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complete trade in secondary markets can be e�cient provided experience involves idiosyncratic

tastes. As some consumers decide which vintage to buy depending on past experiences, brand

loyalty can be higher for new goods. When consumers' expected experience di�ers across brands,
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prices, results consistent with evidence from the U.S. automobile industry.
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1 Introduction

Cars are one of the textbook examples of durable goods. But cars are also experience goods. Buyers of

a new car cannot usually appraise all of its characteristics before purchase, but will learn more about

it after purchase, once they used it for some time and realized whether or not such car meets their

needs1. Regardless of the car's brand, vintage and model, a buyer is unable to observe some of its

features at the time of purchase2, or unable to discern their e�ect on her own utility3. Experience

with past purchases emerges as one of the main sources of information, especially regarding the

decision to replace an old car.

For durable goods such as cars, motorcycles, trucks, and airplanes, secondhand markets helps

replacing a used good, as owners can sell it to another consumer. But for other durable goods

such as electronics (e.g. computers, and smartphones) and appliances (e.g. washing machines and

microwave ovens), the volume of trade in the secondhand market is insigni�cant, either because the

introduction of new products make the old ones obsolete very quickly, or because the transaction

costs are too high. A consumer that decides to buy a new smartphone would most likely throw away

the used one. But regardless of whether it is a car or a smartphone, buyers of a new durable good

face uncertainty regarding product characteristics. Hence, most durable goods are also experience

goods.

This article studies a dynamic model for a good that has both properties of durability and

experience to examine the optimal purchasing behavior of consumers, and the aggregate e�ect of

their decisions on market equilibrium. It is a contribution to the literature on durable goods because

uncertainty about product characteristics of new goods a�ects the consumer's replacement decision

of a used good. Further, it explains why consumers might switch brands in their next purchase. But

the article also contributes to the literature on experience goods, as durability allows consumers to

reduce the frequency of purchases, and to switch between new and old vintage depending on their

previous experience. Consumption patterns that emerge as a result of the interaction of durability

and experience would a�ect not only equilibrium prices, but also �rms' decision on issues such as

quality, obsolescence, market coverage, and even the discontinuation of old models and introduction

of new ones.

We construct a model of an in�nite horizon economy with a good that lasts two periods and

has two dimensions of quality, depending on whether the good's attributes can be appraised before

purchase (observable quality) or after purchase (unobservable quality). Consumers have heteroge-

neous preferences regarding their valuation for each quality dimension, and buy at most one unit of

the good. Observable quality shows obsolescence: every new vintage of the good reduces the utility

provided by the previous generation. Unobservable quality can only be learned through experience

1Nelson (1970) introduced the concept of experience goods. In contrast, search goods are products whose charac-
teristics can all be appraised prior to purchase.

2For example, consumers may not know whether they will be satis�ed with the repair and maintenance services
o�ered by the dealer, or whether some of the car pieces are defective.

3Consumers may not know, for example, whether the rate of acceleration is adequate for their driving style, or
whether they are comfortable with a car with leather seats.
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after owning the good for a period, with consumers enjoying either a good or a bad match. Based

on their past experience, consumers form beliefs about their expected match with each brand and

vintage of the good.

We assume that experience is idiosyncratic, so that two buyers of the same brand (e.g., a Toyota

Camry, or a Samsung Galaxy) can get a di�erent experience: one of them enjoys a good match,

while the other endures a bad experience. If experience were not idiosyncratic, consumers would

have no incentive to switch brands, but indicators on brand loyalty show evidence to the contrary.

For example, in the U.S. new car market, less than 50% of returning customers in 2012, on average,

bought the same brand than in their last purchase4, with brands like Ford and Honda with 60% of

repeating customers, while others such as Chrysler and Mazda having 26% and 34%, respectively.

Among buyers of smartphones in three markets, Apple retains 76% of its customers, Samsung

keeps 58%, while all other brands retain less than 33%5. An important implication of assuming

idiosyncratic experience is that it introduces ex-post heterogeneity across consumers.

We also assume that experience is (i) brand-speci�c, and (ii) vintage-speci�c. The former implies

that, for example, buying a Samsung Galaxy gives no information on the consumer's experience with

an iPhone. The latter means that, even if a consumer had a good experience with a 2004 Toyota

Camry, she may not get the same experience again with a 2014 Camry, or any other Toyota model.

In fact, less than half of the car models available in 2004 are still currently on sale, and most of

the remaining models have been updated on average every four to �ve years6. Firms introduce new

models very frequently and with newer features, either because of technological progress, or perceived

changes in consumers' preferences. Netbooks are one critical example: they were introduced in 2007,

but most labels stopped producing them by the end of 2012, and replace them with tablets7.

In the steady-state equilibrium when consumers have the same beliefs for all brands and vintages,

we �nd that the consumer´s previous experience a�ects her replacement decision. Concretely, some

owners decide to keep a used good because they do not want to face the risk of replacing it with a

new good of uncertain quality, even though the used good has become obsolete. As a result, there

is always incomplete trade in secondary markets. However, in contrast to the literature on adverse

selection, incomplete trade can lead to an ex-post e�cient outcome as long as experience involves

idiosyncratic tastes, because information about the experience enjoyed by the previous owner of a

used good would not guarantee that the potential buyer would also enjoy the same experience.

With experience goods, consumers switch brands after a bad experience, and stay loyal after a

good experience. But we �nd that the introduction of durability causes brand loyalty to be larger

for new goods, because in equilibrium there are always some buyers whose choice of vintage depends

on their previous experience. When one of these consumers gets a bad match with a new good, she

will replace it next period with an old vintage of some other brand, because of the uncertainty she

faces when consuming an unknown brand. When she enjoys a good experience with a used good,

4J.D. Power and Associates' 2012 Customer Retention StudySM , press release, January 11, 2012.
5WDS, a Xerox Company, press release, February 24, 2014.
6For example, Toyota started selling the Camry in 1982, and introduced its eighth generation in 2011.
7http://www.theguardian.com/technology/2012/dec/31/netbooks-dead-2013, retrieved January 17, 2015.
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she buys a new good of the same brand in her next purchase, as her belief that she would get again

a good match increases.

We also �nd that uncertainty and experience can cause leapfrogging behavior, a term coined by

Fudenberg and Tirole (1998) to describe the existence of consumers with high valuation of quality

using an old good, while consumers with lower valuation of quality purchase a new good. In our

model, leapfrogging arises because consumers do not agree which brand is best, even though they

all agree that new goods are superior to old ones. Most consumers are leapfrogged because they

prefer to keep a used good after a good experience but, as explained above, some are leapfrogged

when they decide to replace a used good after a bad experience with one of the same vintage but of

a di�erent brand. Further, leapfrogging emerges even in the presence of a secondhand market.

We extend the model to analyze the robustness of the results when consumers' beliefs are not the

same for all brands and vintages. When we examine the e�ects of di�erences between vintages, we

�nd that there is always incomplete trade and leapfrogging, as there are always consumers who keep

their used goods after a good match. We also �nd that brand loyalty for new goods can be larger

even when consumers expect a better experience with old vintages, provided that the di�erence in

expected experience between old and new vintages is not too large.

When we examine di�erences between brands, we �nd that the brand with a higher probability

of a good match would also exhibit higher customer loyalty, larger sales, smaller volume of trade

in the secondary market, and higher prices for used goods. That brand provides a larger expected

gross utility, which increases the demand for any of its vintages. But, as an even larger proportion

of buyers of a new good of that brand gets a good match, more of them will decide to keep it as

used, which reduces the supply of used goods of that brand in the secondary market. As shown

below, the results on loyalty, sales and volume of trade would be consistent with evidence from the

U.S. automotive market.

The article is organized as follows. The rest of the Introduction discusses some stylized facts, and

examines some related literature. Section 2 introduces the baseline model. Section 3 characterizes

consumer behavior, while Section 4 determines the conditions for the existence of an equilibrium.

Section 5 examines the main implications of the equilibrium just found. Section 6 presents the two

extensions of the model we discussed above, and Section 7 concludes. All proofs of the propositions

are collected in the Appendix.

1.1 Empirical facts

As one of the objectives of this article is to understand the e�ects of experience in markets of durable

goods, we examine the relationship between consumer satisfaction (using it as a proxy for consumers'

experience) and other market observables. We chose the automobile industry because it has more

information available freely8. As a �rst step, we needed to de�ne an index of consumer satisfaction.

For consistency, we decided to construct this index using indicators by brand collected from press

8Still, most information by brand is proprietary, and very little is available freely or by paying a subscrip-
tion.
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releases of four studies conducted by the same research �rm (J.D. Power and Associates), which

surveys U.S. consumers regarding their satisfaction with any recently purchased new vehicle. Each

one of those surveys measures di�erent aspects of experience at di�erent moments of the owner-

ship. The Automotive Performance, Execution and Layout (APEAL) StudySM surveys consumers

regarding their satisfaction with the design, content, and appeal of their new car, and is conducted

after the �rst three months of ownership. The Initial Quality StudySM (IQS) captures problems

experienced by owners regarding quality of design, and defects and malfunctions, during the �rst

three months of ownership. The Customer Service Index (CSI) StudySMmeasures their satisfaction

with the dealer's maintenance and repair services during the �rst three years of ownership. Finally,

the Vehicle Dependability StudySM (VDS) reports the number of problems experienced during the

past twelve months by original owners of three-year-old cars.

The customer satisfaction index for a car sold in year t includes the APEAL and IQS indices

in year t + 1, and the CSI and VDS indices in year t + 3, given the di�erent times at which each

study is conducted. Further, observe that a larger customer satisfaction is measured by a larger

index for both APEAL and CSI, and a smaller index for both IQS and VDS. Then the index of

customer satisfaction that we compute for brand j sold at year t is ICSj,t =
APEALj,t+1

IQSj,t+1
∗ CSIj,t+3

V DSj,t+3
.

Table 1 shows the the top and bottom quartile of the index for selected years of the last decade

for non-luxury brands that were still operating in 2012. Observe that Honda, Toyota and Buick

have consistently appeared among the brands with higher satisfaction. In the bottom half, recurring

brands include Dodge, Volkswagen and Suzuki9.

Table 1: Customer Satisfaction
Top Brands Bottom Brands

2004 2007 2010 2004 2007 2010

Buick Buick Honda Dodge Volkswagen MINI

Honda Toyota Toyota Nissan Dodge Volkswagen

Toyota Honda Mazda Kia MINI Jeep

GMC Ford Buick Mazda Mitsubishi Mitsubishi

Hyundai Hyundai Chevrolet Volkswagen Jeep Dodge

Subaru Chevrolet GMC Suzuki Suzuki Suzuki

A consumer satis�ed with a new car is more likely to repeat purchase of the same brand, which

would increase the demand for that brand. However, she might postpone the decision to replace

the used car, and as a result the supply of used cars would reduce. To verify these assessments,

we compute unweighted Pearson and Spearman (rank) correlation coe�cients between the 2007

index of customer satisfaction we constructed, and three indicators from the automotive industry

in 2012: customer loyalty, sales of new cars per model, and the percentage of cars retained by

9The index is available from the author upon request.
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the original lessee, as a proxy for the disposal rates of used cars10. We also calculate the average

di�erence between top and bottom brands (in terms of customer satisfaction) for each of these three

indicators. We use a lag of �ve years because, on average, buyers of new cars replace them after �ve

years of ownership. Also, most car leases last �ve years. As shown in Table 2, we reject the null

hypothesis that (i) there is no relationship between customer satisfaction and the three indicators

employed, and (ii) there are no di�erences between the means of top and brands in terms of customer

satisfaction. Then, brands with higher customer satisfaction should exhibit higher loyalty and larger

sales per model. Also, owners of those brands should choose to keep it for a longer time.

Table 2: Correlation Analysis between Customer Satisfaction and Other Indicators from the Auto-

motive Industry
Brand Loyalty Sales per Model Lease Retention

Pearson Correlation 52.98% 51.66% 62.38%

(P-value) (2.37%) (2.82%) (1.71%)

Spearman Rank Correlation 59.06% 58.10% 65.79%

(P-value) (0.99%) (1.15%) (1.05%)

Top brands 54.44% 82,184 14.23%

Bottom brands 36.78% 47,238 8.91%

Di�erence, t-test 17.67% 34,947 5.31%

(P-value) (0.32%) (4.26%) (2.36%)

1.2 Related Literature

Within the literature on durable goods markets11, our article is closely related to those that analyze

the interaction between markets of new and used goods in the context of adverse selection12. Hendel

and Lizzeri (1999) study a model in which consumers with high valuation of quality purchase new

goods and sell their used goods to low-valuation consumers. Adverse selection arises because buyers

of used goods cannot observe the quality of the good. Other articles include Hendel and Lizzeri

(2002), and Johnson and Waldman (2003), who show that leasing of new goods helps eliminate the

asymmetry in information, as dealers have no information on leased cars that are returned.

Although our article shares many features with those models, there are some important di�er-

ences. First, in our model buyers also face uncertainty when purchasing a new good. We thus

uncover other patterns of consumer behavior that had not been previously identi�ed. Second, as

one of our objectives is to understand the e�ects of experience, we abstract from explicitly intro-

ducing asymmetric information. As a result, we �nd that incomplete trade always arises, as owners

of used goods prefer keeping it when they got a good experience because the overall quality of the

10The index of customer loyalty was collected from J.D. Power and Associates' 2012 Customer Retention StudySM ,
press release from January 11, 2012. Sales data was obtained from Automotive News from January 6, 2014. Lease
data comes from CNW Marketing Research, document 470, retrieved October 31, 2013.

11See the survey by Waldman (2003) for other developments on the theoretical front. Recent empirical articles
includeGavazza (2011) and Schiraldi (2011), among others.

12Akerlof (1970) show that adverse selection can cause too little trade in a secondhand market, but he did not
consider the interaction with the primary market.
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replacement is uncertain. Finally, incomplete trade is ex�post e�cient as long as the match of a

buyer of used goods with a particular vintage and brand depends only on her previous experience

with that brand, and not on the experience of the previous owner.

Our article also belongs to the growing literature on experience goods that examines the behavior

of consumers with idiosyncratic experience13, including Crémer (1984), Villas-Boas (2004, 2006),

Bergemann and Valimaki (2006), and Doganoglu (2010)14. These models study consumers who

share the expectation about the uncertain quality of a non-durable good they have not purchased

before, and become di�erentiated once they buy the product and learn the idiosyncratic value

of their match15. Our model extend that literature to study durable goods markets, with two

important di�erences. First, we are the �rst to examine idiosyncratic experience for consumers who

are vertically di�erentiated regarding their valuation of quality. Second, in contrast to the articles

mentioned above, in our model the match of consumers with a given brand can change over time.

The articles by Villas-Boas (2004, 2006) and Doganoglu (2010) are closer in spirit to ours as both

assume horizontally-di�erentiated consumers16. In a two-period model, Villas-Boas (2004) studies

how the informational advantage obtained by past customers a�ects �rms' pricing decision, which

he �nds to depend on the skewness of the distribution of consumer experiences. Villas-Boas (2006)

extends the analysis to an in�nite horizon model with overlapping generations of consumers to study

how �rms compete for both experienced and �rst-time consumers. Doganoglu (2010) follows Villas-

Boas (2006), but assumed experienced customers who incur a switching cost when buying another

brand. He determines su�cient conditions for the existence of an equilibrium in which consumers

with low realizations of experience prefer to switch brands with positive probability.

