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Abstract

Advance selling is a marketing strategy by a firm that allows consumers to submit pre-
orders for a new to-be-released product. Advance selling helps the firm to reduce uncer-
tainty about the future demand, thus allowing for better inventory planning. By placing
advance orders consumers avoid the risk of facing a stock-out in the regular selling season.
At the same time, consumers might be reluctant to pre-order the product if they are uncer-
tain about their valuations or when they expect future price cuts. To induce early purchases,
the firm may offer pre-order price guarantee that refunds the price difference if the regular
selling price drops below the pre-order price.

This paper examines the firm’s profit-maximizing strategy in a two-period setting char-
acterized by market size uncertainty, consumer valuation uncertainty, and consumer expe-
rience/inexperience with the product. I show that when consumers are less heterogeneous
in their valuations, the firm should implement advance selling and offer pre-order price
guarantee. Under the assumption that the seller cannot credibly commit to the regular sell-
ing price in advance, for some parameter configurations pre-order price guarantee acts as a
commitment device not to decrease the price in the regular selling season. In other situa-
tions, pre-order price guarantee enables the firm to react to the information obtained from
pre-orders by increasing or decreasing the price. When consumers are more heterogeneous
in their valuations and the market size uncertainty is small, or the fraction of experienced
consumers in the population is high, the firm should not implement advance selling.
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1 Introduction

In modern markets, sales of a product may precede the date when the product becomes available

for consumption. Advance selling is a marketing strategy by a firm that allows consumers to

submit pre-orders for a new to-be-released product. Advance selling reduces uncertainty for

both the firm and consumers. It helps the firm to partially resolve uncertainty about the future

demand for its product, thus allowing for better production and distribution capacity planning.

By placing an advance order consumers avoid the risk of facing a stock-out, as it guarantees

the delivery of the product in the regular selling season. At the same time, consumers may

not know their valuations of a yet-to-be-seen product, which permits a greater extraction of

consumer surplus by the firm in the advance selling season.

A pricing phenomenon that is often observed along with advance selling is pre-order price

guarantee. Many retailers, such as Amazon.com, GameStop or Best Buy, guarantee that the

ultimate price that the customer pays is the lowest price between the pre-order price and the

price on the release day. For example, Amazon.com pre-order price guarantee policy1 states:

“Order now and if the Amazon.com price decreases between your order time and the end of

the day of the release date, you’ll receive the lowest price.” This promotional offer eliminates

another uncertainty that consumers are facing, that of the future price. The phenomenon of

pre-order price guarantee raises a number of questions that have received but scant theoretical

research attention. When should firms implement advance selling? What is the role of pre-

order price guarantee? Is it a benevolent action on behalf of the seller, or his strategic choice?

Should advance selling prices be higher or lower than prices during the regular selling season?

How much should firms produce for the regular selling season? Finally, what factors impact the

profitability of advance selling?

In my model I consider a retailer who sells a product over two periods: advance and regular

selling seasons. Consumers are heterogeneous in two dimensions. First, they differ in their

willingness to pay for the product. Second, they can be experienced or inexperienced. Expe-

rienced consumers know their valuations in advance, whereas inexperienced consumers learn

their valuations only when the product becomes available in the regular selling season. The

retailer knows the number of experienced consumers, but is uncertain about the number of in-

experienced consumers. At the beginning of the advance selling season the retailer announces

the advance selling price. He may couple it with the price guarantee policy. After observing the

number of pre-orders, the retailer decides how much to produce for the regular selling season. If

the price guarantee policy was announced and the regular selling price is below the advance sell-

ing price, the retailer refunds the price difference for the pre-orders. Unsold units are salvaged
1See http://www.amazon.com/gp/promotions/details/popup/AWT354OR7BM1U downloaded

on March 5, 2013.
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at a price below the retailer’s marginal cost.

I show that when consumers are less heterogeneous in their valuations for the product, the

retailer should implement advance selling and offer pre-order price guarantee. Under the as-

sumption that the retailer cannot credibly commit to the regular selling price in advance, for

some parameter configurations (most consumers have high valuations) the price guarantee pol-

icy acts as a commitment device not to decrease the price in the regular selling season. In other

situations (most consumers have low valuations), the price guarantee policy enables the retailer

to react to the information obtained from pre-orders. If the number of pre-orders is small, the

retailer sets a low price in the regular selling season, targeting the low-valuation customers re-

maining on the market, and refunds the price difference for the pre-orders. If the number of

pre-orders is large, the retailer sets a high price in the regular selling season, so no consumer

purchases the product in the regular selling season.

When consumers are more heterogeneous in their valuations, the retailer may not want to

implement advance selling. I show that if the uncertainty about the number of inexperienced

consumers is small and/or the fraction of experienced consumers in the population is high, spot

selling at a high price becomes the optimal pricing strategy.

The rest of the paper is organized as follows. Literature review appears in Section 2. The

model is introduced in Section 3. Next, I analyze the retailer’s various pricing strategies that

lead to different purchasing patterns (Sections 4 and 5). I complete the equilibrium analysis

by determining the retailer’s optimal pricing strategy in Section 6. In Section 7, I consider

the situation in which the retailer can credibly commit to the regular selling price in advance.

Concluding remarks are provided in Section 8.

2 Existing Literature

In my model I treat consumers as strategic. Strategic consumers compare the options of pre-

ordering the product and waiting until the regular selling season. This modeling approach has

been adopted by a number of theoretical studies of advance selling.

Li and Zhang (2013) investigate whether the seller should allow consumers to pre-order the

product and whether the pre-order option should be coupled with the price guarantee policy.

