers

according to a market share model. To be precise,

let Ptj and atj denote seller j’s price and the prob-

ability that a consumer prefers seller j in period t,

respectively. Here, atj captures share competition

between the sellers. When sellers adopt the same

selling strategy (i.e., they both advance sell or both

spot sell), competitive attractiveness is inversely pro-

portional to own price, and sellers will divide the

market according to their prices. For example, when

both sellers advance sell, the preference share for

seller j is a1j =(1 /P1j) / [(1 /P1j)+ (1 /P1i)].

When one seller spot sells and the other seller

advance sells, then buyers in period 1 must decide
whether to advance buy or wait until the spot period.

We introduce the parameter gz0 to reflect the buyer’s

preference for time. A large g implies a strong prefer-

ence for waiting and a small g implies a weak prefer-

ence for waiting. For example, when only seller j

advance sells, a1j =(1 /P1j) / [(1 /P1j)+ (g /P2i)]. Here,

some consumers wait, i.e., (1�a1j). However, as we
will see, in each period, only buyers with sufficiently

high valuations will actually buy.

Note that the waiting parameter is unimportant

when both sellers adopt the same strategy (i.e., advance

or spot sell) because buyers need only compare options

in one time period. However, the waiting parameter is

very important for establishing an advance selling

equilibrium because the waiting parameter determines

whether one seller can unilaterally spot sell and damage

the profits of the seller who advance sells.

Note that market share models assume full market

coverage regardless of price levels so that all buyers

must buy. Hence, no matter how high prices go, all

consumers still buy (i.e., full market coverage). How-

ever, we introduce a second stage in the consumer

decision to allow for the possibility that the price of

the buyer’s most preferred seller might be too high to

induce a purchase so that some buyers fail to buy (i.e.,

producing less than full market coverage). Hence, in a

second stage, we allow a probability btjV1 that a con-

sumer who prefers seller j finds the price acceptable. Of

course, the probability btj is a function ofPtj. Hence, atj
captures the impact of price on market share competi-

tion and btj captures the impact of price on primary

demand.

There are four possible competitive cases: (1) both

sellers advance sell, (2) only seller j advance sells, (3)

only seller i advance sells, and (4) both sellers spot

sell. For each case, Table 2 provides the correspond-

ing preference share (atj) and the fraction of atj who

buy (btj). Symmetric definitions hold forati and bti.

For each of the four possible competitive cases: (1)

both sellers advance sell, (2) only seller j advance

sells, (3) only seller i advance sells, and (4) both

sellers spot sell, let pj
11, pj

12, pj
21 and pj

22 denote the

corresponding profit for seller j. Lemma 2 follows.

Lemma 2 (Optimal profits). Table 3 provides the

optimal profits for seller j.

Note that seller i faces a symmetric table (i.e.,

substitute i for j and j for i).



Table 3

Seller j profits for different selling strategies

Seller j advance sells Seller j spot sells

Seller i

advance

sells

p11
j ¼ 1� ckð Þ N

2k
p21
j ¼ B� ck � g

k Bþ ck þ gð Þ
� Nge�

1
2
Bþck�gð Þ

Seller i

spot

sells

p12
j ¼ 1� ckð Þ Bþ ck� gð Þ

k Bþ ck þ gð Þ N p22
j ¼ N

8k
1� 2ck þMð Þ

� e�
1
4
1þ2ckþMð Þ

Where: M ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 12ck þ 4c2k2

p
; B ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
g þ ckð Þ g þ ck þ 4ð Þ

p

Table 2

a tj and btj for different selling strategies

Seller j advance sells Seller j spot sells

Seller i

advance

sells

a1j ¼
1=P1j

1=P1j þ 1=P1i

b1j ¼ 1 if P1jV1=k
b1j ¼ 0 if P1jN1=k

8>><
>>:

a2j ¼
g=P2j

g=P2j þ 1=P1j

b2j ¼ e�kP2j

8<
:

Seller i

spot

sells

a1j ¼
1=P1j

1=P1j þ g=P2i

b1j ¼ 1 if P1jV1=k
b1j ¼ 0 if P1jN1=k

8>><
>>:

a2j ¼
1=P2j

1=P2j þ 1=P2i

b2j ¼ e�kP2j

8<
:

Table 4

The function f(g)

g f(g)

1 .889665

1.717567* .841404

2 .826460

5 .735562

10 .679617

50 .614330

100 .604248

* Note: when g =1.717567 then f(g)=kcm where Lemma 1

defines cm.
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An advance selling equilibrium exists when neither

seller has an incentive to deviate from that equili-

brium. That occurs when pj
11Npj

21. The additional

condition pj
11Npj

22 is required for advance selling to

be the most profitable equilibrium. Lemma 3 proves

that all necessary conditions are met (i.e., neither

seller has an incentive to deviate from advance selling

and each seller earns greater profits by advance than

spot selling) when costs are sufficiently small.

Lemma 3 (Stability of an advance selling equili-

brium). For a sufficiently small cost c b cc

! When both sellers advance sell, neither seller has

the incentive to unilaterally spot sell.

! Each seller obtains greater profits when both sell-

ers advance sell than when both spot sell.

Where cc =(1 /k) min{f(g), .847565}, and f(g) is a

function of only exogenous parameters and satisfies the

condition that:
1�f gð Þð Þ

2ge�
1
2
BVþf gð Þ�gð Þ¼

BV�f gð Þ�g
BVþf gð Þþgð Þ ; i.e., sells (i.e.,

pj
11 Npj

21),where:

BV ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
g þ f gð Þð Þ g þ f gð Þ þ 4ð Þ

p
Lemma 3 proves that advance selling is advanta-

geous (i.e., more profitable than spot selling) for both

sellers, when costs are below cc =(1 /k)min{ f(g),
.847565}. There are two constraints. The first con-

straint, i.e., c b f(g) /k, insures the stability of the

advance-selling equilibrium so neither seller unilater-

ally spot sells (i.e., pj
11Npj

21). If consumer preferences

for waiting are too strong (i.e., g is large), then, again,

one seller might defect and spot sell. The second

constraint, i.e., c b .847565 /k, insures improved prof-

itability for advance selling (i.e., that pj
11Npj

22). If
costs are too high, the maximum advance price

might fail to produce sufficient profit to make advance

selling possible. Of course, consumer price-sensitive

k determines which price is too high.

The waiting parameter is only relevant when con-

sumers must decide between one seller who advance

sells and another seller who does not. This situation

only occurs when there is a choice between two sellers

who adopt different strategies (i.e., advance and spot

selling). Hence, the waiting parameter only impacts

the competitive case and not the monopoly case. In

the competitive case, the waiting parameter deter-

mines whether one seller can destroy the advance

selling equilibrium by unilaterally spot selling.

The function f(g) is defined so that, for any given

k, the cost c =( f(g) /k) satisfies pj
11=pj

21. Although

we are unable to provide a closed-form expression for

f(g), as shown in the Appendix: (1) the function f(g) is
only a function of exogenous parameter g, (2) there
exists only one f(g) for every g, and (3) the function

f(g) is strictly decreasing in g. Finally, we can provide

the numerical table that defines f(g). See Table 4 for

examples of f(g) for different g.