Few articles have analyzed the interaction between durability and experience, and most of them

have focused on the obsolescence decision by a monopolist producer. Johnson (2011) �nds that

transaction costs in the secondhand market can raise the monopolist's pro�ts, while its choice of

durability may not always minimize costs. In his model, the durable good always supplies the same

utility, but may break with positive probability. Also, consumers' valuation of quality change every

period, so they have no incentive to replace the good. Strausz (2009) considers a repeated game in

continuous time, with a single consumer purchasing a good characterized with observable durability

and unobservable quality that does not depreciate. He �nds that consumer's replacement decision

gives the �rm incentives to provide an adequate quality level but with reduced durability. Finally,

Dener (2011) examines the e�ect of exogenous quality uncertainty on the �rm's time inconsistency

problem in a two-period model with two types of consumers. She �nds that the Coase Conjecture

13Research on experience goods focused initially on �rms' strategies to overcome the asymmetric information prob-
lem, either by signaling high quality or by building a reputation. See Riordan (1986), and Milgrom and Roberts
(1986).

14Some empirical work have also examined the importance of idiosyncratic experience on consumer behavior, but
mostly on non-durable goods, including Crawford and Shum (2005) on anti-ulcer drugs, Erdem and Keane (1996) on
laundry detergents, and Ackerberg (2003)on yogurts.

15In contrast, with common experience all consumers who buy the product obtain the same experience. See
Bergemann and Valimaki (1996) and the literature thereafter.

16Both Crémer (1984) and Bergemann and Valimaki (2006) assumed homogeneous consumers.

7



can be solved when the quality dispersion of a durable good is very large, similar to the e�ect caused

by planned obsolescence.

2 The Model

Consider an in�nite-horizon economy in discrete time, with a unit mass of consumers born at the

beginning of time, and no new consumers entering the economy at any other time.Consumers live

forever and have the same discount factor δ. They demand at most one unit of a durable good,

which lasts up to two periods.

Let J denote the set of brands available in the market. For each brand j ∈ J , the quality (qj)

of the durable good has an observable (vj) and an unobservable (zj) dimension. The observable

quality vj encompasses the set of characteristics that consumers can inspect before purchase. It is

deterministic and a�ected by obsolescence: a new vintage of the good has observable quality vNj , but

after one period of usage its quality falls to vUj . Obsolescence is assumed to be exogenous, and can

be physical (i.e., the good depreciates) or technological (i.e., each new vintage reduces the quality

of the previous generation). From the viewpoint of consumer behavior, both forms of obsolescence

have the same e�ects on their gross utility. We de�ne the obsolescence level of each vintage as

v4j ≡ vNj − vUj .
In contrast, zj represents the consumer's match with the set of attributes of the durable good

that the consumer cannot observe before purchase. The consumer learns the value of zj after using

the good for one period. As with vj , we assume that zj can take two values17, i.e., the consumer can

enjoy a good match (zHj ), or a bad match (zLj ). We de�ne z4j ≡ zHj − zLj > 0. Consumers' memory

about past experiences lasts for T periods, which means that, with time, old experiences become

irrelevant18. By assuming that T < n (J ), we ensure that there are always some brands that the

consumer has not experienced. For consumer i, let J Oi denote the subset of brands that she has

owned in the last T periods, while J \ J Oi is her subset of unknown brands.

We assume experience is idiosyncratic: given a vintage of the good, some consumers will enjoy

a good match, while others will get a bad match. Then, information about one consumer's past

experiences is of no use to another consumer. Further, experience is vintage-speci�c: if a consumer

got experience z′ in her last purchase of a given brand, she may get a di�erent match when she buys

again a good of the same brand but of a di�erent vintage19. Also, experience is brand-speci�c: a

consumer who purchases the good from one brand gets no information about her match with other

brands.

For any brand j ∈ J \J Oi , the expected experience of a prospective buyer is given by Ej (z). For

any brand j ∈ J Oi , the buyer believes that her experience is conditional on the match she got with

17A discrete state space allows us to obtain closed-form solutions for the consumer's dynamic, stochastic discrete-
choice problem, and gives us more �exibility to introduce extensions.

18In other words, experience becomes obsolete after T periods. The results do not change qualitatively if we assume
instead that experience depreciates every period (e.g. at the same rate than quality).

19The consumer gets the same experience only when she bought a new good last period and keeps the used good
today, or when she sells it but decides to buy a used good of the same brand.
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her latest purchase of that brand20. If z′j denotes the last experience with brand j, then she expects

Ej

(
z/z′j

)
. Further, if z′j = zHj , then Ej

(
z/zHj

)
> Ej (z), but if z′j = zLj , then Ej

(
z/zLj

)
< Ej (z).

We assume these beliefs are common knowledge across the population.

Hence, experience introduces ex-post di�erentiation within the subset of consumers who have

bought a given brand, explaining why some consumers choose to stay loyal while others switch

brands. The assumptions on the dynamics of experience are a re�ection of the frequency of up-

grades and modi�cations introduced by producers, which can change the consumers' match with

a particular brand. Also, the latest experience obtained with a brand provides a consumer with a

better conjecture of her current match with that brand, but it is still an imperfect conjecture of

what to expect in her next purchase of that brand.

Consumer preferences are characterized by the pair (θ, µ), where θ and µ denote the consumer's

idiosyncratic valuation for observable and unobservable quality, respectively. Let F (θ) be the cumu-

lative distribution function for θ, de�ned on the interval
[
θ, θ
]
. In turn, µ has cumulative distribution

function G (µ) de�ned on the interval
[
µ, µ

]
. Both F (·) and G (·) are continuous and increasing,

and have densities f (θ) and g (µ), respectively. Then, θv + µz is the gross utility21 for a consumer

that owns a good of quality q = (v, z). Both θ and µ are independent of each other, �xed throughout

the consumer's life, and known only by the consumer.

Let yNj and yUj be the constant �ow of new and used units of brand j coming into the market

every period. We thus allow the possibility that �rms continue supplying an old generation, although

for most of the analysis we assume yUj = 0. We de�ne Y q =
∑

j∈J y
q
j , and assume 2Y N +Y U < 1 so

that there are always some consumers who do not own a unit of the durable good, which means that

the price of the old vintage is well de�ned. Then, we analyze how a given output �ow is allocated in

equilibrium under conditions of uncertainty and experience, and ignore how market structure and

cost conditions may lead to this exogenous output.

We examine the following market con�gurations:

� In the �rst framework we assume a frictionless secondhand market in which owners of a used

good who want to replace a used good with a new one can sell it to another consumer. In turn,

�rms stay inactive in this secondary market, and sell only new vintages of the good22. In this

context, we interpret obsolescence as physical and determined by the �rm when the good was

manufactured. Then, v4j represents the quality depreciation of the good. This framework is

more characteristic of products like cars and motorcycles, where technological progress is minor,

and the secondary market is well developed. We use this framework to analyze the e�ects of

experience in markets of durable goods.

20This �Markov property� is assumed for simplicity. It is su�cient to assume that the last experience has a weight
larger than 50%.

21We can also write the consumer's gross utility as θ [µv + (1− µ) z], where θ is the consumer's valuation of quality,
while µ measures the consumers' weight of the importance of each quality component. Then θv ≡ θµ and θz ≡
θ (1− µ).

22It is possible that �rms buy back used goods from buyers of new goods, but then sell them back in the secondary
market.
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� In the second framework, we assume there is no secondhand market, so a consumer who wants a

new good would throw the used one away. This framework corresponds more closely to markets

subject to continuous technological progress that lead to the introduction of new and more

advanced models more frequently. Then, obsolescence is technological, and v4j represents the

utility value of the upgrade. We use this framework to analyze the e�ects of durability in markets

of experience goods.

Given the stationarity of the environment, we focus on symmetric equilibrium outcomes at the steady

state, except in subsection 6.2. where we explore di�erences across brands. Then, v =
{
vU , vN

}
and z =

{
zL, zH

}
for all brands at all times. In turn, consumers' beliefs about their expected

experience can be summarized by the vector of match probabilities πe =
(
πLe , π

0
e , π

H
e

)
, where π0

e is

the consumers' expected probability of a good match with an unknown brand, while πLe and πHe

denote their belief of getting a good match when the last experience with that brand was z′ = zL

and z′ = zH , respectively.

3 Optimal Consumer Behavior

Consumer behavior involves a sequence of decisions regarding the vintage and brand of the good to

own every period, taking into account the experience enjoyed last period. The consumer stays loyal

to a brand if she buys the same brand she owned last period; otherwise she switches brands. But

her decision also depends on whether she still owns the good consumed last period. A consumer is

a buyer if she owns no good at the beginning of the period, and an owner if she bought a new good

last period.

A buyer must decide whether or not to purchase one unit of the durable good. If she buys it,

she must also choose the brand and vintage (new or used) of the good. Let pNj and pUj denote,

respectively, the prices of a new and a used good of brand j. Given her pair (θ, µ) and her past

history Hi, her expected value function in a steady-state equilibrium is:

V BUY
i (θ, µ|Hi) ≡ max

{
V N
i (θ, µ|Hi) , V

U
i (θ, µ|Hi) , 0

}
(1)

where V N
i (θ, µ|Hi) and V U

i (θ, µ|Hi) denote the expected value of purchasing a new good and an

old good, respectively. Both are de�ned as follows:

V N
i (θ, µ|Hi) = max


{
θvNj + µEj

(
z|z′ij

)
− pNj + δEV OWN

i

(
θ, µ|z′ij

)}
j∈JOi

,{
θvNj + µEj (z)− pNj + δEV OWN

i (θ, µ)
}
j∈J\JOi

 (2)

V U
i (θ, µ|Hi) = max


{
θvUj + µEj

(
z|z′ij

)
− pUj + δEV BUY

i

(
θ, µ|z′ij

)}
j∈JOi

,{
θvUj + µEj (z)− pUj + δEV BUY

i (θ, µ)
}
j∈J\JOi

 (3)
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where z′ij represents the last experience that consumer i enjoyed with brand j ∈ J Oi . Observe that

buyers of new goods become owners of a used good next period, while buyers of used goods will own

no good at the beginning of next period. But their value function next period also depends on the

experience they would enjoy today.

In turn, an owner of a used good of brand j ∈ J Oi must decide whether she keeps that used

good. If she does, she enjoys the used good today, and becomes a buyer next period. If not, she

sells it and becomes a buyer today. Her expected value function can be written as:

V OWN
i (θ, µ|Hi) = max

 θvUj + µz′ij + δEV BUY
(
θ, µ|z′ij

)
,

1S
(
pUj

)
+ EV BUY

(
θ, µ|z′ij

)  (4)

where 1S is an indicator function of the existence of a secondhand market.

In the remainder of this Section we characterize the optimal behavior of a consumer with pref-

erences given by (θ, µ), by identifying the brand and vintage of the good she would consume. We

expect that consumers with higher θ prefer new goods, while those with lower θ buy used goods.

However, with experience, some consumers may �nd optimal to choose the vintage of the good based

on their previous experience. Further, among buyers of new goods, some of them can decide to keep

the good when used. We proceed as follows. First, we examine the optimal choice for buyers of old

goods. Then, we analyze utility maximization of buyers of new goods. Finally, we explore the be-

havior for buyers whose choice of the vintage of good depends on their past experience. In addition

to her own preferences, each consumer takes the vectors of market prices p =
(
pN , pU

)
and expected

match probabilities πe =
(
πLe , π

0
e , π

H
e

)
as given. For convenience, we de�ne pR ≡ pN − δ · 1S

(
pU
)
,

while p4 ≡ pR − pU . When 1S (·) = 1, then pR represents the good's "rental" price.

3.1 Buyers of Used Goods

Consider the set of consumers who decide to buy a used good every period. Their expected utility

in equation (1) reduces to V BUY (θ, µ|Hi) = max
{
V U (θ, µ|Hi) , 0

}
. Thus, they behave as if they

were buying a non-durable good. The following Proposition describes their optimal behavior.

Proposition 1. Optimal behavior for consumers who buy used goods every period depends on their

experience with the good owned last period: they stay loyal after a good match, but switch to an

unknown brand after a bad match.

Hence, for buyers of used goods, the experience with the brand owned last period is the only

relevant information for the decision to stay loyal or switch brands. Her latest experience with any

other brand j ∈ J O must have been a bad match, otherwise she would have continued buying that

brand. By the same reasoning, if she has had previous experiences with the current brand, she

must have had only good matches. As shown in the proof, the expected present value of the buyer's

utility, denoted by UUU
(
θ, µ|zL

)
, can be written as a weighted average of staying loyal to a brand

and switching to an unknown brand, with a larger weight for staying loyal when z′ = zH .
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Although the consumer's valuation of experience does not a�ect the decision of which brand to

buy, it does a�ect the decision whether or not to buy a good. If a consumer who has never bought

the durable good decides to buy a used one for the �rst time, her expected utility would be equivalent

to that of an experienced consumer who has had a bad match in her last purchase of every brand she

has bought in the last T periods. Following Proposition 1, such experienced consumer would buy a

used good of an unknown brand. Hence, a consumer of type (θ, µ) would never buy a used good if

UUU
(
θ, µ|zL

)
< 0 . Let θUU (µ) denote the marginal consumer for whom UUU

(
θUU (µ) , µ|zL

)
= 0. We

obtain the decreasing, continuous function:

θUU (µ) ≡ pU − µẑ
vU

, with ẑ ≡ δπ0
e

1− δ (πHe − π0
e)
E
(
z|zH

)
+

1− δπHe
1− δ (πHe − π0

e)
E (z) . (5)

Hence, any consumer with θ > θUU (µ) chooses to own a durable good. Given that θUU (µ) decreases

with µ, then consumers with low (θ, µ) prefer to stay out of the secondary market.

3.2 Buyers of New Goods

When we characterize the behavior of consumers who always purchase new goods as buyers, we must

study their choice as owners regarding when to keep the used good. Given preferences (θ, µ), the

decision of an owner depends on (i) the experience enjoyed last period with the good and (ii) the

expected experience with the next purchase. The next result characterizes her behavior:

Proposition 2. For consumers with type (θ, µ) that only buy new goods, optimal behavior is char-

acterized by a continuous, strictly increasing function θNN (µ) that satis�es:

θNN (µ) =
p4

v4
+

1− πHe
1− δ (πHe − π0

e)
µ
z4

v4
(6)

such that an owner keeps her used good after a good match if her valuation of quality is smaller than

θNN (µ), otherwise she sells her used good and buys a new one of the same brand. They all sell a used

good after a bad match, switching to an unknown brand.

Then, experience also a�ects the replacement decision of an owner. Concretely, θNN (µ) de�nes

a cuto� rule after a good match: owners with θ ≥ θNN (µ) replace the used good with a new one of

the same brand, while all others keep their used good, and buy a new good of the same brand next

period. However, they all discard the used good for a new one of another brand after a bad match.

If a secondary market exists, they sell the used good to another consumer, otherwise they throw

it away. Observe that, among buyers of new goods with θ < θNN (µ), it is possible that, given two

consumers with valuations of observable quality θ
′
, θ
′′
, such that θ

′
> θ

′′
, the consumer of type θ

′

could own a used good, while the one with θ
′′
could boast a recently-bought new good.

The consumer's importance given to experience also in�uences the owner's decision whether or

not to keep a used good. As θNN (µ) is a strictly increasing function, it is more likely that an owner

keeps a used good after a good match if her valuation of experience is fairly large. When experience
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is idiosyncratic and non-permanent, an owner that got a good match still faces uncertainty regarding

her match with a new good of the same brand. This would induce her to keep a used good, given

that she has already realized the experience she can enjoy with that vintage of the brand.

