"This is the peer reviewed version of the following article: [Rosato, A. (2016), Selling substitute
goods to loss-averse consumers: limited availability, bargains, and rip-offs. The RAND Journal of
Economics, 47: 709-733. doi:10.1111/1756-2171.12139.], which has been published in final form
at [doi: 10.1111/1756-2171.12139] This article may be used for non-commercial purposes in
accordance with Wiley Terms and Conditions for Self-Archiving."


http://olabout.wiley.com/WileyCDA/Section/id-828039.html#terms

Selling Substitute Goods to Loss-Averse Consumers:

Limited Availability, Bargains and Rip-offs

ANTONIO ROSATO*
Unaversity of Technology Sydney
Antonio.Rosato@uts.edu.au

January 11, 2016

Abstract

This article derives the optimal pricing and product-availability strategies for a retailer selling
two substitute goods to loss-averse consumers and shows that limited-availability sales manipulate
consumers into an ex-ante unfavorable purchase. The seller maximizes profits by raising the con-
sumers’ reference point through a tempting discount on a good available only in limited supply (the
bargain) and cashing in with a high price on the other (the rip-off), which consumers buy if the
bargain is not available in order to reduce their disappointment. The seller might prefer to offer a

deal on the more valuable product, using it as a bait.
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“One of the biggest problems during significant sale days like Black Friday is the deceptive practice of offering
a popular, expensive item for a great sale price, but only stocking a very limited number of these products. This
is somewhat of a bait-and-switch because even if that product is unavailable, you are likely to stay at the store
and take advantage of other, less valuable sales.”

— Denver Better Business Bureau (http://denver.bbb.org)

“Know why they call it “Black Friday?” It isn’t because those sale items push retailers into the “black”
(accounting speak for profitability). Those sale items are almost always loss leaders — items sold at a loss in
order to lure you into the store in the hope you’ll buy other, more profitable items. What really pushes retailers
into the black are the profitable items you buy because you showed up at 4am and everything you hoped to buy
was sold out and you HAD to buy SOMETHING.”

— The Wisdom Journal (http://www.thewisdomjournal.com/Blog/beware-of-black-friday-bait-and-switch)

1 Introduction

Retailers often offer deals to attract consumers. In many cases, these deals apply only to selected
products and are subject to “limited availability”. Stores, for example, might advertise deals that are
valid only “while supplies last,” or they might offer price reductions on sale items only to the very first
customers of the day. Consider, for instance, the deals that retailers offer on Black Friday, the day
following American Thanksgiving, which marks the beginning of the Christmas shopping season in the
US. As described by the opening quotes, on Black Friday retailers offer limited quantities of a popular,
expensive product for a great sale price, but at the same time they have large stocks of other similar,
substitute products available for a much higher price.! Why, then, do stores discount only a few items
heavily, and what is the reason for the dispersion, within the same store, in the price of similar goods?
How do stores select which products to offer for a discount?

Traditional models of sales based on search costs are not well-equipped to answer these questions,
as they mainly focus on price dispersion by single-product retailers either across venues (as in Salop
and Stiglitz, 1977) or time (as in Varian, 1980), but do not look at product availability and within-store
price dispersion across similar items.?

In this article, I develop a model of bait-and-switch in which a retailer offers limited-availability
bargains to exploit consumers’ loss-aversion and induce them to make an ex-ante unfavorable purchase.
Specifically, building on Koszegi and Rabin (2006), I assume consumers’ reference point for evaluating
a purchase is given by their recent expectations about the purchase itself. With such preferences,
expectations about price and likelihood of a purchase affect a consumer’s willingness to pay for a good.
For example, if a consumer expects to buy with high probability, he experiences a loss if he fails to

buy. This, in turn, increases his willingness to pay. On the other hand, compared to the possibility

'Besides Black Friday, other examples of limited-availability sales in the U.S. are: (i) Cyber Monday, the first Monday
after Thanksgiving Day, which mainly pertains to online shopping; (ii) Back-to-School Sales taking place at the end of
summer; and (iii) the The Running of the Brides, a one-day sale of wedding gowns. Moreover, many big national retailers,
like Target and Toys R Us, have begun to hold Black Friday-style sales during the summer as well.

2Rhodes (2015) and Zhou (2014) study multi-product search models when goods are complements. In Konishi and
Sandfort (2002), a multi-product store can increase its profits by discounting only some of its products, even when they
are substitutes. However, consumers in their model shop for a “search good” and they learn their tastes only once they
arrive at the store.



of getting a deal, paying a high price feels like a loss, which in turn decreases his willingness to pay.
Because expectations about price and own future behavior are the reference point, the reference point is
endogenously determined by imposing rational expectations: the (possibly stochastic) outcome implied
by optimizing behavior conditional on expectations coincides with the agent’s expectations.

The main contribution of the paper is to show that when two goods have similar value, the profit-
maximizing strategy for the retailer is to offer a limited-availability deal on one good and extract
consumer surplus via a high price on the other. Consumers perceive this deal as equivalent to a lottery
over which good they will purchase and what price they will pay. The price of the good on sale (the
bargain) is chosen such that it is not credible that consumers would not to buy it. Thus, the limited-
availability deal works as a bait in luring consumers into the store.? Then, because consumers expect to
make a deal with positive probability and dislike uncertainty in consumption outcomes, if the bargain
is unavailable they prefer to buy the substitute good, even at a higher price (the rip-off). In other
words, consumers go to the store enticed by the possibility of the bargain, but if it is not there they buy
a substitute good as a means of reducing their disappointment.* For this strategy to be effective, it is
crucial that the bargain is available only in limited supply. In choosing the degree of availability, the
seller faces the following trade-off. On the one hand, a high availability of the bargain makes consumers
more attached to the idea of buying and this allows the seller to charge a higher price for the rip-off.
On the other hand, a high availability of the bargain necessarily means less sales of the rip-off. Hence,
when choosing the availability of the bargain the seller optimally balances these two effects.

According to current FTC regulation, it is not a bait-and-switch if the store communicates up-front
that availability is limited.> Nevertheless, the popular press and various consumer associations perceive
limited-availability deals to be exploitative, suggesting that among the consumers who chase such deals,
some fulfill their goal and get a bargain while others, however, might instead buy a different and often
not-on-sale item.® By assuming that the seller publicly announces (and commits to) availability, my
model considers the most favorable environment for consumers not to be exploited by a bait-and-switch
strategy; yet I show that from an ex-ante perspective, i.e. before the reference point is formed, they
would be better off committing to never buying rather than following their equilibrium strategy of
buying the expensive substitute. This happens because with expectations-based reference-dependent
preferences the seller can manipulate consumers’ participation constraint with her own strategy. The
intuition is as follows: if a consumer expects to find a product he likes available for a very low price, he
will plan to definitely buy it if available. This attachment, however, changes his reference point. If the
store runs out of the bargain, but has a substitute available for a higher price, the consumer must now
choose between a loss of money from paying a higher price and a loss of consumption from returning

home empty-handed. While, in equilibrium, buying the expensive substitute is indeed the best response

3Indeed, in Black Friday jargon these deals are called “doorbusters.”

4Because of loss aversion, consumers are willing to pay a premium in order to reduce the feeling of loss resulting
from not getting the bargain. This is in contrast to models with overconfident or naive consumers, as in DellaVigna and
Malmendier (2004), Eliaz and Spiegler (2006, 2008, 2011), Gabaix and Laibson (2006) and Grubb (2009).

5The current FTC Guides Against Bait Advertising require retailers “to have available at all outlets listed in the adver-
tisement a sufficient quantity of the advertised product to meet reasonably anticipated demands, unless the advertisement
clearly and adequately discloses that supply is limited” (16 C.F.R. Part 238.3).

SEmpirical studies in marketing and psychology show that consumers are likely to buy substitute items if their preferred
product is out of stock, and even more so if the product they were planning to buy was on sale or if the seller had announced
up-front that quantities were limited. I review the evidence about consumers’ response to stockouts in Section 2.



to his expectations, it is still worse than if he could have prevented the feeling of loss by avoiding the
expectation of getting the bargain in the first place. Hence, even though with some probability they
get a good deal, on average consumers are hurt by limited-availability bargain sales. Thus, the current
FTC Guides Against Bait Advertising, by allowing stores to credibly announce that they have limited
supplies for bargain items, might have the perverse effect of reducing consumers’ welfare.

I also show that despite the products being substitutes, loss aversion endogenously induces a pos-
itive demand spillover so that the higher a consumer’s intrinsic valuation for a product, the higher is
his willingness to pay for a substitute of that product. Furthermore, if the goods are vertically differ-
entiated, the seller may use the more valuable product as the bargain. This may, at first, seem odd,
given that consumers are (intrinsically) willing to pay a higher price for the superior good. Yet, exactly
because consumers value this item more, the possibility of getting it for a bargain makes them feel a
larger loss, in terms of forgone consumption, when this item is not available; hence, they are willing to
pay a lot to avoid (or mitigate) this loss, which, in turn, allows the seller to charge a higher price for
the rip-off. Hence, my model predicts that more valuable products are more likely used as baits.

Another implication of the model is that a seller, in order to effectively induce uncertainty into the
consumers’ plans, may introduce a less socially desirable or, worse, socially wasteful product and hence
that the profit-maximizing product line could differ from the socially optimal one.” Furthermore, the
bargain item can be a “loss leader” (i.e., being priced below cost). Traditional models of consumer
behavior can explain the use of loss leaders for complement goods (see Ambrus and Weinstein, 2008); my
model instead rationalizes the use of loss leaders for substitutes.® With classically assumed reference-
free preferences, the scope for using loss leaders is to increase store traffic; however, for this increase
in store traffic to be profitable, consumers must buy other items in addition to the loss leader. In my
model, instead, loss leaders lure consumers into the store, but their profitability stems from the fact
that, if the seller has run out of the loss-leading product, consumers will buy another item instead of
the loss leader in order to minimize their disappointment. Moreover, while traditional models of loss
leaders (e.g., Hess and Gerstner, 1987 and Lal and Matutes, 1994) suggest that products with lower
reservation prices are more natural candidates to be loss leaders, my model explains the use of highly
valuable products as loss leaders.” This is consistent with the observation that, on Black Friday, Best

Buy offers a below-cost large-screen flat TV to the first ten people who buy one.

Related Literature. This article joins a recent literature on how firms respond to consumer loss
aversion. Heidhues and Koszegi (2008), Karle and Peitz (2014) and Zhou (2011) study the implications
of loss aversion in oligopolistic markets with differentiated products. While these contributions focus
on informative advertising and price dispersion (or lack thereof) across stores, the focus of my paper

instead is on manipulative advertising and within-store price variation.!?

"Klemperer and Padilla (1997) obtain a similar result in an oligopoly model where consumers have classical preferences
and multi-unit demand. For this environment they show that a firm might want to introduce an additional, socially
wasteful variety, because of a profitable business stealing effect.

8In and Wright (2014) propose a theory of loss-leader pricing based on the idea that firms competing & la Bertrand
offer below-cost prices on some items to signal that their other substitute items are not priced too high.

9Kamenica (2008) proposes a model of contextual inference from product lines where a firm may try to manipulate
consumers’ beliefs by introducing premium loss leaders — expensive goods of overly high quality that increase the demand
for other goods.

0Carbajal and Ely (forthcoming) and Hahn et al. (2015) study screening with loss-averse consumers. Karle (2014)



My paper is most related to Heidhues and Koszegi (2014). In their model, a single-product mo-
nopolist maximizes profits by committing to a stochastic price strategy made of low, variable sales
prices and a high, sticky regular price. My paper complements theirs by showing that the intuition
behind their result applies also to price variation across multiple (substitute) goods and further extends
this intuition to derive new results about the inefficiencies that loss aversion creates for the design of
product lines and product development, as well as new predictions about what products stores put
on sale. If the two goods are perfect substitutes and have equal marginal costs, my model coincides
with a special case of theirs in which the monopolist uses a two-price distribution. However, my model
makes clear predictions about the price of the two items and their supply level; whereas in their model,
Heidhues and Koszegi (2014) are unable to characterize the probability of the seller holding a sale and
her non-sale prices. Moreover, in Heidhues and K&szegi (2014) the seller has to be able to commit to an
entire price distribution in advance; in my model, instead, the seller only needs to announce two prices,
one for each good; yet, consumers still face uncertainty in my model because the item on sale is subject
to limited availability. Relatedly, in my model the seller can credibly advertise that she is having a sale
on selected products — as stores often do — whereas in their model the seller can only advertise that
there might be a sale with some probability. Finally, from a purely theoretical perspective, Heidhues
and Koszegi’s (2014) main contribution is to show that it can be profitable for a firm to introduce risk in
an otherwise deterministic environment in order to exploit the time inconsistency of expectations-based
loss-averse agents; yet, previous studies — like Heidhues and Koszegi (2008), Herweg et al. (2010),
Spiegler (2012) and Herweg and Mierendorff (2013) — have shown that it is optimal for firms to insure
loss-averse consumers against exogenous uncertainty. My model is able to reconcile these seemingly
contradicting results by showing that uncertainty in consumption and uncertainty in price are inversely
related. If the products are similar, the seller has more freedom in pricing them apart and maximizes
profits by doing so; if instead the products are very different, the seller wants to reduce consumers’
uncertainty in consumption by pricing them closely.