Table 5

Cost range where advance selling is advantageous

Value of g Maximum

cost for

monopolist

Maximum cost

for competitive

seller

Less

restrictive

condition

0bg V1.610704 .841404/k c b .847565/k Competitor

1.610704bg
b1.717500

.841404/k c b f(g) /k,
f(g)N .841404

Competitor

g =1.717500 .841404/k c b f(g) /k,
f(g)= .841404

Same

g N1.717500 .841404/k c b f(g) /k,
f(g)b .841404

Monopolist
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Because f(g) is a strictly decreasing function of g,
when g increases (i.e., buyers have a stronger prefer-

ence for waiting), the region where advance selling is

advantageous becomes smaller (i.e., c b f(g) /k). The
reverse is true when time preference favors buying

sooner. When g is small (smaller than 1.610704484 to

be precise), then f(g) becomes larger than .8475653685

and the condition in Lemma 3 for the advantage of

advance selling reduces to c b .8475653685 /k.
Finally, note that the waiting parameter is only

relevant when buyers must choose between differen-

tiated products offered in different time periods.

Where the choice between undifferentiated products

is at the same price, all buyers might prefer to wait.

4.3. Impact of competition in the duopoly model

This section examines the impact of competition

on advance selling from two perspectives. First, we

compare the range where advance selling is advanta-

geous for a monopolist with that range for a duopolist.

Second, given that advance selling is profitable for

both the monopolist and the duopolist, we compare

the profit improvement from advance selling for a

monopolist with the improvement for a duopolist.

From Lemma 1, we know the seller who faces no

competitor gains from advance selling when c bcm.

From Lemma 3, we know that the seller, who faces a

competitor, gains from advance selling when c bcc,

where cc depends on g. Hence, when cm Ncc the seller
with a competitor faces a more restrictive cost range

where advance selling is advantageous than the cost

range without a competitor. The reverse is true when

ccNcm. Theorem 1 follows.

Theorem 1 (Impact of competition on range of costs

where advance selling is advantageous). When con-

sumers strongly prefer waiting (i.e., a large g), then
advance selling is advantageous in fewer situations

(i.e., stronger parameter restrictions) with competi-

tion than without competition. When consumers

weakly prefer waiting, then advance selling is advan-

tageous in more situations with competition than with-

out competition. Mathematically, if gN ḡ then cm Ncc
and otherwise cmVcc where ḡ=1.717567.

Theorem 1 tells us the impact of competition on the

range of costs when advance selling is advantageous.

Table 5 summarizes.
As Table 5 indicates, the cost range where advance

selling is advantageous depends on whether a seller

faces competition. Without competition, advance sell-

ing is advantageous given a maximum cost of

.841404 /k.
With competition, the maximum cost depends on

consumer preferences for waiting, i.e., g. With com-

petition and consumers with weak preferences for

waiting, i.e., 0bgV1.610704, the maximum cost is

.847565 /k. With competition and consumers with

strong preferences for waiting, i.e., g N1.610704,
then the maximum cost is f(g) /k. This condition,

i.e., c b f(g) /k, insures that no seller has the unilateral

incentive to spot sell (recall Lemma 3). When con-

sumers have a greater preference for waiting, we

require lower costs to make advance selling at a

discount sufficiently profitable to prevent one

seller from defecting and competing through spot

selling.

Note that when g b1.717500, the competitive seller

has a less restrictive cost condition than the monopo-

list given the maximum cost for the competitive seller

is greater than .841404 /k. When g =1.717500 both

the competitive seller and the monopolist face the

same cost condition, i.e., c b .841404 /k. Finally,

when g N1.717500, then the competitive seller has a

more restrictive cost condition than the monopolist

given that the maximum cost for the competitive seller

is less than .841404 /k.
Hence, one implication of Theorem 1 is that com-

petition might limit the applicability of advance sell-

ing. The reason is that, although advance selling

might bestow higher profits to a seller without com-

petitors, those profits might disappear when a compe-

titor unilaterally spot sells (which is likely when

buyers have strong preference for waiting).
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Of course, the monopolist avoids this problem

because the monopolist can avoid inter-period com-

petition by not spot selling. In a duopoly, both sellers

want to advance sell. Advance selling would be

profitable if sellers could collude. However, without

collusion, we need more restrictive conditions to

prevent unilateral defection that can destroy an

advance selling equilibrium. For example, we require

sufficiently low costs so that the advantage from

advance selling at discounted prices is sufficient to

prevent unilateral defection. Moreover, when buyers

have a strong preference for waiting, one seller can

unilaterally spot sell and destroy the advance selling

equilibrium. Hence, preferences for waiting only

become important in the presence of competition.

Unlike the monopolist who can prevent or discou-

rage spot selling, it is more difficult to prevent one

competitor from spot selling to undercut the advance

seller.

We now focus on the impact of competition on

the profitability of advance selling when the cost is

sufficiently low so that advance selling is advanta-

geous with or without competition (i.e., c bcc and

c bcm). To do that, we define the relative impact of

competition on the advantage of advance-selling H
as follows.

H ¼
p11
j =p22

j

p1
m=p

2
m

¼ Competitor j Vs Profit Advantage from Advance Selling

Monopolist Vs Profit Advantage from Advance Selling

When H N1, competition strengthens the advan-

tage from advance selling, when H b1, competition

weakens the advantage from advance selling and

H =1 implies competition has no impact on the

advantage from advance selling. Theorem 2 reveals

when HN1. Note that for the easy of comparison with

the monopoly case, we consider the profit advantage

in a competitive market when both sellers adopt the

same strategy (i.e., pj
11 /pj

22).

Theorem 2 (Impact of competition on profit advantage

of advance selling). When advance selling is more

profitable than spot selling with and without competi-

tion (i.e., conditions inLemmas 1 and 3 hold), com-

petition enhances the advantage of advance selling,

i.e., HN1.
5. Impact of competition — using reaction

functions

Advance selling diminishes competition given our

demand structure. The reason is straightforward. Re-

call that firm j’s spot profits are p2j=[(P2j�c)Na2j
b2j] where a2j is a function of both firms’ prices,

P2j and P2i, to capture share competition. The b2j

term is a function of only own price P2j and reflects

the sensitivity of primary spot demand to spot prices

(caused by the additional heterogeneity in the spot

period). To measure the impact of competition, we

first derive the spot period reaction function,

denoted P2j*(P2i). To obtain this reaction function,

we take the derivative of spot profits with respect to

the spot price P2j and solve for the optimal price to

obtain the spot period reaction function PT
2j P2ið Þ¼ 1

2k
½1þ k q� cð Þ þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ k2 P2i þ cð Þ2 þ 6k qþ 1ð Þ

q
�: Since,

BP2jT P2ið Þ
BP2i

N0; firm j’s optimal spot price depends on

i’s price causing competitive prices below monopo-

listic levels.

Firm j’s advance profit function is p1j =[(P1j�
c)Na1jb1j]. Given that b1j is a step function that

reflects a lack of heterogeneity in the advance period,

the advance period reaction function is P1j* (P1i)= (1 /

k) which is not a function of the competitor’s advance

price P1i. Hence,
BP1jT P1ið Þ

Bp1i
¼ 0 and there is no compe-

titive response in the advance period. In this way,

advance selling has eliminated competition.