The assumptions that the authors make about consumer valuations are quite different from the

present paper. Specifically, Li and Zhang (2013) assume that there is sufficient information for

consumers to evaluate the product before its release and that consumers with high valuations

arrive in the advance selling season and consumers with low valuations arrive in the regular sell-

ing season. Under these assumptions the advance selling price is always higher than the regular
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selling price. In contrast, in the present paper both advance selling discounts and premiums can

arise in equilibrium.

Another closely related paper is Zhao and Pang (2011). The authors compare three pric-

ing strategies: dynamic pricing, price commitment, and pre-order price guarantee. Like in the

present paper, consumer valuations are drawn from a two-point distribution. Zhao and Pang

(2011) separate consumers into informed and uninformed groups. The informed group arrives

in the advance selling season, while the uninformed in the regular selling season. The authors

show that price commitment weakly dominates dynamic pricing. Pre-order price guarantee is

the seller’s best strategy when consumer valuation uncertainty is high and there exists uncer-

tainty about the number of informed consumers. Otherwise, pre-order price guarantee is the

seller’s least preferred strategy. These results are quite different from the present paper. This is

partly because Zhao and Pang (2011) restrict their attention to the first-period prices that induce

informed consumers to pre-order the product (not without loss of generality). In the present

paper I show that selling the product only in the regular selling season may be optimal.

Xie and Shugan (2001) provide the conditions when and how the seller should advance

sell. Their focus is on the impact of capacity constraints on advance-selling pricing strate-

gies. Like pre-order price guarantee, capacity constraints help the seller to credibly convince

consumers that the regular selling price will be high. Möller and Watanabe (2010) consider

advance purchase discounts and clearance sales (revenues have to be positive in both periods).

They determine how the comparison of these two pricing strategies depends on price commit-

ment, the availability of temporal capacity limits, the rationing rule and resale. In both Xie and

Shugan (2001) and Möller and Watanabe (2010) the aggregate demand is certain, in contrast to

the present model.

Nocke, Peitz, and Rosar (2011) assume that the seller can credibly commit to future prices,

consumers are heterogeneous in their expected valuations, and there is no aggregate uncertainty.

(In the present paper the seller cannot commit to future prices and the aggregate demand is

uncertain.) The seller chooses among advance selling (all sales occur at the early date), spot

selling (all sales occur at the later date), and advance-purchase discounts (some sales occur at the

early date and some at the later date). Under advance-purchase discounts, consumers with high

expected valuations purchase the product in advance, while those with low expected valuations

delay their purchasing decisions and buy at the regular price if their realized valuations turn out

to be high. The authors provide precise conditions under which advance-purchase discounts

implement the seller’s optimal mechanism.

Lai, Debo, and Sycara (2010) study posterior price matching in a markdown-and-waiting

game with strategic consumers. The seller guarantees to reimburse the price difference to a

consumer who bought the product before the seller marks it down. The authors find that the
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price matching policy eliminates consumers’ waiting incentives and thus allows the seller to

increase the price. Other papers on posterior price matching include Butz (1990) and Xu (2011).

The results obtained in this literature have limited applicability to the present model of advance

selling characterized by consumer valuation uncertainty.

In their model of advance selling, Chu and Zhang (2011) emphasize the evolution of con-

sumer valuations and the seller’s control over it. The authors assume that the seller operates

under price commitment, consumers are uncertain about their valuations, and there is no aggre-

gate uncertainty. The authors examine the optimal information and pricing strategy.

Like most papers on advance selling with strategic consumers, Prasad, Stecke, and Zhao

(2011) assume that consumers are uncertain about their valuations in advance. Random num-

bers of consumers arrive in the advance and regular selling seasons. The authors allow these two

variables to be correlated. In contrast to the above papers and the present paper, the regular sell-

ing price in Prasad, Stecke, and Zhao (2011) is fixed exogenously. Restricting their attention to

advance selling discounts, the authors derive the seller’s profit-maximizing strategy and find that

implementing advance selling is not always optimal. Zhao and Stecke (2011) contribute to the

literature on advance selling by introducing consumer loss aversion. As in Prasad, Stecke, and

Zhao (2011), the regular selling price is fixed and only advance selling discounts are considered.

To the best of my knowledge, Loginova, Wang, and Zeng (2012) and Zeng (2013) are the

only papers on advance selling that, like the present paper, consider consumer heterogeneity

in terms of their experience with the product. In Loginova, Wang, and Zeng (2012) the seller

can only choose the advance selling price (the regular selling price is given). The distinctive

feature of their model is that learning by the seller is not only on the market size but also on

the distribution of consumers’ valuations. Zeng (2013) considers a simpler version of Loginova,

Wang, and Zeng (2012) model, but allows the seller to choose the advance selling price as well

as the regular selling price. In contrast to the present study, Zeng (2013) assumes that the seller

commits to both prices at the beginning of the game.

Other literature on advance selling model consumers as non-strategic, including Tang, Ra-

jaram, Alptekinoğlu, and Ou (2004), McCardle, Rajaram, and Tang (2004), Chen and Parlar

(2005), and Boyaci and Özer (2010). All of these papers assume that the number of consumers

who pre-order the product is an exogenously given increasing function of the advance selling

discount. McCardle, Rajaram, and Tang (2004) study the situation in which two retailers are

considering whether to launch an advance booking discount program. Boyaci and Özer (2010)

examine advance selling in multiple periods. Their model generates insights into how capac-

ity building costs and demand uncertainty affect the manufacturer’s decision on when to stop

acquiring advance sales information and how much capacity to build.
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3 Model Setup

Consider a retailer who sells a product over two periods. The product is released in period 2

(the regular selling season), but the retailer can take pre-orders in period 1 (the advance selling

season). Consumers with unit demands are heterogeneous in two dimensions. First, they differ

in their willingness to pay for the product. Specifically, I assume that consumer valuations are

i.i.d. random variables distributed according to a two-point distribution:

Prob(vH) = 1− Prob(vL) = θ, vL < vH .