Within the realm of industrial organization, this paper is closely related to the literature on bait-
and-switch and loss leaders. Lazear (1995) studies a duopoly with differentiated goods in which each
firm produces only one good and derives the conditions for bait-and-switch to be profitable. However,
in his model bait-and-switch is purely false advertising as a firm claims to sell a different good than
the one it actually produces. In my model, instead, the firm is not lying to the consumers but is using
a truthful version of bait-and-switch by endogenously limiting availability. Furthermore, in Lazear
(1995) prices are exogenous whereas in mine they are optimally chosen by the seller. Gerstner and
Hess (1990) present a model of bait-and-switch in which retailers advertise only selected brands, low-
priced advertised brands are understocked and in-store promotions are biased towards more expensive
substitute brands. In their model, like mine, consumers are rational and foresee stockouts. However,
they assume that in-store promotions create a permanent utility boost so that, in equilibrium, some
consumers will switch to more expensive brands. Eliaz and Spiegler (2011) propose a model where
stores compete for consumers’ limited attention by expanding their product lines with “pure attention
grabbers”; that is, loss-leading products whose sole purpose is to attract consumers’ attention to the

other products in the store. Once in the store, a consumer may realize that there is another product

analyzes the advertising strategy of a monopolist selling to loss-averse consumers who are uncertain about their tastes.



that better suits his needs. Thus, differently from my model, a consumer might switch to a product
with a higher margin even if the bargain item is available.

Models of price dispersion under demand uncertainty (Dana, 1999, 2001; Deneckere and Peck,
1995) and buying frenzies (De Graba, 1995; Gilbert and Klemperer, 2000) also show that rationing
consumers through intentional stockouts can be a profitable strategy. However, these models apply
mainly to products that are launched on the market for the first time and for which either the seller or
the consumers cannot predict what the actual demand will be. Yet, goods sold during sales are usually
not appearing on the market for the first time. Moreover, in these models once the true demand state
is revealed, the scope for rationing disappears; in my model, instead, the scope for rationing arises
directly from the consumers’ preferences.

Finally, Thanassoulis (2004) considers a monopolist selling two substitute goods to risk-neutral
consumers with unit demand, and derives conditions such that the optimal tariff includes lotteries. In
my model, when the seller endogenously reduces availability, from the consumers’ point of view this is
equivalent to a lottery. Nevertheless, there are several differences between the models. First, my result
on the optimality of limited-availability deals holds also when consumers are homogeneous, whereas
his result on the optimality of lotteries does not. Second, in his lotteries the uncertainty is only on
the good dimension but not on the price one, whereas in my case it is on both dimensions. Last, in
his model a lottery is offered in addition to each good being offered in isolation with its own posted
price; in my model instead each good is offered in isolation with its own price, but because availability

is limited, consumers are uncertain about what they will purchase.

The paper proceeds as follows. Section 2 briefly summarizes the key empirical evidence on sales
and stockouts. Section 3 describes the model and the solution concept. Section 4 presents the main
result about optimal pricing and availability. Section 5 considers various extensions of the main model.
Section 6 concludes by recapping the results of the model and pointing out some of its limitations as

well as possible avenues for future research.

2 Evidence on Sales and Stock-Outs in Retailing

Sales, in the sense of periodic, temporary price reductions, are a ubiquitous feature of retail pricing
(see Hosken and Reiffen, 2004a and Nakamura and Steinsson, 2008). However, among all the items
supermarkets and other retailers carry, usually only a small fraction each week are offered at a low sale
price and, within categories, retailers seem to systematically place some products on sale more often
than others, with more popular items being more likely to go on sale (Hosken and Reiffen, 2004b).
According to a study by ShopAdvisor, from Nov. 1% through Dec. 24" 2011, the day with the lowest
percentage (46%) of products on sale below their initial holiday season price was indeed Black Friday,
Nov. 25", In fact, Black Friday is also the day on which shoppers begin to see prices spike on selected
items: on Black Friday itself, 24% of the toys on ShopAdvisor’s list were priced above their initial
holiday season price. Chevalier, Kashyap and Rossi (2003) find that the majority of sales are not
caused by changes in wholesale pricing, implying therefore that sales are primarily due to changes in
retailers’ margins.

While not as ubiquitous as sales, stockouts are also prevalent in retailing. Gruen et al. (2002)



report an 8.3% out-of-stock rate worldwide, rising to even 25% for some promoted items. Hess and
Gerstner (1987) sampled two general merchandise stores and found that stockouts occurred more often
for products on sale than for similar products not on sale. Similarly, Taylor and Fawcett (2001)
investigated availability of advertised products for three large national mass merchants, four category
killers involved in the office supplies and electronics subcategories and three retail grocers in the Mid-
West, and found that the stock-out rate for advertised items was twice as high as that of comparable,
non-advertised items. Bils (2004) presents evidence on temporary stockouts for durable consumer goods
using data from the CPI Commodities and Services Survey and finds that from January 1988 to June
2004 the temporary stockout rate averaged between 8.8% and 9.2%.

Several marketing and psychology studies on consumers’ response to product unavailability show
that consumers are often willing to buy substitute items when faced with stockouts. Depending on the
specific characteristics of the product and store under study, the percentage of consumers who is willing
to buy a substitute — within the same store — ranges from 30% to 80%; see, for example, Emmelhainz
et al. (1991), Anupindi et al. (1998), Fitzsimons (2000) and Diels et al. (2013).!' Through a post-
purchase questionnaire, Zinn and Liu (2001) find also that consumers are more likely to leave a store
empty-handed if they are surprised by the stockout; this finding suggests that prior expectations of
product availability may be an important predictor of out-of-stock response. Relatedly, Anderson et
al. (2006) find that consumers are more willing to buy a substitute if the stockout product was on
sale or if limited supplies were announced up-front. Conlon and Mortimer (2011) conducted a field
experiment by exogenously removing top-selling products from a set of vending machines and tracking
subsequent consumer responses. Their results show that most consumers purchase another good when
a top-selling product is removed.'? Moreover, some product removals increased the vendor’s profits as

consumers substituted towards products with higher margins.

3 Model

There is a unit mass of identical consumers whose intrinsic valuation for good i is v;, ¢ = 1,2. Let
v1 > vy > 0. The goods are substitutes and consumers want to buy at most one unit of one good.

Following Koszegi and Rabin (2006), a consumer’s (his) utility function has two components. First,
when buying item ¢ at price p;, a consumer experiences consumption utility v; —p;. Second, a consumer
also derives utility from the comparison of his actual consumption to a reference point given by his
recent expectations (probabilistic beliefs).!> For a riskless consumption outcome (v;,p;) and riskless

expectations (v",p"), a consumer’s total utility is given by

U (vi,pi) | (v, 0")] = vi = pi +p(vi —0") + p (p" — pi) (1)

1 Although product availability is probably more relevant for traditional brick and mortar stores, Jing and Lewis
(2011) and Kim and Lennon (2011) show that limited-availability sales and stockouts pertain to online retailers as well.
Relatedly, Ellison and Ellison (2009) analyze data from Pricewatch, an online price comparison site popular with savvy
computer-parts shoppers and conclude that bait-and-switch is an effective marketing strategy also for online retailers.

21n the field experiment of Conlon and Mortimer (2011), given that the products are snacks, hunger has most likely
played a role in pushing consumers to purchase a substitute product.

3Recent experimental evidence lends support to Koszegi and Rabin (2006)’s model of reference-dependent preferences;
see for instance Abeler et al. (2011), Ericson and Fuster (2011), Gill and Prowse (2012) and Karle et al. (2015).



where

ne if x>0
p(r) = .
nir if <0

is gain-loss utility. The parameter 17 > 0 is the weight a consumer attaches to gain-loss utility, and A > 1
is the coefficient of loss aversion. By positing a constant marginal utility from gains and a constant,
but larger marginal disutility from losses, this formulation captures prospect theory’s (Kahneman and
Tversky, 1979; Tversky and Kahneman, 1991) loss aversion, but without its diminishing sensitivity.'4

According to (1), a consumer assesses gains and losses separately over product’s quality and money.
For instance, if his reference point is that he will not get the product (and thus pay nothing), then he
evaluates getting the product and paying for it as a gain in the product dimension and a loss in the
money dimension rather than as a single gain or loss. This is consistent with much of the experimental
evidence commonly interpreted in terms of loss aversion.'®

Because in many situations expectations are stochastic, Készegi and Rabin (2006) extend the utility
function in (1) to allow for the reference point to be a pair of probability distribution F' = (F", FP) over
the two dimensions of consumption utility. In this case a consumer’s total utility from the outcome

(vi, p;i) can be written as

U l(wip) | (P P = v =i+ [

T

pl= ) dE @)+ [ G- p) AN )
o

In words, when evaluating (v;, p;) a consumer compares it to each possible outcome in the reference
lottery. For example, if he had been expecting to buy good 1 for $15, then buying good 2 for $10 feels
like a loss of v; — vy on the product dimension and a gain of $5 on the money dimension.'® Similarly, if a
consumer had been expecting to buy good 1 for either $10 or $20, then paying $15 for it feels like a loss
of $5 relative to the possibility of paying $10, and like a gain of $5 relative to the possibility of paying
$20. In addition, the weight on the loss (gain) in the overall experience is equal to the probability with
which he had been expecting to pay $10 ($20).

Following Koszegi and Rabin (2006), I assume that beliefs are rational: a consumer correctly antic-
ipates the implications of his plans, and makes the best plan he knows he will carry through. Notice
that any plan of behavior induces some expectations. If, given these expectations, a consumer is not
willing to follow the plan, then he could not have rationally formulated the plan in the first place.
Hence, a credible plan must have the property that it is optimal given the expectations it generates.

Formally, let H € [0, 1]2 X ]R?F denote a consumer’s expectations, induced by the seller’s strategy,
about the availability and the price of each product. Consumers choose one of five possible plans: “never

ey RY A

buy,” “if item 1 is available, buy it; otherwise don’t buy,” “if item 2 is available, buy it; otherwise don’t

bR

buy,” “if item 1 is available, buy it; otherwise buy item 2 (if it is available),

7

and “if item 2 is available,

14K6szegi and Rabin (2006) allow for gain-loss utility to be non-linear to capture diminishing sensitivity. For simplicity,
I only focus on loss aversion.

15This feature can explain the endowment effect observed in many laboratory experiments (see Kahneman et al. 1990,
1991). The common explanation of the endowment effect is that owners feel giving up an object as a painful loss that counts
more than the money they receive in exchange.If gains and losses were defined over the value of the entire transaction,
owners would not be more sensitive to giving up the object than to receiving money in exchange.

18 Therefore, the two goods are substitutes not only in the usual sense, but also in the sense of being evaluated along
the same hedonic dimension.



buy it; otherwise buy item 1 (if it is available).” Let o : H — {{@},{1,2},{2,2},{1,2},{2,1}}
denote a consumer’s plan and let I'yy , be the distribution over final consumption outcomes induced
jointly by H and o. In a personal equilibrium the behavior generating expectations must be optimal

given the expectations:

Definition 1 o is a Personal Equilibrium (PE) if, for each possible realization of availability of the
goods,
U[O‘|FH7U] >U [O'/|FH,U]

for any o' # o.

If there exist multiple personal equilibria, a consumer selects the one that maximizes his expected

utility from an ex-ante perspective:

Definition 2 o is a Preferred Personal Equilibrium (PPE) if it is a PE and
EUry, 0|Ths] > EUr, , [0/
for any o’ such that o’ is a PE.

