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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
needs'. Regardless of the car’s brand, vintage and model, a buyer is unable to observe some of its
features at the time of purchase?, or unable to discern their effect on her own utility?. 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 insignificant, 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 effect of
their decisions on market equilibrium. It is a contribution to the literature on durable goods because
uncertainty about product characteristics of new goods affects 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 affect not only equilibrium prices, but also firms’ 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 infinite 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

!Nelson (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 satisfied with the repair and maintenance services
offered 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.



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 different 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 purchase*, 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%°. An important implication of assuming
idiosyncratic experience is that it introduces ex-post heterogeneity across consumers.

We also assume that experience is (i) brand-specific, and (ii) vintage-specific. 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 five years®. 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 tablets”.

In the steady-state equilibrium when consumers have the same beliefs for all brands and vintages,
we find that the consumer ‘s previous experience affects 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 efficient 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 find 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,

1J.D. Power and Associates’ 2012 Customer Retention Study®™, press release, January 11, 2012.

SWDS, a Xerox Company, press release, February 24, 2014.

SFor example, Toyota started selling the Camry in 1982, and introduced its eighth generation in 2011.
"http:/ /www.theguardian.com/technology/2012/dec/31/netbooks-dead-2013, retrieved January 17, 2015.



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 find 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 different 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 effects of differences between vintages, we
find that there is always incomplete trade and leapfrogging, as there are always consumers who keep
their used goods after a good match. We also find that brand loyalty for new goods can be larger
even when consumers expect a better experience with old vintages, provided that the difference in
expected experience between old and new vintages is not too large.

When we examine differences between brands, we find 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 effects 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 freely®. As a first step, we needed to define 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.



releases of four studies conducted by the same research firm (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 different aspects of experience at different moments of the owner-
ship. The Automotive Performance, Execution and Layout (APEAL) Study®surveys consumers
regarding their satisfaction with the design, content, and appeal of their new car, and is conducted
after the first three months of ownership. The Initial Quality Study®™ (IQS) captures problems
experienced by owners regarding quality of design, and defects and malfunctions, during the first
three months of ownership. The Customer Service Index (CSI) Study®™ measures their satisfaction
with the dealer’s maintenance and repair services during the first three years of ownership. Finally,
the Vehicle Dependability Study®™ (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 ¢ includes the APEAL and 1QS indices
in year t + 1, and the CSI and VDS indices in year ¢ + 3, given the different 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

: . 4 . . APEAL;.41 . CSIisis
customer satisfaction that we compute for brand j sold at year ¢ is ICS;; = 1QS, o1 ¥ VDSrans"

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 Suzuki®.

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 satisfied 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 coefficients 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

°The index is available from the author upon request.



the original lessee, as a proxy for the disposal rates of used cars'®. We also calculate the average
difference between top and bottom brands (in terms of customer satisfaction) for each of these three
indicators. We use a lag of five years because, on average, buyers of new cars replace them after five
years of ownership. Also, most car leases last five 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 differences 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%
Difference, 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 markets!!, our article is closely related to those that analyze
the interaction between markets of new and used goods in the context of adverse selection'?. 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 differ-
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 identified. Second, as
one of our objectives is to understand the effects of experience, we abstract from explicitly intro-
ducing asymmetric information. As a result, we find 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 Study®™,

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.

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

12 Akerlof (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.



replacement is uncertain. Finally, incomplete trade is ex—post efficient 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 experience'?, including Crémer (1984), Villas-Boas (2004, 2006),
Bergemann and Valimaki (2006), and Doganoglu (2010)'*. These models study consumers who
share the expectation about the uncertain quality of a non-durable good they have not purchased
before, and become differentiated once they buy the product and learn the idiosyncratic value
of their match'®. Our model extend that literature to study durable goods markets, with two
important differences. First, we are the first to examine idiosyncratic experience for consumers who
are vertically differentiated 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-differentiated consumers!®. In a two-period model, Villas-Boas (2004) studies
how the informational advantage obtained by past customers affects firms’ pricing decision, which
he finds to depend on the skewness of the distribution of consumer experiences. Villas-Boas (2006)
extends the analysis to an infinite horizon model with overlapping generations of consumers to study
how firms compete for both experienced and first-time consumers. Doganoglu (2010) follows Villas-
Boas (2006), but assumed experienced customers who incur a switching cost when buying another
brand. He determines sufficient 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) finds that
transaction costs in the secondhand market can raise the monopolist’s profits, 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 finds that consumer’s replacement decision
gives the firm incentives to provide an adequate quality level but with reduced durability. Finally,
Dener (2011) examines the effect of exogenous quality uncertainty on the firm’s time inconsistency

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

!3Research on experience goods focused initially on firms’ 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).

1Some 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.

'5In 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.



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

by planned obsolescence.

2 The Model

Consider an infinite-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 §. 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 (g;)
of the durable good has an observable (vj) and an unobservable (z;) dimension. The observable
quality v; encompasses the set of characteristics that consumers can inspect before purchase. It is
deterministic and affected by obsolescence: a new vintage of the good has observable quality vjv , but
after one period of usage its quality falls to v]U. 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 effects on their gross utility. We define the obsolescence level of each vintage as
vjA = vj-v — UJU.

In contrast, z; 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 z; after using
the good for one period. As with v;, we assume that z; can take two values!”, i.e., the consumer can

H

enjoy a good match (ZJH), or a bad match (Z]L) We define sz =z — Z]-L > 0. Consumers’ memory

about past experiences lasts for T' periods, which means that, with time, old experiences become

irrelevant!®

. By assuming that 7' < n(J), we ensure that there are always some brands that the
consumer has not experienced. For consumer i, let jio denote the subset of brands that she has
owned in the last 7" periods, while J \ jio 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-specific: if a consumer
got experience 2’ in her last purchase of a given brand, she may get a different match when she buys

again a good of the same brand but of a different vintage!®.

Also, experience is brand-specific: a
consumer who purchases the good from one brand gets no information about her match with other
brands.

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

any brand j € jio, 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 flexibility to introduce extensions.

18Tn 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.



her latest purchase of that brand?’. If zg denotes the last experience with brand j, then she expects
E; (z/z;) Further, if 2; = ZJH, then F; (z/sz) > Ej(z), but if z; = ZJL, then F; (z/z]L) < Ej(2).
We assume these beliefs are common knowledge across the population.

Hence, experience introduces ez-post differentiation 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 reflection of the frequency of up-
grades and modifications 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 (6, 1), where 6 and p denote the consumer’s
idiosyncratic valuation for observable and unobservable quality, respectively. Let F' (0) be the cumu-
lative distribution function for #, defined on the interval [Q, 5] . In turn, p has cumulative distribution
function G (p) defined on the interval [u,fi]. Both F(-) and G (-) are continuous and increasing,
and have densities f () and g (1), respectively. Then, fv + pz is the gross utility?! for a consumer
that owns a good of quality ¢ = (v, z). Both 6 and p are independent of each other, fixed throughout
the consumer’s life, and known only by the consumer.

Let yJN and ij be the constant flow of new and used units of brand j coming into the market
every period. We thus allow the possibility that firms continue supplying an old generation, although
for most of the analysis we assume ij = 0. We define Y? = Zjej y;?, and assume 2YN +YV < 150
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 defined. Then, we analyze how a given output flow 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 configurations:

e In the first 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,
firms stay inactive in this secondary market, and sell only new vintages of the good??. In this
context, we interpret obsolescence as physical and determined by the firm when the good was
manufactured. Then, ’ujA 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 effects of

experience in markets of durable goods.