Let

v̄ ≡ θvH + (1− θ)vL

denote the mean of this distribution.

Second, consumers can be experienced or inexperienced. Experienced consumers learn

their valuations for the product in period 1. There are ne of them.2 Inexperienced consumers

learn their valuations only when the product becomes available in period 2. The number of

inexperienced consumers, Ni, is unknown to the retailer. Specifically, I assume that Ni is a

normally distributed random variable with the mean ni and the variance σ2i :

Ni ∼ N
(
ni, σ

2
i

)
.

Let Fi(·) denote the cumulative distribution function of N
(
ni, σ

2
i

)
and Φ(·) the cumulative

distribution function of the standard normal distribution. Hence,

Fi(Ni) = Φ

(
Ni − ni
σi

)
.

I will further assume that the probability of a negative number of inexperienced consumers is

negligible, Fi(0) ≈ 0, or, equivalently, Φ(−ni/σi) = 1−Φ(ni/σi) ≈ 0. That is, the ratio ni/σi
is sufficiently large. This technical assumption is common in the literature. See, for example, Li

and Zhang (2013).

The retailer decides how much to produce after observing the number of pre-orders, D1, at

the end of period 1. (He cannot replenish inventory during the regular selling season.) Thus, the

retailer’s quantity choice isQ = D1 +q, whereD1 units of the product fulfill the pre-orders and

q units are produced for the (stochastic) second-period demand, denoted by D2. The marginal

production cost is c. For each unsold unit at the end of period 2 the retailer gets its salvage value
2Experienced consumers can be taken as those who have purchased previous versions of the product in the past,

so they know their willingness to pay for the new version of the product.
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time
period 1 period 2

• all experienced consumers
learn their valuations

• the retailer announces
PG/NPG policy and p1

• some consumers pre-order
at price p1

• the retailer observes pre-orders
D1 and updates his forecast of
second-period demand D2

• the retailer producers Q = D1 + q

• all inexperienced consumers
learn their valuations

• the retailer announces p2 and
under PG refunds the price
difference for pre-orders if p2 < p1

• some consumers purchase
at price p2

• product delivery takes place

• unsold units are salvaged

Figure 1: Timeline of the model

s. I assume s < c < vL.

Let p1 and p2 denote the prices in the advance and regular selling seasons, respectively.

If the retailer announces pre-order price guarantee, he must refund the price difference for the

pre-orders when p2 < p1. I assume there are no hassle costs associated with processing price

refunds. I will use the notation “PG” for the price guarantee policy and “NPG” to indicate the

absence of it.

Figure 1 displays the timeline of the model. At the beginning of period 1 all experienced

consumers learn their valuations. The retailer announces his pricing policy, PG or NPG, and the

advance selling price p1. Each consumer decides whether to pre-order the product. At the end of

period 1 the retailer observes the number of pre-orders D1, updates his forecast of the second-

period demand D2 and chooses his production quantity Q. At the beginning of period 2 all

inexperienced consumers learn their valuations. The retailer announces the regular selling price

p2. Under PG policy, if p2 < p1 all pre-orders automatically receive internal price matching.

Those consumers who did not pre-order the product decide whether to purchase it at price p2.

The product is delivered at the end of period 2. Unsold units are salvaged.

All consumers are assumed to be strategic in my model. They compare the options of

ordering in advance and of waiting until the regular selling season. If a consumer waits until

period 2, he/she faces the risk that the product will be out of stock. I follow Cachon and Swinney

(2009) and Li and Zhang (2013) and assume that a consumer believes that half of the consumers

remaining in the market in period 2 will get the product before him/her. That is, if we let η

denote the stock-out probability, then

η = Prob

(
1

2
D2 > q

)
. (1)
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In the equilibrium analysis that follows I will assume, without loss of generality, that when-

ever a consumer is indifferent between purchasing and not purchasing the product, he/she pur-

chases the product, and whenever a consumer is indifferent between pre-ordering the product or

waiting until period 2, he/she pre-orders the product.

4 When Price Guarantee is not Offered

I will start the equilibrium analysis with NPG policy. That is, the retailer does not offer con-

sumers price guarantee. Only two prices can be optimal in period 2, vL and vH . Indeed, if the

retailer chooses p2 ∈ (vL, vH), he reduces the price margin but attracts the same number of

consumers as at p2 = vH .

In period 1 there are three types of consumers: experienced consumers with high valuations,

experienced consumers with low valuations, and inexperienced consumers. Below I show that

experienced consumers with high valuations have the most incentives to pre-order the product

and experienced consumers with low valuations – the least.

When a consumer decides whether to pre-order the product or wait until period 2, he/she

considers the pre-order price p1, the probability α that the retailer sets the second-period price

to vL, and the probability η that the product will be out of stock. Specifically, experienced

consumers with v = vH pre-order the product if and only if their payoff from doing so is no

lower than their expected payoff from waiting until the regular selling season:

vH − p1 ≥ (1− η)α(vH − vL),

or

p1 ≤ p̂1H ≡ vH − (1− η)α(vH − vL). (2)

Experienced consumers with v = vL pre-order the product if and only if

vL − p1 ≥ 0,

or

p1 ≤ p̂1L ≡ vL. (3)

Finally, inexperienced consumers pre-order the product if and only if

v̄ − p1 ≥ (1− η)αθ(vH − vL),
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or

p1 ≤ p̂1 ≡ v̄ − (1− η)αθ(vH − vL). (4)

It is straightforward to show that for any p1, α ∈ [0, 1], and η ∈ [0, 1]

p̂1L ≤ p̂1 ≤ p̂1H .