Of course, this is a property of our demand func-

tion and might be considered idiosyncratic because

competitors in the advance period adopt the same

advance price that the monopolist would adopt.

Therefore, it is worthwhile exploring other common

demand functions. For these functions, we also gen-

eralize the prior findings (that assumed homogeneous

buyers in the advance period) to allow buyer hetero-

geneity in the advance period.

For example, consider a linear demand function

Na1j=B0�B1P1j+B2P1i with positive parameters

B0, B1, B2. The advance period reaction function is P
T
1j

P1ið Þ ¼ B0þB1cþB2P1i

2B1
; so, the influence of the competi-

tive price in the advance period is
BP1jT P1ið Þ
BP1i

¼ B2

2B1
: Spot

profits (P2j�c)(B0�B2P2j +B2P2i)b2j where b2j=

e�kP2j imply a spot period reaction function P2jT P2ið Þ¼
kB0þ2B1þkB2P1iþkB1cþ

ffiffiffi
X

p

kB1
where X =4B1

2+k2(B0
2+2B0B2

P2i�2B0B1c +B2
2P2i

2�2B1B2P2ic +c
2B1

2). The ratio

of influence in the advance to the spot period is
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BP1jT P1ið Þ=BP1i

BP2jT P2ið Þ=BP2i
¼

ffiffiffi
X

p

kB0þkB2P1i�kB1cþ
ffiffiffi
X

p : This ratio is less than

one, so advance selling again diminishes competition

because the influence of the competitor’s price is less in

the advance period than the spot period.

Now, consider the advance profit function for firm j

with a constant elasticity demand function, i.e., Na1j=

B0P1j
�B1P1i

B2 with positive parameters B0, B1, B2. The

advance period reaction function P1j* (P1i)= (B1c /

(B1�1)) is not a function of the competitor’s advance

price P1i. Moreover, the reaction function P2j* (P2i)

corresponding to spot profits (P2j�c)B0P2j
�B1

P2i
�B2b2j where b2j =e

�kP2j is not a function of the

competitor’s spot price, i.e., ((BP2j* (P2i)) /BP2i)=0.

Hence, advance selling fails to diminish competition

in this case because these particular reaction functions

are not dependent on competitive prices.

Finally, consider an exponential demand function

Na1j=B0e
�B1P1jeB2P1i. The advance period reaction

function P1j* (P1i)= ((1+B1c) /B1) is not a function

of the competitor’s advance price P1i. Moreover, for

spot profits, (P2j�c)B0e
�B1P2jeB2P2ib2j, the spot per-

iod reaction function P2j* (P2i) is also not a function of

the competitor’s spot price. Hence, advance selling

fails again to diminish competition in this case

because these particular reaction functions are not

dependent on competitive prices.

In sum, for both our market share demand function

and the linear demand function, advance selling does

diminish competition in the sense that the competi-

tor’s price has less impact on the optimal reaction

function in the advance period than the spot period.

For the exponential and constant elasticity demand

functions, although advance selling does not diminish

competition. However, advance selling does produce

the same relative gain in profits as the gain enjoyed by

a monopolist who advance sells.

Competition weakens or eliminates the effective-

ness of many marketing strategies (e.g., bundling,

price discrimination). However, for every demand

specification that we investigate, competition does

not diminish the advantage of advance selling. The

reason is that, unlike price discrimination, consumer

uncertainty applies to all consumers in the advance

period so one seller is unable to focus attention on

only one group of consumers (i.e., those being dis-

criminated against). Consumer heterogeneity in the

spot period tends to encourage price competition by

increasing the impact of competitive prices in the
optimal reaction function. The lack (or lower level)

of that heterogeneity in the advance period tends to

diminish the impact of competitive prices in the opti-

mal reaction function.

In summary, in this section we provide two new

findings. First, when consumers have a strong pre-

ference for waiting to buy, sellers facing competition

find fewer situations when advance selling is advan-

tageous. The reason is that sellers with competitors

must worry about competitors unilaterally spot sell-

ing. Second, when advance selling is advantageous

for the seller that faces competition, that advantage is

no less (and possibly greater) than the advantage of

advance selling for the seller who faces no competi-

tion. Hence, competition might decrease the situa-

tions when advance selling is advantageous but

increase the advantage of advance selling when

advance selling is advantageous. For example, with

competition, costs might need to be lower for

advance selling to be advantageous, but when costs

are sufficiently low, the same cost produces a larger

advantage for the seller with competitors than the

seller without competitors.
6. Themarket with unequal competitors—Discrete

demand model

6.1. Overview of the model with unequal competitors

The last two sections considered competition

between equal sellers. This section considers competi-

tion between unequal competitors (i.e., one competitor

has more market power) as well as heterogeneous

buyers (i.e., buyers having different preferences for

competitive products).

This model will be more complex than the last

section and we will require one additional assumption

for tractability. Rather than allowing infinite possible

consumption states, we assume two possible states

(i.e., high and low). This section examines whether

our two findings persist under these more complex

market conditions.

To formally model advance selling in a competitive

market with unequal competitors, we consider two

time periods, two sellers, two buyer types, and two

buyer consumption states. The two periods (1 and 2)

are the advance and spot periods, respectively. Buyers
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arrive in the first period and consumption occurs in

second period.2 To model seller heterogeneity, we

allow one seller to have more market power and let

that seller to be a Stackelberg leader (See Kauffman &

Wood, 2000; Putsis & Dhar, 1998; Shankar, 1997 for

the advantages and disadvantages of Stackelberg

models of competition).

In addition to seller heterogeneity, we also allow

buyer heterogeneity by considering two types of

buyers: loyals and switchers. For example, suppose

a city (e.g., Orlando) had two theme parks (e.g.,

Disney World and Universal Studios) that fight for

these buyers. Some vacationers may only want to visit

one theme park. We refer to these vacationers as

loyals. Other travelers consider both parks and make

decisions based on the relative prices. We refer to

these vacationers as switchers. We, however, allow

switchers to have a preference so that they will pay a

premium price for one park (e.g., Disney World),

which gives that park more market power. Finally,

following Xie and Shugan (2001), in this section we

assume a discrete two-point Bernoulli distribution for

buyer valuations.

6.2. Buyer and seller heterogeneity

As noted earlier, the two buyer types are loyals and

switchers. Loyals buy from one seller or not at all

depending on that seller’s price. Switchers consider

buying from either seller or not buying. However,

switchers will pay a premium to buy from the leader.

We define that premium as a measure of the leader’s

additional market power. Note that the premium can

approach zero.3

We now define some additional notation. Let c

denote the marginal cost of each seller. Let ptL and
2 In this section, advance prices encourage all buyers to advance

buy. Please see Shugan and Xie (2001) for the case when some of

the buyers buy in advance and others do not. Also, this section

considers selects adopting the same strategy (i.e., both advance sell

or both spot sell). See Shugan and Xie (2001) for the case when one

seller advance sells and the other spot sells.
3 We require a premium greater than zero as a technical condition

to insure an equilibrium exists. Otherwise, there is a discontinuity in

the demand function when consumers are indifferent between the

two sellers. Also, to obtain an equilibrium, we require the leader

enjoy the premium. Models that allow the follower to have a

premium await future research.
ptF denote the prices of the leader and follower,

respectively, in period t. Let Y N0 denote the number

of loyals and S N0 denote the number of switchers.