20This “Markov property” is assumed for simplicity. It is sufficient to assume that the last experience has a weight
larger than 50%.

21'We can also write the consumer’s gross utility as 6 [uv + (1 — p) 2], where 6 is the consumer’s valuation of quality,
while p measures the consumers’ weight of the importance of each quality component. Then 6, = fu and 0, =
01— p).

221t is possible that firms buy back used goods from buyers of new goods, but then sell them back in the secondary
market.



e 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 vjA represents the
utility value of the upgrade. We use this framework to analyze the effects 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 differences 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 w, = (7T6L, 70, nH ), where 70 is
the consumers’ expected probability of a good match with an unknown brand, while 72 and

denote their belief of getting a good match when the last experience with that brand was 2/ = 2%

H

and 2’ = 2! 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 p}N and pgj denote,
respectively, the prices of a new and a used good of brand j. Given her pair (0, u) and her past

history H;, her expected value function in a steady-state equilibrium is:
VEY (0, pl Hi) = max (VN (0, pl Hi), V¥ (0, pHs), 0} (1)

where VN (0, u|H;) and V.V (0, u|H;) denote the expected value of purchasing a new good and an
old good, respectively. Both are defined as follows:

{ijy + nE; (z\z{) —pé-v + §EVOWN (97M‘Z§j>}

<70 2)
{90§V + puE;j (2) — pY + SEVOWN (H,M)}

VN (6, p|Hy) = max
JET\TL

{OUJU + pE; (z|z£j) — p;] + §EVBUY (9,,u|zgj>}

e 3)
{007 + uE; (2) = Y + 6BVEYY (0, 11)}

VY (0, pl H;) = max
VISVAW/S
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where zgj represents the last experience that consumer ¢ enjoyed with brand j € jiO. 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 € jio 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:

ijU + pzl; + SEVBUY <0,,u]zz’»j> ,

OWN
T s ) e (0
where 1° 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 (0, 1), by identifying the brand and vintage of the good she would consume. We
expect that consumers with higher 6 prefer new goods, while those with lower 8 buy used goods.
However, with experience, some consumers may find 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 ., = (ﬂeL, wg,ﬂf) as given. For convenience, we define p® = pV —¢- 15 (pU),

while p® = pf* — pV. When 17 (-) = 1, then p® 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 VEYY (0, u|H;) = max {VY (6, u|H;),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© 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 Ug (9, ,u|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 2/ = 2.
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Although the consumer’s valuation of experience does not affect the decision of which brand to
buy, it does affect 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 first 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 (0, 1) would never buy a used good if
U (0, u]z") < 0. Let 67 (1) denote the marginal consumer for whom UJ (0f (n) , p|z*) = 0. We

obtain the decreasing, continuous function:

U_uz o0 1—onH
oU ()= 2 F2 Gith 2= ¢ E (2|21 C _E(2). 5
U (N) U y Wl < 1 _5(ﬂ_£j _ﬂ_g) (Z‘Z ) + 1 — 5(7_[_5 _778) (Z) ( )

Hence, any consumer with 6 > 6Y (1) chooses to own a durable good. Given that 69 (1) decreases

with u, then consumers with low (6, 1) 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 (6, u), 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 (6, 1) that only buy new goods, optimal behavior is char-

acterized by a continuous, strictly increasing function 0% (1) that satisfies:

A H A
1—m z

GN :p e 6
N(ﬂ) UA + 1—(5(7TH—7['2)M1)A ( )

e

such that an owner keeps her used good after a good match if her valuation of quality is smaller than
9% (1), 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 affects the replacement decision of an owner. Concretely, 9% (1) defines
a cutoff rule after a good match: owners with 8 > 0¥ (1) 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 6 < 9]]\\; (u), it is possible that, given two
consumers with valuations of observable quality ', 6", such that 8" > 6", the consumer of type 0
could own a used good, while the one with 8 could boast a recently-bought new good.

The consumer’s importance given to experience also influences the owner’s decision whether or
not to keep a used good. As 9% (1) 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 affects (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 affect 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. Define the following two continuous, strictly decreasing functions:

VAN ) 0 1— H AN

K _ p 7Te ( 7Te ) z

NG = R T T3 (1 =) (nll = ) 0B )
A 5 H 1— H A

K _ b 7Te ( 7re) z

0U (M) - UA - 1— 6(71'51 _ TFg)MUA (8)

For any given valuation of experience u, optimal behavior for a buyer of type 0 € [9{]( (1), 0% (,u))
s 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 pu, the function in equation (7) defines a cutoff rule for buyers regarding what to do
after a bad match: those with 6 > 6K (1) decide to buy a new good, while those with § < 0% ()
choose a used good. In turn, equation (8) is a cutoff rule after a good match: those with 8 > 6% (1)
prefer a new good, while those with 8 < 9{]{ (1) 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, OF (n) < 0K (u) for any vector of prices, which means that 05 () characterizes the lowest
consumer of type p that buys a new good. Observe also that, as both cutoffs decrease with p, then
buyers with higher valuation of experience are more likely to purchase new goods, regardless of their
last experience.

Hence, buyers with 6 € [0f (1), 0% (1)) 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 identified 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 differ 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 (0, u1), for
given vectors of prices p = (pN ,pU) and match probabilities w, = (7TL 70, ! ) when p = 0. All
buyers with 8 € [6% (1) , 8] prefer new goods, but only those with § € [60% (1 ) 0% (1)) would choose
to keep their old good after a good match. Consumers with 6 € [ (n),0 ( )) Would choose the
vintage of the good depending on their last experience, while those with 6 € [9 )) would
prefer to purchase old goods every period. Flnally, consumers with 0 < HU (1) never buy a good. In

all cases, consumers switch brands if 2/ = 2! but stay loyal if 2/ = /23,

Distribution of types 0

I

u=0 Distribution of types p e H

Figure 1: Optimal Purchasing Behaviors in a Stationary Symmetric Equilibrium

23Observe that, for non-equilibrium values of p™ and p, 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 cutoffs 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 6 >
0Y (1) who, at any time, are (i) buying a new good, (ii) buying a used good, and (iii) keeping a used
good. Let ¢7, (0, 1) be the proportion of consumers of type (6, 1) 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:

I 0
DY, - /H ( | o <9,u>dF<0>> 4G (1)

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 S = =y
Instead, the supply of used goods in period ¢ includes (i) any net supply of the old vintage produced
by each firm, 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 gbﬁ (0, 1) denote the
proportion of consumers of type (0, 1) who keep a used good of brand j in period t?*. Then the
supply of used goods can be written as S]t = yjl{t +1° (Djvt — j7t), where 1° = 1 when there is a
secondhand market, while K;; represents the set of all buyers of new goods who keep a used good

as an owner, and is given by:

(" s ' _
Ko = / ( /0 o5, (0, 1) dF(@)) 4G (1)

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

Let Ze]t

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

e = (7TL 7r0 v ) Then:

o 0
Zejp = Dlz’t </u (/9 (2054 (0,11) 654 (0, 1)) AF (9)> aG (/1))

where 2¢ ;; (0, 1) represents the expected experience for consumers of type (6, u) who buy a good of