Therefore, we have the following result.

Lemma 1 (Consumer incentives to pre-order the product). Experienced consumers with high

valuations have the most incentives to pre-order the product, followed by inexperienced con-

sumers, followed by experienced consumers with low valuations.

Lemma 1 immediately implies four purchasing patterns consistent with equilibrium behav-

ior: (A) all consumers pre-order the product, (B) all inexperienced consumers and experienced

consumers with v = vH pre-order the product, (C) only experienced consumers with v = vH

pre-order the product, and (D) all consumers wait until period 2. Case D is payoff-equivalent to

selling the product only in period 2.

Case A

In case A no consumer waits until period 2, so the retailer produces Q = D1. The prices

p1 = vL and p2 = vH induce all consumers to pre-order the product. The retailer’s expected

profit is

ΠA = (vL − c) E[(ne +Ni)] = (vL − c)(ne + ni).

Case B

Now consider case B. Since only experienced consumers with v = vL wait until period 2, the

retailer should charge p2 = vL. The second-period demand D2 = (1 − θ)ne. Therefore, the

retailer should produce Q = D1 + (1 − θ)ne. The stock-out probability, defined in (1), equals

zero:

η = Prob

(
1

2
D2 > (1− θ)ne

)
= 0.

The highest p1 that leads to the purchasing behavior in case B is p̂1. Substituting α = 1 and

η = 0 into (4) yields

p̂1 = v̄ − θ(vH − vL) = vL.
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The retailer’s expected profit is

ΠB = (vL − c) E[(θne +Ni)]︸ ︷︷ ︸
period 1

+ (vL − c)(1− θ)ne︸ ︷︷ ︸
period 2

= (vL − c)(ne + ni).

It is the same as in case A.

Case C

Next, consider case C. The pool of consumers who wait until period 2 consists of experienced

consumers with v = vL and inexperienced consumers. Which price – vL or vH – should the

retailer charge in period 2? In contrast to cases A and B, under both prices the second-period

demand D2 is stochastic. If the retailer produces q units of the product for period 2, then

min{q,D2} units are sold and (q − D2)
+ are salvaged. The retailer’s expected profit from

period 2, denoted by π, is

π(q) = p2 E[min{q,D2}] + sE[(q −D2)
+]− cq. (5)

The problem of maximizing (5) is known as the Newsvendor problem by analogy with the

situation faced by an owner of a newsstand. The owner has to decide how many copies of the

day’s paper to stock before observing the demand, knowing that unsold copies become worthless

by the end of the day.

Since E[min{q,D2}] = D2 − (D2 − q)+, π(q) can be written as

π(q) = (p2 − c) E[D2]−G(q),

where

G(q) = (p2 − c) E
[
(D2 − q)+

]
+ (c− s) E

[
(q −D2)

+
]
≥ 0.

It is convenient to think of p2 − c as the per unit underage cost and of c − s as the per unit

overage cost. The problem of maximizing π(q) is equivalent to the problem of minimizing the

expected underage and overage cost G(q). The first-order condition, derived in Gallego (1995),

is

Prob(D2 ≤ q∗) = β, (6)

where

β ≡ p2 − c
p2 − s

.

It is straightforward to show that q∗ selected this way increases in the per unit underage cost and
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decreases in the per unit overage cost.

If p2 = vL, then D2 = (1 − θ)ne + Ni, where Ni ∼ N
(
ni, σ

2
i

)
. Hence, D2 is normally

distributed with the mean (1− θ)ne +ni and the variance σ2i . From the first-order condition (6)

we obtain

q∗(vL) = (1− θ)ne + ni + σizβL (7)

and

π∗(vL) ≡ π(q∗(vL)) = (vL − c)((1− θ)ne + ni)− (vL − s)σiφ(zβL), (8)

where

βL ≡
vL − c
vL − s

and zβL is the βL-th percentile of the standard normal distribution,

zβL ≡ Φ−1(βL).

See Appendix for the derivations of (7) and (8).

If p2 = vH , then D2 = θNi. (Only inexperienced consumers whose valuations turn out to

be high will purchase the product.) Hence, D2 is normally distributed with the mean θni and

the variance θ2σ2i . Thus, we have

q∗(vH) = θni + θσizβH (9)

and

π∗(vH) ≡ π(q∗(vH)) = (vH − c)θni − (vH − s)θσiφ(zβH ), (10)

where

βH ≡
vH − c
vH − s

and zβH is the βH -th percentile of the standard normal distribution. See Appendix for the

derivations of (9) and (10).3

Now we can answer the question posed earlier: Which price – vL or vH – should the retailer

charge in period 2? It is easy to see that π∗(vL) > π∗(vH) when

θ < θ̂ ≡ (vL − c)(ne + ni)− (vL − s)σiφ(zβL)

(vL − c)ne + (vH − c)ni − (vH − s)σiφ(zβH )
. (11)

If θ satisfies this condition, the retailer optimally charges p2 = vL. The stock-out probability in
3Here, the technical assumption Fi(0) ≈ 0 translates into σi/ni > max {φ(zβL)/βL, φ(zβH )/βH}. See

Appendix for the details.
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this case equals

η∗(vL) = Prob

(
1

2
D2 > q∗(vL)

)
= Prob

(
1

2
((1− θ)ne +Ni) > (1− θ)ne + ni + zβLσi

)
= 1− Φ

(
(1− θ)ne + ni + 2zβLσi

σi

)
. (12)

It is easy to see that η∗(vL) increases in θ and in σi, and decreases in βL. By (2), the highest p1
that leads to the purchasing behavior in case C is

p̂1H = vH − (1− η∗(vL))(vH − vL) = vL + η∗(vL)(vH − vL).