Let d N0 denote the premium that switchers will pay

to buy from the leader. Precisely, switchers buy from

the leader when ptL�ptFVd. Note that when d

becomes very large, switchers act like loyals and

both sellers price as monopolists.

The premium d N0 allows the existence of a com-

petitive equilibrium. However, if d becomes large,

the leader has sufficient power to ignore the follower

and price as a monopolist in both periods. We refer

to the case when the leader has more market power

but is unable to act as a monopolist as the limited-

power case. Later, we derive conditions on d for this

case.

Although past research has hitherto not considered

buyer uncertainty about valuations in a competitive

setting, this two-seller model of competition is found

in other research (Chen, Narasimhan, & Zhang, 2001;

Narasimhan, 1988).4 Many past articles (e.g., de

Palma, Ginsburgh, Papageorgiou, & Thisse, 1985)

also assume the same loyal–switcher demand struc-

ture with differentiation d. For example, our spot

demand model parallels Narasimhan (1988) with

one exception. Narasimhan assumes Bertrand–Nash

competitors. That assumption bars the existence of

any pure strategy equilibria. By allowing Stackel-

berg–Nash competitors, we enable the existence of a

pure-strategy equilibrium. Of course, our primary

focus involves comparing advance and spot selling

rather than these issues.

6.3. The spot period

At the time of consumption (i.e., period 2), buyers

can be in one of two states: a favorable consumption

state with a high valuation or an unfavorable con-

sumption state with a low valuation. In the spot

period, buyer evaluation might be either high or

low. Let H be the high valuation for loyals (i.e.,

they will pay at most H to consume their preferred

service). Let L be the low valuation for loyals, where

H NL Nc. Similar to leader loyals, switchers will pay
4 Chintagunta and Jain (1995) develop statistical procedures fo

testing these types of game theoretic specifications.
r
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at most H in favorable consumption states and L in

unfavorable states, respectively, for the leader’s ser-

vice. However, to reflect switcher preferences for the

leader’s service, switchers will pay at most H�d in

favorable consumption states and L�d in unfavorable

states, respectively, for the follower’s service.

Following customary conventions, we assume con-

sumers buy only when they get a non-negative sur-

plus. Moreover, given several alternatives, they

choose the alternative with the largest surplus. When

the surplus is equal, buyers choose the alternative

favoring the seller. This convention is justified

because sellers can resolve buyer indifference with

an infinitesimal price reduction.

When sellers only spot sell, loyals (Y) choose the

action (i.e., spot buy or not) that yields the maximum

expected surplus (i.e., max{H�p2j, 0} in favorable

states and max{L�p2j, 0} in unfavorable states).

Switchers will choose the action (i.e., spot buy from

the leader, from the follower, or not spot buy) that

yields the maximum surplus (i.e., max{H�p2L,

H�p2F�d, 0} in favorable states and max{L�p2L,

L�p2F�d, 0} in unfavorable states.

6.4. The advance period

In the advance period, buyers are uncertain about

their future spot valuations. Let q denote the prob-

ability a buyer has a future high valuation H in

period 2. Hence, the probability of a low valuation

L is 1�q.

When sellers advance sell, loyals must decide

based on expected surpluses. They either advance

buy from seller j or not, depending on their maximum

expected surplus, i.e., max{ERP�p1j, 0} where

ERP=qH +(1�q)L. Switchers advance buy from

the leader, the follower or not at all depending on

their maximum expected surplus, i.e., max{ERP�
p1L,ERP�d�p1F,0}.

As noted earlier, this section presents the limited-

power case where the additional market power of the

leader is limited. The leader must be unable to advance

price as amonopolist, i.e., at p1L=ERP. To prevent that,

the follower must be able to undercut the leader and

profitably capture the switchers by pricing at p2L=

ERP�d. Hence, follower profits at p2L=ERP�d

must exceed follower profit at ERP. Hence, (ERP�
c�d)(Y +S)N (ERP�c)Y. Given that d N0, we obtain
the condition that 0bd b (ERP�c)(1�R) where R =

Y / (Y +S).

Note that, the term 1�R in this condition mea-

sures the relative number of the switchers while

(ERP�c) measures the potential profits from switch-

ers. When either (ERP�c) or (1�R) decrease, the

leader needs less market power to dominate the

market because when (1�R) decreases, the follower

gains less by decreasing the price charged to loyals

to attract a relatively decreasing number of switchers.

When (ERP�c) decreases, the follower has less

incentive to fight for switchers given less profit per

buyer.

The subsequent analysis only considers limited-

power situations where 0bd b (ERP�c)(1�R) be-

cause prior research has already analyzed the mono-

poly case (see Shugan & Xie, 2000; Xie & Shugan,

2001).

6.5. Credibility

Prior research discusses credibility in the mono-

poly case in some detail (Xie & Shugan, 2001).

Credibility insures that buyers believe the seller’s

claims in the advance period. We now briefly review

that concept and then extend it to the competitive

case.

Sellers who advance sell must sometimes credibly

commit to discounted advance prices (please see Xie

& Shugan, 2001 for details). In a limited-power case,

credibility implies that a seller must not try to sell to

some customers in the advance period at p1j and then

sell at a lower spot price p2jbp1j.

There are two ways to establish credibility. First,

credibility can be exogenous. Here, rational buyers

believe seller claims about future prices because of

exogenous factors such as legal constraints or loss of

reputational capital.

Second, credibility can be endogenous. Here,

rational buyers believe seller claims because decep-

tion fails to improve short-term profits (endogenous

to the model). Hence, sellers must earn greater prof-

its when p2jNp1j rather than p2j bp1j. We later show

that the claim of a discounted advance price is

credible when q(H�c)Y N (L�c)(Y +S) or R N

((L�c) / ( q(H�c))), under which the optimal spot

price is higher than the optimal advance price for

both sellers.



Table 6

Equilibrium prices and profits: unequal competitors

Leader Follower

Spot sell p2L*= p̂2F+d p2F*=H

Advance sell p1L*= p̂1F+d p1F*=ERP

Where: p̂1F=c +(ERP�c)R, p̂2F=c +(H�c)R,

ERP=qH +(1�q)L
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6.6. Price equilibria

Next, we define p̂2j as the spot stand-down price for

seller j. This price represents the lowest price a seller

will adopt when attempting to fight for the switchers

with high valuations in the spot period. Sellers will not

move to prices that produce less profit than they could

earn by selling only to their loyals with high valuations.

By spot selling at p̂2j to both loyals and switchers earns,

the seller earns the same profit as selling only to loyals

at their maximum valuation, i.e., p2j=H. For example,

the follower can earn at least (H�c)qY with a spot

price p2F=H. Hence, the stand-down price is the mini-

mum price producing the same profit and satisfies the

condition (H�c)qY=(p̂2F�c)q(Y +S). Similarly, we

define p̂1j as the advance stand-down price for seller j.