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

brand j and vintage v, based on their beliefs Let us also define the average expected experience for
N

zZN - ZY

all buyers as Z, j; = et

D}
DNV, Lejit W
On the other hand, we deﬁne T, = (7rL 7r0 YUy ) to represent the actual probabilities of enjoying
a good match for all consumers, based on their last experience?®. Then, the average experience for

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

v 1 E g v v
Zyjt = DY, (/M (/.9 (22,56 (0, 1) 85 (0, 1)) dF (9)> dG (u))

For any type 6 > 09 (1), we require that > pj ¢ (6 w) + p% (0, 1) + pk (0, 1) = 1.
25 As with 7., we also assume that 0 < 7% < 70 < 7H < 1.
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where 27 ;, (0, p) is the average experience that a consumer of type (6, 1) enjoys when buying a good
. . DN DY
of brand j and vintage v. Analogously, Z, j; = WJDJUJ : Zc{r\fji + W’E% : ng denotes the average

expected experience to be obtained by all buyers.
We say that consumers’ beliefs are rational if w, = ;. If not, their beliefs are myopic. But,
as the expectations in both markets must be correlated, we present two definitions of a symmetric

equilibrium in a stationary economy:

Definition 1. Let p = (pN,pU) be a vector of prices, and w, = (Wf,wg,ﬁf) 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,m.) that satisfy:

DY (p, 7"6) =5v (p, 776) ) DN (p, 776) = va Ze (p, 776) =2y (p> 776)
(ii) A market-specific equilibrium is a pair of vectors (p,m.) that satisfy:

DY (p,mw.) = SY (p,m.), DN (p,me) = yV,
Zg (paﬂ'e) = Z{[l’,‘J (p, 7"6) , ZN (pa 7Te) = ZN (

Proposition 4. In a stationary, symmelric economy:
(i) There exists an industry-wide equilibrium, even when consumers’ beliefs are not rational.

(1) There exists a market-specific equilibrium only when consumers’ beliefs are rational.

To be precise, the above Proposition states that rationality of consumers’ beliefs is a sufficient

condition for the existence of an equilibrium. But it is not a necessary condition for an industry-wide
1. . . . 71'(? 7r0 . P . .
equilibrium, as we just require that T = 1_;5. Instead, for a market-specific equilibrium, in

addition to the previous condition we also require that 77 — 79 = 72f — 70 and both conditions can

only be satisfied when 70 = 70 and 7/ = 7/, For both definitions, we also require that 7% < 70,
so that consumers never repeat purchase of a brand after a bad experience. The proof of existence
of an equilibrium contains first the characterization of ¢™ (8, i), ¢ (6, ) and ¢V (6, ) for each
possible purchasing behavior. Then, it examines the conditions that the vector of consumers’ beliefs
T 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 fixed point of this map would imply the existence of an equilibrium,

and then we show that this map has indeed a fixed 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 define
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:

K
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In turn, customer loyalty can be defined as the percentage of consumers that repeat purchase of
the same brand they owned last period, regardless of its vintage. Let AY, (0, 1) be the fraction of
consumers with pair (0, u) that are buying a good of vintage v = N,U and brand j in period ¢,
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:

m 0
A”Zplv/# (/9 A”(e,u>-¢”<e,u>-dF<e>) G ().

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" + YV Then we can solve for pV from:
g U N U
1_/ F (69 (1)) - dG () = (2N + YU) (9)
a3

where 69 (1) was determined in (5). To find the price of a new good, we use the equilibrium condition
that DV = SN to define it implicitly:

[ (1= 08 00 + 5 [ 68 ) = 7 (60 ) 19 [F (0 ) = 05 ()] ) =¥

(10)
where 0¥ (1), 05 (1) and 6% (1) were determined in equations (6), (7) and (8), respectively, while
= 70 d v — 1—7mH 470

T 1-mH4n0 an T 1-nH4m04m0nH -

We organize this section as follows. First, we analyze how experience affects consumer behavior,
volume of trade, and prices in markets of durable goods. Later, we discuss the effect of durability
on customer loyalty, expected experience, consumer behavior and prices in markets of experience

goods.

5.1 Effects 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 first 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 ¢ = (v, z4) in the symmetric
case, where v = {UU,UN } as before, but z4 is deterministic and the same for all brands. Suppose
also that there is a secondhand market, but firms do not intervene in it by producing more units
of the previous vintage, i.e. YV = 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
U év (0, ) and Ug (0, 1) be the deterministic, discounted utilities for buying, respectively, a new and
used good every period. We define the cutoffs 6} and 6 () so that U} (62, 1) = U} (6, 1) and
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vy (0(({ (1) ,M) = 0. Given prices (pév,pg), then:

A

U _
and OV () = P — H=d (11)

p
o) =
d U

“d_
PIZAN
where p? = pf — pg. In the stationary equilibrium, consumers with 6 > Gév buy a new good every
period, selling their used good in the process, while consumers with 6 > [Hg (1) ,997 ) choose a used

good. Prices are determined by the equilibrium conditions, which can be written as:
1=F(6)) =YY and 1— [I'F (6] () dG (p) =2V . (12)

5.1.1 Volume of Trade and Efficiency

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 VoI = 1). The following Proposition discusses how the

introduction of uncertainty and experience affects 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 s
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-specific. 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 efficient
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 inefficiency. To understand the difference 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 effects: (i) it causes an inefficient 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 efficient 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 efficient, 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 definition of equilibrium that
we use. Finally, as some consumers with high valuation of quality keep the used good, then the
magss 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 effect 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 defined 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
find 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 firms possess about consumers’ past behavior. Concretely, among
consumers with 6 € [0/ (1) ,0% (1)) U [0K (1), 65 (1)), we can find a consumer with pair (¢', 1)
who owns an inferior, used good, while a consumer with pair (6", x”) buys a superior, new good,
such that 0" > 60” and p/ > p”.

Furthermore, we distinguish two kinds of leapfrogging behavior:

e Consider a consumer with pair (¢/, '), such that 6’ € [0F (1), 05 (1)) U [6F (W), 0% (1)). 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 (6”, i) that buy a
new good, such that 6” € [05 ('), (1/)) and p” < pi/. We define this behavior as leapfrogging

by ownership.

e Consider now a consumer with (¢', /), such that ¢’ € [0 (1/), 05 (1')). 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 (8", x”) that buy a new good, such that
0" € [0F (1),0' (1)) and p” < p/. We define this behavior as leapfrogging by purchase.

While the former is the type of leapfrogging identified 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 6 and u across the population.

5.1.3 Prices

To determine the effect 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 95 (u) and 95] (1),
respectively?®. Assuming that the supply of new goods is the same in both frameworks, then
ffF (09 () - dG (p) = fMﬁF (6Y (1)) - dG (). As both 67 (n) and 6 (p) are linear in p, then
there exists a p/ € [, 7] such that 6 (/) = 6 (/). If z4 = E(2), 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 (6, ), 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 effect is captured by the difference between z and E (z).