The seller (she) is a monopolist. The marginal cost of product i is ¢; > 0, ¢ = 1,2. There are
no fixed costs. Let ¢* (H) denote consumers’ PPE for a given choice of prices and availability by the
seller. Correctly anticipating how her strategy affects consumers’ plans, the seller chooses the price

pair (p1,p2) € R2 and quantity pair (¢, ¢2) € [0, 1] that solve the following maximization problem:

max 7 (p1,P2,q1,q2;¢1,¢2) = q1 (p1 — ¢1) + g2 (P2 — ¢2)
q1,92,pP1,P2

st. BUry . (0" (H) T o)) > EUr, , [0'Crgr] -

For i = 1,2, if ¢; < 1, then good 7 is subject to “limited availability” so that only a fraction ¢; of the
consumers can purchase it. I assume that, in the event of a stockout, rationing is proportional: each
consumer has the same ex-ante probability of obtaining the good, which is allocated to consumers on a
random first-come, first-serve basis.!” The interaction between the monopolist and the consumers lasts
two periods, 0 and 1. In period 0, the seller announces (and commits to) a price and an availability
level for each product; after observing the seller’s choice of quantities and prices, consumers pick the
plan that is consistent and that maximizes their expected utility (PPE).'® Consumers cannot commit

to a plan ex-ante.' In period 1, consumers execute their plans. For technical and expositional reasons,

"There are two possible interpretations of limited availability in my model. One way is to look at it as a lottery that
the seller offers and that is realized independently for each consumer. The second way we can think of limited availability
is by using a rationing rule. In this case the seller is announcing two “supply levels”, one for good 1, g1 and one for good
2, g2 and consumers can choose which item to buy among the ones they find available when they enter the store. Under
this latter interpretation, ¢; should be thought of as the “the number of units” available of good i.

18The assumption about the seller announcing both prices in period 0 is not very realistic because although stores
frequently advertise their deals, it is rather uncommon to see a store publicizing its high prices. However, in online
Appendix C I show that the main results of the paper are unchanged if the seller commits only to the price of the bargain.

That is, the solution concept is unacclimating personal equilibrium (UPE) and not choice-acclimating personal equi-
librium (CPE); see Koszegi and Rabin (2007).



I assume that consumers always break indifference in favor of buying. This assumption ensures that
the seller’ s maximization problem is well-defined and that there are no personal equilibria in mixed

strategies (see also Koszegi and Rabin, 2006 and Heidhues and Koszegi, 2014).

An Illustrative Example. Consider a monopolist supplying two goods, 1 and 2, to consumers who
have expectations-based reference-dependent preferences with 7 =1 and A = 3. Let v; = v, v9 = %v,
c1 = %U and c3 = 3, with v > 0. If she had to provide full availability, the seller would supply only
item 1 and price it at v, obtaining a profit of %v.

Consider instead the following limited-availability scheme: ¢; = i, Qo = %, p1 = 5 and py = .
First, notice that at these prices plan {@} is not a PE for the consumers. If they plan to buy nothing
and follow through their plan, their utility is

Ul(0,0)[{&}] =0.

However, such a plan is not credible for the consumers because if they deviate and buy item 1 (if
they find it available) their utility is
v v
Ulti,p) [{2 =5 +v -3 (§> =0.

v1—p1+Nv1—NAP1

As consumers break indifference in favor of buying, then they will deviate and buy the item. Intu-
itively, the price of item 1 is so low that if consumers had planned not to buy it, then if item 1 is indeed
available, they would like to surprise themselves and buy it, and as the price is very low, the gain on

the product dimension outweighs the loss on the money dimension.

Next, we have that plan {1, 2} — planning to buy item 1 if available and to buy nothing otherwise

—1is a PE as

v 3 v 3

Ulmlel = S+ (3)-3(2) ()
v1—p1+nv1(1—q1)—nAp1(1—q1)
1 v 1
> 3 (3)+(5) (3) —vlooa.ey
—nAv1q1+np1q1
and
1 v 1
vlooiwey = -3 (1)+(3)(3)
—nAv1q1+np1q1

> 22 (D) (3) -2 (3) -3 (3) (5) =vieaminoy.

va—p2+nv2(1—q1)—nA(v1i—v2)q1 —nAp2(1—q1) —nA(p2—p1)q1

That is, if item 1 is available, consumers will follow their plan and buy it; however, if item 1 is



not available they will prefer to buy nothing over buying item 2.2° Intuitively, if consumers enter the
store expecting to consume item 1 with positive probability and item 1 is available, they are willing to
follow their plan as the price of item 1 is relatively low compared to its intrinsic value; however, they
are not willing to buy item 2 if they were not expecting to do so as the price of item 2 is relatively high

compared to its intrinsic value. Similarly, plan {1,2} is also a PE as

emieal = 5+ () (5)6) ()

v1—p1+n(vi—v2)g2+n(p2—p1)q2

> —2-3(3) (1) -2(3) (3) - lmmi

v2—p2—nA(v1—v2)q1 —nA(p2—p1)q1

and

Ul(v2,p2) [{1,2}] = _g _3<%> <le) _3@) (D

v2—p2—nA(v1—v2)q1 —nA(p2—p1)q1

3 @ 3 <§v> (i) 2 (i) T @ — U[(0,0)]{1,2}].

~
—NAv1q1 —NAv2q2+NP1q1+1P2q2

V

The intuition is that, by planning to always buy something, consumers expect to enjoy at least v
for sure; because of this attachment effect, therefore, they are willing to buy item 2 when they were

expecting to do so even if its price is relatively high. Furthermore, plan {1,2} is the PPE as

EU [{1,2}|{1,2}] OB R IOET6

q1(v1—p1)+g2(v2a—p2)—n(A—1)q1g2(v1 —v2)—n(A—1)q1g2(p2—p1)

(L 1 T

q1(v1—p1)—n(A-=1)q1(1—q1)(v1i+p1)

The reason why, from an ex-ante point of view, consumers prefer plan {1, 2} over plan {1, @} is that
this plan reduces the magnitude of the fluctuations in their consumption outcomes and, therefore, makes
them subject to a smaller expected gain-loss disutility. Finally, notice that with this limited-availability
scheme the seller’s profit equals %v, which is higher than the profit under full availability.

This example illustrates already many of the key insights of the general model. First, with a
limited-availability scheme the seller is able to obtain a higher profit than what she can obtain with
full availability. The prices of the bargain and the rip-off are chosen by the seller in a way such that (i)
plan {@} is not a PE for the consumers and (ii) plan {1,2} is the consumers’ PPE. Furthermore, the
superior item is used as the bargain and it is priced below its marginal cost. Next section formalizes

and generalizes these insights.

2ONotice that U [(vi,p1)|{1,@}] > U[(0,0)|{1,2}] and U[(0,0)|{1,2}] > U|(ve,p2)|{1,}] readily imply that
U [(vi,p1) |[{1,9}] > U [(v2,p2) | {1, 2}] so that a consumer will never deviate and buy item 2 if item 1 is available.
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4 Optimal Availability and Pricing

In this section I derive the seller’s profit-maximizing strategy. In order to simplify the exposition

and reduce the number of cases to consider, I make the following assumptions:

Assumption 1 vi — ¢y > v9 — co.

. vy 149X 14n
Assumption 2 > max{2+n>\+na T [

Assumption 1 says that good 1 is not only the one that consumers like the most, but also the one

with a (weakly) higher social value.?! Assumption 2 restricts how strong consumers’ preference for

good 1 over good 2 can be by requiring that v; and vy are not too far apart.??

If consumers were not loss-averse, the profit-maximizing strategy for the seller would be to just
set p; = vy, for i = 1,2, and ¢; = 1. Consumers would get zero surplus and the seller’s profit would
be exactly v; — ¢1. Yet, with loss-averse consumers the seller can attain higher profits by offering a
limited-availability deal on one item and raising the price of the other.
min — 147

i = Tiavi as this is the

highest price that makes {@} not a credible plan for the consumers (see Koszegi and Rabin, 2006). In

If product ¢ € {1,2} is used as a bargain, then its price must equal p

this way the seller modifies consumers’ outside option and leaves them with only two possible credible
strategies: planning to buy only the bargain (and nothing otherwise) or planning to buy the bargain
if available and the rip-off otherwise. By realizing that they will always buy the bargain (if available),
however, consumers become subject to an “attachment effect” which allows the seller to charge a high
price for the rip-off. Furthermore, it is in the seller’s best interest that consumers expect to buy one
good for sure; that is, the market is fully covered so that ¢; + g2 = 1.2 Hence, I will hereafter use ¢
and 1 — ¢ to denote the availability of good 1 and good 2, respectively.

The seller wants consumers to plan to always buy by selecting either plan {1,2} or plan {2,1}. Yet
it is not optimal for her to choose a rip-off price such that always buying is the unique consistent plan.
Instead, by exploiting consumers’ dislike for uncertainty, the seller can raise the price of the rip-off up to
the point where consumers are indifferent, in period 0, between planning to buy only the bargain (and
nothing otherwise) and planning to buy the bargain if available and the rip-off otherwise. Hence, the
optimal price for the rip-off item is the one that makes always buying the consumers’ PPE. Moreover,

as the following lemma shows, the price of the rip-off depends on the choice of the bargain item.?*

Lemma 1 If the seller uses item 2 as the bargain (i.e., py = pénin), then the optimal price for good 1 is

20 =g¢)n(A=1D[v2(2+n+n\) — v (1 +n)\)]
I+ +n(A=1)(1~-q)]

Pl =v1+

If instead she uses item 1 as the bargain (i.e., p1 = p™), then the optimal price for good 2 is

ey 2O =) (1)
P AN (A =1)d]
21The analysis for the case v1 — ¢1 < vz — co is similar, the only difference being that the seller always uses item 1 as
the bargain. Details are available from the author upon request.
22For the analysis when Assumption 2 fails, see Online Appendix D.
238ee Lemma 3 in Appendix A.
24 All proofs appear in the appendices.
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From Lemma 1 we see that p] > v1 and p5 > vo; hence, consumers are willing to pay a premium,
in the form of a higher price on the item that is not on sale, to avoid the disappointment of leaving
the store empty-handed. Notice also that p] and p3 are increasing in the degree of availability of the
bargain item, implying that the attachment effect carries over to the case of multiple goods evaluated
along the same hedonic dimension. Moreover, it is easy to see that p (resp. p3) is increasing in vy (resp.
v1). Thus, expectations-based loss aversion creates a positive demand spillover across products, despite
these being substitutes. Indeed, both p] and p3 are written as the sum of two parts: the product’s
intrinsic value and the spillover effect due to loss aversion.

Although it is optimal for the seller to provide the bargain only in limited availability, she has to
supply enough of it to exploit consumers’ attachment. Indeed, when choosing the optimal supply (or
availability) of the bargain item, the seller needs to take into account two effects. On the one hand, a
high availability of the bargain makes consumers more attached to the idea of buying and this allows
the seller to charge a higher price for the rip-off. On the other hand, a greater availability of the bargain
necessarily means fewer sales of the rip-off. When choosing the supply level of the bargain, the seller
optimally trades off these two effects. Moreover, she always supplies more units of the rip-off.??

Finally, the choice of which product to put on sale depends on the degree of substitutability between
the products as well as on the difference in their marginal costs. The following lemma characterizes

the seller’s choice of the bargain item.

Lemma 2 Ifv; = vy the seller uses as the bargain the item with the higher marginal cost. For vi > va,
there are three different cases: (i) if vi —ve > 0 > ¢1 — ca, the seller uses item 2 as the bargain; (ii) if
v] — vy = €1 — ¢, the seller uses item 1 as the bargain; and (i) if vi — ve > ¢1 — co > 0 there exists a

5 > 0 such that the seller uses item 2 as the bargain if vi —ve — (c1 — c2) > S and item 1 otherwise.

It is worth emphasizing that, quite interestingly, the seller might offer a deal on item 1 even if
v1 > vg and vy — ¢1 > vy — co. Although it might seem counterintuitive, there are two different effects
that can induce the seller to put the superior product on sale. First, as v+ p{“in > vy + plznin consumers’
expected gain-loss disutility when planning to buy only the bargain item is larger when the bargain
is the superior good; that is, consumers face greater uncertainty in their consumption outcomes when
planning to buy only the bargain if the superior product is put on sale. This in turn implies that if the
superior item is offered for a low price, consumers are willing to pay an even higher premium to avoid
the disappointment over not getting the deal. Hence, if the difference v; — vy is relatively small, the
seller prefers to use item 1 as the bargain even if ¢y = ¢o. Second, if ¢o < ¢, by using item 1 as the
bargain, the seller reduces her total cost by more compared to the case in which item 2 is the bargain.
Figure 1 shows how the profitability of different schemes changes with vy if the difference in marginal
costs is small. The black line represents the seller’s profits when supplying only item 1 at price p1 = v,
whereas the green and red curves depict the seller’s profits with a limited-availability strategy when
either item 1 or 2 is used as the bargain item, respectively.?6 Concerning the choice of the bargain,
we can distinguish three different regions, delimited by the two dashed vertical lines. For relatively

low values of vy, the profit-maximizing strategy is to offer a limited-availability deal on item 1. As vy

25See Lemma 4 in Appendix A
26Notice that the seller’s overall profit is given by the upper envelope of these three curves.
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Figure 1: Profits as a function of v; for n =1, Figure 2: Profits as a function of v; for n =1,
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increases, the difference between the green and the red curve becomes smaller and eventually the two
cross. Then, for intermediate values of vy, the seller maximizes profits by using item 2 as the bargain.
Finally, for high values of vy the seller prefers to supply only item 1. When the difference in marginal
costs is large, however, the seller only uses item 1 as the bargain. This is shown in Figure 2 where the
green curve is always above the red one. In this case item 1 is more valuable to the consumer and has a
larger social surplus; yet it is always offered on sale with limited availability. The following proposition

characterizes the seller’s profit-maximizing strategy.