3.3 Buyers who choose the Vintage based on Experience

We have unveiled that the consumer's previous experience a�ects (i) her decision as a buyer on

whether to stay loyal or switch brands, and (ii) her decision as an owner on whether to keep or

replace a used good. However, experience can also a�ect her decision as a buyer on whether to

purchase a new or a used good. Given that the consumer's utility is increasing in both dimensions

of quality, intuition suggests that, if a buying behavior based on experience exists, it would show

consumers buying a used good after a bad match, and a new good after a good match. The next

result discusses the feasibility of such behavior:

Proposition 3. De�ne the following two continuous, strictly decreasing functions:

θKN (µ) =
p4

v4
−

δπ0
e

(
1− πHe

)
1− δ2 (1− π0

e) (πHe − π0
e)
µ
z4

v4
(7)

θKU (µ) =
p4

v4
−

δπHe
(
1− πHe

)
1− δ (πHe − π0

e)
µ
z4

v4
(8)

For any given valuation of experience µ, optimal behavior for a buyer of type θ ∈
[
θKU (µ) , θKN (µ)

)
is to purchase a used good after a bad match, and a new good after a good match. As an owner, she

keeps her used good if she got a good match, but trades it and buys a used good of an unknown brand

if she got a bad match.

For given µ, the function in equation (7) de�nes a cuto� rule for buyers regarding what to do

after a bad match: those with θ ≥ θKN (µ) decide to buy a new good, while those with θ < θKN (µ)

choose a used good. In turn, equation (8) is a cuto� rule after a good match: those with θ ≥ θKU (µ)

prefer a new good, while those with θ < θKU (µ) go for a used one. As buyers who got a good match

expect a higher experience, they have a larger willingness to pay for any vintage than buyers who

got a bad match, but they have a stronger preference for a new good because it lasts longer. As a

result, θKU (µ) < θKN (µ) for any vector of prices, which means that θKU (µ) characterizes the lowest

consumer of type µ that buys a new good. Observe also that, as both cuto�s decrease with µ, then

buyers with higher valuation of experience are more likely to purchase new goods, regardless of their

last experience.

Hence, buyers with θ ∈
[
θKU (µ) , θKN (µ)

)
choose the vintage to purchase based on their last

experience. As owners, they still prefer to keep a used good after a good match, rather than trade

it. After a bad match, these consumers are very reluctant to try a new good of an unknown brand,

so they choose to buy a used good instead. If their previous purchase was a new good, then they

would be �trading down� to a good of lower quality. In contrast, after a good match, the uncertainty

regarding that brand is reduced and the consumer's belief about getting again a good match is
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higher. If her last purchase was a used good, then she would be �trading up� to a good of higher

quality.

4 Aggregate Behavior and Equilibrium

Based on the analysis in the previous Section, we have identi�ed at most four possible purchasing

behaviors that are optimal: two for buyers of new goods, one for buyers whose purchasing decision

depends on their last experience, and one for buyers of used goods. For the former group, the two

optimal strategies di�er on what the consumer should do when she owns a used good that was a

good match. In Figure 1 we illustrate these behaviors for any consumer with preferences (θ, µ), for

given vectors of prices p =
(
pN , pU

)
and match probabilities πe =

(
πLe , π

0
e , π

H
e

)
when µ = 0. All

buyers with θ ∈
[
θKN (µ) , θ

]
prefer new goods, but only those with θ ∈

[
θKN (µ) , θNN (µ)

)
would choose

to keep their old good after a good match. Consumers with θ ∈
[
θKU (µ) , θKN (µ)

)
would choose the

vintage of the good depending on their last experience, while those with θ ∈
[
θUU (µ) , θKU (µ)

)
would

prefer to purchase old goods every period. Finally, consumers with θ < θUU (µ) never buy a good. In

all cases, consumers switch brands if z′ = zL but stay loyal if z′ = zH23.
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Figure 1: Optimal Purchasing Behaviors in a Stationary Symmetric Equilibrium

23Observe that, for non-equilibrium values of pN and pU , it is possible that no types in the support of the distributions
satisfy the conditions outlined here. For example, if the price of a new good is lower than that of a used good, then
no one will buy used goods. In those cases some of the cuto�s will be at one of the boundaries.
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To determine the equilibrium we need to identify the proportion of consumers with type θ ≥
θUU (µ) who, at any time, are (i) buying a new good, (ii) buying a used good, and (iii) keeping a used

good. Let φvj,t (θ, µ) be the proportion of consumers of type (θ, µ) who would like to buy a good of

vintage v = N,U and brand j in period t. The aggregate demand for a good of vintage v is thus:

Dv
j,t =

ˆ µ

µ

(ˆ θ

θ
φvj,t (θ, µ) dF (θ)

)
dG (µ)

Given that buyers that got a bad match would not repeat purchase of that brand for T periods,

demand for each brand and vintage includes buyers who have never tried that brand, as well as

buyers who have already tried that brand and got a good experience last time.

The supply of new goods in every period was assumed to be constant and given by SNj,t = yN .

Instead, the supply of used goods in period t includes (i) any net supply of the old vintage produced

by each �rm, and (ii) when there is a secondhand market, all consumers that bought a new good

in period t − 1, minus those who choose to keep the used good today. Let φKj,t (θ, µ) denote the

proportion of consumers of type (θ, µ) who keep a used good of brand j in period t24. Then the

supply of used goods can be written as SUj,t = yUj,t + 1S
(
DN
j,t −Kj,t

)
, where 1S = 1 when there is a

secondhand market, while Kj,t represents the set of all buyers of new goods who keep a used good

as an owner, and is given by:

Kj,t =

ˆ µ

µ

(ˆ θ

θ
φKj,t (θ, µ) · dF (θ)

)
· dG (µ) .

We also require that buyers' beliefs regarding their expected experience are correct in equilibrium.

Let Zve,j,t be the average expected experience for all consumers that buy a good of brand j and

vintage v in period t, based on their beliefs about the probability of a good match, as re�ected in

πe =
(
πLe , π

0
e , π

H
e

)
. Then:

Zve,j,t =
1

Dv
j,t

(ˆ µ

µ

(ˆ θ

θ

(
zve,j,t (θ, µ)φvj,t (θ, µ)

)
dF (θ)

)
dG (µ)

)

where zve,j,t (θ, µ) represents the expected experience for consumers of type (θ, µ) who buy a good of

brand j and vintage v, based on their beliefs. Let us also de�ne the average expected experience for

all buyers as Ze,j,t =
DNj,t

DNj,t+D
U
j,t
· ZNe,j,t +

DUj,t
DNj,t+D

U
j,t
· ZUe,j,t.

On the other hand, we de�ne πx =
(
πLx , π

0
x, π

H
x

)
to represent the actual probabilities of enjoying

a good match for all consumers, based on their last experience25. Then, the average experience for

all buyers of a good of brand j and vintage v is:

Zvx,j,t =
1

Dv
j,t

(ˆ µ

µ

(ˆ θ

θ

(
zvx,j,t (θ, µ)φvj,t (θ, µ)

)
dF (θ)

)
dG (µ)

)
24For any type θ ≥ θUU (µ), we require that

∑
j ρ

N
j,t (θ, µ) + ρUj,t (θ, µ) + ρKj,t (θ, µ) = 1.

25As with πe, we also assume that 0 < πLx < π0
x < πHx < 1.
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where zvx,j,t (θ, µ) is the average experience that a consumer of type (θ, µ) enjoys when buying a good

of brand j and vintage v. Analogously, Zx,j,t =
DNj,t

DNj,t+D
U
j,t
·ZNx,j,t+

DUj,t
DNj,t+D

U
j,t
·ZUx,j,t denotes the average

expected experience to be obtained by all buyers.

We say that consumers' beliefs are rational if πe = πx. If not, their beliefs are myopic. But,

as the expectations in both markets must be correlated, we present two de�nitions of a symmetric

equilibrium in a stationary economy:

De�nition 1. Let p =
(
pN , pU

)
be a vector of prices, and πe =

(
πLe , π

0
e , π

H
e

)
a vector of match

probabilities that represent consumers' beliefs. Then, in a stationary, symmetric economy:

(i) An industry-wide equilibrium is a pair of vectors (p,πe) that satisfy:

DU (p,πe) = SU (p,πe) , DN (p,πe) = yN , Ze (p,πe) = Zx (p,πe)

(ii) A market-speci�c equilibrium is a pair of vectors (p,πe) that satisfy:

DU (p,πe) = SU (p,πe) , DN (p,πe) = yN ,

ZUe (p,πe) = ZUx (p,πe) , ZNe (p,πe) = ZNx (p,πe)

Proposition 4. In a stationary, symmetric economy:

(i) There exists an industry-wide equilibrium, even when consumers' beliefs are not rational.

(ii) There exists a market-speci�c equilibrium only when consumers' beliefs are rational.

To be precise, the above Proposition states that rationality of consumers' beliefs is a su�cient

condition for the existence of an equilibrium. But it is not a necessary condition for an industry-wide

equilibrium, as we just require that π0
e

1−πHe
= π0

x

1−πHx
. Instead, for a market-speci�c equilibrium, in

addition to the previous condition we also require that πHe −π0
e = πHx −π0

x, and both conditions can

only be satis�ed when π0
e = π0

x and πHe = πHx . For both de�nitions, we also require that πLe < π0
e ,

so that consumers never repeat purchase of a brand after a bad experience. The proof of existence

of an equilibrium contains �rst the characterization of φN (θ, µ), φK (θ, µ) and φU (θ, µ) for each

possible purchasing behavior. Then, it examines the conditions that the vector of consumers' beliefs

πe requires to satisfy for an equilibrium to exist. Finally, we construct a map for the price vector p

in such a way that existence of a �xed point of this map would imply the existence of an equilibrium,

and then we show that this map has indeed a �xed point.

5 Analysis and Discussion

In this Section we examine the implications of the equilibrium in terms of volume of trade in the

secondhand market, customer loyalty, expected experience, buying behaviors, and prices. We de�ne

the volume of trade in the secondary market as the percentage of new goods that are sold when

used. As in equilibrium buyers of new goods either replace or keep a used good, then:

V oT = 1− K

DN
.
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In turn, customer loyalty can be de�ned as the percentage of consumers that repeat purchase of

the same brand they owned last period, regardless of its vintage. Let λvj,t (θ, µ) be the fraction of

consumers with pair (θ, µ) that are buying a good of vintage v = N,U and brand j in period t,

given that they owned a good of brand j in t−1 (which may have been bought that same period, or

the period immediately before). Given the stationarity of the model, brand loyalty for each vintage

of good is:

Λv =
1

Dv

ˆ µ

µ

(ˆ θ

θ
λv (θ, µ) · φv (θ, µ) · dF (θ)

)
· dG (µ) .

The price of the old vintage can be obtained by using the fact that, at all times, the total mass of

consumers owning a good must equal 2Y N + Y U . Then we can solve for pU from:

1−
ˆ µ

µ
F
(
θUU (µ)

)
· dG (µ) =

(
2Y N + Y U

)
(9)

where θUU (µ) was determined in (5). To �nd the price of a new good, we use the equilibrium condition

that DN = SN to de�ne it implicitly:

ˆ µ

µ

([
1− F

(
θNN (µ)

)]
+

1

1 + Γ

[
F
(
θNN (µ)

)
− F

(
θKN (µ)

)]
+ ΓΨ

[
F
(
θKN (µ)

)
− F

(
θKU (µ)

)])
= Y N

(10)

where θNN (µ), θKN (µ) and θKU (µ) were determined in equations (6), (7) and (8), respectively, while

Γ = π0
x

1−πHx +π0
x
and Ψ = 1−πHx +π0

x

1−πHx +π0
x+π0

xπ
H
x
.

We organize this section as follows. First, we analyze how experience a�ects consumer behavior,

volume of trade, and prices in markets of durable goods. Later, we discuss the e�ect of durability

on customer loyalty, expected experience, consumer behavior and prices in markets of experience

goods.

5.1 E�ects of Experience in Markets of Durable Goods

To analyze the implications of the introduction of uncertainty regarding the quality of the good

in a market of durable goods, we �rst characterize consumer behavior in a market with durable

non-experience goods. In that benchmark model, consumers will be completely informed about the

quality of the good. Concretely, suppose that each good has quality q = (v, zd) in the symmetric

case, where v =
{
vU , vN

}
as before, but zd is deterministic and the same for all brands. Suppose

also that there is a secondhand market, but �rms do not intervene in it by producing more units

of the previous vintage, i.e. Y U = 0. As all brands are ex-ante identical, the consumer has no

incentive to switch brands. Her decision reduces to a choice between a used and a new good. Let

UNd (θ, µ) and UUd (θ, µ) be the deterministic, discounted utilities for buying, respectively, a new and

used good every period. We de�ne the cuto�s θNd and θUd (µ) so that UNd
(
θNd , µ

)
= UNd

(
θNd , µ

)
and
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UUd
(
θUd (µ) , µ

)
= 0. Given prices

(
pNd , p

U
d

)
, then:

θNd =
p4d
v4

and θUd (µ) =
pUd − µzd

vU
(11)

where p4d = pRd − pUd . In the stationary equilibrium, consumers with θ ≥ θNd buy a new good every

period, selling their used good in the process, while consumers with θ ≥
[
θUd (µ) , θNd

)
choose a used

good. Prices are determined by the equilibrium conditions, which can be written as:

1− F
(
θNd
)

= Y N and 1−
´ µ
µ F

(
θUd (µ)

)
· dG (µ) = 2Y N . (12)

5.1.1 Volume of Trade and E�ciency

Several papers in the durable goods literature have studied the existence of a secondhand market,

ever since Akerlof (1970) found that adverse selection can shut it down. In the benchmark with

durable non-experience goods, all buyers of new goods prefer to renew their good every period, so

there is always full trade (i.e., K = 0, so V oT = 1). The following Proposition discusses how the

introduction of uncertainty and experience a�ects volume of trade in durable goods markets.

Proposition 5. In a stationary symmetric equilibrium with durable experience goods, the volume of

trade is always positive but incomplete: the secondhand market never shuts down, but the volume is

always less than 100%.

Hence, there is always a positive mass of buyers of new goods who, as owners, decide to postpone

the replacement of their used goods. For the secondary market shuts down, as in Akerlof (1970),

then every buyer of a new good must strictly prefer to keep her used good, even after a bad match.

But in such a case consumers will always get a higher utility by switching brands, rather than staying

with a brand that does not suit their needs. On the other hand, for the possibility of full trade, as

in the benchmark model, then all buyers of a new good must strictly prefer to sell her used good,

even after a good match. But all used goods have the same price, and experience with a brand is

vintage-speci�c. As a result, the price of a used good is not high enough to compensate consumers

who got a good match from the risk of buying a new good of uncertain quality.

The most important consequence of this result is that, as long as experience involves idiosyncratic

tastes for buyers of both new and used goods, then the absence of full trade is an ex-post e�cient

result. This contrasts the view from the adverse selection literature (e.g. Hendel and Lizzeri (1999)

or Johnson and Waldman (2003)), where such lack of full trade has been interpreted as an indication

of ine�ciency. To understand the di�erence between both views observe that, in adverse selection

models, only sellers in the secondhand market know the quality of used goods. Also, there are no

idiosyncratic tastes. As social welfare is maximized when consumers with higher valuation consume

higher quality, and with all used goods priced as providing the same quality, then asymmetric

information has two e�ects: (i) it causes an ine�cient allocation among the many types of buyers

of used goods, and (ii) it forces owners of a used good of high quality to keep such good because the

price is based on the average quality of a used good.
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In contrast, when experience is entirely idiosyncratic, the expected utility for buyers of used goods

depends only on their own past experience, and there are no informational gains from knowing the

experience enjoyed by previous owners. Hence, there is no asymmetric information. As a result,

(i) the allocation among buyers of used goods is e�cient because they all get the same observable

quality, while the expectation of a good or bad match depends on their previous experience, and (ii)

some buyers of new good keep a used good as owners after a good match because of the importance

they give to experience, as well as the uncertainty they face when trading it for a new good that

may provide them a bad match.