Instead, the effect of experience on the price of new goods is ambiguous. First, the experience
effect just described is also present, as these consumers also have the choice to switch or stay loyal.
There is also a resale value effect because of the larger price of a used good, which is actually
an indirect consequence of the experience effect. But there is also a marginal consumer effect.
Consumers with 6 > 9{]( (1) will buy a new good at some point in their life, and some of them keep a
used good after a good match. As ff([l —F (05 (u))] > YN 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 effects push the price of

new goods up. The net effect depends on the distributions of § and u across the population.

5.2 Effects of Durability in Markets of Experience Goods

To understand the effects of durability in a market of experience goods, let us first characterize
consumer behavior in a market of non-durable ezperience goods. In this framework, consumers have

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

*They were defined in equations (5) and (11), respectively.
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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 firm produces two vintages of the good: a new vintage with quality
q= {UN, z}, sold at effective price pf, and an old vintage with quality ¢ = {UU, z}, sold at price
pY. In both cases, z = {z¥, 2} as before. Let UL (6, ) and UY (6, p) be the respective expected
utilities. Then, consumers with § > 62 buy the new vintage, while those with 6 € [6Y (1), 6))
purchase the old vintage. Both consumer thresholds are defined by:

A U ~
N _ Dz U _ by —pz 13
where pr = pf — pZ,U, and 7 is as defined in equation (5). In equilibrium, prices are again determined
from the conditions that demand equals supply in each market:
L= F (o)) =YN and 1 [I'F (6Y (1) -dG () = YN + YV . (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, firms 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, p® and pY constitute the prices of the new and the old vintage, respectively.
However, we assume that the observable quality and the firms’ supply of each vintage is the same
with or without durability. Hence, the only difference 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 (AY) is closely related to
that of expected experience (ZY). 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 suffered a bad experience with some other brand last period. Hence,
Z! must be a weighted average between E (z) and E (z|z), where I' = % is a weighted
average of 70 and w7, In the benchmark model of non-durable experience goods, we obtain that
AY = AN =T and ZU = ZY =TE (2|2") + (1 -T) E(z). However, we get the following result

when we introduce durability:

Proposition 6. In a stationary, symmetric equiltbrium 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 6 € [05 (n),0% (u)) 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/z") in their next purchase. Hence, AV < AN and ZV < ZV.

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 effect. 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 effect
lowers the price of the old vintage (i.e., pV < sz) 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 (p® and pZ, respectively)
reveals that durability has an ambiguous effect. 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 p the marginal consumer that buys a new good shifts down. We again require
further information about the distributions of § and u across the population to determine which

effect dominates.

6 Differences 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 first the effect of differences in the expected experience between
vintages. Later, we analyze the consequences of differences in the expected experience between

brands.

6.1 Vintage Differences

We can think of two reasons that can explain differences 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 effects on an equilibrium with 7V # 7V is to set w)¥ =

T = (ﬂeL, 70, Wf), while ﬂ'g = B, where 5 € (0, ﬂ%) But we continue to assume that all brands

are ex-ante identical. We solve this extension with the same methodology used before, but setting
7w = Bm.. Appendix B contains specific details on every result that follows.

Regarding consumers’ optimal buying behaviors, we find that the characterization of the optimal

purchasing behaviors, illustrated in Figure 1, continues to apply as long as w0 < B*m., where
g* = 1};{:}, > 1. To be more precise, observe that differences between vintages affect only the

cutoff 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 65 (u, 8) and 05 (u, 8) when
7w = BrY, and obtain that 05 (1, 8) > 05 (u, 8) as long as (1 — 8) +6 (1 - Bwf) > 0, from which
we determine 8*. 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 8* > 1, observe that there are three effects at work. First, there
U

Y is smaller or larger than w¥. Second, the durability

is a beliefs effect, which depends on whether 7
effect 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 effect as v > v¥. When

7wV = 7!V, there is no belief effect, and the interaction of the durability and obsolescence effects

&
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 w¥ < 7Y because the belief effect just reinforces the other two.
N

But the belief effect is reversed when ¥ > wl¥,

as the old vintage becomes more attractive, and
thus undermines the durability and obsolescence effects, and completely offsets them when g = §*.
When g € [1, 8*], the combined effect of the durability and obsolescence still more than compensates
the beliefs effect.

When w¥ > B*m., most optimal buying behaviors remain unaffected, except for experience-
driven buyers, whose behavior is reversed as the belief effect dominates the gains from the other two
effects. 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 7Y = pwY, 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 w¥ = V. But, as long as there are experience-

driven buyers (i.e., 8 # 8*), then market-specific equilibria still requires consumers to be rational,
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provided that 7% < 7927, 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 .

But the belief effect also has an impact on brand loyalty. When 70 < &Y, the belief effect
reinforces the loyalty effect, and A" (p,7.) > AY (p,m.). When 8 € (1,*), both effects work in
opposite directions, but observe that AY (p,7.) < AY (p, 7.) when 8 = 3*. As a result, there exists
a B € (1, %) such that loyalty is the same for both types of vintages. If the set of experience-driven
buyers strictly decreases with 3, then j is unique, and AN (p,m.) > AY (p,w.) whenever 3 < B.

Let us look more closely at the volume of trade when 8 < 1, as it would give us a more precise
analysis of the effects of adverse selection. We find that the effect of a lower 5 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
B exerts a direct effect 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 effect because, given a fixed supply of new goods, in equilibrium the lower willingness to
pay for an old vintage reduces pV. Regarding p”, both effects 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 effect dominates, then the price of a new good would increase.

However, when we examine the overall effect on the volume of trade, we notice that a lower 5
entices more consumers to buy new goods, but it also widens the gap between p’¥ and pU (assuming
p is increasing). If the former, direct effect 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 firms’ decision regarding the amount of

goods supplied each period.

6.2 Brand Differences

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 differ 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 w.; = m, ; for j = A, B. Third, we assume that consumers’ valuation of quality only
takes two values, 0V and 0V, with %V > Y and focus on the case in which the price of new goods

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

P . . P 1 1 O’U O,U . .

2TConcretely, for any 8 we still require that 72/Y — 70v = 7Hv — 7z0v and lj;ﬁ = # for v = N, U, which is
b

U

only satisfied when ¥ = grl). 4
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experience-driven buyers. Finally, we assume YV =Y < ¢, where ¢ is the fraction of consumers
with V. By assuming that o < 1/2, then some of the low-valuation consumers (i.e. V) will stay
out of the market.

We introduce brand differences in the vector of match probabilities by assuming that w4 > 7w p.
Then, Eq(2) > Ep(2) and Ea(2/2') > Ep(z/2) for 2/ = {z¥,2F}. We also set 75 > 79 and
W% > Wﬁ, 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 first solve this simplified model assuming identical brands. Then, there exists a consumer
with pair (HN, MN) such that buyers of new goods with p > p!V prefer to keep a used good after a
good match, while those with p < p!V prefer to replace it. In turn, there is a consumer with pair
(QU, uU) such that those with > Y buy a used good every period, while those with pu < uY stay
out of the market. The values of u and uU are obtained from the equilibrium conditions in the

market of new and used goods:

G(MN)—Y—1<1—Y> and G(MU):l_QY.

o T o 1—0

We require that Y > IJ%FU to avoid that uV < 7. Regarding prices, from the definitions of u¥ and
pY (which can be obtained from (5) and (6)), we get:
(1- =t

€

(1=l — ="

pU =00V + U2 and pV =60Hv® + (14 6)pY — NoA, (15)
As expected, a larger supply of new goods leads to less consumers with 87 keeping their used goods
after a good match, which increases the supply of used goods available for consumers with 6%. This
lowers both p¥ and p”. To understand the intuition on p" observe that, with a larger u, consumers’
gross utility when keeping a used good grows. By the marginal consumer effect (represented by the
last term), then a larger Y implies a lower p’¥ to motivate consumers to buy the new good. By
the experience and resale value effects (represented respectively by the first 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 effect of brand differences on customer loyalty,
expected experience, and volume of trade in the secondary market. As there is no leapfrogging,
then for all brands A;V = Ag-] and ZJN = ZJU . When brands are identical, then A = T and
Z" =TE (2|2f) + (1-T) E(2), where I' = % is a weighted average between 70 and /.
Regarding volume of trade, observe that we write it as VoT; = 1— D%@, where K 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 = 45 [1=G (u")] and DY = 4 (G (u") + o [1 = G (1))
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Suppose now that brands differ in their expected experience. Our first result establishes a

relationship between match probabilities and sales.