Proposition 1 Fix any n > 0 and A > 1. There exist two thresholds $ and vy such that the seller’s
profit-mazimizing strategy is as follows: (i) for v < B she uses a limited-availability strategy with item
1 as the bargain and item 2 as the rip-off; (ii) for va > v she uses a limited-availability strategy with
item 2 as the bargain and item 1 as the rip-off; and (iii) she supplies only item 1 with py = v1 otherwise.
Furthermore, the seller induces consumers to always buy and she attains a profit strictly greater than

v1 — c1 if both items are supplied.

Proposition 1 shows that in some cases it is optimal for the seller to offer a discount on one good,
the bargain, which is however available only in limited supply and, at the same time, to charge a high
price on the other substitute good, the rip-off. Notice that a limited-availability strategy is not always
optimal. Intuitively, if the difference v1 — vy is very large, with a limited-availability strategy consumers
face a lot of uncertainty in their consumption outcomes and this lowers their willingness to pay so that
the seller prefers to supply only item 1. Yet, limited availability is optimal if consumers value the two
products similarly and in this case the seller achieves a profit higher than v; — ¢1.

Interestingly, the bargain item can be a loss leader, i.e. p?in < ¢;. With classical preferences, loss
leaders can be profitable only if the goods are complements. In my model, instead, loss leaders can
be profitable even if the products are substitutes. The reason is that the loss-leading product is in
short supply and in equilibrium some consumers will buy a different, more expensive product instead.

Moreover, with limited availability the seller can attain strictly positive profits even when her products
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are socially wasteful, i.e. v; < ¢;.2” This is possible because with limited availability and loss aversion,
consumers’ willingness to pay may exceed a product’s intrinsic value.

Despite consumers being identical, in equilibrium limited availability separates them into two groups.
Some consumers end up purchasing the good that is offered at a discount, making a bargain indeed.
Others, instead, end up purchasing a similar good at a much higher price. The next result shows that

in expectation consumers are hurt by this strategy.

Proposition 2 For any n > 0 and A > 1 a consumer’s expected surplus is at most zero and therefore
he would be better off if he could commit to a strategy of never buying rather than following through his

actual equilibrium strategy of always buying.

Proposition 2 suggests that limited-availability bargain sales are “manipulative” in the sense that
they lead consumers to go shopping even though ex-ante they would prefer not to. Consumers enter
the store expecting to make a bargain by purchasing a good on sale but might end up buying something
else at an even higher price. Notice that the assumption about the seller being able to credibly commit
in advance to the degree of availability is crucial. In fact, she has a strong incentive to always claim,
ex-post, that the bargain item is sold-out and try to sell only the rip-off. Having rational expectations,
however, consumers would correctly anticipate this and never plan to buy to begin with. Hence,
the current FTC Guides Against Bait Advertising, by allowing to advertise limited-availability deals,
provide the stores exactly with the commitment power they need to implement this exploitative scheme.
Abolishing the role of limited-supply claims as a disclaimer for bait-and-switch or mandating retailers
to issue rainchecks when advertised products are out of stock, would therefore improve consumers’
welfare. In contrast, regulation in the EU gives retailers a much harder time with limited-availability
bargain sales; in Germany, for example, current regulation outlaws advertising of goods which are held
without appropriate quantities, with the latter being explicitly defined as “a coverage of demand for
two days” under normal circumstances (see Strausz, 2007).

In addition to the consumers being worse off, the monopolist’s product line is inefficient as, except for
the non-generic case where the two goods have the same social surplus (v; —c; = vy —¢2), with a limited-
availability strategy the seller is purposely introducing a socially inferior substitute. Moreover, limited
availability also affects the seller’s incentives to invest in product development. To see this, suppose
the seller can invest in either increasing a product’s value from v to v + ¢ with ¢ > 0 (value-increasing
innovation) or in reducing the product’s marginal cost by the same amount ¢ > 0 (cost-reducing
innovation). If consumers have classical reference-free preferences, these two product improvements
would have the same effect on the seller’s profit. Proposition 3 shows that this is no longer the case

when consumers are loss-averse.

Proposition 3 Fiz anyn > 0 and X\ > 1. For the bargain item, the seller prefers to undertake a value-
increasing innovation. For the rip-off item, the seller prefers to undertake a cost-reducing innovation.
Social welfare is higher under cost-reducing innovations than value-increasing ones. Consumers are

hurt by value-increasing innovations and not affected by cost-reducing ones.

2T A similar implication arises also in the single-product model of Heidhues and Koszegi (2014).
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The seller prefers to make the bargain item more appealing rather than reducing its cost. The
intuition is that, as previously highlighted, expectations-based loss aversion creates a positive demand
spillover between products and the more valuable the bargain is, the higher the price the seller can charge
for the rip-off. On the other hand, because the rip-off is the item the seller supplies in larger quantities,
she has a bigger incentive to invest in reducing its cost rather than increasing its value for consumers.
From a social welfare perspective, cost-reducing innovations are better than value-increasing ones. The
reason is that both types of innovation raise a product’s social value from v — ¢ to v — ¢ +¢. Yet, as
the seller supplies more units of the rip-off and she prefers cost-reducing innovations for this item, total
welfare is higher in this case. With respect to (ex-ante) consumer welfare, instead, value-increasing
innovations are always detrimental. This is because when the bargain item becomes more valuable,
the seller increases the bargain’s price and as well as the rip-off’s price. Hence, consumers’ average
expenditure increases by a greater amount than consumers’ average consumption utility. Cost-reducing

innovations do not affect consumer welfare as neither price is affected by changes in costs.?

Identical Products and Relation with Heidhues and Ko&szegi (2014). I now argue that if the
two products are identical my model is equivalent to a special case of Heidhues and Koszegi (2014)’s

model. Let v; = vo = v and ¢; = ¢o = ¢. The following result is a special case of Proposition 1.

Corollary 1 Fiz any n > 0 and A > 1. The seller maximizes profits by offering q¢* € (0, %) units of

one good at price pmin = fj—n")\v and 1 — ¢* units of the other good at price p* = v+ %. With

this strategy the seller induces consumers to always buy and attains a profit strictly greater than v — c.

First, notice that with identical products the seller’s optimal strategy is always a limited-availability
one. Moreover, Corollary 1 can be seen as a reinterpretation of Heidhues and Kdszegi (2014)’s result
about the optimality of random sales: instead of using a stochastic pricing strategy for a single item,
the seller can put one item on sale at a bargain price but in limited supply and at the same time
raise the price of its substitutes. Indeed, the bargain price in my model coincides with the lowest
price that the seller can charge in their model. Compared to this simple benchmark, Heidhues and
Koszegi (2014)’s model entails greater price uncertainty for the consumers as it allows the seller to use
more than two prices; my general model instead allows for both price and consumption uncertainty
as the seller can supply two different products. Notice, however, that my general model makes clear
predictions about the price and availability of the products whereas Heidhues and Készegi (2014) could

not fully characterize neither the probability of the seller holding a sale nor her non-sale prices.

5 Extensions

In this section, I analyze three extensions and discuss a number of further predictions of the model.?*

Endogenous Product Line. In the baseline model, the seller is exogenously endowed with two

different products that the consumers regard as imperfect substitutes. Yet, retailers can often create

28There is one caveat. Recall that when the difference v1 — v2 becomes large, the seller maximizes profits by supplying
only item 1 and making it fully available. Hence, if item 1 is the bargain, a value-increasing innovation is better than a
cost-reducing one if after the innovation the seller prefers to supply only item 1.

29Proofs of the results in this section are relegated to the online appendix which also contains further technical analysis.
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almost-perfect substitutes of a given product through a small cosmetic change that does not affect
consumers’ valuations. For example, two TVs might have the same technology, screen size and number
of pixels, thus providing consumers with the same picture quality, and just differ in their frame’s color.
To formally model this idea, consider a situation in which a seller can create a perfect substitute for
a product at no additional cost and suppose she is allowed to price these de facto identical products
differently.3® Therefore, the seller now has the choice between supplying two substitute (but distinct)
products or just supplying two slightly different versions of the same product: the bargain version at a
low price and the rip-off version at a high price. In either case, the seller can manipulate the availability

of each item. The following proposition characterizes the seller’s profit-maximizing strategy.

Proposition 4 For anyn > 0 and A > 1, the seller’s profit-maximizing scheme always entails limited
availability. If vi —c1 > v9 — ¢, the seller mazimizes profits by supplying two slightly different versions
of item 1. If vy — c1 < vy — cg, there exists a Vo such that: (i) for va < vy the seller maximizes profits
by using item 1 as the bargain and item 2 as the rip-off; (ii) for va > Vg the seller mazimizes profits by

supplying two slightly different versions of item 2.

Proposition 4 delivers several interesting results. First, if the seller can create a slightly different
version of the same product, the profit-maximizing strategy is always a limited-availability one. This
result can be interpreted as a foundation for the analysis in Heidhues and Ké&szegi (2014): although it
might not be possible for a seller to credibly commit to an entire price distribution, she can achieve
the same goal by introducing many slightly different — but equivalent from the consumers’ point of
view — versions of the same product. Moreover, if the socially superior product is the one consumers
like best, the seller prefers to create a perfect substitute of this product instead of introducing another,
inferior, one. However, if the socially superior item is the one consumers like the least, the seller might
want to supply both products. The intuition is that, albeit socially inferior, item 1 is highly valuable
to the consumers and this makes it an ideal candidate for a bait. Thus, in order to entice consumers,

a seller might offer a product of inefficiently high quality at a bargain price.

Heterogeneous Tastes. I now consider a more general and realistic environment where consumers’
valuations are heterogeneous. For simplicity, let v1 = v9 = v and ¢; = ¢c3 = ¢ and suppose there is
a unit mass of consumers who differ in their intrinsic value, v. From the seller’s point of view v is a
random variable with distribution F'. Let F' be strictly increasing, weakly convex and differentiable,
with positive density f everywhere on the support [Ul, vh] with v? > ¢ > o' > 0. Without loss aversion

the seller maximizes profits by choosing the price p such that p—c = 1}%5 ). The consumer with value

v = p is the “marginal” type; that is, the type who is indifferent between buying or not.
If consumers are expectations-based loss-averse, however, the seller attains higher profits through the

introduction of a limited-availability deal. With limited availability, a type-v consumer will plan to buy

with positive probability only if the price of the bargain does not exceed p™" (v) = %v. I*“l'll"thermore7
from Section 4 we know that the optimal price for the rip-off is p* (v) = v + %. Let v
denote the marginal type with limited availability. The following proposition characterizes the seller’s

profit-maximizing strategy.

30 An alternative interpretation is that the seller is able to charge different prices for different units of the same product.
This happens, for example, when a retailer offers a discount only for the first units sold on a given day.
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Proposition 5 For any n > 0 and A > 1, the seller’s profit-maximizing scheme always entails limited
availability. The bargain is priced at p™™ () and the rip-off is priced at p* (V). Furthermore, ¥ < p

and there ezists a cutoff v° such that types in [0, v®) get negative expected utility in equilibrium.

The intuition for this result is that although the seller must now choose between serving a large
share of the demand with a low price or a small share of the demand with a high price, with a limited-
availability strategy she can extract from the marginal consumer more than his intrinsic value for the
product. Notice also that now the overall welfare effect of limited availability is ambiguous because
with a limited-availability scheme the seller is serving a larger measure of consumers compared to the
case of perfect availability as v < p. Nevertheless, some consumers, who would get a utility level of
zero with perfect availability, are unambiguously worse off with this strategy.