The result in Proposition 5 has three further implications. First, inasmuch as incomplete trade

is e�cient, then any policy that attempts to achieve full trade, such as a tax on keeping a used

good, or a subsidy to trade it, will actually reduce welfare, as they would lower consumers' expected

utility. Second, observe that incomplete trade occurs regardless of the de�nition of equilibrium that

we use. Finally, as some consumers with high valuation of quality keep the used good, then the

mass of consumers that actually has the chance to acquire a new good is larger than when there is

full trade. We return to this point when we discuss the e�ect of experience on prices.

5.1.2 Consumer Behavior and Leapfrogging

With durable, non-experience goods there are two optimal buying behaviors in equilibrium: every

period consumers purchase either a new or a used good. The introduction of experience gives rise to

two additional buying behaviors. On one hand, some buyers of new goods decide as owners not to

replace a used good that provided them a good match. On the other hand, some consumers switch

between new and used goods based on their past experience. In fact, the presence of both behaviors

explains the result on incomplete volume of trade that we just discussed.

Both behaviors constitute evidence of leapfrogging, a concept introduced by Fudenberg and

Tirole (1998), and de�ned as a situation in which some consumers with high valuation stay with an

inferior good, while simultaneously some low-valuation consumers acquire a superior good. They

�nd leapfrogging in a model with technological obsolescence but with no secondary market. In their

two-period model, a durable-goods monopolist introduces an upgrade but, as there is no secondhand

market, some of its former patrons (who have a higher valuation for quality than any new patron)

prefer keeping the old vintage good rather than replacing it with the upgrade.

In our dynamic model we found leapfrogging because of the uncertainty in the good's quality,

even when there is a secondhand market, and without making any assumption about the market

structure or the information that �rms possess about consumers' past behavior. Concretely, among

consumers with θ ∈
[
θKU (µ) , θKN (µ)

)
∪
[
θKN (µ) , θNN (µ)

)
, we can �nd a consumer with pair (θ′, µ′)

who owns an inferior, used good, while a consumer with pair (θ′′, µ′′) buys a superior, new good,

such that θ′ ≥ θ′′ and µ′ ≥ µ′′.
Furthermore, we distinguish two kinds of leapfrogging behavior:

� Consider a consumer with pair (θ′, µ′), such that θ′ ∈
[
θKU (µ′) , θKN (µ′)

)
∪
[
θKN (µ′) , θNN (µ′)

)
. If

she bought a new good last period and enjoyed a good match, today she will keep owning the
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now old vintage. Then, this consumer will be leapfrogged by those with pair (θ′′, µ′′) that buy a

new good, such that θ′′ ∈
[
θKU (µ′) , θ′ (µ′)

)
and µ′′ < µ′. We de�ne this behavior as leapfrogging

by ownership.

� Consider now a consumer with (θ′, µ′), such that θ′ ∈
[
θKU (µ′) , θKN (µ′)

)
. If she bought a new

good last period and enjoyed a bad match, today she will replace it with a used good. Then,

this consumer will be leapfrogged by those with pair (θ′′, µ′′) that buy a new good, such that

θ′′ ∈
[
θKU (µ′) , θ′ (µ′)

)
and µ′′ < µ′. We de�ne this behavior as leapfrogging by purchase.

While the former is the type of leapfrogging identi�ed by Fudenberg and Tirole, the latter is a

consequence of experience, because there are consumers who prefer to acquire a good of inferior

quality given the risk of trying an unknown brand whose overall quality is uncertain. Observe that

both types of leapfrogging emerge regardless of the distribution of θ and µ across the population.

5.1.3 Prices

To determine the e�ect of experience on the price of used durable goods, we compare the marginal

buyers of a used good with and without quality uncertainty, represented by θUU (µ) and θUd (µ),

respectively26. Assuming that the supply of new goods is the same in both frameworks, then´ µ
µ F

(
θUU (µ)

)
· dG (µ) =

´ µ
µ F

(
θUd (µ)

)
· dG (µ). As both θUU (µ) and θUd (µ) are linear in µ, then

there exists a µ′ ∈
[
µ, µ

]
such that θUU (µ′) = θUd (µ′) . If zd = E (z), then the introduction of

uncertainty and experience unambiguously raises the price of used goods. To see this, observe that

experience increases the expected utility of any consumer of type (θ, µ), and as a result consumers

that enjoyed a good match expect a higher utility by staying loyal to that brand. Even if they had

a bad experience, they expect a higher utility by switching brands because they may get a good

match. This experience e�ect is captured by the di�erence between ẑ and E (z).

Instead, the e�ect of experience on the price of new goods is ambiguous. First, the experience

e�ect just described is also present, as these consumers also have the choice to switch or stay loyal.

There is also a resale value e�ect because of the larger price of a used good, which is actually

an indirect consequence of the experience e�ect. But there is also a marginal consumer e�ect.

Consumers with θ > θKU (µ) will buy a new good at some point in their life, and some of them keep a

used good after a good match. As
´ µ
µ

([
1− F

(
θKU (µ)

)]
> Y N , then there are more consumers who

have access to a new good in the equilibrium with experience. This shift of the marginal consumer

pushes the price of new goods down, while the experience and resale value e�ects push the price of

new goods up. The net e�ect depends on the distributions of θ and µ across the population.

5.2 E�ects of Durability in Markets of Experience Goods

To understand the e�ects of durability in a market of experience goods, let us �rst characterize

consumer behavior in a market of non-durable experience goods. In this framework, consumers have

no incentive to switch between vintages, as all goods last one period. They behave in a similar

26They were de�ned in equations (5) and (11), respectively.

20



manner than the buyers of used goods characterized in Section 3.1, buying the same type of vintage

every period, switching brands after a bad match and staying loyal after a good match. Without

loss of generality, suppose each �rm produces two vintages of the good: a new vintage with quality

q =
{
vN , z

}
, sold at e�ective price pRx , and an old vintage with quality q =

{
vU , z

}
, sold at price

pUx . In both cases, z =
{
zL, zH

}
as before. Let UNx (θ, µ) and UUx (θ, µ) be the respective expected

utilities. Then, consumers with θ ≥ θNx buy the new vintage, while those with θ ∈
[
θUx (µ) , θNx

)
purchase the old vintage. Both consumer thresholds are de�ned by:

θNx =
p4x
v4

and θUx (µ) =
pUx − µẑ
vU

(13)

where p4x = pRx −pUx , and ẑ is as de�ned in equation (5). In equilibrium, prices are again determined

from the conditions that demand equals supply in each market:

1− F
(
θNx
)

= Y N and 1−
´ µ
µ F

(
θUx (µ)

)
· dG (µ) = Y N + Y U . (14)

For a suitable comparison with this benchmark, we assume in our model that obsolescence is

technological, and that there is no secondary market. In that context, �rms produce a new vintage

that lasts two periods, and an old vintage that only lasts one period because it is the obsolete version

of the product. Then, pR and pU constitute the prices of the new and the old vintage, respectively.

However, we assume that the observable quality and the �rms' supply of each vintage is the same

with or without durability. Hence, the only di�erence is that, in our model, consumers can keep a

new vintage for two periods.

5.2.1 Expected Experience and Brand Loyalty

When we classify buyers of any brand and vintage into those who stay loyal to that brand and

those who switch brands, we realize that the concept of brand loyalty (Λv) is closely related to

that of expected experience (Zve ). The expected experience of all buyers that decide to stay loyal is

E
(
z|zH

)
, as they all prefer to buy the same brand because last period they enjoyed a good match

with that brand. The expected experience of any buyer that switches brands is E (z), as they buy an

unknown brand because they su�ered a bad experience with some other brand last period. Hence,

Zve must be a weighted average between E (z) and E
(
z|zH

)
, where Γ = π0

x

1−πHx +π0
x
is a weighted

average of π0
x and πHx . In the benchmark model of non-durable experience goods, we obtain that

ΛU = ΛN = Γ and ZUe = ZNe = ΓE
(
z|zH

)
+ (1− Γ)E (z). However, we get the following result

when we introduce durability:

Proposition 6. In a stationary, symmetric equilibrium with durable experience goods, brand loyalty

and expected experience are both higher for buyers of new goods.

The reason why durability has an impact on brand loyalty and expected experience lies on

the existence of a non-negative mass of consumers who choose the vintage (new or old) based on

experience. Consumers with θ ∈
[
θKU (µ) , θKN (µ)

)
choose to buy a used good because they had a bad
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experience with the good purchased last period. As a result, all of them are switching to another

brand, and their expected experience is thus E (z). In contrast, buyers of new goods in this subset

include only consumers who enjoyed a good match last period. As they stay loyal, they all expect

E
(
z/zh

)
in their next purchase. Hence, ΛU ≤ ΛN and ZUe ≤ ZNe .

5.2.2 Consumer Behavior and Prices

When experience goods are not durable, the market is segmented in consumers with higher valuation

who prefer the new vintage, and those with lower valuation who opt for the old vintage. Durability

allows consumers the possibility to switch between the new and the old vintage of the good, con-

ditional on their past experience. Further it allows buyers of the new generation to use it for two

periods. We denote the combination of these two features as the durability e�ect. However, the

absence of a secondary market forces consumers to throw the used good away when they decide to

replace it.

In any case, given our assumptions on quality and supply of both vintages, the durability e�ect

lowers the price of the old vintage (i.e., pU ≤ pUx ) because the consumers' decision to keep a used

good after a good match increases the amount of goods consumed in the economy at any date. But

a comparison of the prices of the new good with and without durability (pR and pRx , respectively)

reveals that durability has an ambiguous e�ect. On one hand, the expected utility of buyers of

new goods is larger when they had a good match with a new good, but is smaller when they had

a bad match as they have to throw it away. On the other hand, as some consumers keep a used

good, then for any µ the marginal consumer that buys a new good shifts down. We again require

further information about the distributions of θ and µ across the population to determine which

e�ect dominates.

6 Di�erences in Expected Experience

In the industry of durable experience goods analyzed so far we have assumed that consumers' beliefs

about the probability of a good match is the same for all brands and all vintages. In this Section

we expand the model to consider �rst the e�ect of di�erences in the expected experience between

vintages. Later, we analyze the consequences of di�erences in the expected experience between

brands.

6.1 Vintage Di�erences

We can think of two reasons that can explain di�erences in beliefs regarding the expected experi-

ence with a vintage. On one hand, when obsolescence is technological, consumers will have more

information available on old vintages of the good, and their beliefs about those vintages would be

more accurate. Thus, they can modify their own preferences towards old vintages and have a higher

expect probability of good match. On the other hand, we found that most consumers replace a used

good because they had a bad experience. When obsolescence is physical and there is a secondhand
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market, buyers of used goods might believe that experience is not entirely idiosyncratic, and expect

to obtain a bad experience more often.

The simplest approach to examine the e�ects on an equilibrium with πUe 6= πNe is to set πNe =

πe =
(
πLe , π

0
e , π

H
e

)
, while πUe = βπe, where β ∈

(
0, 1

πHe

)
. But we continue to assume that all brands

are ex-ante identical. We solve this extension with the same methodology used before, but setting

πUe = βπe. Appendix B contains speci�c details on every result that follows.

Regarding consumers' optimal buying behaviors, we �nd that the characterization of the optimal

purchasing behaviors, illustrated in Figure 1, continues to apply as long as πUe < β∗πe, where

β∗ = 1+δ
1+δπHe

> 1. To be more precise, observe that di�erences between vintages a�ect only the

cuto� functions that determine the existence of buyers who choose a vintage based on their past

experience. For these experience-driven buyers, we solve again for θKN (µ, β) and θKU (µ, β) when

πUe = βπNe , and obtain that θKN (µ, β) ≥ θKU (µ, β) as long as (1− β) + δ
(
1− βπHe

)
≥ 0, from which

we determine β∗. Hence, behavior for experience-drive buyers continues to be as follows: as buyers,

they purchase a used good after a bad match, and a new good after a good match; as owners, they

keep her used good after a good match, but trade it after a bad match.

To understand the intuition for β∗ > 1, observe that there are three e�ects at work. First, there

is a beliefs e�ect, which depends on whether πUe is smaller or larger than πNe . Second, the durability

e�ect described in the last Section allows consumers to enjoy a larger utility when buying a new

good, as they can use it for two periods. Finally, there is an obsolescence e�ect as vN > vU . When

πUe = πNe , there is no belief e�ect, and the interaction of the durability and obsolescence e�ects

leads experience-driven buyers to purchase a new good after a good match, and a used good after a

bad match. This is also true when πUe < πNe because the belief e�ect just reinforces the other two.

But the belief e�ect is reversed when πUe > πNe , as the old vintage becomes more attractive, and

thus undermines the durability and obsolescence e�ects, and completely o�sets them when β = β∗.

When β ∈ [1, β∗], the combined e�ect of the durability and obsolescence still more than compensates

the beliefs e�ect.

When πUe > β∗πe, most optimal buying behaviors remain una�ected, except for experience-

driven buyers, whose behavior is reversed as the belief e�ect dominates the gains from the other two

e�ects. Their behavior as owners does not change but, as buyers, they now prefer a new good after a

bad match, and a used good after a good match. However, we believe this case is just of theoretical

interest, as we cannot think of an actual industry of durable experience goods in which consumers'

beliefs are so strongly in favor of old vintages that they would prefer a used vintage after a good

match, but a new vintage after a bad match.

In any case, we can prove that an equilibrium always exists when πUe = βπNe , by using the

same methodology described in the proof of Proposition 4. More precisely, the set of industry-wide

equilibria is larger as we no longer require that πUe = πNe . But, as long as there are experience-

driven buyers (i.e., β 6= β∗), then market-speci�c equilibria still requires consumers to be rational,

23



provided that πLe < π0
e
27. Further, even if there are no experience-driven buyers, there are still some

buyers of new goods who will choose to keep it as used after a good match. As a result, there is

always leapfrogging by ownership but, more importantly, the volume of trade is always positive but

incomplete, for any β.

But the belief e�ect also has an impact on brand loyalty. When πUe ≤ πNe , the belief e�ect

reinforces the loyalty e�ect, and ΛN (p,πe) > ΛU (p,πe). When β ∈ (1, β∗), both e�ects work in

opposite directions, but observe that ΛN (p,πe) < ΛU (p,πe) when β = β∗. As a result, there exists

a β̂ ∈ (1, β∗) such that loyalty is the same for both types of vintages. If the set of experience-driven

buyers strictly decreases with β, then β̂ is unique, and ΛN (p,πe) > ΛU (p,πe) whenever β < β̂.

Let us look more closely at the volume of trade when β < 1, as it would give us a more precise

analysis of the e�ects of adverse selection. We �nd that the e�ect of a lower β on volume of trade

is ambiguous, and depends on the distribution of consumer preferences regarding both vintage and

experience. To keep the analysis simple, suppose consumers are rational. Then, observe that a lower

β exerts a direct e�ect on consumer behavior, by reducing the gross expected utility that buyers can

enjoy with an old vintage. As a result, more consumers would prefer a new good. But there is also

an indirect e�ect because, given a �xed supply of new goods, in equilibrium the lower willingness to

pay for an old vintage reduces pU . Regarding pN , both e�ects interact in opposite ways: the larger

expected utility provided by a new good (compared to a used one) is thwarted by its lower resale

value. If the direct e�ect dominates, then the price of a new good would increase.

However, when we examine the overall e�ect on the volume of trade, we notice that a lower β

entices more consumers to buy new goods, but it also widens the gap between pN and pU (assuming

pN is increasing). If the former, direct e�ect is stronger, then there will be more buyers of new

goods who would keep it as used when owners, and the volume of trade will be lower. However,

a more thorough analysis would require to internalize the �rms' decision regarding the amount of

goods supplied each period.