Proposition 7. In a stationary equilibrium with durable experience goods and different brands, the

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

Hence, a steady state equilibrium with y4 = yp exists if and only if w4 = wp. When the
probability of a good match is larger for one of the brands, then a larger proportion of consumers
with pair (0, u) 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 differences in the gross utility provided by the unobservable dimension of quality will
have no impact on sales.

We then proceed by setting y4 > yp so that ,ug = ug = u. In other words, the behavior
among consumers who buy new goods is consistent regardless of the brand: owners with pu < pv
always replace their used goods, while those with u > u”V always keep a used good after a good
match. The following Proposition summarizes the impact of brand differences on the main market

observables.

Proposition 8. In a stationary equilibrium with durable experience goods and different 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 wq > 7p,
then more consumers demand brand A, as stated by Proposition 7. However, the proportion of
buyers with pair (GN,M > MN) that get a good match with brand A is even larger, and they all
decide not to replace their used good next period. Hence g—§ > g—g, with equality only when
N = 7, ie., when the supply of new goods allows all consumers of type 8V to buy a new good
every period. As SJU = D;V — Kj, then VoT'y > Volp.

Regarding the effect 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 first place.
Further, as the expected experience of all consumers who remain loyal to brand A equals F4 (z\zH ),
and the proportion of consumers who get a good match with brand A is larger, then Z% > Zp for
v=U,N.

Finally, to understand why a used good of brand A would be more expensive, observe first
that the percentage of used goods of brand A available for purchase is lower because of the higher
proportion of consumers with " who want to keep a used car of that brand. Second, a larger
proportion of consumers with Y demand brand A because it offers a greater chance of enjoying a

good experience. In particular, ,uf‘ > ué. All these factors determine that p% > pg.
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We can extend the results from Proposition 8 to cases in which the supply of new goods (Y =
yA +yp) 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 w4 > 7p,
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 differences is to assume that the utility that a consumer can
enjoy from experience is larger for brand A, so that zf > 2H and 24 > 25. Suppose also that
zg > pr to avoid that consumers always prefer brand A. However, by Proposition 7, y4 = yp if
and only if w4 = 7p, so ,ug = ,ug and ,u% = ug. Hence, differences in experience outcomes by
themselves will not have an effect 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 p§ > pY because Ea (2) > Ep (2) and E4 (z|2) > Ep (z|2/) for 2/ = {z# 21},
which means that the difference in expected utility from switching from B to A after a bad match
is always larger than the difference from switching the other way around.

We finalize with some comments regarding the ambiguous effect of brand differences on prices of
new goods. Recall that the effect of experience on p” was ambiguous because we found an experience
effect and a resale value effect, which both push the price up, but also a marginal consumer effect,
which pushes the price down. In essence, the impact of brand differences on prices of new goods
depends on how those three effects change. For tractability reasons, we consider the case in which
brands differ in their experience outcomes. Then w4 = wp but zf > zg and zﬁ > zng, SO we
abstract from the effects on volume of trade and customer loyalty. Then, the difference in prices of

new goods between both brands can be written as:

_ 7.‘_H _ 71.0 _ —7-(-H
= ((1+5)(1 st — om0 (1 - ) 26 (1 — M)

v _,uy_ U\ " ) N .
1-94 1+ drH — 670 (P4 —p5) 1+ ont —grot (Ea(2) EB(Z))>-

The first term in the parenthesis represents the effect of brand differences on the consumers’ experi-
ence and resale value effects that we identified 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
w4 = 7, we find that p§ —pY = uY (E4 (2) — Ep (2)). In turn, the second term shows how brand
differences affect the marginal consumer effect, which appears as incomplete trade means that more
consumers have access to new goods. As Ey4 (z) > Ep (z), then both effects 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 difference between pﬁ and pg comes down to the relationship between p¥ and pv.
Observe that, when the supply of new goods for brands is small enough that xV > 2, then pJX > pg ,

because in that case pi — pg > p% — p%. Hence pV > p? is a sufficient 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 p% > pg even if pﬁ —pg < pg —p%. Notice also that pﬁ —pg < pg —p% is a sufficient (but not

necessary) condition for %‘, > i—ﬁ, which means that the price decline is smaller for the best brand.
A B

In the special case with myopic consumers (§ — 0), then pff — p& = p — p¥, so both conditions

U U
(273 > ;;Tgf and plY > pl¥) are always satisfied.

7 Concluding Remarks

We presented a model for a good that exhibits durability and experience, and found how the in-
teraction of both characteristics affects 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 firms’ 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 offsets the negative effects 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 first time, and trade up to a new vintage if and only if they
got a good match with this first try. With this buying behavior, firms have an incentive not only
to continue supporting old vintages, but also to expand the range of qualities offered to consumers
because, as we find out, brand loyalty tends to be larger for durable goods of higher quality.

We showed as well how uncertainty and experience affects consumer behavior when their beliefs
differ 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 sufficiently
low. As an example, if there are two groups of brands, with one group of “good” brands offering
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 sufficiently 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 firms 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 (4, ) . Suppose she bought a used good of brand j last period and
got experience zj. 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; or (iii) switch to brand k € J° \ {j}, so that she tries a brand (other than
7) that she has experienced in the last T periods.