Next, consider a case with both horizontally and vertically differentiated tastes. Suppose half of the
consumers have valuations (vq,v2) = (vy,vr), with vg > vy, > 0; the remaining half have valuations
(v1,v2) = (vp,vg). That is, half of the consumers prefer good 1 over good 2 and vice versa for the
other half. Let ¢; = co = 0. With full availability, the seller would just set p; = po = vy for a profit of
vg. With limited availability, instead, the seller offers a bargain on one of the goods by pricing it at

1+n

Tra VL whereas the price of the rip-off is higher than vg.3! The next proposition identifies a necessary

and sufficient condition for a limited-availability strategy to be profit-maximizing.
Proposition 6 For any n > 0 and A\ > 1 there exists a positive cutoff such that the seller’s profit-

maximizing strategy is a limited-availability one if and only if ;’—2 exceeds the cutoff.

Hence, if consumers value the items quite similarly, limited availability yields higher profits than
perfect availability. However, whereas with perfect availability each consumer always gets his most

preferred good, with limited availability some consumers will end up with the good they like the least.

Optimistic Consumers. So far I have closely followed the model of K&szegi and Rabin (2006) by
assuming that consumers form rational beliefs. Suppose instead that when the seller announces a degree
of availability ¢ for a bargain, consumers are overly optimistic and think they will get the bargain with
probability ¢ = min {xq, 1}, where y > 1 parametrizes the degree of consumers’ optimism. The seller
knows x, but cannot be held liable for the difference between perceived and actual availability; however,
she cannot reduce product availability below the level ¢ that she announces. Consumers still select a
PPE purchasing plan, but they base their decisions and payoffs’ comparison on the biased beliefs g.32
Then, for moderate levels of consumers’ optimism, the seller chooses the highest price for the bargain
that makes {@} not a credible plan and a price for the rip-off such that consumers ex-ante are (perceive
to be) indifferent between planning to buy only the bargain and always buying. Hence, except for
the fact that consumers believe to be more likely to make a deal than they actually are, the seller’s
profit-maximizing strategy is qualitatively similar to the one derived in Section 4. Things are different,
however, when consumers are highly optimistic. If consumers believe that they will find the cheaper
item available for sure, the seller does not even need to offer a tempting deal to make {@} not credible;
instead, she can simply price it at its intrinsic value and pick for the other item the highest price at

which consumers are willing to buy ez-post.

31Gee Section B.2 of the online appendix for further details.
32Gection B.3 of the online appendix contains technical details and a formal statement of the results.
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6 Conclusion

Limited-availability sales are common among retailers selling durable consumer goods such as elec-
tronics, household appliances, or clothes. However, while this type of sales are familiar to consumers,
economists have not devoted much attention to the importance of product availability in retailing. In
this paper, I have provided an explanation, based on consumer loss aversion, for why a monopolist
selling substitute goods might find it profitable to use limited-availability sales. The optimal strategy
for the monopolist resembles bait-and-switch: she lures the consumers with a limited-availability deal
on one good and cashes in with a high price on another one. The model predicts that more valuable
or popular items are more likely to be used as baits and that the bait can be a loss leader.

I conclude the paper by discussing some of the model’s limitations, as well as possible directions for
future research. An important assumption is that, from the consumers’ perspective, the two products
belong to the same hedonic dimension. This creates an insurance effect: by planning to always buy
a consumer can reduce the uncertainty in his consumption compared to the plan of buying only the
bargain item. The monopolist then, is able to exploit this insurance effect by charging a high price
for the rip-off item. If the two goods are evaluated along different hedonic dimensions, the insurance
effect becomes weaker and the conditions for always buying to be the PPE become more restrictive. I
have also assumed that all consumers show up at the store at the same time and are served randomly.
During popular sales like Black Friday, however, consumers often wait in line outside stores before they
open. Finally, it might be interesting to investigate which results of the model hold in a (possibly
imperfect) competitive environment. Indeed, a striking feature of popular sales like Black Friday is the

concurrent use of limited-availability deals by competing retailers.
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A Proofs
I begin by proving the following, preliminary result.
Lemma 3 The market is fully covered: q1 + g2 = 1.
Proof of Lemma 3: Let ¢; > 0 and g > 0 with ¢; +¢2 < 1. The seller wants to induce the consumers

to always buy by selecting plan {1, 2} (resp. {2,1}) over {1, @} (resp. {2,2}) For ps > p1, the highest
price she can charge for item 2 is the one that makes the following inequality bind:

EU[{1,2}{1,2}] = EU [{1,2} [{1,2}]. (3)
Substituting and re-arranging yields

< v[l+nA=1g-nA-1)1-qg—q@)+2n(A-1)qap
b2 = 11O —1(1—q) '

As the right-hand-side of the above inequality is increasing in ¢s, the seller can raise g up to 1 —¢;
and increase her profits without violating condition (3). A similar analysis applies if py < p;. B

Proof of Lemma 1: Let ¢ € (0,1). We know that with limited availability p; = p;-ni“ for one good;
let this be good 2. I now show that it is not profitable for the seller to choose p; such that plan {2,1}

is the unique PE for the consumers.

First, under plan {2,1}, a consumer’s reference point is to enjoy ve and pay pgnm with probability

(1 —q) and to enjoy v; and pay p; with probability ¢. Suppose that a consumer arrives at the store
min

and finds only good 1 available at price p; > py"". If he follows his plan and buys, his utility is:
Ul(vr,p1) | {2, 1} = v1 —p1+1(1 = q) (v1 — v2) —nA (1 — q) (p1 — P5™) .
If instead he deviates from his original plan and does not buy, his utility is
U[(0,0)[{2,1}] = —nAqui — nA (1 = g) va + ngp1 +n (1 — q) p5™.
Hence, the consumer will not deviate from his original plan when

Ul(vi,p1) [{2,13] = U[(0,0) | {2, 1}].

min

Substituting the explicit expression for p5"" and rearranging yields

[L+n(l—=q) +nrgdoi+nA=1)(1—q)vs <1+11++—77’;>
1+ng+nA(1—q)

< P (q)

So p; (g) is the highest price of good 1 that makes {2,1} a PE when ps = p®. We already know
that {@} is not a PE when py = pi® and it is easy to see that {1, 3} is not a PE either for p; > piin.
So we only need to check the conditions for plan {2, @} to be a PE. Under plan {2, @}, a consumer’s
reference point is to enjoy v and pay p™ with probability (1 —¢) and to consume and pay nothing
with probability ¢q. Suppose that a consumer arrives at the store and finds only good 1 available at

price p; > pin. If he follows his original plan and does not buy his utility is:
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If instead he deviates from his original plan and buys good 1, his utility is

Ul(vi,p1)1{2,2}] = v —p1+nq(v1 —0)+n(1—q)(v1—v2)
—nAq (p1 — 0) = nA (1= q) (p1 — p5™).

Hence, the consumer will deviate from his original plan when
Ul(v1,p1) [{2,2}] = U [(0,0) [{2, 2}].

Substituting the explicit expression for p§® and rearranging yields

(L+m)or+n(A=1) (1 - q)vs (1+ 55%)
14+nA

p1 < =p1(q)-

So p1 (q) is the highest price of good 1 that makes {2, @} not a PE when py = p5i®. Tt is readily
verified that Py (¢) > p1(q¢) & g > 0. Hence, for p; < p; (q) plan {2,1} is the unique PE whereas, for
D1 (¢) > p1 > p1(q) both {2,1} and {2, @} are personal equilibria; but {2,1} is the PPE if and only if

EU[{2,1} [{2,1}] = EU [{2, 2} [{2, 2}].
Substituting and rearranging yields

21=g¢)n(A=1D[v2(2+n+n\) — v (1 +1n)\)]

p1 < v+ =i (q).
s G+ L0 - 1) (1) i)
It is easy to see that pj (¢) > p1 (¢). Next, we have that
. _ v1 (14 nA) v2 (2+n+nA)
p1(q) <p1\q) <= — < -
i@ <P(@ 1—p(A\—1)(1—q) _ 1+n(1—q)+n>\q} ! [ nA-D(1—q) _ 2n(A—1)(1—q) ]~}
I+n(A-1)(1-q)  14+mg+nA(1—q) 1+ng+nA(l—q)  14+n(A-1)(1—q)

The above condition holds as v (1 +n\) < v2 (2 + 1+ nA) by assumption and

l-n(A-1)(A-q) 14+nd-g+nr¢ n(A-1)01-¢g  29A-1)(1-q)
1+n(A=1)1—-¢q) 1+ng+nA(1—q) 1+ng+nrA(l—¢q) 1+n(A-1)(1—-9q)

14+nA
L+nA+qn—qAn

which is true for any ¢ € (0,1) as A > 1. This proves that it is not profit-maximizing for the seller
to make {2,1} the unique PE; instead, she can raise the price of the rip-off item up to a level where
consumers are indifferent ex-ante between plans {2,1} and {2, @}. The same argument applies to plan
{1,2} if the seller uses item 1 as the bargain (i.e., p; = p?"). B

In the proof of Lemma 2 we use the following result:

Lemma 4 If the seller uses item 2 as the bargain, the optimal degree of availability of item 1 is
g = argmax T (p’{,pgnin,q; Cl,CQ). If instead she uses item 1 as the bargain, the optimal degree of
q
availability of item 1 is ¢ = arg max 7 (p{“in,pg, q;c1, 02). Furthermore, q > %, g>1—q and, if c1 > co,
q p 4

1
q< 3
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Proof of Lemma 4: Suppose the seller uses item 2 as the bargain and thus prices it at p®. Then,
by Lemma 1 we know that the optimal price for item 1 is p] (¢). This pair of prices provides the seller
with profits equal to

qlpi (9) — a1l + (1 — q) (P5™ — c2) .

The above expression is maximized at

L+p(A—1) V2 \/[1+n(/\—1)][(2+77+77/\)v2—(1+77>\)v1]

T=70-1) 00DV Ut (mtom—a—u)+Ctntma) o

Notice that

L+n(A=1) V20+n)@+nA+n)[l+n(A-1] 1

nA—1) nA=1)(2+nA+n) 2

1—qg*

q=

where the first inequality follows as
721-q¢ < A+ )[1+nA=D][(cr —c2) (1+n) 4+ (v2 —v1) (1 +7A)] <0

which is true for any 7 > 0 and A > 1 as v;1 — ¢1 > v2 — ¢2; and the second inequality follows as

1
l—¢ >3 n(A—1) (n*A —n* + 60\ —6n+4) >0

which is true for any n > 0 and A > 1. Next, consider the case in which the seller uses item 1 as the
bargain. By Lemma 1 we know that the optimal price for item 2 is p3 (¢). This pair of prices provides
the seller with profits equal to

q (PP —c1) + (1= q) [p5 (q) — c2] -

The above expression is maximized at

_ V2 Vo i+a0=1] 1
0D Jla-—armrmruldry) nO-1)

Notice that

g<%<:>v1(77+1) (=) 44— (A= 12] < - 1) 42 (e e+ 0) (14 ).

The inequality is satisfied for ¢; > ¢z as 4p(A—1) +4 —n2(A—1)* < [p(A—1) +2)? and, by
Assumption 2, v; (n+ 1) < vz (1 +nA). Finally, we have that

g>1—gq

v2 (24+n+n\) —v1 (1+7N) v1 (14 n)
(me1+e2—v)(L+nA) +v2B+n+2nA) = (a1 —ca+v2) (1 +nA) + o1 (1+7)

S v 24nA+n)(va—vi+er—c)—nA—=1)v1(c1 —c2) <0

<

which follows by Assumption 1 and 2. B
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Proof of Lemma 2: Let my =« (p*[,pgﬂn,q; 01,02) and m = 7 (p‘lmn,pz,g; 01,02) and recall that
q = arg mgx T (p’f,pgﬂn,q; 01,02) and ¢ = arg mgx T (p‘lnin,pz,q; 01,02). First, suppose that v; = vy
and ¢; = co. In this case pPi* = pin p* = pfand g =1 — q so that m; = ma. Therefore the seller is
indifferent between which item to use as the bargain. Furthermore, it is easy to see that if v; = v9 but
c1 # co, the seller maximizes profits by using as the bargain the one with the higher marginal cost.
Next, suppose to raise v1 and ¢; by the same amount d,, = §. > 0 so that vy > vg but v1 —vy = ¢1—co.