6.2 Brand Di�erences

We have so far studied a market of durable experience goods with ex-ante identical brands: from the

viewpoint of every consumer, any unknown brand provides the same expected experience, regardless

of its vintage. But the empirical evidence in the Introduction revealed that brands are not identical.

In this subsection we expand the model to consider brands that di�er in their expected experience.

For the analysis, we introduce some simplifying assumptions. First, we assume that there are

two brands, A and B. Then, consumers' memory is limited to one period, i.e., they would recall only

the experience enjoyed last period. Second, we focus on the case of rational consumers to reduce

notation, so πe,j = πx,j for j = A,B. Third, we assume that consumers' valuation of quality only

takes two values, θN and θU , with θN > θU , and focus on the case in which the price of new goods

is high enough that only consumers with the highest valuation (i.e. θN ) get to buy a new good.

27Concretely, for any β we still require that πH,ve − π0,v
e = πH,vx − π0,v

x and
π0,v
e

1−πH,v
e

=
π0,v
x

1−πH,v
x

for v = N,U , which is

only satis�ed when πUx = βπNx .
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experience-driven buyers. Finally, we assume Y N = Y ≤ σ, where σ is the fraction of consumers

with θN . By assuming that σ ≤ 1/2, then some of the low-valuation consumers (i.e. θU ) will stay

out of the market.

We introduce brand di�erences in the vector of match probabilities by assuming that πA � πB.

Then, EA (z) > EB (z) and EA (z/z′) > EB (z/z′) for z′ =
{
zH , zL

}
. We also set πHB > π0

A and

π0
B > πLA, to prevent the possibility that (i) owners of brand B switch to brand A after a good

match, and (ii) owners of brand A stay loyal after a bad match. Otherwise, we can converge to an

equilibrium in which consumers would have no interest in buying brand B.

We �rst solve this simpli�ed model assuming identical brands. Then, there exists a consumer

with pair
(
θN , µN

)
such that buyers of new goods with µ > µN prefer to keep a used good after a

good match, while those with µ < µN prefer to replace it. In turn, there is a consumer with pair(
θU , µU

)
such that those with µ > µU buy a used good every period, while those with µ < µU stay

out of the market. The values of µN and µU are obtained from the equilibrium conditions in the

market of new and used goods:

G
(
µN
)

=
Y

σ
− 1

Γ

(
1− Y

σ

)
and G

(
µU
)

=
1− 2Y

1− σ
.

We require that Y ≥ 1
1+Γσ to avoid that µU ≤ µ. Regarding prices, from the de�nitions of µU and

µN (which can be obtained from (5) and (6)), we get:

pU = θUvU + µU ẑ and pN = θHv4 + (1 + δ) pU −
(
1− πHe

)
(1− δ (πHe − π0

e))
µNz4. (15)

As expected, a larger supply of new goods leads to less consumers with θH keeping their used goods

after a good match, which increases the supply of used goods available for consumers with θL. This

lowers both pU and pN . To understand the intuition on pN observe that, with a larger µ, consumers'

gross utility when keeping a used good grows. By the marginal consumer e�ect (represented by the

last term), then a larger Y implies a lower pN to motivate consumers to buy the new good. By

the experience and resale value e�ects (represented respectively by the �rst two terms), consumers

are also less willing to pay for the new good as they receive a lower payment when selling the used

goods.

In addition to prices, we are interested in the e�ect of brand di�erences on customer loyalty,

expected experience, and volume of trade in the secondary market. As there is no leapfrogging,

then for all brands ΛNj = ΛUj and ZNj = ZUj . When brands are identical, then Λv = Γ and

Zv = ΓE
(
z|zH

)
+ (1− Γ)E (z), where Γ = π0

1−πH+π0 is a weighted average between π0 and πH .

Regarding volume of trade, observe that we write it as V oTj = 1− Kj
DNj

, where Kj is the set of owners

that do not replace their used goods. Then, a brand that shows a smaller volume of trade would

also exhibit a larger proportion of consumers who keep a used good. With two identical brands, we

get K = 1
2

Γ
1+Γ

[
1−G

(
µN
)]

and DN = 1
2

(
G
(
µN
)

+ 1
1+Γ

[
1−G

(
µN
)])

.
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Suppose now that brands di�er in their expected experience. Our �rst result establishes a

relationship between match probabilities and sales.

Proposition 7. In a stationary equilibrium with durable experience goods and di�erent brands, the

brand with larger probability of a good match will always exhibit larger sales.

Hence, a steady state equilibrium with yA = yB exists if and only if πA = πB. When the

probability of a good match is larger for one of the brands, then a larger proportion of consumers

with pair (θ, µ) will choose to own the best brand, regardless of their preferred buying behavior.

Observe also that, as long as consumers switch after a bad experience and stay loyal after a good

match, then di�erences in the gross utility provided by the unobservable dimension of quality will

have no impact on sales.

We then proceed by setting yA > yB so that µNA = µNB = µN . In other words, the behavior

among consumers who buy new goods is consistent regardless of the brand: owners with µ < µN

always replace their used goods, while those with µ ≥ µN always keep a used good after a good

match. The following Proposition summarizes the impact of brand di�erences on the main market

observables.

Proposition 8. In a stationary equilibrium with durable experience goods and di�erent brands, the

brand with a larger probability of a good match exhibits a smaller volume of trade, a larger price for

used goods, and higher customer loyalty. In addition, buyers of that brand expect to enjoy a larger

experience with that brand.

To explain the intuition behind brand A's smaller volume of trade, observe that, as πA > πB,

then more consumers demand brand A, as stated by Proposition 7. However, the proportion of

buyers with pair
(
θN , µ ≥ µN

)
that get a good match with brand A is even larger, and they all

decide not to replace their used good next period. Hence KA
DNA
≥ KB

DNB
, with equality only when

µN = µ, i.e., when the supply of new goods allows all consumers of type θN to buy a new good

every period. As SUj = DN
j −Kj , then V oTA > V oTB.

Regarding the e�ect on both customer loyalty and expected experience, recall that buyers who

remain loyal to a brand are those who enjoyed a good match with that brand last period. Then,

loyalty is higher for brand A because it is the brand that gives a larger probability of a good match,

regardless of the experience that motivated consumers to purchase that brand in the �rst place.

Further, as the expected experience of all consumers who remain loyal to brand A equals EA
(
z|zH

)
,

and the proportion of consumers who get a good match with brand A is larger, then ZvA ≥ ZvB for

v = U,N .

Finally, to understand why a used good of brand A would be more expensive, observe �rst

that the percentage of used goods of brand A available for purchase is lower because of the higher

proportion of consumers with θN who want to keep a used car of that brand. Second, a larger

proportion of consumers with θU demand brand A because it o�ers a greater chance of enjoying a

good experience. In particular, µLA > µLB. All these factors determine that pUA > pUB.
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We can extend the results from Proposition 8 to cases in which the supply of new goods (Y =

yA + yB) is (i) so high that even some low-type consumers can buy a new good, and (ii) so low that

some high-type consumers are forced to buy a used good. To be more precise, as long as πA > πB,

and the behavior of consumers who buy new goods is always consistent after a good match, then

customer loyalty and expected experience will be higher for brand A. Moreover, a larger proportion

of consumers will demand brand A, and on average those consumers will enjoy a higher expected

utility. Then, the volume of trade of brand A will be smaller, and its used goods will be more

expensive.

A second way to introduce brand di�erences is to assume that the utility that a consumer can

enjoy from experience is larger for brand A, so that zHA ≥ zHB and zLA ≥ zLB. Suppose also that

zHB > zLA, to avoid that consumers always prefer brand A. However, by Proposition 7, yA = yB if

and only if πA = πB, so µ
N
A = µNB and µUA = µUB. Hence, di�erences in experience outcomes by

themselves will not have an e�ect on customer loyalty, expected experience and volume of trade in

a steady-state equilibrium when consumers stay loyal after a good match and switch after a bad

experience. But pUA > pUB because EA (z) > EB (z) and EA (z|z′) > EB (z|z′) for z′ =
{
zH , zL

}
,

which means that the di�erence in expected utility from switching from B to A after a bad match

is always larger than the di�erence from switching the other way around.

We �nalize with some comments regarding the ambiguous e�ect of brand di�erences on prices of

new goods. Recall that the e�ect of experience on pN was ambiguous because we found an experience

e�ect and a resale value e�ect, which both push the price up, but also a marginal consumer e�ect,

which pushes the price down. In essence, the impact of brand di�erences on prices of new goods

depends on how those three e�ects change. For tractability reasons, we consider the case in which

brands di�er in their experience outcomes. Then πA = πB but zHA ≥ zHB and zLA ≥ zLB, so we

abstract from the e�ects on volume of trade and customer loyalty. Then, the di�erence in prices of

new goods between both brands can be written as:

pRA−pRB =
1

1− δ

(
(1 + δ)

(
1− δπH

)
− δπ0 (1− δ)

1 + δπH − δπ0

(
pUA − pUB

)
−

2δ
(
1− πH

)
1 + δπH − δπ0

µN (EA (z)− EB (z))

)
.

The �rst term in the parenthesis represents the e�ect of brand di�erences on the consumers' experi-

ence and resale value e�ects that we identi�ed in section 5, which arises because consumers' utility

is larger when keeping a used good after a good match, and replacing it after a bad match. When

πA = πB, we �nd that pUA − pUB = µU (EA (z)− EB (z)). In turn, the second term shows how brand

di�erences a�ect the marginal consumer e�ect, which appears as incomplete trade means that more

consumers have access to new goods. As EA (z) > EB (z), then both e�ects are larger for the best

brand, which means that the price of the best brand is more sensitive to changes in the supply of

the new good.

Then, the di�erence between pRA and pRB comes down to the relationship between µU and µN .

Observe that, when the supply of new goods for brands is small enough that µU ≥ µN , then pNA > pNB ,

because in that case pRA − pRB ≥ pUA − pUB. Hence µU ≥ µN is a su�cient condition for the price of
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a new good to be higher for the best brand, but it is not a necessary condition, since it is possible

that pNA > pNB even if pRA−pRB < pUA−pUB. Notice also that pRA−pRB ≤ pUA−pUB is a su�cient (but not

necessary) condition for
pUA
pNA

>
pUB
pNB

, which means that the price decline is smaller for the best brand.

In the special case with myopic consumers (δ → 0), then pRA − pRB = pUA − pUB, so both conditions

(
pUA
pNA

>
pUB
pNB

and pNA > pNB ) are always satis�ed.

7 Concluding Remarks

We presented a model for a good that exhibits durability and experience, and found how the in-

teraction of both characteristics a�ects the buying behavior of consumers. We determined that an

equilibrium exists, even when consumers' beliefs about the expected experience they would get with

a given brand and vintage are myopic, provided that consumers consider all vintages as part of the

same industry.

We showed that there are always some consumers who decide to keep a durable good. For this

result we do not need asymmetric information, or even the presence of a secondhand market. We

only require that the consumer's match with a brand can change across vintages. Any owner of a

used good already knows all of its attributes, and are thus reluctant to try out a newer product,

even if it is of the same brand, for fear of getting a bad experience. Then, the �rms' obsolescence

decision becomes thus crucial for the consumers' replacement decision.

When used goods can be traded in a secondary market, we also found that there is incomplete

trade as long as experience is idiosyncratic, which actually raises consumer surplus. Hence, idiosyn-

cratic experience o�sets the negative e�ects of adverse selection. We thus recommend policy-makers

to be cautious when pursuing a scrapping policy, as it pushes consumers to replace a known but

used good for a new but unknown one. This would reduce consumers' expected gross utility, which

in turn would lower total surplus.

We also documented that the interaction of durability and experience allows some consumers to

obtain a higher utility by choosing the vintage of the durable good based on their past experience.

When these consumers decide to switch brands after a bad experience, they prefer an old vintage

to test the unknown brand for the �rst time, and trade up to a new vintage if and only if they

got a good match with this �rst try. With this buying behavior, �rms have an incentive not only

to continue supporting old vintages, but also to expand the range of qualities o�ered to consumers

because, as we �nd out, brand loyalty tends to be larger for durable goods of higher quality.

We showed as well how uncertainty and experience a�ects consumer behavior when their beliefs

di�er across brands, as the best brands will have larger sales, higher brand loyalty, and and longer

ownership spells. But observe that it is possible to converge to converge to equilibria in which

brands with lower expected experience are phased out of the market, unless their price is su�ciently

low. As an example, if there are two groups of brands, with one group of �good� brands o�ering

a higher expected experience, then a consumer who gets a bad match with a �good� brand would

prefer switching to another �good� brand, unless the price of the �bad� brands is su�ciently low.
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Eventually, buyers of �bad� brands may only include those who got a good match. An extension of

this model to look at non-stationary equilibria would explain why �rms discontinue some models,

and introduce new ones, as mentioned in the Introduction.
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Appendix A: Proofs of the Propositions

Proof of Proposition 1

Consider a buyer of used goods with pair (θ, µ) . Suppose she bought a used good of brand j last period and

got experience z′j . Today, the buyer can (i) stay loyal and buy a used good of brand j again; (ii) switch to

an unknown brand k ∈ J \ J Oi ; or (iii) switch to brand k ∈ J Oi \ {j}, so that she tries a brand (other than

j) that she has experienced in the last T periods.

De�ne UUU (θ, µ/z′) to be the present value of the buyer's utility under her optimal purchasing policy

when her last experience was z′. Then:

UUU (θ, µ/z′) = θvU − pU + µE (z/a′) + δEV BUY (θ, µ/a′)

where a′ is the optimal action that the consumer must take when her last experience was z′. Let E (z/a′) =

πUU (a′) zH +
(
1− πUU (a′)

)
zL, while

EV BUY (θ, µ/a′) = πUU (a′)UUU
(
θ, µ/zH

)
+ δ

(
1− πUU (a′)

)
UUU

(
θ, µ/zL

)
where πUU (a′) denotes the probability that the consumer gets a good match under her optimal action a′. When

z′j = zH , then πUU
(
aH
)

= πHe if the buyer stays loyal, πUU
(
aH
)

= π0
e if she switches to brand k ∈ J \ J Oi ,

while a switch to brand k ∈ J Oi \ {j} implies πUU
(
aH
)

=
{
πLe , π

H
e

}
, depending on the last experience with

that brand. Similarly, when z′j = zL, then πUU
(
aL
)

= πLe when the consumer stays loyal, while πUU
(
aL
)

= π0
e

again with brand k ∈ J \ J Oi , and πUU
(
aL
)

=
{
πLe , π

H
e

}
with brand k ∈ J Oi \ {j}. Solving for UUU (θ, µ/z′)

for z′ =
{
zL, zH

}
, we obtain:

UUU (θ, µ/z′) =
1

1− δ
[
αUU (z′)

[
θvU + µE

(
z/zH

)
− pU

]
+
(
1− αUU (z′)

) [
θvU + µE (z)− pU

]]
(16)

where αUU
(
zH
)
≡ 1−δ(1−πU

U (aL))
1−δ(πU

U (aH)−πU
U (aL))

and αUU
(
zL
)
≡ δπU

U (aL)
1−δ(πU

U (aH)−πU
U (aL))

. Thus, the buyer's expected utility

is simply a weighted average of staying loyal to a brand after a good match and switching to an unknown

brand after a bad match. To determine the optimal values of πUU
(
aH
)
and πUU

(
aL
)
, observe that:

∂UUU
(
θ, µ/zH

)
∂πUU (aH)

≥ 0 and
∂UUU

(
θ, µ/zL

)
∂πUU (aL)

≥ 0

As πHe = max
{
πUU
(
aH
)}
, then the optimal purchasing behavior for a buyer of a used good when z′j = zH is

to remain loyal to brand j, regardless of her choice when z′j = zL (i.e., regardless of the value for πUU
(
aL
)
).