Define UY (0, 11/2") to be the present value of the buyer’s utility under her optimal purchasing policy

when her last experience was z’. Then:
UG (0,p/2") = 007 = p% + pE (2/d') + SEVPYY (0, p/a)

where o’ is the optimal action that the consumer must take when her last experience was z’. Let E (z/a’) =
7 (a/) 2% + (1 — 7 (a')) 2%, while

EVBYY (9, u/d) = =l (a')UY (H,M/ZH) +0(1- s (a")) vy (G,U/ZL)

where W[Lf (a’) denotes the probability that the consumer gets a good match under her optimal action a’. When

2 = 2", then mfy (o) = 7[' if the buyer stays loyal, 7f; (a”) = n¥ if she switches to brand k € J \ J°,

while a switch to brand k € J° \ {j} implies 7 (aH) = {wf,wf}, depending on the last experience with

that brand. Similarly, when 2} = z%, then nfj (") = nl when the consumer stays loyal, while 7{; (a”) = x?

again with brand k € J \ J°, and nf] (a’) = {zxL,7H} with brand k € J° \ {j}. Solving for UY (6, 11/2")

for 2/ = {zL, zH}, we obtain:

1
Ug0,u)2) = 13 [af (2) [00Y + pE (2/2") —pY] + (1 — af () [0vY + pE () — pY]] (16)
—5(1—7U (al U (ol
where oY (1) = 1,(;1(7T(;<(1GH)U,<55()G)L)) and o (%) = 175(7r;(aUH()af7Zg(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 75 (af) and 7] (al), observe that:

U H U L
OUY (0, p/z1) >0 and oUY (6, p/z") >0
or (af) orY (al)

As 7/l = max {r{j (a™)}, then the optimal purchasing behavior for a buyer of a used good when 2} = 2 is

L (i.e., regardless of the value for 77 (a*)).

to remain loyal to brand j, regardless of her choice when z; =z
Also, the consumer’s last experience with any brand k € jio \ {7} must have been a bad match, otherwise the

consumer would have stayed loyal to that brand. With this in mind, then 70 = max {7} (a’') }, so consumers
. 1-6(1—=° 70
switch to an unknown brand when 2} = z*. Therefore af; (27) = % and of (%) = %. O

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 p¥ = p~ — ¢pY. 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 UY (6, u/z") denotes the expected utility of a buyer of new goods
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under such optimal behavior, then:

1

T (0N (&) [00" + uE (2/27) =] + (1= o} () (0" + pE (2) —p™)] (1)

UN (0,1/7) =
N U

where ayy (7)) = af; (¢/), as defined 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

UE (0,11/2") be the expected utility when she is a buyer and her last experience was 2’, so that:
UK (0,1)2") = 00N + pE (z/a’) — pN + 6EVOYN (0, u/a)
where E (z/a’) = 7§ (a) 27 + (1 — 7§ (a)) 2%, and
EVOYN (9, p/d) = (1 - 7K (a) (Y + UK (0,1/2")) + 7K (@) (007 + 2 + UK (6, p/2™)).

Given that 7% (a?) = 77 and 7% (al) = 70, the solution to U (6, pu/2") for 2/ = {z%, 2} is:

1
Uy (0,p/2") = 135 (a1 (2) [00N + pE (2/27) = p"]
+ (aR o (2) [00N + uE (2) — p]
+(1—an, (Z) —ans () [0V + pz —p¥]] (18)
_ _H K (LHY _ 1-5(1-77) K (JHY _ s(1-nf") : _ L
FOI‘ Z, =z, we Obtaln 0521\7701 (Z ) = W and 0112\[72H(Z ) = m Whlle, fOr Z, =z,
then afy | (2%) = Wﬂéﬂf—ﬂ% and aff , (27) = #&‘},qo). 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 2’ = 2.

A comparison between the two purchasing behaviors characterized above reveals that a consumer prefers
trading the used good rather than keeping it when UY (6, u/2") > U (0,/2), i.e., when:
(1-0(xf —7?)) [QUA —pA] > (1-7F) uz® (19)

e e e

from which we obtain the cutoff rule 6% (1) defined in (6). O

Proof of Proposition 3

In this proof, we first show the optimality of the behavior described in the statement of the Proposition by
solving for the two cutoff 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 UK (6, u/2")
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denote the present value of the utility for this consumer when she is a buyer, so that:

Ul (-/2") O™ + pE (2/2") —pN + 6 [(L = =) (¥ + UK (-/2%)) + o (0¥ + p=z + 6UE (-/2"))]
Uk (/zL) = WY FuE(z)—pY +6 [(1 - ) ( /z ) + Ul (/ZH)}

where the two terms in brackets represent the expected utility as an owner and as a buyer, respectively. The
solution to U (6, p/2') for 2/ = {zL, 2"} is:

UK Op/) =15 [0y () [0 + B (/") = "]
+ (a2 (2 ) [911 +nE(2) =]
+(1- aU 1 (2 = ozU72 () [HUU + p2f — pUH (20)

1-6(1-m7)
1+670—52mnH (1—-70)

6(1—71'51)
14670 —627H (1-m0)

where 04([](,1 (=) =
om0 1-827H

1+679—82mnH (1—-70) 1+670—627H (1-70)

the present value of a weighted average between three choices, which in this case are (i) buying a new good

and off, (27) = for 2/ = 2/, while af}, (2") =

for 2/ = 2. In both cases, the expected utility is again

and O/U{Q (zF) =

after a good match, (i) buying a used good after a bad match, and (iii) keeping the used good after a good
match.

To obtain 0% (1), we compare the present value of utility in (18) with the one we just found in (20).
Observe that the difference 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 UL (6, u/z") > Uk (0, /2') whenever:

(1-0*(1—7% (7TH — 7)) [GvA - pA] > -6 (1 - 7TH) 2 (21)

which defines the marginal consumer stated in (7). For 6% (1), we compare the present value of utility in
(20) with that in (16). In this case, the difference 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 UfS (9,,u/zh) > Ul (&u/zh) occurs when:

(1—46 (ﬂ'H — 7T0)) [G’UA —pA] > —ort! (1- 7THh> puzt (22)

From (22), we obtain the marginal consumer defined in (8). Looking at both (21) and (22), consumers with a

high pair (0, 1) would prefer to buy a new good, while those with a low pair (6, ) would favor a used good.

For completeness, we show briefly other buying behaviors that also involve choosing the vintage based
on experience but that are not optimal. The first 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:

1
UG (0,1/2') = 75 [ov () (00" + pE (2/2") = p") + (1 = oy () (007 + pE (2) = p")] (23)
where off (2) = o () for 2/ = {zL,zH}, as defined in Proposition 1. However, it is not optimal as

U (0,n/#') < max {UN (0,1/%') , UY (6,/')}.
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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 first behavior, owners renew the good every period. The present

value of the buyer’s utility under that circumstance is:

1

U (0,1/2') = 15

[a% () (QUU +uE (z/zh) - pR) +(1- af, () (HUN +pE () — pU)] (24)

where af; (2') = a} (/). In the second behavior, owners keep the used good after a good match, so their

discounted utility is:

Ul 0,p)2) = 13 [(a%,l () [GUU +uFE (z/zH) - pU]
+ (O‘IU(,Q (z')) [GUU + pzt — pU]
+(1- a%,l (z') — aIU(,2 () [0vN + pE (2) — p]] (25)
1-5(1-x0 o%mg(1-m[")

U HY _ U HY __ /! _ JH :
where af, (%) = s —r)Tozmo(i—rmy and Qo (%) = TSP 0 Fo2m0 (i) for 2 = 27, while
67\’2(175#5 L

04%1 (ZL) = 175(7r577r§)2:§27rg(177r§) and ozIU(,2 (zL) = TSI =AY 3RO (= ) for 2/ = z". The behavior in
(24) can be discarded by checking that UY (6, pu/z") < max {UY (6,p/2"),UY (0,11/2')}. To discard the
behavior in (25), we found that UY (6, u/2") < max {UF (0,/2"), U5 (6, 1/7)} for any consumer with pair
(0,1) and any 2’ = {z%, 2" }. Hence, both purchasing strategies are never optimal. O

Proof of Proposition 4

The first step is to find ¢~ (0, 1), ¢V (6, 1) and ¢¥ (6, ) for each of the four optimal buying behaviors.