This price represents the lowest price a seller will adopt

when attempting to fight for the switchers in period 1.

Sellers will not move to prices that produce less profit

than they could earn by selling only to their loyals. By

adopting p̂1j, seller j earns the same profit as pricing at

the maximum price that loyals will pay in period 1. For

example, the follower’s stand-down price p̂1F satisfies

the condition (qH +(1�q)L�c)Y=(p̂1F�c)(Y +S).

Given these definitions, Lemma 4 provides the optimal

price for seller j in period t denoted ptj*, and the

conditions for equilibria for both advance and spot

selling.

Lemma 4 (Price equilibria). In the case of limited-

power (i.e., 0bdb (ERP�c)(1�R)), when sellers

have credibility (i.e., q(H�c)RN (L�c)) and a mono-

polist finds advance selling profitable (i.e., LNc), both

advance and spot selling equilibria exist. The follower

sells to only loyals with high valuations by pricing at

the maximum price that they will pay. The leader sells

to both loyals and switchers with high valuations by

pricing at the maximum price that both induces

buyers to purchase and preempts the follower from

under-cutting. Table 6 reveals the corresponding opti-

mal prices.

Note that there is a wide range in parameters

that satisfies the conditions of Lemma 4. For

example, if the number of loyals and switchers are

equal, states are equally likely, costs are $1, low

evaluations are $3, high evaluations $4, then Lemma

4 is satisfied $1.25Nd N$0. Hence, the leader must

have some power but be unable to price more than
$1.25 over the follower’s price and still capture the

switchers.

However, the range still creates a restriction not

present for the seller not facing competition. Conse-

quently, the seller not facing competition will find

advance selling advantageous in a wider set of

circumstances.

Table 6 reveals that although the follower acts like

a monopolist by spot pricing at p2F* =H and advance

pricing at p1F* =ERP, the presence of the follower in

the market causes the leader to lower prices to

p2L* = p̂2F+d and p1L*= p̂1F+d respectively.

6.7. Comparison of advance selling with spot selling

Lemma 4 provides seller prices for both the

advance selling equilibrium and the spot selling equi-

librium. We now use those prices to compare profits

and buyers’ surplus for both equilibria. Theorem 3

follows.

Theorem 3 (Comparison of equilibria). In the equili-

brium described byLemma 4, both sellers earn

greater profits in the advance selling equilibrium

than in the spot selling equilibrium when advance

selling improves profits in a monopolist market.

Theorem 4 (Win–win–win). In the equilibrium

described byLemma 4, advance selling creates a

win–win–win situation with improvements in the

buyer surplus and the profits of both sellers when

the leader has sufficiently small market power, i.e.,

0bdb (L�c)(1�R).

Theorem 3 proves that when advance selling is

more profitable for the monopolist than spot selling

(L Nc), both sellers always enjoy a windfall from

advance selling in a competitive market under lim-

ited-power condition, (i.e., 0bd b (ERP�c)(1�R).

Theorem 4 proves that consumers can gain as well

creating a win–win–win situation when the leader’s
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market power is sufficiently small (i.e., d b

(L�c)(1�R)).5 We discuss the implications of The-

orems 3 and 4 in the next section.

6.8. Impact of advance selling on price-cutting

Theorems 3 and 4 reveal two important implica-

tions. First, we conclude that competitive sellers with

the capability to advance sell should do so. Each seller

earns greater profits by advance selling at discounted

prices. Advance selling improves profits whenever

some buyers would not spot purchase at a high spot

price. Competition can magnify this advantage of

advance selling.

The second important implication is that with com-

petition, advance selling can improve buyer surplus as

well as the profits of both sellers. This win–win–win

situation occurs when both sellers advance sell and the

leader has insufficient market power to extract the

entire buyer surplus. Advance selling increases buyer

participation. In the monopoly setting, the monopolist

extracts the entire buyer surplus. In the competitive

setting, the monopolist with insufficient market power

is unable to extract the entire buyer surplus given

competitive pressure. Hence, buyers retain some sur-

plus. Hence, as leader’s market power decreases (i.e.,

d), the aggregate advance-buyer surplus relative to the

spot-buyer surplus increases. In sum, advance selling

increases aggregate buyer surplus not merely because

of a lower advance price but because more buyers

participate in the advance market than would partici-

pate in the spot market.

6.9. Relative advantage of advance selling with and

without competition

We now examine whether competition can make

advance selling more advantageous in a market with

unequal competitors, as it did in a market with equal

competitors.
5 Note that credibility requires R N ((L�c) /q(H�c)) while a

win–win–win requires 1� (d / (L�c))NR, hence the win–win–win

only occurs in the range 1� d
L�c

NRN L�c
q H�cð Þ : As shown in

Appendix, some values satisfy this condition. Hence, a win–win–

win situation is always possible for some Y or S.
Similar to the case with equal competitors, we now

examine the impact of competition on the profit

advantage of advance selling in a market with unequal

competitors by calculating the advantage ratio,

Hj ¼
Competitor j Vs Profit Advantage from Advance Selling

Monopolist Vs Profit Advantage from Advance Selling
;

j¼ L;F

Hence, Hj measures the profit advantage of

advance selling in a competitive market for sel-

ler j relative to a monopolist market. Theorem 5

follows.

Theorem 5 ((Impact of competition)). In the compe-

titive equilibrium described byLemma 4, competition

makes advance selling a more attractive marketing

tool for the leader but has no impact on the profit

advantage of advance selling for the follower. Math-

ematically, HF=1 and HLN1.

Theorem 5 has two important implications. First,

the profit advantage of advance selling not only can

survive competition when competitors are unequal,

but also can be enhanced via competition. Advance

selling has two potential advantages compared with

spot selling: (1) it increases sales and (2) it reduces the

incentive of the competitors to fight for the switchers.

The first advantage applies to both a monopoly and a

competitive market but the second advantage only

applies to a competitive market. This explains why

advance selling can be more effective in a market with

competition than without it.

Second, the impact of competition on advance

selling depends on seller’s market position. Theorem

5 reveals that competition strengthens the profit

advantage of advance selling if the seller has sufficient

market power, but has no effect on advance selling if

the seller has less market power than the rival. This is

because the seller with more market power aggres-

sively fights for switchers but the seller with less

market power focuses on its loyal customers only.

Hence, the reduced intensity of competition via

advance selling benefits only the seller with a greater

interest in competing for switchers. This suggests that

the seller with more market power should be more

interested in developing the capability of advance

selling than the seller with less power.
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In summary, advance selling can be a powerful

marketing tool, in competitive markets, to increase

buyer participation, diminish price-cutting, and gen-

erate a higher profit and buyer surplus.
7. Summary and conclusions

Technological advances in the service sector allow

small service providers to develop the capability of

administering sophisticated marketing strategies pre-

viously enjoyed by only large airlines and hotel

chains. These technologies include pre-payment e-

commerce web sites, smart cards, broadband commu-

nications, electronic ticketing, electronic palm readers

and other biometric identification tools.