The retailer’s total expected profit is, therefore,

ΠC = (vL + η∗(vL)(vH − vL)− c)θne︸ ︷︷ ︸
period 1

+ π∗(vL)︸ ︷︷ ︸
period 2

= (vL − c)(ne + ni) + η∗(vL)(vH − vL)θne − (vL − s)σiφ(zβL).

When θ > θ̂, the retailer optimally sets p2 to vH . Because α = 0, the highest p1 that leads

to case C is

p̂1H = vH .

The retailer’s total expected profit is

ΠC = (vH − c)θne︸ ︷︷ ︸
period 1

+π∗(vH)︸ ︷︷ ︸
period 2

= (vH − c)θ(ne + ni)− (vH − s)θσiφ(zβH ).

Case D

Finally consider case D, in which all consumers wait until the regular selling season. Any

p1 > vH will lead to this purchasing behavior. Case D is payoff-equivalent to spot selling (SS),

that is, the retailer sells the product in period 2 only.

If p2 = vL, then D2 = ne +Ni. The mean of D2 is ne + ni and the variance is σ2i . Hence,

the retailer should produce Q = ne + ni + σizβL . His expected profit is

ΠD = (vL − c)(ne + ni)− (vL − s)σiφ(zβL).
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It is lower than in case A.

If p2 = vH , thenD2 = θ (ne +Ni). The mean ofD2 is θ(ne+ni) and the variance is θ2σ2i ,

so the retailer’s optimal production quantity is Q = θ(ne +ni) + θσizβH . His expected profit is

ΠD = (vH − c)θ(ne + ni)− (vH − s)θσiφ(zβH ).

It is the same as in case C, θ > θ̂.

The above analysis of cases A through D serves as a proof to the following lemma.

Lemma 2 (Pricing strategies under NPG policy). Under NPG policy the retailer will choose

one from the following list of pricing strategies:

(NPG1) Set p1 = vL and p2 = vH . All consumers pre-order the product. The retailer’s

expected profit is

Π = (vL − c)(ne + ni).

(NPG2) This pricing strategy can be implemented by the retailer when θ < θ̂, where θ̂ is given

in (11). Set p1 = vL + η∗(vL)(vH − vL) and p2 = vL. Experienced consumers with

v = vH pre-order the product, while the rest of consumers purchase the product in period

2 (provided it is in stock). The retailer’s expected profit is

Π = (vL − c)(ne + ni) + η∗(vL)(vH − vL)θne − (vL − s)σiφ(zβL),

where η∗(vL) is given in (12).

(SS) Sell the product only in period 2. Set p2 = vH . Consumers with v = vH purchase the

product (provided it is in stock). The retailer’s expected profit is

Π = (vH − c)θ(ne + ni)− (vH − s)θσiφ(zβH ).

Under strategy NPG1 all consumers pre-order the product, as it is offered at a deep discount:

p2 = vL < p1 = vH . In contrast, strategy NPG2 corresponds to advance selling at a premium,

which experienced consumers with v = vH are willing to pay to avoid the risk of facing a

stock-out.

It is straightforward to verify that strategy NPG1 maximizes the seller’s expected payoff

when θ is sufficiently close to zero. For higher values of θ each of the three strategies can be

profit-maximizing. (Note that strategy NPG2 cannot be implemented when θ > θ̂.)
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5 Price Guarantee Policy

PG policy differs from NPG policy in cases B and C, where sales are positive in both periods. I

analyze these two cases below.

Case B

Recall that in case B inexperienced consumers and experienced consumers with v = vH pre-

order the product. Under PG policy, inexperienced consumers are willing to pay up to v̄ in

period 1, as they will get a refund if the price drops in period 2. Experienced consumers with

v = vH are willing to pay up to vH in period 1. Therefore, the highest p1 that leads to the

purchasing behavior in case B is p1 = v̄.

At the end of period 1 the retailer observes D1 = θne + Ni, hence learns Ni. Which price

– vL or vH – should the retailer charge in period 2? If p2 = vL, then D2 = (1 − θ)ne, so the

retailer should produce Q = D1 + (1− θ)ne. Since p2 = vL < p1 = v̄, the retailer refunds the

price difference for the pre-orders. His profit is

ΠB(vL|Ni) = (v̄ − c) (θne +Ni)︸ ︷︷ ︸
period 1

− (v̄ − vL) (θne +Ni)︸ ︷︷ ︸
refund

+ (vL − c)(1− θ)ne︸ ︷︷ ︸
period 2

= (vL − c) (ne +Ni) .

Charging p2 = vH saves the retailer the refund amount of (v̄ − vL) (θne +Ni). However,

the retailer forgoes the profit from experienced consumers with v = vL, (vL− c)(1− θ)ne. His

profit is

ΠB(vH |Ni) = (v̄ − c) (θne +Ni)

in this case. Thus, the retailer should charge p2 = vL whenever

ΠB(vL|Ni) > ΠB(vH |Ni), (13)

otherwise, he should charge p2 = vH . The condition (13) is equivalent to

Ni < N̂i ≡
(1− θ)(vL − c)− θ2(vH − vL)

θ(vH − vL)
ne (14)

and

θ < θ̃ ≡ −(vL − c) +
√

(vL − c)2 + 4(vH − vL)(vL − c)
2(vH − vL)

. (15)

See Appendix for the derivations of (14) and (15).
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Therefore, when θ < θ̃ the retailer conditions his price in period 2 on the realization of Ni,

which he learns from the first-period demand D1. Specifically, the retailer charges p2 = vL and

refunds the price difference if Ni < N̂i. Otherwise, he charges p2 = vH . His expected profit is

ΠB = E [max {ΠB(vL|Ni),ΠB(vH |Ni)}]
= E [max {(vL − c) (ne +Ni) , (v̄ − c) (θne +Ni)}] .