Let J = |J| denote the number of brands. To simplify some of the expressions, we define the parameters
177r5+7r2

T _
I'= 1—mH 470 and ¥ = 1—mH 404 70m "

e Consumers of type 6 € [6X (1) ,0] buy new goods every period, and sell their used goods accordingly.
Hence gbft O,p) = Zt (0, ) = 0 for all j and ¢. 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 # j and got a bad match; of those consumers, only a fraction p{x 40 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 fij,t (0, 1) denote the proportion of consumers who
get a good match with a new good of brand j in period ¢, so that d)é\ft 0, ) — 'yJN,t (0, 1) are those who
got a bad match. Then:

¢§\,,t (0, p) = FYJJ'Yt—l (0, 1) + Zk;éjpllc\{j,t—l : (¢ﬁt—1 (0, 1) — ’Y/]c\,,t—l (97#)) .

To determine 'yft (0, 1), observe that consumers that stay loyal will get a good match again with proba-

bility 72, while those who switch brands will get a good match with probability 72. Then:

e O ) =l AN (O, 1) + 70 Dk g (D7 (0, 18) =7 (0, 1)) -

In a stationary symmetric equilibrium we have that PkN,j,t = ﬁ and gb;»\ft 0, ) = % for any j and ¢, so
that vV (6, n) = T
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e Consumers of type 0 € [9]{? (n),08 (u)) never buy used goods, so ¢§{t (0, 1) = 0 for all j and ¢, but all of
them keep a used good after a good match, so ¢%, (0, 1) =7, (6, 1). Then

;‘\ft O,p) = ¢§,(t—1 (0, p1) + E}g;ﬁjpljc\fj,t—l ) ((Z);\,[t—l (0, 1) — %N,t—1 (G,H))
“YjIYt (O,pn) = Wf : (2531‘,(7:—1 (0, 1) + 772 : Zk#jp{c\{j,t—l : ((b;'\,[t (0, 1) — ’YjIYt (97#)) .
The solution is similar to the previous case, although now qu.\,]t 0, 1)+ (bft 0, p) = % for any j and t, but
YN (0, 1) = TN (0, p) again. Solving, we obtain ¢™ (0, 1) = & 5 and ¢* (0, ) = £ 5.

e Consumers of type 6 € [0f (1), 0% (1)) 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 ¢ —1 and got a good match, and
(ii) consumers who bought a new good of this brand in period ¢ — 2 and kept it in period ¢ — 1 because

they got a good match. Then:

¢§\ft (0, 1) = ’Y]({t—1 (0, ) + (b]}',{t—l (0, 1)

where nyI{t (0, 1) is the proportion of consumers who got a good match with a used good, while gbft (0, 1)
is as defined above. In turn, buyers of used goods include a proportion of consumers who bought a good
(either new or used) of brand k # j in period ¢ — 1, and decide to switch brands because they got a bad
experience. Then:

E{t (0, 1) = Zk;sjl’;‘\,’i,t : (¢§Yt—1 (0, 1) — ’YgN,t—l (67u)) + Zk#/ﬁ{i,t : (¢§{t—1 (0, 1) — ’YJI{t—l (9,#))

where pé\fi,t (0, 1) and 'yjj-?; (0, 1) were defined before, while pkUJ,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:
Ve (O p) =707 (0,0)  and  F (0,0) =72 - 95, (0, 1)

In a stationary symmetric equilibrium we would have that pﬁj,t = pﬁj,t = -1 and qbfft (0, ,u)—l—(bft 0, 1)+
@Y, (0, 1) = % for any j and t. Solving, we obtain ¢V (6, ) = STV, ¢X (0, ) = S7HTW and ¢V (0, ) =
La-nw.

e Finally, for consumers of type 6 € [0 (u),0{ (1)) we have that ¢, (0, ) = ¢, (0, 1) = 0, as they all

buy used goods every period. Then ¢V (0, u) = % and YV (0,p) = %1" in equilibrium, as the case is
analogous to the first one.

Observe that the vector ¢ = (¢~ (6, 1), Y (0, 11) , " (6, 1)) 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 7, = (7TL o 7rH). The demand for the new vintage is

x x? x
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DN (p,mc) = [ d™ (p.me, ) - G (p) , where:
dN (p, e, 1) = ([1 — F (05 (p. e, )]

1
Tyr 0
LW [F (05 (P ey 1) = F (08 (. mes0))] ).

~l =

+ N (P 7o, 1)) — F (08 (P, e, )]

In turn, the demand for the old vintage is DY (p,m.) = ff dY (p,me,p) - dG (), where:

47 (p e, ) = (1 =TV W [F (08 (0, es ) — F (6 (0, 00 )]

+ [F (0 (p.mes 1) = F (05 (p, mes )] ).

Finally, the supply of the old vintage is SY (p, m.) f sV (p, e, ) - dG (1) , where:

Y (p, e, 1) E%([l — F (0§ (p,me, )]

LT R (08 (b)) — P (05 (b0, 0)]

+ (1= )T [F (05 (0,70 ) = F (05 (0, meo )] )

+

We also rewrite the equilibrium conditions for consumers’ beliefs. Observe first that, for a consumer
with pair (6, ), their average expected experience must be a convex combination of E (z/z) and E (2),
representing their beliefs on experience when they stay loyal and when they switch brands, respectively.

For the market-specific 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 ¢. Among
buyers of used goods of type 6 € [F)U (1), 08 (u )) a fraction I' buys the same brand than last period, while
1 —T purchased some other brand. Then z¥ (6, u) =TE (z/2") 4+ (1 —=T) E (z). Instead, for consumers with
0 € [0F (1),0K (1)), all buyers of used goods owned another brand last period, so z¥ (§,1) = E(z). As
both E (z/2") and E (z) depend on ., then:

0 H 0 H U

U _ 1. H L ﬂ-e(l_ﬂw)_ﬂ-w(l_ﬂ-e)A H 0y X7 (P, Te) A
Ze (p,Tfe)—FZ +(1—F)Z + ]_—7'['54—71’3 z —F(ﬂ'e —We)mz
where XY (p,7.) f” D)V [F (08 (p,me, 1)) — F (0F (p,7e, )] dG (1) 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 ZY (p,m.) =Tz + (1 -T) 2L —T (7l — x0) % . Then, the equilibrium
condition for beliefs for buyers of used goods can be written as:

[re (1 —m) =72 (L =7)] DY (p,me) = — [(m) —mp) — (wff —7)] mo X (p, 7o) (26)

In turn, observe that z) (§,u) = TE (2/z%) + (1 —T) E(2) for buyers of new goods with type 0 €
(05 (1), 0N (1)) U [0X (1), 6], because a fraction I' stays loyal, while 1 — I' switch brands. But 2 (6, 1) =
E (z/21) for consumers w1th 6 € [0f (1),0K (1)) that buy new goods, as they have owned a new good of
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the same brand last period. Then

70 (177Tf) — 70 (1—7TH)

zy ) =Tz +(1-1)2t <

XN (p,m.)
A _ H_ 0 Te) A
FOED =) B,y

where X% (p, m.) f” [ ( (p,ﬂ'e,,u)) - F (05 (p,ﬂ'e,,u))} dG (u) 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 ZY (p,me) =Tz +(1-T) 2L+ (1-T) (x — 70) %z% so the equilibrium condition for the
beliefs for new good buyers is:

[772 (1 —Wf) -7, (1 —WH)} DN (p,7e) = [(Wf —wg) — (ﬂf - )] (1 — T, )XN (p, 7). (27)

As7mIXY (p,w.) = (1 — 7)) XV (p,m.) > 0 for some y, then both (26) and (27) hold when (i) 72 (1 — ) =
70 (1— 7)), and (i) (7 — 7)) = (#¥ — x2). This occurs only when 70 = 70 and 72 ==

For the industry-wide equilibrium, from the previous analysis we conclude that z. (6, u) = T'E (z/27) +
(1 —T) E (2) for any buyer with pair (6, )?%. Then Z, (p,mw.) =z + (1 —T) 2" + ‘ fHT)r_Wg(l_ﬂf)zA.