We have three major findings:

! First, unlike yield management (driven by price

discrimination), the relative profit advantage from

advance selling (driven by consumer uncertainty

about future consumption states) is undiminished

by competition in all demand specifications that we

consider. Competition weakens or eliminates the

effectiveness of many marketing strategies (e.g.,

bundling, price discrimination). Competition does

not diminish the advantage of advance selling

because, unlike price discrimination, consumer

uncertainty applies to all consumers in the advance

period so one seller is unable to focus attention on

only one group of consumers (i.e., those being

discriminated against).

! For some demand specifications (i.e., market share

competition, linear demand), advance selling has the

ability to reduce price competition. For all demand

specification that we investigate, competition fails

to diminish the profit advantage from advance sell-

ing and sometimes increases that advantage.
! Given a discrete demand specification (high and

low valuation consumers), advance selling can

create a win–win–win situation where the profits

of two competitors increase while consumer sur-

plus increases because advance selling allows

greater market participation. Here, the profit

improvement comes from selling to additional

buyers in the advance period who would be unwill-

ing to pay the higher future spot price. Advance

selling increases aggregate consumer surplus when

market power is sufficiently small. This is because

low market power prevents sellers from capturing

all of the consumer surplus in the advance period.

Hence, advance selling can be a powerful market-

ing tool. As usual, we leave many interesting and

important topics for (hopefully, not too distant) future

research. For example, future research might explore

the role of refunds in advance selling and how refunds

impact competition. Future research might explore the

role of repeat purchases in advance selling. Future

research might also explore the timing of the sale,

the duration between the advance sale and the con-

sumption period, the impact of the length of the

consumption period and the types of services most

amenable to advance selling. Related to consumer

behavior, future research might explore how the con-

sumers react to consumption state uncertainty,

whether the seller can manipulate that uncertainty,

how the consumer determines expectations, what

prices consumers will actually pay in the advance

period and whether the purchase itself impacts the

future consumption state. Finally, prior research (Wer-

nerfelt & Karnani, 1987) suggests that sellers might

also be uncertain about future states. It would be

interesting to consider how to modify advance-selling

strategies in the situation when both buyer and sellers

are uncertain about future states.
Appendix A

Proof of Lemma 1 (Profit advantage if advance selling in a monopoly market). We show p1m Np2m when

c bcm= .841404(1 /k).
We know from Table 1, hm ¼ p1m

p2m
¼ 1� ckð Þe 1þckð Þ: Solving (p1m /p2m)=1 for c gives a positive solution,

cm= .841404(1 /k).
Note that hm|c=cm =1 and (dhm / dc)=�ck2e 1þckkkð Þb0. Hence, hmN1 (i.e., p1mNp2m) when

c bcm= .841404(1 /k). 5
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Proof of Lemma 2 (Optimal profits).

We derive profits given in Table 3. Note that Table 2 provides atj and btj for different selling strategies.

(a) Both spot sell: p22
j ¼ P2j�

�
cÞa2jb2jN ¼ P2j � c

� �
ð P2i

P2jþP2i
Þ e�kP2j
� �

N : First-order condition, (dpj
22 /dp2j)=0,

reveals that the optimal price is P2j ¼ P2i ¼ 1
4k 1þ 2ck þMð Þ, where M ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 12ck þ 4 ckð Þ2

q
. Firm j’s max-

imum profit from spot selling is p22
j ¼p22

i ¼ N
8k 1�2ckþMð Þe�1

4
1þ2ckþMð Þ¼ N

8k 1� 2ck þMð Þe�1
4
1þ2ckþMð Þ:

(b) Both advance sell: p11
j ¼ P1j � c

� �
a1jN ¼ P1j � c

� �
P1i

P1jþP1i
N : The first-order condition, (dpj

11 /dP1j)=0,

requires
P1i P1iþcð Þ
P1jþP1ið Þ2 ¼ 0: So the seller will price at the highest possible price with positive profits, that is, the buyers’

maximum willingness to pay for an advance purchase, p1j =p1i =E[v]= (1 /k). Hence, firm j’s maximum profit

from advance selling is pj
11=pi

11= (1�ck)(N / 2k).
(c) Firm j advance sells and firm i spot sells:

p12
j ¼ P1j � c

� �
a1jb1jN ; where a1j ¼ 1=P1j

1=P1jþg=P2i
;

�
b1j ¼ 1 if P1jV1=k
b1j ¼ 0 if P1jN1=k

p21
i ¼ P2i � cð Þa2ib2iN where a2i ¼ 1� a1j; b2i ¼ e�kP2i

:

Setting first-order condition to be zero and solving for the prices, the optimal prices are: p1j=(1 /k), p2i ¼
ck�gþ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ckþgð Þ2þ4gþ4ck

p
2k : Substituting p1j and p2i to the profit function, pj

12, reveals p12
j ¼ 1�ckð Þ Bþck�gð Þ

k Bþckþgð Þ N ; where

B ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
g þ ckð Þ g þ ck þ 4ð Þ

p
:

(d) Firm j advance sells and firm i spot sells:

p12
i ¼ P1i � cð Þa1ib1iN ; where a1i ¼ 1=P1i

1=P1iþg=P2j
;

�
b1i ¼ 1 if P1iV1=k
b1i ¼ 0 if P1iN1=k

p21
j ¼ P2j � c

� �
a2jb2jN where a2j ¼ 1� a1i; b2i ¼ e�kP2j

Setting first-order condition to be zero and solving for the prices, the optimal prices are: p1i =(1 /k),

p2j ¼ ck�gþ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ckþgð Þ2þ4gþ4ck

p
2k : Substituting p1i and p2j to the profit function, pj

21, reveals p21
j ¼

B�ck�g
k Bþckþgð Þ Nge�

1
2
Bþck�gð Þ; where; B ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
g þ ckð Þ g þ ck þ 4ð Þ

p
: 5

Proof of Lemma 3 (Stability of an advance selling equilibrium). (I) We show neither seller has the incentive to

unilaterally spot sell if c bcV= f(g) /k. We prove this by deriving conditions under which pj
11Npj

21. Let h =(pj
11 /

pj
21) and ck=A.
(a) We first show (Bh /Bg)b0. From Table 3, h ¼ p11

j

p21
j

¼
1�ckð ÞN

2k
B�ck�g

k Bþckþgð ÞNge�
1
2
Bþck�gð Þ ¼ 1�Að Þ BþAþgð ÞN

2 B�A�gð Þge�
1
2
BþA�gð Þ . The derivative

of h with respect to g is Bh
Bg ¼ �1þAð Þ gþAð ÞZ

B B�g�Að Þ2g2e�
1
2
BþA�gð Þ ; where Z=(g2�gB+4g +gA�2B). The quadratic function, Z,

has two roots: {� (4+A), �A / (1+A)}. Since both roots are negative, we know that Z never changes sign for

g N0. Hence, (Bh/Bg) never changes sign for g N0. Note that (Bh̃/Bg)(g =0.1, A=0.1)b0. Hence, we have proved

(Bh̃/Bg)b0 for gN0.
(b) We now show that (Bh̃/BA)b0. Consider 1NA (i.e., cb1 /k as we assumed in the paper).