The effect of these changes on profits are

87['1 871'1 76]?*1( _
dm = — 0y + —0. = —q |6y
™ 8’[11 + 861 <q 81)1 4

and

87T2 871’2 1+?7 8p§
dmy ~ O25, 4 925 - —q| 6.
™2 50 T e 0 [q1 S G i

Substituting and re-arranging, it follows that dmy > dmy if and only if

nA=1)g|2(1-q)Q+n)—gn(A—1)—1 >[1—77()\—1)(1—q)_1]
1+ A O —1)+1 "Wisno—na-9 |

As the expression on the right-hand-side of (4) is negative, it suffices to show that

1+2n

2(1—q)(14n) —gnA—1)—1>0e — =1 <o
(1—q)(L+n) —gn(A—1) g

Substituting and re-arranging yields

24 n4+nA+n(A—=1)(1+2n) - 24n+nA+n(A—=1)(1+2n)
2+n+nA 2+n+nA

which holds for any 7 > 0 and A > 1. Thus, the seller always uses item 1 as the bargain if v; > vg
but v1 — v9 = ¢1 — ¢o.

Finally, suppose either §, > 0 > J. or §, > 6. > 0 so that v; > v9 and v — ¢; > v — co. The effect
of these changes on profits are

om . Om.  _opl.
dm =~ vy 0y + dct de = q8v1 Oy qdc
and 9 9 1 9
o o +1n 2
dmy ~ 25, 4+ 925 1—q) P25 — g5,
% 50 T 90, S (1-4) 81}1] 4

By substituting and re-arranging, it follows that dm; > dmo if and only if

1—-n(A=-1)(1-9_ 1+4n 1+7n 2gn(A—1) B
1+77()\—1)(1—§)q_ 1+77)\g_(1_7) 1+77)\1+q17()\—1)] 002 (7-4) b (5)

If 6, = 6. > 0 condition (5) can’t possibly hold as it would coincide with the opposite of condition
(4); but if either é, > d. > 0 or d, > 0 > 4. it can hold. For example, it is readily satisfied for &, = 0
and J. < 0 so that the seller always uses item 2 as the bargain if v1 = vy but v1 — v9 > ¢ — ¢o. Let 5
be the value of §,, — d. for which (5) binds; if such a value exists then it is unique because the term on
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the left-hand-side of (5) is continuous and increasing in J, whereas the term on the right-hand-side of
(5) is continuous and increasing in d.. This concludes the proof. B

Proof of Proposition 1: For arbitrary prices (p1, p2) and quantities (¢, 1 — ¢) the monopolist’s profit
is

T (p1,p2,¢;c1,¢2) =q(p1 —c1) + (1 —q) (p2 — ¢2) .

The seller has three options:

i) Set po = pPi, p; = p} (¢) and g = g. In this case the seller’s profit is

m=q[p; @) —al+(1-7) (p5"™ —c2) .

ii) Set p1 = pI™, po = pj (¢) and ¢ = g. In this case the seller’s profit is

m=q (P —ca) + (1-q) [p3 (0) — 2] -

iii) Set p; = v; for i = 1,2. This pair of prices provides the seller with profits equal to
qgvr—c1)+(1—q)(v2—c2).

The above expression is maximized at ¢ =1 as v1 — ¢ > v9 — ¢o.

Depending on the degree of substitutability between the two goods, their marginal costs and the
degree of loss aversion, the seller will choose the option that will give her the highest profit. Suppose
first that the seller uses item 1 as the bargain. Then,

Ty 2> V1 — C1

14+nA
1+m7

< UlS(U2_02+Cl)<

> E(n,A) = B (v2,c1,c2,m,A) .

where

30+ 42 +20° 4222 (1 + ) —nA (14302 +4n) —2n (A — 1) /2 (1 +n)*+1
4n (14 13) +72AA4=23 X3 (1 + 3n) +n2)2 (1302 + 2 — 5) =20\ (613 — 3 + 1) +1

EmAN=[14+nA—-1)] x

Next, if the seller prefers to use item 2 as the bargain we have

vp—c1t+cea+2n(A—1)v;
1+n(\—1) (%)

M 2>V —Cl & V2 > v (vi,e1,¢2,m, A) .

To conclude the proof, notice that the seller’s profit under perfect availability equals v; —c;. Because
she would choose a different option only if this provides her with at least as much, it follows that her
profits exceed v; — ¢ if either option i) or ii) is profit-maximizing. l
Proof of Proposition 2: Suppose the seller uses item 2 as the bargain. Then:

Gpi—c)+ Q-9 (P —c2) > vi—a
> qvi—c)+(1-7) (v2—c2)
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= qp} + (1 =) p5™ > qui + (1 — ) va.

In this case, therefore, a consumer expects to buy at an average price strictly greater than his
average valuation. Hence, his consumption utility is negative. Furthermore, in any PE, expected gain-
loss utility is non-positive. If instead he could commit to plan {@}, both his consumption utility and
his gain-loss utility would be zero. The same argument applies if item 1 is the bargain. l

Proof of Proposition 3: First, consider the seller’s profits when item 1 is the bargain:
m =g (P —e1) + (1= q) [p3 (2) — 2]

Recall that the seller uses item 1 as the bargain if v; < 8 (ve,c1,c2,m, A). Applying the envelope
theorem, we have:

dmy _ opt™ o\ Pa(9)

di’l)l N ga'l}l +( _g) 8'1}1
_ l+p 2n(A-1) (1-q)
1+nA= I+n(A=1)q
d7T2
- i dCl

where the inequality follows as

A -D(1-gq) _ 1+n) 1+
I+n(A=1)q 147 24nA+n =
2(n+1) (PN —n? A+ 20\ —n+ 1)
21 4 302 + 203 + n2X2 4+ 29\ — 22X — 23X + 2

>1

1+

(Cl —co + 1)2)

and tedious algebra shows that

2+ 1) (PA2 =X+ 20X —n+ 1) (a1 — 2 + v2)
20 + 302 4+ 203 + n2X2 + 2n\ — 2n2X — 23N + 2

> [ (ve,c1,c2,m,A) .

Similarly, we have

@_( _ )apé@_ dma
dvy 4 Ovy  |dey|”
———

=1

Next, consider the seller’s profits when item 2 is used as the bargain:
m=q[pi (@ —al+ (1 -7 (P — ).

Then,
dﬂ'l

dCl

dmy  _Opi(@) _ _[1-n(A-1)A-9] ___
do, ! 811)1 e 1+77()\—1)(1—Q)]<q_

<1
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Similarly,

dm _opi (@) _, Opym
of 1 —
dvy q@vg +(1-9) Ovy
_ (1_q)[ A~ 1)@+ tn)g |, Lty
A+ +n(A=1) 1A =7)] 1+nA
_ d7T1
1—-9) =|—
> (=9 =7
where the inequality follows as
2n(A—1)(24+nA+n)q 1+7 _ -1
A+ I+n(A—1)(1-7)]  1+nA (Z+nr+m)g nA-1)1-7) = 7>3

Cost-reducing innovations are better than value-increasing ones from a social welfare perspective
because the seller prefers to undertake cost-reducing innovations for the rip-off item and value-increasing
innovations for the bargain item and from Lemma 4 and Lemma 2 we know that § > % > g; that is,
the seller supplies more units of the rip-off item. Finally, let

Vi=q(v1 —p}(@)+1—7) (v2—p3™)—n(A—=1)G(1 =) (v1 —v2)—n (A — 1) (1 — ) (p} (@) — P5"™)
and

Vo =g (o1 = pP"™)+(1 = q) (v2 = p3 (0)) -1 (A= 1) g (1 = q) (01 —v2)=n (A = 1) ¢ (1 = q) (3 () — PT™)

be a consumer’s equilibrium expected utility when item 2 (resp. 1) is the bargain. Applying the
envelope theorem, we have

dvi _ _0pi(q) N R ey v (OPI@ 141
i +(1-79) (1 TEo +nA=1)q(1-9) —n(A-1)g(1-7q) s T
A=Y
= —(1-9 Y (2g+qn+gin—1)
< 0

where the inequality follows as g > % Similarly, we have

vy 147 aps (a) e ops (@) 147
g q<1_1+m>_(1_q) - —n(A—l)q(l—q)—n(A—l)q(l—q)( o ‘1+m>

_qn(A—l)
= 147
< 0

(n—2q—qn—+Anp—gin+1)

where the inequality follows as ¢ < % |
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Web Appendix (not for publication)

This appendix collects omitted proofs from the main text and further extensions of the main model.
In Section B I present proofs and technical details pertaining to the results in Section 5. Then, I discuss
two further extensions of the baseline model of Section 4. Section C analyzes a case in which the seller
can commit only to the price of the bargain, but not to the price of the rip-off. Section D explores the
consequences of relaxing Assumption 2.

B Omitted Proofs and Additional Results from Section 5

B.1 Endogenous Product Line

Because now the seller can supply two different versions of the same product, let p; ; be the price
of the rip-off item 4, when item j is the bargain, for 7,7 = 1,2 (see Lemma 1 in the main text).

Proof of Proposition 4: First, we prove that if the seller can create artificial substitutes, limited
availability always yields higher profits than perfect availability. Let v; — c; > vy — ¢ so that the
maximum level of profits the seller can achieve with perfect availability is v; — ¢;. If the seller can
create perfect substitutes for item 1, then her profits are equal to

¢ (p1—c1) + (1 —¢°) (P"™ — 1)

14+n(A=1) /2040 @+nr+n)[1+n(A-1)]

where ¢¢ = O HO=T) @) . Then, it suffices to show that
2(l=q¢)n(A\=1) 1+n 147 1+n(A—=1)
1+ +(1—-¢° >1e ¢¢“> ——MM———~.
I1+(1—=g)n(A—=1)14nA ( Q)l—i-n)\ 1 n+An+2

Substituting for ¢¢ yields
2n(A—1) (M —n+1)(20° +3n+1) >0

which holds for any n > 0 and A > 1. A similar argument applies if v; — ¢; < v9 — co.
Next, we prove the second part of the proposition. Define w12 = 7 (pig, Py g 01,02), T =

min % . — * min c. — * min c. =
(p1 ,p271,g701,C2), ™1 = 7T(p1 P a5 01701) and moo = 7r(p22,p2 » 475 02702) where q =

arg max m (P} 2, P5"™, g5 1, ¢2), ¢ = arg max (PP, p5 1, ¢1, ¢2) and ¢° = arg max (pm‘“,p;-*,i, a: i, Cz’>>

for i € {1,2}. If v; = vg and ¢; = cg, then pPit = piin, Pia=Di1=D59= p271 and g =1-¢q=¢°so
that M, = 71,2 = W21 = M22.

Suppose to change vy by dv; and ¢; by dc; with either dvy > dc; > 0 or dv; > 0 > de;. By the
envelope theorem the effect of these changes on profits are

012 ormi2 _Opi, _
d ~ ~d “decp = “dv, —qd
1,2 90, v + e, 1 =4 v, VU1 — qacy
Oomo 37T21 p3 1
d ~ d — = | dvy — qd
2,1 o, + [ g) Ers U1 — gacy
om 1 o T1,1 p? 1+n
d R ~d der = ) d 1—¢° dvy —d
Tl o, v1 + B, c1=4q° {8 o v — 01] ( q°) [1+77)\ V1 C1

1



and
Clﬂ'gyg =0.

By substituting and re-arranging, we have that dm 1 > dma 1 as

q°+

200=g)n (=D 14 ey L0 2gqn(A—1) (1—q) 147

— dvi > (1—q)d
T+ —1)(1—¢) 1+ T+nh  1+n(A—1)g 1+4nr| " (1-g)der

& dvyp > dey

where the last inequality follows from 1 — ¢ = ¢°. Similarly, dmy,; > dmy 2 because

I+n _ 2(1-g9n(A\-1)q _
1+n/\_q+ 1—1—17()\—1)(1—(1)] dv1>(1—q)d01

+(1 -9

{c+2(1—q0)n(k—1)qc 1+7
T+n(A—1)(1—q% 1+n\

2n(A—1)g <2+nA+n) 1+’7}dv > de
l+n(A—1)(1—-9 \ 1+nA Y !

where the last inequality follows from § = ¢¢ > % and dvy; > dc;.
Finally, let’s start again from v; = v9 and ¢; = co and suppose to change vs by dvs and co by dca
with des < dvg < 0 so that v1 — g < vg — ¢cg. We have

om0 omi 2 _Opi 5 147 _
d R =d “deg = : - dvo — (1 —q)d
1,2 90, vy + Dy C2 |:q v + ( Q) 1+ 7\ V2 ( Q) C2
871'2 1 877'2 1 8[); 1
~ ) 5 — 1 _ 3 _ 1 _
dma Tos dvy + Des des = (1—q) o dvy — (1 — q) dey
dm1 =0

and

Oma2 0ma 2 op5 5 1+n
d ~ = d Zdey = |g¢—== 1—g° dvy — dco.
T2z N g mdva Tl s der = 4T+ Q)1+n>\ V2 ae

By substituting and re-arranging, we have that dma 1 > dmi 2 as

_ 2n(A—1)7q 24+nA+n  1+n
(10—t > = [ A T o ] -

2n(A—1)g  24+nA+n  1+n

>1
I+4n(A—=1)(1-9 1+4+nA 1+nA

where the last inequality follows from g =1 — ¢ > %
Finally, we have that dma 1 > dmo o if and only if

(1_(])(dv2—d62)2qc|:1_|_ 2(1_qc)77()\—1) 1—|—77:|

1+n(A=1)(1—¢°) 14+ nA 1+nA
1+n 2n (A —1)¢° }
& deg > +1|d 6
62_1+77)\ [1+?7()\1)(1qc) v2 (6)

as ¢° = 1 — q. Notice that, although dvs — dcy > 0, condition (6) might hold. Then, let vz be the value
of vy for which condition (6) binds. This completes the proof. B



B.2 Heterogeneous Tastes

In the proof of Proposition 5 we use the following lemma.