When θ > θ̃, the retailer charges p2 = vH , and his expected profit is

ΠB = E [ΠB(vH |Ni)] = (v̄ − c)(θne + ni).

Case C

In case C only experienced consumers with v = vH pre-order the product. Under PG policy

they are willing to pay up to vH in period 1, as they will get a refund if the price drops in period

2. Hence, the retailer charges p1 = vH .

The first-period demand is D1 = θne. Which price – vL or vH – should the retailer charge

in period 2? If p2 = vL, then D2 = (1 − θ)ne + Ni, so the retailer produces Q = D1 + (1 −
θ)ne + ni + σizβL . Since p2 = vL < p1 = vH , the retailer refunds the price difference for the

pre-orders. His expected profit is

ΠC(vL) = (vH − c)θne︸ ︷︷ ︸
period 1

− (vH − vL)θne︸ ︷︷ ︸
refund

+ (vL − c)((1− θ)ne + ni)− (vL − s)σiφ(zβL)︸ ︷︷ ︸
period 2

= (vL − c)(ne + ni)− (vL − s)σiφ(zβL).

It is lower than in case A.

If p2 = vH , D2 = θNi, so the retailer produces Q = D1 + θni + θσizβH . His expected

profit is

ΠC(vH) = (vH − c)θne︸ ︷︷ ︸
period 1

+ (vH − c)θni − (vH − s)θσiφ(zβH )︸ ︷︷ ︸
period 2

= (vH − c)θ(ne + ni)− (vH − s)θσiφ(zβH ).

It is the same as spot selling at p2 = vH (case D).

Thus, we have the following lemma.

Lemma 3 (Pricing strategies under PG policy). Under PG policy the retailer will choose one

from the following list of pricing strategies:
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(PG1) This pricing strategy can be implemented by the retailer when θ < θ̃, where θ̃ is given in

(15). Set p1 = v̄ and announce PG policy. All inexperienced consumers and experienced

consumers with v = vH pre-order the product. After observing D1 (hence, Ni), set

p2 = vL and refund the price difference if Ni < N̂i (experienced consumers with v = vL

purchase the product in period 2), where N̂i is given in (14); set p2 = vH if otherwise (no

consumer purchases the product in period 2). The retailer’s expected profit is

Π = E [max {(vL − c) (ne +Ni) , (v̄ − c) (θne +Ni)}] .

(PG2) This pricing strategy can be implemented by the retailer when θ > θ̃. Set p1 = v̄

and announce PG policy. All inexperienced consumers and experienced consumers with

v = vH pre-order the product. Set p2 = vH . No consumer purchases the product in

period 2. The retailer’s expected profit is

Π = (v̄ − c)(θne + ni).

(SS) Sell the product only in period 2. Set p2 = vH . Consumers with v = vH purchase the

product (provided it is in stock). The retailer’s expected profit is

Π = (vH − c)θ(ne + ni)− (vH − s)θσiφ(zβH ).

In the analysis that follows it will be convenient to present strategies PG1 (θ < θ̃) and PG2

(θ > θ̃) as one strategy:

(PG12) Set p1 = v̄ and announce PG policy. All inexperienced consumers and experienced

consumers with v = vH pre-order the product. After observing D1 (hence, Ni), set

p2 = vL and refund the price difference if

(vL − c) (ne +Ni) > (v̄ − c) (θne +Ni)

(experienced consumers with v = vL purchase the product in period 2); set p2 = vH if

otherwise (no consumer purchases the product in period 2). The resulting expected profit

equals

Π = E [max {(vL − c) (ne +Ni) , (v̄ − c) (θne +Ni)}] .

Obviously, strategy PG12 dominates strategy NPG1. This is because it allows the retailer to

learn Ni and use this knowledge when choosing between two options. The first is to decrease

the price in the regular selling season to p2 = vL. All consumers will end up paying vL for
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the product. This option is payoff-equivalent to strategy NPG1. The second option is not to

decrease the price. Inexperienced consumers and experienced consumers with v = vH pay v̄,

while experienced consumers with v = vL do not purchase the product. This option results in a

higher payoff if the realization ofNi exceeds the threshold N̂i. Since the probability ofNi > N̂i

is positive, strategy PG12 yields a higher expected profit than strategy NPG1.

6 Optimal Pricing Strategy

In this section we complete equilibrium analysis by determining which of the four pricing strate-

gies – NPG2, PG1, PG2, or SS – maximizes the retailer’ expected profit. Proposition 1 shows

that pre-order price guarantee works very well when consumers are less heterogeneous in their

valuations, that is, θ is either close to zero (most consumers have low valuations) or to one (most

consumers have high valuations). When θ is intermediate and the uncertainty about the number

of inexperienced consumers is small, or the fraction of experienced consumers in the population

is high, not offering advance selling may be the retailer’s best strategy.

Proposition 1 (Optimal pricing strategy). The retailer’s optimal pricing strategy is:

(i) PG1 for small values of θ,

(ii) PG2 for large values of θ,

(iii) SS for intermediate values of θ (this region might be empty).

The smaller is the market size uncertainty σi and/or the higher is the ratio of experienced to

inexperienced consumers ne/ni, the more attractive spot selling at price p2 = vH is to the

retailer, increasing the region over which SS is the optimal strategy.