Also, the consumer's last experience with any brand k ∈ J Oi \{j} must have been a bad match, otherwise the

consumer would have stayed loyal to that brand. With this in mind, then π0
e = max

{
πUU
(
aL
)}
, so consumers

switch to an unknown brand when z′j = zL. Therefore αUU
(
zH
)

=
1−δ(1−π0

e)
1−δ(πH

e −π0
e)

and αUU
(
zL
)

=
δπ0

e

1−δ(πH
e −π0

e)
.

Proof of Proposition 2

First, consider a consumer who always chooses to trade her used good with a new one, regardless of her

experience. This is akin to the consumer "renting" a new good at a price pR = pN − δpU . Using the same

arguments in Proposition 1, the consumer would stay loyal to a brand after a good match, but would switch

to an unknown brand after a bad match. If UNN (θ, µ/z′) denotes the expected utility of a buyer of new goods
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under such optimal behavior, then:

UNN (θ, µ/z′) =
1

1− δ
[
αNN (z′)

[
θvN + µE

(
z/zH

)
− pR

]
+
(
1− αNN (z′)

) (
θvN + µE (z)− pR

)]
(17)

where αNN (z′) = αUU (z′), as de�ned above.

Suppose now that the consumer, as an owner, keeps her used good after a good match, while still trading

it after a bad match. If she keeps the used good, then she would purchase a new good of the same brand

next period. If instead she sells the used good, then she would buy a new good of an unknown brand. Let

UKN (θ, µ/z′) be the expected utility when she is a buyer and her last experience was z′, so that:

UKN (θ, µ/z′) = θvN + µE (z/a′)− pN + δEV OWN (θ, µ/a′)

where E (z/a′) = πKN (a′) zH +
(
1− πKN (a′)

)
zL, and

EV OWN (θ, µ/a′) =
(
1− πKN (a′)

) (
pU + UKN

(
θ, µ/zL

))
+ πKN (a′)

(
θvU + µzH + δUKN

(
θ, µ/zH

))
.

Given that πKN
(
aH
)

= πHe and πKN
(
aL
)

= π0
e , the solution to UKN (θ, µ/z′) for z′ =

{
zL, zH

}
is:

UKN (θ, µ/z′) =
1

1− δ
[(
αKN,1 (z′)

) [
θvN + µE

(
z/zH

)
− pR

]
+
(
αKN,2 (z′)

) [
θvN + µE (z)− pR

]
+
(
1− αKN,1 (z′)− αKN,2 (z′)

) [
θvU + µzH − pU

]]
(18)

For z′ = zH , we obtain αKN,1
(
zH
)

=
1−δ(1−π0

e)
1+δπ0

e−δ2(πH
e −π0

e)
and αKN,2

(
zH
)

=
δ(1−πH

e )
1+δπ0

e−δ2(πH
e −π0

e)
while, for z′ = zL,

then αKN,1
(
zL
)

=
δ2π0

e

1+δπ0
e−δ2(πH

e −π0
e)

and αKN,2
(
zL
)

=
1−δ2πH

e

1+δπ0
e−δ2(πH

e −π0
e)
. In both cases, the expected utility is

the present value of a weighted average of (i) buying a new good after a good match, (ii) buying a new good

after a bad match, and (iii) keeping the used good. Observe that the weights for keeping a used good and

buying a new good after a good experience are both larger for z′ = zH .

A comparison between the two purchasing behaviors characterized above reveals that a consumer prefers

trading the used good rather than keeping it when UNN (θ, µ/z′) ≥ UKN (θ, µ/z′) , i.e., when:(
1− δ

(
πHe − π0

e

)) [
θv4 − p4

]
≥
(
1− πHe

)
µz4 (19)

from which we obtain the cuto� rule θNN (µ) de�ned in (6).

Proof of Proposition 3

In this proof, we �rst show the optimality of the behavior described in the statement of the Proposition by

solving for the two cuto� rules in equations (7) and (8). Then, we discuss that other buying behaviors that

involve choosing the vintage based on experience are not optimal.

The Proposition states that buyers that choose the vintage based on experience purchase a used good

after a bad match, and a new good after a good match. As owners, they keep a used good after a good match

(and buys a new good of the same brand next period), but trades it after a bad match. Let UKU (θ, µ/z′)
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denote the present value of the utility for this consumer when she is a buyer, so that:

UKU
(
·/zH

)
= θvN + µE

(
z/zH

)
− pN + δ

[(
1− πHe

) (
pU + UKN

(
·/zL

))
+ πHe

(
θvU + µzH + δUKN

(
·/zH

))]
UKU

(
·/zL

)
= θvU + µE (z)− pU + δ

[(
1− π0

e

)
UKU

(
·/zL

)
+ πHe U

K
U

(
·/zH

)]
where the two terms in brackets represent the expected utility as an owner and as a buyer, respectively. The

solution to UKU (θ, µ/z′) for z′ =
{
zL, zH

}
is:

UKU (θ, µ/z′) =
1

1− δ
[(
αKU,1 (z′)

) [
θvN + µE

(
z/zH

)
− pR

]
+
(
αKU,2 (z′)

) [
θvU + µE (z)− pU

]
+
(
1− αKU,1 (z′)− αKU,2 (z′)

) [
θvU + µzH − pU

]]
(20)

where αKU,1
(
zH
)

=
1−δ(1−π0

e)
1+δπ0

e−δ2πH
e (1−π0

e)
and αKU,2

(
zH
)

=
δ(1−πH

e )
1+δπ0

e−δ2πH
e (1−π0

e)
for z′ = zH , while αKU,1

(
zL
)

=

δπ0
e

1+δπ0
e−δ2πH

e (1−π0
e)

and αKU,2
(
zL
)

=
1−δ2πH

e

1+δπ0
e−δ2πH

e (1−π0
e)

for z′ = zL. In both cases, the expected utility is again

the present value of a weighted average between three choices, which in this case are (i) buying a new good

after a good match, (ii) buying a used good after a bad match, and (iii) keeping the used good after a good

match.

To obtain θKN (µ), we compare the present value of utility in (18) with the one we just found in (20).

Observe that the di�erence between both behaviors lies on the decision of the vintage to buy after a bad

match: the consumer in (18) favors a new good of an unknown brand, while the consumer in (20) prefers a

used good. We obtain that UKN (θ, µ/z′) ≥ UKU (θ, µ/z′) whenever:(
1− δ2

(
1− π0

) (
πH − π0

)) [
θv4 − p4

]
≥ −δπ0

(
1− πH

)
µz4 (21)

which de�nes the marginal consumer stated in (7). For θKU (µ), we compare the present value of utility in

(20) with that in (16). In this case, the di�erence in behavior rests on the decision of the vintage to buy after

a good match: the consumer's choice in (20) is to buy a new good, while the buyer in (16) prefers a used

good. We get that UKU
(
θ, µ/zh

)
≥ UUU

(
θ, µ/zh

)
occurs when:(

1− δ
(
πH − π0

)) [
θv4 − p4

]
≥ −δπH

(
1− πHh

)
µz4 (22)

From (22), we obtain the marginal consumer de�ned in (8). Looking at both (21) and (22), consumers with a

high pair (θ, µ) would prefer to buy a new good, while those with a low pair (θ, µ) would favor a used good.

For completeness, we show brie�y other buying behaviors that also involve choosing the vintage based

on experience but that are not optimal. The �rst one assumes consumers that buy a used good after a bad

match, and a new good after a good match (just as the behavior above) but, as owners, they never keep a

used good, even after a good match. Hence, they buy a good every period. Solving for the discounted present

value of the buyer's utility in the same manner than the previous cases, we obtain:

UNU (θ, µ/z′) =
1

1− δ
[
αNU (z′)

(
θvN + µE

(
z/zh

)
− pR

)
+
(
1− αNU (z′)

) (
θvU + µE (z)− pU

)]
(23)

where αNU (z′) = αUU (z′) for z′ =
{
zL, zH

}
, as de�ned in Proposition 1. However, it is not optimal as

UNU (θ, µ/z′) ≤ max
{
UNN (θ, µ/z′) , UUU (θ, µ/z′)

}
.
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An additional pair of buying behaviors assumes that a buyer purchases a new good after a bad match,

and a used good after a good match. In the �rst behavior, owners renew the good every period. The present

value of the buyer's utility under that circumstance is:

UUN (θ, µ/z′) =
1

1− δ
[
αUN (z′)

(
θvU + µE

(
z/zh

)
− pR

)
+
(
1− αUN (z′)

) (
θvN + µE (z)− pU

)]
(24)

where αUN (z′) = αUU (z′). In the second behavior, owners keep the used good after a good match, so their

discounted utility is:

UUK (θ, µ/z′) =
1

1− δ
[(
αUK,1 (z′)

) [
θvU + µE

(
z/zH

)
− pU

]
+
(
αUK,2 (z′)

) [
θvU + µzH − pU

]
+
(
1− αUK,1 (z′)− αUK,2 (z′)

) [
θvN + µE (z)− pR

]]
(25)

where αUK,1
(
zH
)

=
1−δ(1−π0

e)
1−δ(πH

e −π0
e)+δ2π0

e(1−πH
e )

and αUK,2
(
zH
)

=
δ2π0

e(1−πH
e )

1−δ(πH
e −π0

e)+δ2π0
e(1−πH

e )
for z′ = zH , while

αUK,1
(
zL
)

=
δ2π0

e

1−δ(πH
e −π0

e)+δ2π0
e(1−πH

e )
and αUK,2

(
zL
)

=
δπ0

e(1−δπH
e )

1−δ(πH
e −π0

e)+δ2π0
e(1−πH

e )
for z′ = zL. The behavior in

(24) can be discarded by checking that UUN (θ, µ/z′) ≤ max
{
UNN (θ, µ/z′) , UUU (θ, µ/z′)

}
. To discard the

behavior in (25), we found that UUK (θ, µ/z′) < max
{
UNK (θ, µ/z′) , UUU (θ, µ/z′)

}
for any consumer with pair

(θ, µ) and any z′ =
{
zL, zH

}
. Hence, both purchasing strategies are never optimal.

Proof of Proposition 4

The �rst step is to �nd φN (θ, µ), φU (θ, µ) and φK (θ, µ) for each of the four optimal buying behaviors.

Let J = |J | denote the number of brands. To simplify some of the expressions, we de�ne the parameters

Γ =
π0
x

1−πH
x +π0

x
and Ψ =

1−πH
x +π0

x

1−πH
x +π0

x+π0
xπ

H
x
.

� Consumers of type θ ∈
[
θNN (µ) , θ̄

]
buy new goods every period, and sell their used goods accordingly.

Hence φKj,t (θ, µ) = φUj,t (θ, µ) = 0 for all j and t. Consumers that buy a new good of brand j at period

t include (i) all consumers who bought a new good of brand j in period t − 1, and (ii) some of the

consumers who bought brand k 6= j and got a bad match; of those consumers, only a fraction ρNk,j,t will

choose to buy a new good of brand j, taking into account every possible history in which the consumer

has not purchased brand j in the last T periods. Let γNj,t (θ, µ) denote the proportion of consumers who

get a good match with a new good of brand j in period t, so that φNj,t (θ, µ) − γNj,t (θ, µ) are those who

got a bad match. Then:

φNj,t (θ, µ) = γNj,t−1 (θ, µ) +
∑
k 6=jρ

N
k,j,t−1 ·

(
φNk,t−1 (θ, µ)− γNk,t−1 (θ, µ)

)
.

To determine γNj,t (θ, µ), observe that consumers that stay loyal will get a good match again with proba-

bility πHx , while those who switch brands will get a good match with probability π0
x. Then:

γNj,t (θ, µ) = πHx · γNj,t−1 (θ, µ) + π0
x ·
∑
k 6=jρ

N
k,j,t−1 ·

(
φNj,t (θ, µ)− γNj,t (θ, µ)

)
.

In a stationary symmetric equilibrium we have that ρNk,j,t = 1
J−1 and φNj,t (θ, µ) = 1

J for any j and t, so

that γN (θ, µ) = 1
JΓ.
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� Consumers of type θ ∈
[
θKN (µ) , θNN (µ)

)
never buy used goods, so φUj,t (θ, µ) = 0 for all j and t, but all of

them keep a used good after a good match, so φKj,t (θ, µ) = γNj,t−1 (θ, µ). Then

φNj,t (θ, µ) = φKj,t−1 (θ, µ) +
∑
k 6=jρ

N
k,j,t−1 ·

(
φNj,t−1 (θ, µ)− γNj,t−1 (θ, µ)

)
γNj,t (θ, µ) = πHx · φKj,t−1 (θ, µ) + π0

x ·
∑
k 6=jρ

N
k,j,t−1 ·

(
φNj,t (θ, µ)− γNj,t (θ, µ)

)
.

The solution is similar to the previous case, although now φNj,t (θ, µ) +φKj,t (θ, µ) = 1
J for any j and t, but

γN (θ, µ) = ΓφN (θ, µ) again. Solving, we obtain φN (θ, µ) = 1
J

1
1+Γ and φK (θ, µ) = 1

J
Γ

1+Γ .

� Consumers of type θ ∈
[
θKU (µ) , θKN (µ)

)
buy both new and used goods. Buyers of new goods of brand j

include (i) consumers who purchased a used good of this brand in period t−1 and got a good match, and

(ii) consumers who bought a new good of this brand in period t− 2 and kept it in period t− 1 because

they got a good match. Then:

φNj,t (θ, µ) = γUj,t−1 (θ, µ) + φKj,t−1 (θ, µ)

where γUj,t (θ, µ) is the proportion of consumers who got a good match with a used good, while φKj,t (θ, µ)

is as de�ned above. In turn, buyers of used goods include a proportion of consumers who bought a good

(either new or used) of brand k 6= j in period t− 1, and decide to switch brands because they got a bad

experience. Then:

φUj,t (θ, µ) =
∑
k 6=jρ

N
j,i,t ·

(
φNj,t−1 (θ, µ)− γNj,t−1 (θ, µ)

)
+
∑
k 6=jρ

U
j,i,t ·

(
φUj,t−1 (θ, µ)− γUj,t−1 (θ, µ)

)
where ρNj,i,t (θ, µ) and γNj,t (θ, µ) were de�ned before, while ρUk,j,t is the fraction of consumers who bought

a used good of brand k last period and chose to switch to brand j, given that they have not tried it in

the last T periods. Observe that all consumers who buy a new good of brand j are staying loyal to that

brand, while buyers of a used good of brand j are switching from some other brand. Hence:

γNj,t (θ, µ) = πHx · φNj,t (θ, µ) and γUj,t (θ, µ) = π0
x · φUj,t (θ, µ)

In a stationary symmetric equilibrium we would have that ρNk,j,t = ρNk,j,t = 1
J−1 and φNj,t (θ, µ)+φKj,t (θ, µ)+

φUj,t (θ, µ) = 1
J for any j and t. Solving, we obtain φN (θ, µ) = 1

JΓΨ, φK (θ, µ) = 1
J π

H
x ΓΨ and φU (θ, µ) =

1
J (1− Γ) Ψ.

� Finally, for consumers of type θ ∈
[
θUU (µ) , θKU (µ)

)
we have that φKj,t (θ, µ) = φNj,t (θ, µ) = 0, as they all

buy used goods every period. Then φU (θ, µ) = 1
J and γU (θ, µ) = 1

JΓ in equilibrium, as the case is

analogous to the �rst one.