Taking derivative of h̃ with respect to A, we have Bh
BA

¼
3W

2 �3Aþ
ffiffi
3

p
Tð Þ2AT e

�1
2

A�
ffiffi
3

p
Tð Þ; where T¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
A 3Aþ 4ð Þ

p
and W ¼ A2T � AT � 3

ffiffiffi
3

p
A3�

� ffiffiffi
3

p
A2 þ 4

ffiffiffi
3

p
A� 2TÞ: (Bh/BA) does not change sign because W does not

have the real root for A N0. Further, WA=0.5=�1.34963N0. Hence, (Bh̃/BA)b0.
(c) Finally, we show that c b f(g) /k implies pj

11Npj
21, or equivalently, that A b f(g) implies h N1. Part [a]

implies h̃ is only a function of A and g. Part [b] implies h̃ is decreasing in A. So there exists some A, which

is a function of g, that satisfies h =1. Let f(g) denote that A that satisfies h =1. It follows that when for any

A=kc b f(g), then h N1.
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(II) We now show pj
11Npj

22 if c b .8475653685 /k. Let ĥ =(pj
11 /pj

22) and X =(1 /ck)N0. From Table 3,

ĥh ¼ p11
j

p22
j

¼
4 1� 1

X

� �
1� 2 1

X
þM

 !
e
1
4
ð1þ2 1

X
þMÞ ¼ X�1ð Þ

X�2þXM
4e

1
4
ð1þ2 1

X
þMÞ ¼ Yð Þ4e1

4
ð1þ2 1

X
þMÞ; where

Y ¼ X�1ð Þ
X�2þXM

dY VX ¼ dY
dX

¼ L

XM �2þXþXMð Þ2 ;

L ¼ 10þ 7X � XM ¼ 10þ 7X �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
X 2 þ 12X þ 4

p
N10þ 7X � X þ 6ð Þ ¼ 4þ 6XN0:

Hence, YVX N0, for X N1. Solving ĥ=1 for X gives a positive solution, X =1.17985. Note that, ĥ |X=1.179985=1,
e
1
4
1þ2 1

X
þMÞN1;ð and YVX N0. Hence, ĥN1 if X N1.17985, or equivalently ĥ N1 if c b .8475653685 /k.

Taking (I) and (II) together, we have proved that either seller will spot sell (unilaterally or bilaterally) if the cost

is sufficiently small cVcc, where c bcc=min{.8475653685 /k, f(g) /k}. 5

Proof of Theorem 1 (Impact of competition on required cost). As shown in Lemmas 1 and 3, the cost condition

under which advance selling is advantageous is
Monopoly : cbcm ¼ :841404 1=kð Þ
Duopoly : cbcc ¼ min :8475653685=k; f gð Þ=kf g

�
(a) We first show that (df(g) / dg)V0. Let g* denote the value of g such that h̃=1. We know from Lemma 3,

h(g =g*,c = f(g*)=1). We also know h[g =g*+ e,c = f(g*)]b1 because (Bh /BD)b0. However, h [g =g*+e,
c = f(g*)]b1 is always true only if (df(g) / dg)V0.

(b) Now let f(g) /k =cm =.841404(1 /k) and solve for g: g= ḡ=1.717567032. We have already shown (df(g) /
dg)b0, and cm =.841404(1 /k)b .8475653685 /k. Hence, if g N ḡ then cm Ncc and otherwise cmVcc where

ḡ=1.717567032. 5

Proof of Theorem 2 (Impact of competition on profit advantage of advance selling). Theorem 2 states that

the advantage ratio H ¼ p11
j =p22

j

p 1
m=p

2
m
N1 when c bmin{cm,cc}.

Let X =(1 /ck) and consider X N1 (i.e., c b1 /k as assumed).

Then we have hm ¼ p1m

p2m
¼ 1� 1

X

� �
eð1þ

1
X
Þ ¼ X�1

X

� �
eð

Xþ1
X

Þ and hj ¼ p11
j =p22

j ¼ X�1
X�2þXM

� �
4e

1
4
ðXþ2þXM

X
Þ:

The advantage ratio is

H¼hj
hm

¼ 4X

XM � 2þ X

� �
eð

XM�2�3X
4X

Þ ¼ 1

e

4X

XM � 2þ X

� �
eð

XM�2þX
4X

Þ ¼ 1

e
Qeð

1
Q
Þ ;where Q ¼ 4X

XM � 2þ X
dQ VX ¼ dQ

dX
¼ S

XM � 2þ X þ XMð Þ2
;where S ¼ 16þ 24X � 8XM :

SVX ¼ dS
dX

¼ 24� 8 X þ 6ð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
X 2 þ 12X þ 4

p N24� 8 X þ 6ð Þ
X þ 2

¼ 24X þ 48� 8X þ 48

X þ 2
¼ 16X

X þ 2
N0:

Since SjX¼1 ¼ 40� 8
ffiffiffiffiffi
17

p
¼ 7:02N0 and SVXN0, we have S N0 and QVX N0.

Since Q|X=1= (4 / (M�1))= (4 /3.12)N1, and QVX N0, we have QN1. HVX ¼ dH
dX

¼ 1
e
fQ VX e

ð 1
Q
Þ þ Qeð

1
Q
Þ

ð�Q VX
Q2 Þg ¼ 1

e
fQ VX e

ð 1
Q
ÞðQ�1

Q
Þg: Note that Q VX N0 and Q N1. Hence H VX ¼ 1

e
fQ VX e

ð 1
Q
ÞðQ�1

Q
ÞgN0: Further,

since HjX¼1 ¼
�

4ffiffiffiffi
17

p
�1

�
eð
ffiffiffi
17

p
�5

4
Þ ¼ 1:02N1; we have proved H=(hj /hm)N1.

Proof of Lemma 4 (Price equilibria). Lemma 4 states that an equilibrium exists for both advance and spot selling

if three conditions hold: (1) 0bd b (ERP�c)(1�R), (2) q(H�c)R N (L�c) and (3) L Nc.

It also provides the corresponding optimal prices in Table 4.

The stand-down price for advance and spot period, p̂1F and p̂2F, are given in (A1) and (A2):

q H � cð ÞY ¼ q p̂p2F � cð Þ Y þ Sð ÞYp̂p2F ¼ cþ H � cð ÞR: ðA1Þ

ERP � cð ÞY ¼ p̂p1F � cð Þ Y þ Sð ÞYp̂p1F ¼ cþ ERP � cð ÞR; where ERP ¼ qH þ 1� qð ÞL: ðA2Þ
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Given R N ((L�c) / ( q(H�c))), we have q(H�c)R N (L�c), or q[c+(H�c)R�c]N (L�c), or q(p̂2F�c)N

(L�c). Hence

p̂p2FNL and q p̂p2F � cð Þ Y þ Sð ÞN L� cð Þ Y þ Sð Þ: ðA3Þ

Spot selling equilibrium

To prove the spot equilibrium, we first derive the follower’s optimal response to the leader’s price. We then

derive the leader’s optimal price given the follower’s optimal response.

Follower’s optimal response to leader’s prices:

! Given (A1) and (A3), it is not optimal for the follower to price below p̂2F, i.e., p̂2FVP2F
* VH, where p̂2FNL.