Corollary 1. The retailer is weakly better off by announcing the price guarantee policy than

not:

PG policy � NPG policy.

The proof of Proposition 1 is relegated to Appendix. Strategy NPG2 can never be optimal,

for the following reasons. The advantage of NPG2 is price discrimination: inexperienced con-

sumers and experienced consumers with v = vL pay p2 = vL, while experienced consumers

with v = vH pre-order the product at a higher price,

p1 = vL + η∗(vL)(vH − vL).

17



The drawback is that the Newsvendor problem is real here, because the retailer does not learn

Ni. Specifically, the retailer loses

(vL − s)σiφ(zβL) (16)

because the second-period demand is uncertain. While a decrease in σi reduces (16), which is

good for the retailer, it also decreases η∗(vL), hence p1, which hurts the retailer. The same is

with the salvage value s. As s approaches c, the loss goes to zero (good), but so does η∗(vL)

(bad). It turns out that the changes in the parameters that soften the Newsvendor problem also

decrease the stock-out probability η∗(vL), thus reducing the benefits of price discrimination.

The result that strategy NPG2 can never arise in equilibrium relies on the assumption Ni ∼
N
(
ni, σ

2
i

)
and the definition of the stock-out probability (1). If consumers were more pes-

simistic about their chances of getting the product in the regular selling season, then η∗(vL)

would be closer to one, increasing the profitability of strategy NPG2. Suppose, for example,

that each consumer believes that all consumers remaining in the market in period 2 will get the

product before him/her, that is,

η = Prob (D2 > q) .

By the first-order condition (6), the new η∗(vL) equals 1 − βL. Now, a decrease in σi reduces

(16), but does not affect η∗(vL). It is easy to show that for some parameter configurations strat-

egy NPG2 dominates both PG12 and SS, hence becomes the optimal strategy. Thus, Corollary

1 has limited applicability.

7 Price Commitment

In this section we assume that the retailer is able to commit to a price schedule p1, p2 in ad-

vance.4 The main question is: Will the retailer choose to commit to a price schedule in equilib-

rium?

The price commitment setting (PC) differs from NPG policy in cases B and C. In case B the

retailer can get

ΠB = (vL − c)(ne + ni)

by committing to the price schedule p1 = vL, p2 = vL. If the retailer sets p2 to vH , then the

highest p1 that leads to the purchasing behavior in case B is

p̂1 = v̄.

4Several theoretical papers on advance selling discussed in Section 2 (Zhao and Stecke, 2010, Nocke, Peitz, and
Rosar, 2011, Prasad, Stecke, and Zhao, 2011, and Chu and Zhang, 2011) assume that the seller announces both p1
and p2 in the advance selling season.
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Thus, the price schedule p1 = v̄, p2 = vH yields the expected profit of

ΠB = (v̄ − c)(θne + ni). (17)

Note that this payoff was not possible under NPG policy.

Now consider case C. The difference between PC setting and NPG policy is that both ex-

pected profits

ΠC = (vL − c)(ne + ni) + ηL(vH − vL)θne − (vL − s)σiφ(zβL)

and

ΠC = (vH − c)θ(ne + ni)− (vH − s)θσiφ(zβH )

can be obtained by the retailer (i.e., there are no restrictions on θ). Thus, we conclude that the

retailer is weakly better off committing to a price schedule p1, p2 than not:

PC setting � NPG policy. (18)

Let us now compare the payoffs that can be obtained in the price commitment setting with

those under pre-order price guarantee. First, observe that committing to the price schedule

p1 = v̄, p2 = vH with the expected profit (17) is payoff-equivalent to strategy PG2. Thus, we

arrive to an important result: In some situations, the price guarantee policy acts as a commitment

device not to decrease the price in the regular selling season.

Second, it can be shown that removing the constraint θ < θ̃ from NPG2 strategy still does

not change the results of Proposition 1. Hence, the retailer is weakly better off announcing the

price guarantee policy than committing to a price schedule:

PG policy � PC setting. (19)

Let me follow up with the remark that was made at the end of the previous section. If

the stock-out probability were defined as η = Prob (D2 > q), then the ability of the retailer to

commit to a price schedule increases the chances of strategy NPG2 being optimal. The following

strategy should thus be added to the retailer’s list of potentially optimal strategies:

(PC) Set p1 = vL + η∗(vL)(vH − vL) and p2 = vL. Experienced consumers with v = vH pre-

order the product, while the rest of consumers purchase the product in period 2 (provided

it is in stock). The retailer’s expected profit is

Π = (vL − c)(ne + ni) + η∗(vL)(vH − vL)θne − (vL − s)σiφ(zβL),
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where η∗(vL) = 1− βL.

While the ordering in (18) is robust to various definitions of the stock-out probability, the order-

ing in (19) is not.

8 Concluding Remarks

In this paper I developed a framework to analyze the profit-maximizing strategy that a seller of

a new to-be released product may adopt. I determined the conditions under which the retailer

should implement advance selling and whether he should offer pre-order price guarantee. Mar-

ket size uncertainty, consumer valuation uncertainty, and consumer heterogeneity in terms of

experience are central to my model. If, for example, there were no experienced consumers, then

the price guarantee policy will lose its value for the retailer.5 Without market size uncertainty,

advance selling price premiums will never arise in equilibrium.

Comparing the maximum profits that the retailer can get with and without pre-order price

guarantee, I showed that the former is (weakly) higher than the latter. Under the price guarantee

policy the retailer becomes more reluctant to cut the price in the regular selling season, as he

faces refund obligations. This, in turn, stimulates consumer incentives to pre-order the product.