Observe that the vector φ =
(
φN (θ, µ) , φU (θ, µ) , φK (θ, µ)

)
depends on the actual probabilities on getting

a good match, not on the consumers' beliefs. Given those values, we can rewrite the equilibrium conditions

that demand equals supply in both markets, taking as given the constant supply of Y units of new goods each

period, and the actual probabilities of a good match πx =
(
πLx , π

0
x, π

H
x

)
. The demand for the new vintage is
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DN (p,πe) =
´ µ
µ
dN (p,πe, µ) · dG (µ) , where:

dN (p,πe, µ) ≡ 1

J

([
1− F

(
θNN (p,πe, µ)

)]
+

1

1 + Γ

[
F
(
θNN (p,πe, µ)

)
− F

(
θKN (p,πe, µ)

)]
+ΓΨ

[
F
(
θKN (p,πe, µ)

)
− F

(
θKU (p,πe, µ)

)])
.

In turn, the demand for the old vintage is DU (p,πe) =
´ µ
µ
dU (p,πe, µ) · dG (µ), where:

dU (p,πe, µ) ≡ 1

J

(
(1− Γ) Ψ

[
F
(
θKN (p,πe, µ)

)
− F

(
θKU (p,πe, µ)

)]
+
[
F
(
θKU (p,πe, µ)

)
− F

(
θUU (p,πe, µ)

)])
.

Finally, the supply of the old vintage is SU (p,πe) =
´ µ
µ
sU (p,πe, µ) · dG (µ) , where:

sU (p,πe, µ) ≡ 1

J

([
1− F

(
θNN (p,πe, µ)

)]
+

1− Γ

1 + Γ

[
F
(
θNN (p,πe, µ)

)
− F

(
θKN (p,πe, µ)

)]
+
(
1− πHx

)
ΓΨ
[
F
(
θKN (p,πe, µ)

)
− F

(
θKU (p,πe, µ)

)])
We also rewrite the equilibrium conditions for consumers' beliefs. Observe �rst that, for a consumer

with pair (θ, µ), their average expected experience must be a convex combination of E
(
z/zH

)
and E (z),

representing their beliefs on experience when they stay loyal and when they switch brands, respectively.

For the market-speci�c equilibrium, we thus need to determine the fraction of buyers of each vintage

who actually stay loyal and switch brands. But we have already determined them when found φ. Among

buyers of used goods of type θ ∈
[
θUU (µ) , θKU (µ)

)
, a fraction Γ buys the same brand than last period, while

1−Γ purchased some other brand. Then zUe (θ, µ) = ΓE
(
z/zH

)
+ (1− Γ)E (z). Instead, for consumers with

θ ∈
[
θKU (µ) , θKN (µ)

)
, all buyers of used goods owned another brand last period, so zUe (θ, µ) = E (z). As

both E
(
z/zH

)
and E (z) depend on πe, then:

ZUe (p,πe) = ΓzH + (1− Γ) zL +
π0
e

(
1− πHx

)
− π0

x

(
1− πHe

)
1− πHx + π0

x

z4 − Γ
(
πHe − π0

e

) XU (p,πe)

DU (p,πe)
z4

where XU (p,πe) =
´ µ
µ

1

J
(1− Γ) Ψ

[
F
(
θKN (p,πe, µ)

)
− F

(
θKU (p,πe, µ)

)]
dG (µ) is the set of experience-

driven consumers that buy used goods. Analogously, we can determine that the actual average experience by

all buyers of used goods is ZUx (p,πe) = ΓzH + (1− Γ) zL − Γ
(
πHx − π0

x

) XU (p,πe)
DU (p,πe)

z4. Then, the equilibrium

condition for beliefs for buyers of used goods can be written as:[
π0
e

(
1− πHx

)
− π0

x

(
1− πHe

)]
DU (p,πe) = −

[(
πHx − π0

x

)
−
(
πHe − π0

e

)]
π0
xX

U (p,πe) (26)

In turn, observe that zNe (θ, µ) = ΓE
(
z/zH

)
+ (1− Γ)E (z) for buyers of new goods with type θ ∈[

θKN (µ) , θNN (µ)
)
∪
[
θNN (µ) , θ̄

]
, because a fraction Γ stays loyal, while 1 − Γ switch brands. But zNe (θ, µ) =

E
(
z/zH

)
for consumers with θ ∈

[
θKU (µ) , θKN (µ)

)
that buy new goods, as they have owned a new good of
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the same brand last period. Then

ZNe (p,πe) = ΓzH + (1− Γ) zL +
π0
e

(
1− πHx

)
− π0

x

(
1− πHe

)
1− πHx + π0

x

z4 + (1− Γ)
(
πHe − π0

e

) XN (p,πe)

DN (p,πe)
z4

where XN (p,πe) =
´ µ
µ

1

J
ΓΨ
[
F
(
θKN (p,πe, µ)

)
− F

(
θKU (p,πe, µ)

)]
dG (µ) is the set of experience-driven

consumers that buy new goods. Likewise, the actual average experience that buyers of a new good would

enjoy is ZNx (p,πe) = ΓzH + (1− Γ) zL+ (1− Γ)
(
πHx − π0

x

) XN (p,πe)
DU (p,πe)

z4, so the equilibrium condition for the

beliefs for new good buyers is:[
π0
e

(
1− πHx

)
− π0

x

(
1− πHe

)]
DN (p,πe) =

[(
πHx − π0

x

)
−
(
πHe − π0

e

)] (
1− πHx

)
XN (p,πe). (27)

As π0
xX

U (p,πe) =
(
1− πHx

)
XN (p,πe) > 0 for some µ, then both (26) and (27) hold when (i) π0

e

(
1− πHx

)
=

π0
x

(
1− πHe

)
, and (ii)

(
πHx − π0

x

)
=
(
πHe − π0

e

)
. This occurs only when π0

e = π0
x and πHe = πHx .

For the industry-wide equilibrium, from the previous analysis we conclude that ze (θ, µ) = ΓE
(
z/zH

)
+

(1− Γ)E (z) for any buyer with pair (θ, µ)28. Then Ze (p,πe) = ΓzH + (1− Γ) zL +
π0
e(1−πH

x )−π0
x(1−πH

e )
1−πH

x +π0
x

z4.

Analogously, we obtain that the actual average experience is Zx (p,πe) = ΓzH + (1− Γ) zL. Then, for

Ze (p,πe) = Zx (p,πe) to hold we only require that π0
e

(
1− πHx

)
= π0

x

(
1− πHe

)
.

The proof of existence thus reduces to �nding a vector p that satis�es DN (p,πe) = DS = y and

DU (p,πe) = SU (p,πe), such that πe satis�es either π0
e = π0

x and πHe = πHx for a strong, symmetric

equilibrium, or π0
e

(
1− πHx

)
= π0

x

(
1− πHe

)
for a weak, symmetric equilibrium. Taking the conditions for

πe as given, de�ne ev (p,πe) to be the excess demand function for goods of vintage v = N,U , so that

eN (p,πe) = DN (p,πe)−y and eU (p,πe) = DU (p,πe)−SU (p,πe). De�ne also the functions β
N (p,πe) =

1 − |eN (p,πe)|
max{DN (p,πe),y} and βU (p,πe) = 1 − |eU (p,πe)|

max{DU (p,πe),SU (p,πe)} . Finally, de�ne the compact set S =[
θvN + µzL, θvN + µzH

]
×
[
θvU + µzL, θvU + µzH

]
, and the vector valued function Ψ : S → S =

[
ψN , ψU

]
,

such that:

ψN (p,πe) = βN (p,πe) · pN

+
(
1− βN (p,πe)

) (
1
(
eN (p,πe) ≥ 0

) (
θvN + µzL

)
+ 1

(
eN (p,πe) < 0

) (
θvN + µzH

))
ψU (p,πe) = βU (p,πe) · pU

+
(
1− βU (p,πe)

) (
1
(
eU (p,πe) ≥ 0

) (
θvU + µzL

)
+ 1

(
eU (p,πe) < 0

) (
θvU + µzH

))
Given that Ψ maps S into itself, and is continuous, then it has a �xed point. We can rewrite both ψN and

ψU as follows:

ψN (p,πe) = pN +
(
1− βN (p,πe)

) (
1
(
eN (p,πe) ≥ 0

) (
θvN + µzL

)
+ 1

(
eN (p,πe) < 0

) (
θvN + µzH − pN

))
ψU (p,πe) = pU +

(
1− βU (p,πe)

) (
1
(
eU (p,πe) ≥ 0

) (
θvU + µzL

)
+ 1

(
eU (p,πe) < 0

) (
θvU + µzH − pU

))
28For experience-driven buyers, notice that a fraction φN

φN+φU buys new goods, so they stay loyal, while
φU

φN+φU = 1− Γ prefers used goods, and thus switch brands.
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Therefore, there is a �xed point of Ψ when the following two conditions are satis�ed:(
1− βN (p,πe)

) (
1
(
eN (p,πe) ≥ 0

) (
θvN + µzL

)
+ 1

(
eN (p,πe) < 0

) (
θvN + µzH − pN

))
= 0(

1− βU (p,πe)
) (

1
(
eU (p,πe) ≥ 0

) (
θvU + µzL

)
+ 1

(
eU (p,πe) < 0

) (
θvU + µzH − pU

))
= 0

In both expressions, the term in braces is never equal to zero. Hence, it must be the case that βN (p,πe) =

βU (p,πe) = 1. This is only possible when eN (p,πe) = eU (p,πe) = 0.

Proof of Proposition 5

To show that the market of used goods never shuts down, suppose by way of contradiction that in equilibrium

SU = 0. For zero trade, then all buyers must purchase a new good and keep it for two periods, even after a

bad experience. Such behavior implies that, for z′ = zL, zH :

UKK (θ, µ/z′) = θvN + µE (z/a′)− pN + δEV OWN (θ, µ/a′)

where E (z/a′) = πKK (a′) zH +
(
1− πKN (a′)

)
zL, and

EV OWN (θ, µ/a′) = θvU +
(
1− πKK (a′)

) (
µzL + δUKK

(
θ, µ/zL

))
+ πKN (a′)

(
µzH + δUKK

(
θ, µ/zH

))
.

As πKK
(
aH
)

= πHe and πKK
(
aL
)

= π0
e , the solution to UKK (θ, µ/z′) is

UKK (θ, µ/z′) =
1

1− δ2

[
αKK (z′)

(
θvN + δθvU − pN + (1 + δ)µE

(
z/zH

))
+
(
1− αKK (z′)

) (
θvN + δθvU − pN + (1 + δ)µE (z)

)]
(28)

where αKK
(
zH
)

=
1−δ2(1−π0

e)
1−δ2(πH

e −π0
e)

and αKK
(
zL
)

=
δ2π0

e

1−δ2(πH
e −π0

e)
. This behavior must be preferred to any other

possibility. In particular, an owner that got a bad match must prefer keeping the used good than replacing

it with either a new good or a used good of an unknown brand, that is, θvU + µzL + δUKK
(
θ, µ/zL

)
≥

pU + max
{
UKN (θ, µ/z′) , UKU (θ, µ/z′)

}
. For this inequality to hold, we require that the di�erence in prices

satis�es:

θv4 +
(1 + δ)π0

e

1− δ2 (πHe − π0
e)
µz4 ≤ p4 ≤ θv4 − (1 + δ)π0

e

δ (1− π0
e)

1− δ
(
1− πHe

)
1− δ2 (πHe − π0

e)
µz4

which is impossible. Then, the volume of trade must be strictly positive.

To show that trade in the secondhand market is never 100%, suppose by way of contradiction that in

equilibrium SU = DN = yN . For full trade, then every buyer of a new good must sell it as used next period,

regardless of experience. As a result, there would be only two optimal purchasing behaviors in equilibrium:

(i) consumers who buy a new good and trade their used good every period, and (ii) consumers who buy a

used good every period. The expected utilities for both behaviors were found in equations (17) and (16),

respectively. Let θN ≡ p4

v4
de�ne the set of marginal consumers who are indi�erent between a new and a

used good., so that UNN
(
θN , µ/z′

)
= UUU

(
θN , µ/z′

)
. When buying a new good, such consumers must prefer

replacing it when used than keeping it, even after a good match. Then we must have pU +UNN
(
θN , µ/zH

)
≥

θNvU + µzH + δUKN
(
θN , µ/zH

)
. Using equations (17) and (18), we obtain:

θNv4 − p4 ≥ µ
([
zH − E (z)

]
− αNN (z′)

[
E
(
z/zH

)
− E (z)

])
(29)
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Thus we arrive at a contradiction as the left hand side equals zero by the de�nition of θN , while the right

hand side is always strictly positive for any µ > 0. Then, the volume of trade is always less than 100%.

Proof of Proposition 6

For expected experience, we make use of the characterization of consumers' beliefs in the proof of Proposition

4. Under both de�nitions of equilibrium, we get:

ZUe (p,πe) = ΓzH + (1− Γ) zL − Γ
(
πHe − π0

e

)
z4

XU (p,πe)

DU (p,πe)

ZNe (p,πe) = ΓzH + (1− Γ) zL + (1− Γ)
(
πHe − π0

e

)
z4

XN (p,πe)

DN (p,πe)

Direct observation shows that ZUe (p,πe) ≤ ZNe (p,πe), with strict inequality when the set of experience-

driven consumers is strictly positive (so that XU (p,πe) > 0 and XN (p,πe) > 0. We can also verify that

Zve ∈
[
E (z) , E

(
z/zH

)]
, with the boundaries of the interval open when XU (p,πe > 0) and XU (p,πe) > 0.

For brand loyalty, we �rst need to determine the values of λN (θ, µ) and λU (θ, µ) for each of the four

optimal purchasing behaviors. But in a stationary equilibrium they actually correspond to the fraction of con-

sumers that stay loyal, which we found as part of the proof of Proposition 4. For ΛU , we got that λU (θ, µ) = Γ

for consumers of type θ ∈
[
θUU (µ) , θKU (µ)

)
, and λU (θ, µ) = 0 for those of type θ ∈

[
θKU (µ) , θKN (µ)

)
. Then:

ΛU (p,πe) =
π0
x

1− πHx + π0
x

(
1− XU (p,πe)

DU (p,πe)

)
For ΛN , we obtained that λN (θ, µ) = 1 for consumers of type θ ∈

[
θKU (µ) , θKN (µ)

)
, while λN (θ, µ) = Γ

for those of type θ ∈
[
θKN (µ) , θNN (µ)

)
∪
[
θNN (µ) , θ̄

]
, regardless of whether they keep or replace the used good

as owners. Then:

ΛN (p,πe) =
π0
x

1− πHx + π0
x

(
1− XN (p,πe)

DN (p,πe)

)
+
XN (p,πe)

DN (p,πe)
.

Hence ΛU (p,πe) ≤ ΛN (p,πe), with equality only when XU (p,πe) = XN (p,πe) = 0.

Proof of Proposition 7

Suppose that πA � πB . Without loss of generality, suppose µHA ≥ µHB , which means that high-type

consumers with µ ∈
[
µHB , µ

H
A

]
that enjoy get a good match decide, as owners, to replace a used good

of brand A, but to keep a used good of brand B. Using the methodology from the proof of proposition

4, we determine that consumers with
(
θH , µ

)
who want to buy a new good of brand j include (i) those

who enjoyed a good match with that brand last period, and (ii) those who bought a new good of the

other brand and got a bad match. Consumers with µ < µNj who repeat purchase of brand j bought a

new good of that brand last period, while those with µ > µNj bought it two periods ago. In any case,

repeating buyers would get a good match with probability πHj , while switching buyers would get it with

probability π0
j . Hence, in a steady state equilibrium φNj

(
θH , µ

)
= γNj

(
θH , µ

)
+
(
φNk
(
θH , µ

)
− γNk

(
θH , µ

))
,

where γNj
(
θH , µ

)
= πHj γ

N
j

(
θH , µ

)
+π0

j

(
φNk
(
θH , µ

)
− γNk

(
θH , µ

))
. Then γNj

(
θH , µ

)
= Γjφ

N
j

(
θH , µ

)
, where

Γj =
π0
j

1−πH
j +π0

j
. We thus obtain that, for any µ,

(1− ΓA)φNA
(
θH , µ

)
= (1− ΓB)φNB

(
θH , µ

)
. (30)
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As ΓA > ΓB , then φ
N
A

(
θH , µ

)
> φNB

(
θH , µ

)
, which in turn implies that DN

A > DN
B . Hence, for a steady-state

equilibrium to exist, we require that yA > yB .