Lemma 5 Suppose the seller plays the limited-availability strategy that makes a type-v consumer indif-
ferent between buying only the bargain item and always buying. Then, for types in [vl, v) the PPE plan
s to never buy whereas for types in [v,vh] the PPE plan is to always buy. Furthermore, a consumer’s
equilibrium expected utility is weakly increasing in his type.

Proof of Lemma 5: We already know that if a consumer of type v is indifferent between the plan
of buying only the bargain and the plan of always buying, then his equilibrium expected utility must
be negative as he is paying a price above his valuation and, moreover, he is facing uncertainty over the
price. Next, consider the equilibrium expected utility for a consumer with type v € (v, Uh]. If he plans
to buy only the bargain item, his expected utility in equilibrium equals

¢ =" ()] (A= 1)¢" (1= ¢) (T4 ™" (v). (7)

Differentiating (7) with respect to v yields ¢* [1 —n (A — 1) (1 — ¢*)]. On the other hand, if he plans
to always buy, his expected utility in equilibrium is

T— g p™™ (v) = (1= ¢")p" (v) = (A= 1) ¢" (1= q*) [p* (v) —p™ (v)] . (8)

Differentiating (8) with respect to v yields 1. Therefore, all consumers with type v € (v, vh] prefer
the plan to always buy to the plan to buy only the bargain item.

Next, consider the plan of buying only the rip-off item and nothing otherwise. In this case the
consumers’ equilibrium expected-utility is

Q=g P=p (W] =n(A=1)g (1-g)p+p" ()] 9)
It is easy to see that (8) is always larger than (9) as
T+ A =1) (1 =g >p™ () [L=n(A=1) (1 —¢")]

and therefore we have proved that all consumers with type v € (v, vh] prefer to always buy.

Last, consider the consumers with type v € [vl, v). For these types, not buying is a credible plan
because p™™" (v) > p™" (v). Therefore, they are going to plan to buy with positive probability only if
they can make (weakly) positive utility in expectation. From (7) we have that a consumer’s expected
utility when planning to buy the bargain item and nothing otherwise is non-decreasing in his own type
if and only if 1 —n (A — 1) (1 — ¢*) > 0. If this condition holds, then as a type-v consumer gets strictly
negative utility in equilibrium so would a a type-v if he were to plan to buy; therefore, the latter would
prefer planning not to buy. This argument does not work when 1—7 (A — 1) (1 — ¢*) < 0 because in this
case a consumer’s expected utility is decreasing with his type when he plans to buy only the bargain.

However, the utility of a type-v consumer when planning to buy only the bargain is equal to
¢ [o—pf™ ()] -n(A=1)¢" (1= ¢") [u+ 7" (v)] = ¢* {o =™ (0) = (A= 1) (1 = ¢*) [u+ ™ (v)] }

which is negative for 1 —n(A —1) (1 —¢*) < 0. Therefore, also in this case consumers prefer not to
buy. By the same argument, it is easy to see that these consumers would never plan to buy only the
rip-off either and this concludes the proof. B



We are now ready to prove Proposition 5 in the text.

Proof of Proposition 5: From Lemma 5 we know that for a given marginal type v, types above v
plan to always buy and types below v plan to never buy. Then, the problem reduces to a standard
monopoly-pricing one where the seller charges an expected price equal to

(1—¢")p" (v) +g*'p™™ (v) = Pv

4-202+n2 22 +4An+12 X —24/2(2+n+n)) (1+n) (1+nA—n)
e nA=1)(1+7)) . L L :
type. In equilibrium a consumer of type-v attains a positive expected utility if and only if

where ® = > 1. Let ¥ be the profit-maximizing marginal

v 2 g p™ (0) + (L= q") p" (0) +n (A= 1) ¢" (1 = ¢*) [p* (B) —p™" (0)] = v°
and this concludes the proof. B

In the proof of Proposition 6 we use the following lemma.

Lemma 6 Fiz any n > 0 and A > 1. The optimal limited-availability scheme is to sell one item at

p1 = 1;;7)\11]; and the other one at po = vy, + %fjﬁ@\w: where
g V2OEn R +a(=1] 1
n(A=1)2+nr+n) n(A—1)

is the degree of availability of the bargain item. Furthermore, ¢* < 3.

Proof of Lemma 6: For the bargain, p; = :n)\’UL as this is the highest price that makes {@} not a

PE. For ps > p; and ¢ € (0,1), plan {1,2} is the PPE for consumers of type (vg,vr) if and only if

147 1479 1+77
- gl —gn(r—1 < - 1 -
Q<UH 1+n)\vL> q(1—q)n( )(UH+ 1+n/\vL> < CJ(UH +77/\ + (1 —q) (v, — p2)

1
—q(1—q)n(A—1)(vg —vr)
) ( ) <p2 - 11:7777)\%)

(10)

—q(1—q

2aqn(A—=1) 1+n ;
TTrgo DTt

< p2<v

Similarly, for consumers of type (vg,vy) plan {1,2} is the PPE if and only if

1417 147 1+17
_ —q(l—q)n(A—1 < - 1- _
q (’UL 1_H7)\UL> q(1—=q)n( )(UL+ 1_“7)\’%) < q <’UL T )\UL + (1 —q) (ve — p2)

—q@)n(A—1)(vg —vr)
) ( ) <p2 - 11_:_1;7/\1%)

vL. (11)

—q(1—q

o 1—q17()\—1)vH 2aqn(A—=1) 24+nA+n
_1+q17()\—1) L+gn(A—1) 1+4nA

It is easy to verify that the right-hand-side of (11) always exceeds the right-hand-side of (10). Hence,




in order to induce both types of consumers to select plan {1, 2}, the seller must price item 2 at

2gn (A —1) 1—|—77U
T+gn(A—D1+nr =

p2(q) = vr +
The seller then chooses the degree of availability of item 1 that solves the following program
max gp1 + (1 —¢)p2(q) -

Taking FOC yields

A2+ D+ +2)(n++1)
= T — 1) (n+An+2) n(A— 1)

Finally, we have
g < % & -n(A—1) (N> +6An—n*—6n+4) <0
which hold for any n > 0 and A > 1. This concludes the proof. B
We can now prove Proposition 6 in the text.
Proof of Proposition 6: By Lemma 6, with a limited-availability scheme, the seller’s profit is equal

= 1-— .
T 4 <1+n)\UL)+( q)<vL+1+q*n(z\—1)1+n/\vL

to

Substituting for ¢* and re-arranging yields

L (A PA - 220 F N ) (LA — 7)) v
™ = .
n(A=1 1 +nA)

B vE A =22 +PA2 A+ PA =222+ n+0A) (1 +n) (L+nX —n)

This concludes the proof. l

B.3 Optimistic Consumers

Suppose that when the seller announces a degree of availability ¢ for a bargain, consumers are overly
optimistic about their chance of getting a deal and think they will get the bargain with probability
¢ = min{xq, 1}, where y > 1 parametrizes the degree of consumers’ optimism. The seller knows ¥,
but cannot be held liable for the difference between perceived and actual availability; however, she
cannot reduce product availability below the level ¢ that she announces. Consumers still select a PPE
purchasing plan, but they base their decisions and payoffs’ comparison on the biased beliefs g.

For simplicity, let the products be perfect substitutes (v; = vo = v > 0) and assume marginal cost
is zero for both products. As a normalization, let item 1 be the bargain and denote by ¢ its profit-
maximizing degree of availability when consumers have rational expectations (x = 1). At first one
could be tempted to guess that with naive consumers, the seller would always choose a lower degree of
availability for the bargain item, compared to the rational case. After all, the seller can just announce



q= g , inducing the same attachment effect as with rational consumers but actually selling the bargain
less often and hence making even higher profits. Yet, this intuition is incomplete. To see why, notice
that for given ¢ and pi, the highest price the monopolist can charge for item 2 to induce the consumers

to select plan {1,2} is p3 (¢, p1) = v + [%} . It is easy to see that

9%p5 (¢, p1)

01— A—-1)>0

implying that if y is small, the marginal gain from raising ¢ is higher when consumers are optimistic.
The monopolist will then choose the degree of availability and price for item 1 that solve:

max T = gp1 + (1= q)p3 (¢,1)
Let gy (p1) be the solution to this maximization problem. The following proposition characterizes
the seller’s profit-maximizing strategy.

Proposition 7 Fiz any n > 0 and A > 1. There exists a X such that the seller’s profit-maximizing
strateqy is as follows:

i) if x < X, she announces a degree of availability for the bargain equal to min) - ond prices ptit
X <X . g Y 9 q ax \P1 b b1
mm) .

and p (q, (P™) , P}

(ii) if x > X, she announces a degree of availability for the bargain equal to ¢, = i and prices v and

Furthermore, the seller’s expected profit is strictly greater than v.

Proof of Proposition 7: Suppose p; = pJit = 11;777/\

and for a given ¢ their perceived expected utility under plan {1, @} is

v. Then, {@} is not a credible plan for consumers

EU[{1,0} [{1,2}] = q (v = p"™) =g (1 =) n (A = 1) (v + ") (12)

where ¢ = xq > ¢q. Consumers will be indifferent between the above plan and plan {1,2} if and only if

277 (>‘ - 1) a pmin _ p*
1+n(A—=1)q|"t —

p2 < v+ [
This pair of prices provides the seller with profits equal to
ap™ + (1 — q) ps.

The above expression is maximized at

V20 +1) (n+ A +2) (—xn+ Axn + 1) 1

X xn (A= 1) (n+ A+ 2) xn(A—=1)

Notice that expression (12) is a continuous function of g, and its value is 0 for ¢ = 0 and v —pi® > 0
for ¢ = 1. Furthermore, its derivative evaluated at ¢ = 0 is equal to

nA-1)

v=—p™ —nA-=1) (v+p"™) = - S (L+n+n\)v<0.



Therefore, expression (12) must have another zero for g € (0,1):

. ) 14+n+nA
0 = v—p™—(1- A=1) (v+p™) & =
P ( 7)1 ( )( P ) XAx 2+ 1+ A

- . WX+ PAZ AN — A AN 8N — P 6+ 6
X 2(T+n) 2+ 0+ X

Hence, for x > X consumers’ perceived expected utility is zero. But then, the seller can set ¢ = i

and p; = v without affecting consumers’ perceived expected utility. In this case, because consumers

believe they will buy item 1 at price v for sure, the highest price they are willing to pay ex-post for

n(A-1)
14+nA

as consumers’ realized consumption utility is at most zero in any contingency. H

item 2 is po = v [1 + ] . It is easy to see that this scheme provides the seller with higher profits

The first implication of Proposition 7 is that the monopolist profit displays a discontinuity at .
The intuition is as follows. For moderate levels of consumers’ optimism, the seller’s profit-maximization
problem is similar to the one with rational consumers: she chooses the highest price for the bargain
that makes {@} not a credible plan and a price for the rip-off such that consumers ex-ante are (perceive
to be) indifferent between plans {1,2} and {1,2}. Then, she announces a degree of availability for
the bargain that trades off the gains from exploiting the attachment effect with those from selling the
rip-off more often than the bargain. Hence, except for the fact that consumers believe to be more
likely to make a deal than they actually are, the seller’s profit-maximizing limited-availability scheme
is qualitatively similar to the one derived in Section 4. Things are different, however, when consumers
are very optimistic. For y = ¥ we have that:

q(v—pf") =q(1 =0 —1) (v+pi"™") =0,
where ¢ = g5 (p{“in). That is, X is the lowest degree of optimism for which, if the seller uses the scheme
in part (i) of Proposition 7, consumers perceive their expected utility to be non-negative. In this case,
the seller does not need to offer a tempting deal on item 1 to make {@} not credible; instead, she can
announce gy = i, inducing consumers to believe that they will find item 1 available for sure, and price
item 1 at its intrinsic value and item 2 at the highest price consumers are willing to pay ez-post. So at

X = X, the degree of availability of the bargain and the prices jump up and so does the seller’s profit.