The following question arises: How close pre-order price guarantee can get the retailer

to the price commitment profit? In contrast to the Coase conjecture (Coase, 1972, and Gul,

Sonnenschein, and Wilson, 1986), I found that the retailer is (weakly) better off announcing

pre-order price guarantee than committing to a price schedule in advance. I did not expect this

result when I started working on this project. The intuition behind it is that price commitment

does not have the flexibility of pre-order price guarantee. Because in my model learning by the

retailer occurs between the advance and regular selling seasons, it becomes valuable for him to

be able to react to the new information by either increasing or decreasing the price.

It is important to note that the results of the present paper were derived under the assumption

that there are no hassle costs to process refunds under the price guarantee policy. Introduction of

these costs into the model will decrease the attractiveness of the price guarantee policy, affecting

the retailer’s choice of the profit-maximizing strategy.
5It is straightforward to show that in the absence of experienced consumers the retailer’s optimal pricing strategy

is to sell the product to all consumers in the advance selling season for p1 = v̄, which results in the expected profit
of (v̄ − c)ni.

20



Appendix

Derivations of (7), (8), (9) and (10):

The solution to the Newsvendor Problem for a normally distributed demand has been provided

in Gallego (1995). With D2 ∼ N
(
µ, σ2

)
, (6) becomes

Φ

(
q∗ − µ
σ

)
= β,

or
q∗ − µ
σ

= zβ,

hence

q∗ = µ+ σzβ.

Straightforward but tedious algebra reveals

π(q∗) = (p2 − c)µ− (p2 − s)σφ(zβ).

Substituting p2 = vL, µ = (1 − θ)ne + ni and σ = σi into the above expressions for q∗ and

π(q∗) yields (7) and (8). Substituting p2 = vH , µ = θni and σ = θσi yields (9) and (10).

The technical assumption Fi(0) ≈ 0 takes a more specific form here. Obviously, π∗(vL)

must exceed the retailer’s profit from period 2 if he just produces the non-random part of D2,

q = (1− θ)ne:

π∗(vL) = (vL − c)((1− θ)ne + ni)− (vL − s)σiφ(zβL) > (vL − c)(1− θ)ne,

(vL − c)ni − (vL − s)σiφ(zβL) > 0,

or
σi
ni
>
φ(zβL)

βL
.

Similarly, π∗(vH) must exceed the retailer’s profit from period 2 if he produces q = 0:

π∗(vH) = (vH − c)θni − (vH − s)θσiφ(zβH ) > 0,

or
σi
ni
>
φ(zβH )

βH
.
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Derivations of (14) and (15):

The condition (13) can be written as

(v̄ − vL) (θne +Ni) < (vL − c)(1− θ)ne,

or

θ(vH − vL)(θne +Ne) < (vL − c)(1− θ),

Ni <
(1− θ)(vL − c)− θ2(vH − vL)

θ(vH − vL)
ne.

The numerator is a quadratic with respect to θ. The equation

(1− θ)(vL − c)− θ2(vH − vL) = 0

has two roots, one of which is negative and the other is

−(vL − c) +
√

(vL − c)2 + 4(vH − vL)(vL − c)
2(vH − vL)

∈ (0, 1).

Hence, the left-hand side of the above inequality is positive if and only if

θ <
−(vL − c) +

√
(vL − c)2 + 4(vH − vL)(vL − c)

2(vH − vL)
.

Proof of Proposition 1

It is easy to verify that strategy PG1 dominates both NPG2 and SS when θ is sufficiently small.

Indeed, as θ goes to zero, the retailer’s payoff approaches

(vL − c)(ne + ni)− (vL − s)σiφ(zβL)

under NPG2,

(vL − c)(ne + ni)

under PG1, and zero under SS.

Next, we show that PG2 dominates SS when θ is sufficiently large. (NPG2 cannot be im-

plemented by the retailer in this case.) Indeed, as θ goes to one, the retailer’s payoff approaches

(vH − c)(ne + ni)
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under PG2 and

(vH − c)(ne + ni)− (vH − s)σiφ(zβH )

under SS.

It is left to determine the optimal pricing strategy for intermediate values of θ. Below we

show that NPG2 can never be optimal. Suppose vL is high, vL > 2c − s. Then βL > 1/2,

implying zβL > 0. By the assumption Φ(ni/σi) ≈ 1,

η∗(vL) = 1− Φ

(
(1− θ)ne + ni + 2zβLσi

σi

)
≈ 0.

Hence, strategy NPG2 yields

(vL − c)(ne + ni)− (vL − s)σiφ(zβL)

to the retailer, which is, obviously, lower than the payoffs under PG1/PG2. If vL is low, vL ≈ c,
then strategy NPG2 yields

η∗(vL)(vH − c)θne − (vL − s)σiφ(zβL),

while strategy SS yields

(vH − c)θ(ne + ni)− (vH − s)θσiφ(zβH ).

The latter exceeds (vH − c)θne, as σi/ni > φ(zβH )/βH (see footnote 3). Hence, the retailer’s

payoff under strategy SS is higher than under NPG2.

Having eliminated NPG2 from the list of potentially optimal strategies, we show that strat-

egy SS can be optimal. Suppose σi is very small, so the retailer’s payoff under SS approaches

(vH − c)θ(ne + ni).

If we take θ = θ̃ and compare SS and PG2 (PG1 yields the same payoff as PG2 in this case), then

we will see that SS dominates PG2 if the proportion of experienced consumers in the population

is relatively large:

(vH − c)θ̃(ne + ni) > (v̄ − c)(θ̃ne + ni),

or
ne
ni

>
vL − c

θ̃(vH − vL)
.
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