Proof of Proposition 8

To determine the volume of trade, we �rst need to de�ne the demand for new goods and the supply of used

goods. Observe that DN
j = σ

(
φNj
(
θH , µ < µN

)
G
(
µN
)

+ φNj
(
θH , µ > µN

) [
1−G

(
µN
)])

when µN = µNj
for j = A,B29. Using the relationship found in (30), we get that (1− ΓA)DN

A = (1− ΓB)DN
B . To determine

SUj , notice that φ
K
j

(
θH , µ < µN

)
= 0, as all high-type consumers with µ < µN replace their new goods. In

turn, φKj
(
θH , µ ≥ µN

)
= Γjφ

N
j

(
θH , µ ≥ µN

)
because they prefer keeping a used good after a good match.

Then SUj = DN
j − Kj , where Kj is the set of high-type consumers that keep a used good, and given by

Kj = σΓjφ
N
j

(
θH , µ > µN

) [
1−G

(
µN
)]
. Observe also that ΓB (1− ΓA)KA = ΓA (1− ΓB)KB . Then:

V oTA − V oTB =
DN
A −KA

DN
A

− DN
B −KB

DN
B

=
KB

DN
B

− KA

DN
A

=

(
ΓB
ΓA
− 1

)
KA

DN
A

.

As ΓA > ΓB , then V oTA−V oTB ≤ 0, with equality when KB = 0, i.e., when all high-type consumers replace

their used goods, so that µN = µ.

Regarding brand loyalty and average expected experience in the market of new goods, we obtain that

ΛNj (pj ,πj) = Γj and Z
N
j (pj ,πj) = Γjz

H
j + (1− Γj) z

L
j . To see this, recall that loyal consumers of brand j

include all consumers who enjoyed a good match with that brand last period. Then λNj,t (θ, µ) =
γN
j,t−1(θ,µ)

φN
j,t(θ,µ)

among those replace their used goods every period, while λNj,t (θ, µ) =
φK
j,t−1(θ,µ)

φN
j,t(θ,µ)

among those who prefer

keeping a used good after a good match. As only high-type consumers buy new goods, then λNj
(
θH , µ

)
= Γj

for any µ in a steady-state equilibrium. Also, zNj
(
θH , µ

)
= ΓjEj

(
z/zHj

)
+ (1− Γj)Ej (z) for any µ since

all buyers who switch to brand j expect Ej (z), while those who stay loyal expect Ej
(
z/zHj

)
. As there

is no leapfrogging, then in the market of used goods we also get ΛUj (pj ,πj) = Γj and ZUj (pj ,πj) =

Γjz
H
j +(1− Γj). More precisely, we get that λUj

(
θL, µ

)
= Γj and z

U
j

(
θL, µ

)
= ΓjEj

(
z/zHj

)
+(1− Γj)Ej (z)

for any µ > µUj . Therefore, ΛvA (pA,πA) > ΛvB (pB ,πB) and ZvA (pA,πA) = ZvB (pB ,πB) for v = N,U .

Regarding the prices of used goods, we prove �rst that µLA > µLB . Suppose by way of contradiction that

µLA ≤ µLB . Then, low-valuation consumers with µ ∈
[
µLA, µ

L
B

]
do not have access to used goods of brand B.

Hence φUA
(
θL, µ ∈

[
µLA, µ

L
B

])
> φUB

(
θL, µ ∈

[
µLA, µ

L
B

])
= 0. In turn, consumers with

(
θL, µ > µLB

)
behave

analogously to consumers that replace a new good every period, so φUj
(
θL, µ > µLB

)
= φNj

(
θH , µ < µN

)
.

Therefore DU
j = (1− σ)

(
φUj
(
θL, µ ∈

[
µLA, µ

L
B

]) [
G
(
µLB
)
−G

(
µLA
)]

+ φUj
(
θL, µ ∈

[
µLA, µ

L
B

]) [
1−G

(
µLB
)])

.

Since in equilibrium DU
j = SUj for j = A,B, we can solve for (1− σ)

[
1−G

(
µLB
)]

in both conditions to

obtain:

(1− ΓA)SUA − (1− ΓB)SUB = (1− σ)
[
G
(
µLB
)
−G

(
µLA
)] [

(1− ΓA)φUA
(
θL, µ ∈

[
µLA, µ

L
B

])]
.

We used the fact that (1− ΓA)φUA
(
θL, µ > µLB

)
= (1− ΓB)φUB

(
θL, µ > µLB

)
and φUB

(
θL, µ ∈

[
µLA, µ

L
B

])
= 0.

Observe that the right hand side is always positive given our assumption that µLA ≤ µLB . As for the left hand
side, recall that SUj = DN

j − Kj . Using the fact that (1− ΓA)DN
A = (1− ΓB)DN

B and ΓB (1− ΓA)KA =

29As a reference, we obtain φNj
(
θH , µ < µN

)
=

(
1 +

(1−πH
j )(1−πH

k +π0
k)

(1−πH
k )(1−πH

j +π0
j )

)−1

and φNj
(
θH , µ > µN

)
=(

1 +
(1−πH

j )(1−πH
k +2π0

k)
(1−πH

k )(1−πH
j +2π0

j )

)−1

, for k 6= j
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ΓA (1− ΓB)KB , then

(1− ΓA)SUA − (1− ΓB)SUB = (1− ΓA)KA

(
ΓB
ΓA
− 1

)
< 0.

As we arrive to a contradiction, then we must have that µLA > µLB .

Given that µUj represents the low-type consumer with the lowest valuation of experience that such that

her utility is zero, then we obtain pUj = θLvU + µUj ẑj , where

ẑj =
δπ0
j

1− δ
(
πHj − π0

j

)Ej (z|zH)+
1− δπHj

1− δ
(
πHj − π0

j

)Ej (z) .

Notice that low-type consumers with µ ∈
[
µLB , µ

L
A

]
do not buy used goods of brand A as it is too expensive for

them. Hence, a proportion φUB,t
(
θL, µ

)
of those consumers buys a used good of brand B, while the remaining

fraction 1−φUB,t
(
θL, µ

)
stays out of the market because they had a bad experience with brand B in t− 1. If

they buy today, their expected experience would be EB
(
z/zLB

)
, and as a result their expected utility would

negative. As memory lasts only one period, they would buy again in t+ 1, when their expected experience is

EB (z). In any case, we also obtain that the present value of the utility for a consumer with
(
θL, µLB

)
equals

zero when pUB = θLvU +µLB ẑB . Simplifying for ẑj , we get ẑj =
Ej(z)−δ(πH

j −π
0
j )

1−δ(πH
j −π0

j )
. As πA > πB , then ẑA > ẑB .

Hence, pUA > pUB .

Appendix B: Solution with Vintage Di�erences

Regarding consumers' optimal buying behaviors, observe �rst that, as πNe = πe, then both UNN (θ, µ/z′) and

UKN (θ, µ/z′) remain unchanged, so θNN (µ) is as de�ned in Proposition 2. Also, UUU (θ, µ/z′) is as determined

in (16), but now αUU
(
zH
)
and αUU

(
zL
)
change because πNe = βπe. Then, the de�nition of θ

U
U (µ) also remains

unaltered, although now ẑ =
δβπ0

e

1−δβ(πH
e −π0

e)
EU

(
z/zH

)
+

1−δβπH
e

1−δβ(πH
e −π0

e)
EU (z).

Using the proof of Proposition 3, we solve again for UKU (θ, µ/z′) when πUe = βπNe , and use the solution

to determine the new values for θKN (µ) and θKU (µ). We obtain:

θKN (µ) =
p4

v4
−
π0
e

[
(1− β) + δ

(
1− βπHe

)]
1− δ2 (1− βπ0

e) (πHe − π0
e)
µ
z4

v4
,

θKU (µ) =
p4

v4
−
πHe
[
(1− β) + δ

(
1− βπHe

)]
1− δβ (πHe − π0

e)
µ
z4

v4
.

Observe that θKN (µ) ≥ θKU (µ) as long as (1− β) + δ
(
1− βπHe

)
≥ 0. Hence, β∗ = 1+δ

1+δπH
e
. Notice that both

cuto� functions are strictly decreasing as long as β < β∗.

Instead, when πUe > β∗πe, we �nd that the optimal behavior for experience-driven buyers was charac-

terized by UUK (θ, µ/z′) in equation (25). Solving again for UKU (θ, µ/z′) when πUe = βπNe , and comparing it

to UKN (θ, µ/z′) and UUU (θ, µ/z′), respectively, we obtain the following cuto� functions:

θNK (µ) =
p4

v4
−

πHe
[
(1− β) + δ

(
1− βπHe

)]
1− δ (πHe − π0

e) (1 + δ (1− βπHe ))
µ
z4

v4

θUK (µ) =
p4

v4
−
π0
e

[
(1− β) + δ

(
1− βπHe

)]
1− δβ (πHe − π0

e)
µ
z4

v4
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Observe that θKN (µ) = θKU (µ) when β = β∗. Further, they are both increasing functions when β > β∗, such

that θNK (µ) > θUK (µ).

As the methodology to prove the existence of an equilibrium is the same described in the proof of propo-

sition 4, here we only characterize the conditions for consumers' beliefs. For the market-speci�c equilibrium,

the conditions for the old and new vintages when β < β∗are respectively:[
βπ0

e

(
1− πH,Ux

)
− π0,U

x

(
1− βπHe

)]
DU (p,πe) = −

[(
πH,Ux − π0,U

x

)
− β

(
πHe − π0

e

)]
π0,U
x XU (p,πe)[

π0
e

(
1− πH,Nx

)
− π0,N

x

(
1− πHe

)]
DN (p,πe) =

[(
πH,Nx − π0,N

x

)
−
(
πHe − π0

e

)] (
1− πH,Nx

)
XN (p,πe).

Then the two conditions hold if and only if the four brackets equal zero. This can only be satis�ed if and

only if πe = πx with πUx = βπx and πNx = πx

Instead, the condition for beliefs required for the industry-speci�c equilibria can be written as:

ˆ µ

µ

([
π0
e(1−πH,N

x )−π0,N
x (1−πH

e )
1−(πH,N

x −π0,N
x )

]ˆ θ

θNN (µ)

dF (θ)

)
dG (µ)

+

ˆ µ

µ

([
π0
e(1−πH,N

x )−π0,N
x (1−πH

e )
1−(πH,N

x −π0,N
x )

](
1−πH,N

x +π0,N
x

1−πH,N
x +2π0,N

x

)ˆ θNN (µ)

θKN (µ)

dF (θ)

)
dG (µ)

+

ˆ µ

µ

([
βπ0

e(1−πH,N
x )−π0,U

x (1−πH
e )

1−(πH,N
x −π0,U

x )

](
1−πH,N

x +π0,U
x

1−πH,N
x +π0,U

x +πH,N
x π0,U

x

)ˆ θKN (µ)

θKU (µ)

dF (θ)

)
dG (µ)

+

ˆ µ

µ

([
βπ0

e(1−πH,U
x )−π0,U

x (1−βπH
e )

1−(πH,U
x −π0,U

x )

] ˆ θKU (µ)

θUU (µ)

dF (θ)

)
dG (µ) = 0 (31)

The sign of each term depends on the sign of its bracket. One possible solution is when all brackets equal zero.

We are left with three conditions: (i) π0
e

(
1− πH,Nx

)
= π0,N

x

(
1− πHe

)
, (ii) βπ0

e

(
1− πH,Nx

)
= π0,U

x

(
1− πHe

)
,

and (iii) βπ0
e

(
1− πH,Ux

)
= π0,U

x

(
1− βπHe

)
. The three conditions are satis�ed when πUx = βπx and πNx = πx

so that πe = πx (i.e., when consumers are rational) but there are other values of π0
e and π

H
e that also satisfy

those conditions. Further, when some of the brackets in equation (31) are not equal to zero, the solution

depends on the proportion of consumers that buys a good for each of the four optimal buying behaviors. We

omit the conditions for β > β∗as the intuition is essentially the same.

Regarding volume of trade, recall that the secondhand market shuts down when all consumers buy a

new good and keep it for two periods, getting utility UKK (θ, µ/z′), which is the same for all β. Again,

this cannot be the only optimal behavior, as all owners prefer to replace a used good after a bad match.

Concretely, we get that θvU + µzL + δUKK
(
θ, µ/zL

)
< pU + max

{
UKN (θ, µ/z′) , UKU (θ, µ/z′)

}
when β ≤ β∗,

and θvU + µzL + δUKK
(
θ, µ/zL

)
< pU + max

{
UKN (θ, µ/z′) , UUK (θ, µ/z′)

}
when β ≥ β∗.

In turn, recall that there is full trade in the secondhand market when all buyers of new goods replace

them when used, so that every period consumers either buy a new or a used good. In this case, the set of

marginal consumers who are indi�erent between a new and a used good is given by

θN (µ, β) =
p4

v4
− (1− β)

δπ0
e + (1− δ)πHe

(1− δ (πHe − π0
e)) (1− δβ (πHe − π0

e))
µ
z4

v4

Observe that θN (µ, β) decreases with µ when β < 1. Replacing θN (µ, β) into equation (29), then buy-

ers of new goods prefer replacing the used good after a good match, rather than keeping it, whenever(
βπHe − 1

) (
1 + δπoe − δ2

(
πHe − π0

e

))
> 0. This leads to a contradiction as πH,Ue = βπHe < 1..
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For brand loyalty, observe that, regardless of β, we always get λN (θ, µ) =
πH
x

1−πH
x +π0

x
and λU (θ, µ) = 0

for consumers who only buy new goods, while λN (θ, µ) = 0 and λU (θ, µ) =
βπH

x

1−β(πH
x −π0

x)
for those who only

purchase used goods. When β ≤ β∗, experience-driven buyers choose a new good after a good match, and a

used good after a bad match, so λN (θ, µ) = 1 and λU (θ, µ) = 0. Then:

ΛN (p,πe) =
π0
x

1− (πHx − π0
x)

+

(
1− π0

x

1− (πHx − π0
x)

)
XN (p,πe)

DN (p,πe)

ΛU (p,πe) =
βπ0

x

1− β (πHx − π0
x)

(
1− XU (p,πe)

DU (p,πe)

)
where

(
1− πHx

)
XN (p,πe) = π0

xX
U (p,πe). It is immediate to see that ΛN (p,πe) > ΛU (p,πe) when β ≤ 1.

Also, if β = β∗ then XN (p,πe) = XU (p,πe) = 0, so ΛN (p,πe) < ΛU (p,πe). Then, there must exist a

β̂ ∈ (1, β∗) such that ΛN (p,πe) = ΛU (p,πe), with some β < β̂ holding ΛN (p,πe) > ΛU (p,πe). If X
N (·)

and XU (·) are strictly decreasing in β, then β̂ is unique.

Instead, when β > β∗, experience-driven buyers choose a new good after a bad match, and a used good

after a good match, so λN (θ, µ) = 0 and λU (θ, µ) = 1. Then:

ΛN (p,πe) =
π0
x

1− (πHx − π0
x)

(
1− XN (p,πe)

DN (p,πe)

)
ΛU (p,πe) =

βπ0
x

1− β (πHx − π0
x)

+

(
1− βπ0

x

1− β (πHx − π0
x)

)
XU (p,πe)

DU (p,πe)

As XN (p,πe) ≥ 0 and XU (p,πe) ≥ 0, then ΛN (p,πe) < ΛU (p,πe).
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