! When P2LV p̂2F+d, the follower is unable to get switchers unless offering a price lower than the stand-down

price. Hence, it is optimal for the follower to sell to its loyals only, i.e., P2F
* =H if P2LV p̂2F+d.

! When P2LN p̂2F+d, the follower is able to get switchers at a price above its stand-down price. Hence it is

optimal to compete for switchers, i. e., p̂2FVP2F
*bP2L�d, if P2L N p̂2F+d.

Above analyses suggest that the follower’s optimal responses to the leader’s strategy are:

PT
2F ¼ H if P2LVp̂p2F þ d selling to loyals onlyð Þ

p̂p2FVP
T
2FbP2L � d if P2LNp̂p2F þ d competing for swichersð Þ

�
ðA4Þ

Leader’s strategy given follower’s response:

! Since d N0, we have d +(H�c)R N (H�c)R, or q[c +(H�c)R +d�c]Nq(H�c)R, or q[p̂2F+d�c](Y +S)N

q(H�c)Y. Hence, it is optimal for the leader to compete for switchers.

! Since the lowest price the follower is willing to charge is p̂2F (see (A4)), the leader cannot get switchers at a

price above p̂2F+d. It is also not optimal to price below p̂2F+d given that switchers will always buy from the

leader at a price of p̂2F+d. Hence, the optimal leader price is P2L*= p̂2F+d. Note that, in a competitive market,

d b (ERP�c)(1�R), we have P2L*= p̂2F+d bH. Also, since p̂2FNL (see (A3)), we have P2L*= p̂2F+d NL.

! Given the leader’s optimal prices, the follower’s optimal price is p2F*=H (see (A4)).

We have proved that if R N ((L�c) / ( q(H�c))) holds, the spot equilibrium is {P2F*= p̂2F+d, P2F*=H}.

Advance selling equilibrium

We can derive the advance selling equilibrium by following the same steps as shown above.

Follower’s optimal response to leader’s prices:

Given (A2), the follower’s optimal responses to the leader’s strategy are

PT
1F ¼ ERP if P1LVp̂p1F þ d ðgive up switchersÞ

p̂p1FVP
T
1FbP1L � d otherwise compete for switchersð Þ

�
ðA5Þ

Leader’s strategy given follower’s response:

! The condition, dN0, implies d +(ERP�c)R N (ERP�c)R, or [c +(ERP�c)R +d�c]N (ERP�c)R, or

[p̂1F+d�c](Y +S)N (ERP�c)Y. Hence, it is optimal for the leader to compete for switchers.

! Since the follower is willing to charge a price as low as p̂1F (see (A5)), the leader fails to sell to switchers at a

price above p̂1F+d. It is also not optimal for the leader to price below p̂2F+d because the leader can get switchers

at a price of p̂2F+d. Hence the leader’s optimal price is P1L
*= p̂1F+d.
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! Note that given d b (ERP�c)(1�R) (a competitive market), we have ERPN p̂1F+d. Given the leader’s optimal

prices, the follower’s optimal price is P1F
*=ERP (see (A5)). We have proved the advance equilibrium given in

(A6) exists. 5

pT1L ¼ p̂p1F þ d; pT1F ¼ ERP
� �

: ðA6Þ

Proof of Theorem 3 (Comparison of equilibria). Theorem 3 states that p1jNp2j if p1mNp2m.

Monopoly:

p2m ¼ q H � cð Þ; p1m ¼ ERP � cð Þ
Comparison : p1m � p2m ¼ ERP � cð Þ � q H � cð Þ½ � ¼ 1� qð Þ L� cð ÞN0 if LNc:

Competition:

Follower:

Spot sell: P2F
* =H, p2F =q(H�c)Y. Advance sell: P1F*=ERP, p1F ={ERP�c}Y

Comparison : p1F � p2F ¼ ERP � c� q H � cð Þf gY ¼ 1� qð Þ L� cð ÞYN0; if LNc:

Leader:

Spot sell : PT
2L ¼ P̂P2F þ d; P̂P2F ¼ cþ H � cð ÞR: p2L ¼ q PT

2L � c
� �

Y þ Sð Þ ¼ q H � cð ÞRþ d½ � Y þ Sð Þ

Advance sell : PT
1L ¼ P̂P1F þ d; P̂P1F ¼ cþ ERP � cð ÞR: p1L ¼ ERP � cð ÞRþ d½ � Y þ Sð Þ

Comparison : p1L � p2L ¼ 1� qð Þ L� cð ÞRþ d½ � Y þ Sð ÞN0; if LNc:

Hence p1jNp2j as long as p1mNp2m (i.e., L Nc). 5

Proof of Theorem 4 (Win–Win–Win). Theorem 4 states that in the competitive equilibrium given by Lemma 3, if

d b (L�c)(1�R), then a win–win–win situation occurs such that p1jNp2j, and BS1LNBS2L, where BStL denote

buyer surplus from the leader, t=1, 2.

We have shown in Theorem 3, p1j Np2j. We now need to show that BS1LNBS2L if d b (L�c)(1�R).

Spot sell : BS2L ¼ q H � P̂P2F þ d
� �� �

Y þ Sð Þ;
Advance sell : BS1L ¼ ERP � P̂P1F þ d

� �� �
Y þ Sð Þ;

Comparison : BS1L � BS2L ¼ ERP � P̂P1F þ d
� �� �

� q H � P̂P2F þ d
� �� �� �

Y þ Sð Þ ¼ 1� qð Þ L� cð Þ 1� RFð Þ � d½ � Y þ Sð Þ

Hence, BS1L�BS2LN0 if d b (L�c)(1�R).

Note that buyers gain when d b (L�c)(1�R) which implies 1� (d / (L�c))NR. However, Lemma 4 requires

R N ((L�c) / ( q(H�c))). Let D ¼ ½1� d
L�c

� � ½ L�c
q H�cð Þ � ¼ 1

L�cð Þq H�cð Þ
�
L� c� dð Þq H � cð Þ � L� cð Þ2

�
: Given

d b (L�c)(1�R), we have DN 1
L�cð Þq H�cð Þ

�
L� c� L� cð Þ 1� Rð Þð Þq H � cð Þð Þ � L� cð Þ2�: Simplifying,

DN L�cð ÞR
q H�cð Þ

�
q H�cð Þ
L�cð Þ � 1

R

�
: Given R N ((L�c) / ( q(H�c))), we have D N0. Hence, there always exists some range

for R where D N0. Hence, a win–win–win situation is always possible for some Y or S. 5

Proof of Theorem 5 (Impact of competition). Monopoly: p2s ¼ q H � cð ÞN ; p1m ¼ ERP � cð ÞN ; hm ¼ p1m

p2m
¼

ERP�c
q H�cð Þ ; hmN1; if LNc:

Competition:

Follower : hF ¼ p1F

p2F
¼ ERP�cð Þ

q H�cð Þ ¼ hm; hF � hm ¼ 0YHF ¼ hF
hm

¼ 1:

Leader : hL ¼ p1L

p2L
¼ ERP�cð ÞRþd

q H�cð ÞRþd½ � ; hL � hm ¼ d 1�qð Þ H�Lð Þ
q H�cð Þ H�cð ÞRþd½ � N0YHL ¼ hL

hm
N1: 5
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