C Partial Commitment

While retailers frequently advertise their good deals, it is rather uncommon to see a store publicizing
its high prices. Therefore, consistently with this observation about stores’ advertising patterns, in this
section I assume that in period 0 the seller commits only to the price of the bargain p?“m, 1=1,2, and
its degree of availability. In this case, consumers form rational expectations about the price of the item
that is not publicly advertised.

Suppose the seller uses item 1 as the bargain by announcing that she has ¢ units of it available for
sale at price p‘f“in. Once at the store, a buyer who had planned to buy item 1 if available and item 2
otherwise will follow his plan and buy item 2 when this is the only item left in the store if

Ul(v2,p2) [{1,2}] = U[(0,0) [{1,2}]

(14—7)/\)@24—77()\—1)61(11:7;1\)01
L+nAg+n(l—q) '

& po < (13)
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Notice that this price is higher than the one we found under full commitment because now the price
of the rip-off is the highest price consumers are willing to pay ez-post. However, for the consumers to
be willing to make plan {1,2} to begin with, the seller’s announced degree of availability for item 1

must be such that
BU[{1,2}|{1,2}] > BU [{1,2} |{1,2}]. (14)

To have an optimum for the seller both conditions (13) and (14) have to bind, defining a system of
two non-linear equations in ¢ and ps. The relevant solution is

. v1(1+77)(1+2n)+v2(1+n>\)(1+n+77)\)—\/)7
P2 = 20 (1+ 1))
U2>\(1—|—77>\)—2n1(—1i__;_77)]\/\) vl(1+77)(1+277)+v2(1+17)\)(1+77—|—77)\)—\/17}
g =

v (1+n)A=1)4+v2(1+nX)(A-1)
where
Y =02 (14+1)% (20 + 1%+ (1 —n+ 902 (1 +190)2 20102 (1 + 1) (1 + 1)) (= —2n* —npA+20°A —1).

Similarly, if the goods are close substitutes and the seller uses item 2 as the bargain, degree of
availability of item 1 and its price are

o oo A=D A4+ +ua (1429 2+n+ M) —VZ

P1 27 (1 + n\)
_ v2(2)\—77—2772—77)\—2772)\—1—77)\2—2)—vl)\(n—n2+77)\+772)\+1)
q =

va (A= 1) (n+ An+2)
TRy [”177@ — 1) (1 +nA) +v2 (14+2n) (2+1+1A) — \/7]
v2(A=1) (n+nA+2)

where
Z =022 (1+ N2 (14 N2 +02 (14202 (2 + 1+ M) =2nv1va (=X + 20+ 20X + 3) (L +19A) (2+ 0+ n)) .

Compared to when she is able to commit in advance to both prices, now the price of the rip-off
is higher but the degree of availability of the bargain is higher as well. Intuitively, as the consumers
anticipate that she will charge a higher price for the rip-off, the seller must compensate them with a
higher ex-ante chance of making a deal. Thus, given both prices, the seller is not choosing the degree
of availability that maximizes her profits. This is because by not committing in advance to the price of
the rip-off, the seller must use the degree of availability of the bargain to induce the consumers to select
plan {1,2} (or {2,1}). Furthermore, the optimal degree of availability with full commitment takes into
account also the difference in the marginal costs of the two items, whereas with partial commitment it
does not. Therefore, the seller’s profits are lower when she cannot commit to both prices.

Unfortunately, in this case it is hard to obtain a full characterization, like the one in Proposition
1, to exactly pin down the conditions for when a limited-availability scheme is profit-maximizing.
Nevertheless, such a strategy can be profit-maximizing as the following example shows.

Example 1 Let v = 250, vo = 230, ¢; = 20 and co = 10. If the seller produces only one good, then
she would produce item 1 and price it at p1 = 250, obtaining a profit of 230. Letn =1 and A = 2

and suppose the seller uses item 1 as a bargain by pricing it at piP™ = %. In this case the seller will



also commit to sell q = %\/ 3459 — 1% units of item 1 and will price item 2 at p5 = 710 — 23—0 3459,
obtaining a profit of 250.15.

Moreover, as example 1 shows, the seller might prefer to use the superior item as the bargain,
exactly for the same reason as in the analysis with full commitment.

D Relaxing Assumption 2

24nA+n7 14+nA
This ensures that (i) the price of the superior product (item 1), when this is the rip-off, is higher than

vy and (ii) that the price of the rip-off is always higher than the price of the bargain, even when the
inferior product (item 2) is used as the rip-off. More precisely,

The analysis in Section 4 of the main text is carried out under the assumption that Z—f > max { Lind - 1in }

U2 1+77)‘ min
—_—> — & > V1 — VUo.
V1 2+7])\+77 P2 ! 2

is necessary and sufficient for pj (¢) to exceed v; for any ¢ € (0,1). If this condition is violated, it is
never profit-maximizing for the seller to use product 1 as the rip-off item, as shown in the following
proposition.

Proposition 8 Let pg‘i“ < w1 —vy. Then, there does not exist a limited-availability scheme, where item
1 is used as a rip-off, yielding a higher profit than the perfect-availability scheme in which the seller
supplies only the item with the larger social surplus and price it at its intrinsic value.

Proof of Proposition 8: If the seller uses item 1 as the rip-off, item 2 must be priced at pé“in. Let

pgﬁn < w1 — vg. First, notice that if the seller uses item 1 as the rip-off, it must be that p; > v1. To see
why, suppose, by contradiction, that p; < v;. The seller’s profit is

q(p1—c1)+ (1 —q) (py™ —c2) .
Notice that
pr<vi=q(pi—c)+(1—q) (P —c2) <q(vi—c1)+ (1 —q)(v2—e2) <v1—cyj

but then the seller would prefer to choose either ¢ = 1 or ¢ = 0. So it must be that v; < p;.
Next, recall that the seller must make consumers indifferent between plan {2, @} and plan {2,1}:

(1—q) (v2—p3™) —q(L—@)n(A = 1) (v2+p5™) = q(v1 —p1) + (1 —q) (v2 — p§™)
—q(1—q)n(A=1) (v1 — v2 +p1 — p3™)
S(1l—-qgnA-1) [vl +p1—2(vg +pgﬁ“)} = v — p1. (15)

As the right-hand-side of (15) is negative, it follows that

v+ D1 min (16)

Ul+p1—2(v2+p§mn)<0@ 9 —v2 < Py

Condition (16) and the assumption that pi® < v; — vy combined together imply

v1 +p1
2

— Vg <V} —V2 =P <U1.



The result then follows by reductio ad absurdum. B

Similarly, 2 > lljn")\ is sufficient to ensure that p3 (¢) exceeds p™ for any ¢ € (0, 1). This condition

however is actually stronger than what we need. The necessary and sufficient condition for p% (¢) to
exceed p™® for any ¢ € (0,1) is

S \/Ul(l+77){2(cl_02)(1+77)‘)[1+T7()‘_1)]+U1(1+77)}_77(>‘_1)(1"'77)”1.33

A+t a 1) a7)

V2

If condition (17) is violated, then p} (q) < p{™. In other words, the difference v; — w3 is so large that
it is impossible for the seller to price the inferior product higher than the superior one. Nevertheless,
there exists a limited-availability scheme in which item 2 is used as the rip-off.

Lemma 7 If the seller uses item 1 as a bargain (i.e., p1 = pP™), then its degree of availability is

q*: P2 — V2
n(A—=1)(p2 +v2)

and the optimal price for item 2 is
p2 = min {p5*™, p™"}

max — 1+nA

where py'®™* = Ty U2 Furthermore, ¢* < %

Proof of Lemma 7: Let item 1 be the bargain item, so that p; = prlnin, and suppose ps < p1. Let
q € (0,1) be the degree of availability of item 1, and suppose consumers select plan {1,2}. If item 2 is

the only product left in the store, a consumer will follow his plan and buy if

Ul(v2, p2) [{1,2}] = U[(0,0) [ {1, 2}]

S vg — pa — g (v1 — v2) + qn (PP — p2) > —gnivr — (1 — q) nAva + g™ + (1 — q) 7p2
14+ nA
<:> < v = max‘
D2 = 117 2 = P9

However, we assumed that py < p;. Hence, if

2
- 1+
Py > pi" vy > ( "> v

14+nA

then the highest price that the seller can charge for good 2 is pi™i®.
As the seller is charging the highest price for good 2 that consumers are willing to pay ex-post, she
must choose the ¢ that makes consumers ex-ante indifferent between plan {1, @} and plan {1, 2}.

max.

Suppose first that ps = p5'®*; we have

go1—=p"™) =gl —g)n(A=1) (1 +pI"™) = q(vi —p™) + (1 —q) (v2 — P5™)
—q(1—q)n(A—1) (v1 — v2 + P — p5"™)

33Notice that if ¢; = 2, then condition (17) reduces to

Atnp[t—n(A-Du
(I+nA) [ +n(A=1)]

vy >

which is trivially satisifed if n (A —1) > 1.

10



Py — v

n(A—1) (P> +wg)

= q=

min.

Next, suppose that ps = pi™"; we have

g1 —p™) —q(1—q)n(A=1) (vt + ™) = q(v1—p™) + (1 —q) (v2 — pI"™)
—q(1—=q¢)n(A—1)(v1 —v2)

Pt — v2

n(A=1) (pin + vg)

&Sq=

Therefore, in either case we have

q= P2 — U2 — q*
nA=1)(p2+v2)
Finally, notice that
p12nax — U2 pllnin — 2 max min
> : N
nA=1) (5™ +v2) T n(A—1) (PP 4 wp) T :
and 14nA
pIQnax — V9 _ ﬁ’l}g — V3 _ 1 < 1
n(A—=1) (pY* + v9) 77(/\_1)(111177])\”2_’_@2) 24n+nr 2

1
for any n > 0 and A > 1. Hence, ¢* < 5. B

Thus, when the products are not close substitutes the seller prices them close to one another in order
to mitigate consumer’s expected gain-loss disutility. Furthermore, if p*® > pi® the optimal limited-
availability strategy entails flat pricing so that the consumers do not face any uncertainty in price. The
following proposition delivers necessary and sufficient conditions for when such a limited-availability
scheme is profit-maximizing.

Proposition 9 Fix anyn > 0 and A > 1. The seller’s profit-mazimizing strategy is as follows:

2
(i) for % < (%) there exists a a (va, c1, c2,m, \) such that a limited-availability scheme with ¢ = q*,

1111

b1 =D

and pa = py'™* is profit-maximizing if and only if v1 < o

2
(ii) for Z—f > (f_:—;&) there exists a p (v1, c1,c2,1, \) such that a limited-availability scheme with ¢ = q*,
p1 = pM and py = PP is profit-mazimizing if and only if va > p.
Furthermore, m (p1,p2, q; c1,c2) > v1 — c1 if both items are supplied.

14n
14nA

seller will use a limited-availability scheme if and only if

2
Proof of Proposition 9: If f}—f < ) , the rip-off price for product 2 is equal to py'®* and the

¢ (™ —a) + (1= ) (3™ —c2) 201 — a1

min max

Substituting for ¢*, pI™™ and p5'®*, and solving for v; yields

141+ 20X + 12X\ + 2 )2 1+ 1\
< n+2nA+n n L adt 7

= A).
1+377)\+772)\_|_772)\2 1+77 ’Ug) O‘(U27017027777 )
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14+nA

min

2
On the other hand, if Z—f > (H—”) the rip-off price for product 2 is equal to pi™™ and the seller

will use a limited-availability scheme if and only if

¢ (PP =)+ (1 —q¢) (™ —c2) > v —a

min

Substituting for ¢* and pi™", and solving for v; yields

(cr—ca) [L+n(mA—nX2+1)] +n? (A —1)%vy Ltn
(01702)[1777(2)\777)\+n>\2+1)]7772()\71)21;11-1-7])\

Vg >

= p(vi,c1,c2,m, A).

To conclude the proof, notice that the seller’s profit under perfect availability equals v; —c¢q. As she

would choose a different option only if this provides her with at least as much, it follows that 7 > v; —¢;

if both items are supplied. B
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