Analogously, we obtain that the actual average experience is Z, (p,mw.) = I'z® 4+ (1 —T) 2. Then, for

Ze (p,me) = Zy (p,m) to hold we only require that 70 (1 — 7)) =70 (1 — nH).

The proof of existence thus reduces to finding a vector p that satisfies DV (p,7.) = D° = y and
DY (p,mw.) = SY (p,m.), such that m. satisfies either 70 = 70 and 7 = 7 for a strong, symmetric
equilibrium, or ¥ (1 —nH ) =7, (1 - ) for a weak, symmetric equilibrium. Taking the conditions for
T as given, define e¥ (p,m.) to be the excess demand function for goods of vintage v = N, U, so that

N(p,m.) = DN (p,m.)—yand Y (p,w.) = DY (p,m.) —SY (p,m.). Define also the functions 8V (p, w.) =
1— % and Y (p,m.) :} - maX{DJ?;g);;;)i(p_’m)}. Finally, define the compact set S =
[91} + uz ,0v +Tiz ] [QUU + EZL, vV + ﬁzH], and the vector valued function ¥ : § — S = [1/)N, wU],
such that:

V() = BN (pome) PN

+(1- N (p,me)) (1 (eN (p,me) > 0) (QUN +EZL) +1 (eN (p,me) < 0) (?vN JrﬁzH))
v (p,me) = BY(p,me) - p”

+(1=8Y(p,m.)) (1 (e¥ (p,me) > 0) (0¥ + pz") + 1 (¥ (p,me) < 0) (00Y + 1))

Given that U maps S into itself, and is continuous, then it has a fixed point. We can rewrite both " and

YU as follows:

N (pome) = N+ (1Y (p,7e)) (L(eN (pome) 2 0) (80 + pzt) +1 (M (p,7e) < 0) (6™ + 2"
WU pme) = pU+ (1= 8" (pme)) (L(e¥ (pyme) 2 0) (807 + pz") +1 (e (p,7re) < 0) (B0 + 7" —p

Z8For experience-driven buyers, notice that a fraction ¢N i ¢U buys new goods, so they stay loyal, while
¢N¢+U v =1- T" prefers used goods, and thus switch brands.
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Therefore, there is a fixed point of ¥ when the following two conditions are satisfied:

(1-8Y(p,m.)) (1 (eV (p,me) > 0) (00N + p2t) +1 (¥ (p,me) <0) (B0 + 1" —pV)) = 0
(1-8Y(p, 7)) (1 (Y (p,me) >0) (B + pz") + 1 (¥ (p,me) <0) (0¥ + 1" —p¥)) = 0

In both expressions, the term in braces is never equal to zero. Hence, it must be the case that 8V (p, m.) =
BY (p,m.) = 1. This is only possible when e (p,n.) = eV (p,7.) = 0. O

Proof of Proposition 5

To show that the market of used goods never shuts down, suppose by way of contradiction that in equilibrium
SY = 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 2/ = 2%, 2

UK (0,1)2") = 00N + pE (z/a’) — p~ + 6EVOVYN (0, u/a’)
where E (z/a') = 7k (a/) 27 + (1 — 7§ () 2%, and
EVOWN (0, n/a’) = 007 + (1 — 7k (') (uz" + SUE (0, 1/2")) + 7K (@) (ue™ + SUE (0, 1/27)).

As 71';(< (GH) = 71' and 7TK (aL) = 7T27 the solution to UII(< (0,p/2") is

1

UE 0,n)7) = T35 {o/lg (') (00N + 660" — pN + (1 +0) uE (2/217))

+ (1= () (00N + 60vY — pN + (14 6) uE (z))} (28)

1-62(1—n2 2,0 . .
where aff (zH) = Wéf—;g) and off (ZL) = % 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, 6v¥ + pz’ + sUE (0, p/2") >
pY + max {Uf\f (0, 1/2") UK (8, u/z’)}. For this inequality to hold, we require that the difference in prices

satisfies:
(1+6)n?
1—¢6%(nll —m)

(+omg 1-6(-m") A

€

5(1—n0)1— 02 (xH — 70)1*

e

Ov> + S <pt <t —

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 SY = DV = 4. 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),

eNf

respectively. Let = p— define the set of marginal consumers who are indifferent between a new and a

used good., so that UY (HN, w/z ) =UY (HN, w/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 p + UY (07, u/2") >
ONoY + pt + 6UK (0N, u/2"). Using equations (17) and (18), we obtain:

oNvS —p® > ([zH —E(2)] - a () [E (z/zH) - E(2)]) (29)
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Thus we arrive at a contradiction as the left hand side equals zero by the definition of #V, while the right

hand side is always strictly positive for any g > 0. Then, the volume of trade is always less than 100%. O

Proof of Proposition 6

For expected experience, we make use of the characterization of consumers’ beliefs in the proof of Proposition
4. Under both definitions of equilibrium, we get:

e e - 27 4 — 1 X (p T )
p, 7 I L H 0 A sy ite
Z ( ’ ) (1 )Z (7-[' — T )Z ( , )
Z P H I ){N .
é\/‘(p;“e) - z (1—')2 +( —I)(’/TH TO)ZA NEp:";

Direct observation shows that ZU (p,w.) < Z¥ (p,m.), with strict inequality when the set of experience-
driven consumers is strictly positive (so that XY (p,m.) > 0 and X" (p,m.) > 0. We can also verify that
7! € [E(z),E (z/2™)], with the boundaries of the interval open when XV (p, 7w, > 0) and XV (p,m.) > 0.
For brand loyalty, we first need to determine the values of A™ (6, 1) and AV (8, i) 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 AV, we got that AV (6, u) =T
for consumers of type 6 € [0 (1), 05 (1)), and AV (0, 1) = 0 for those of type 6 € [0f (1), 0% (1)). Then:

70 XY (p,m.)
AU L) = T 1— » e
(p777 ) 1 _ﬂ_g]c-]_i_ﬂ_g ( DU (p,ﬂ'e))

For AV, we obtained that AY (6, ) = 1 for consumers of type 6 € [0 (n),0K5 (1)), while AV (6, ) =T
for those of type 0 € [6% (1), 0% (1)) U [0X (1), 0], regardless of whether they keep or replace the used good

as owners. Then:

0 XN XN
A (po) = —e (1o X)) X
1—mif 470 DN (p,m.) DN (p,me)
Hence AY (p,m.) < AN (p,.), with equality only when XV (p,w.) = X" (p,w.) = 0. O

Proof of Proposition 7

Suppose that w4 > mp. Without loss of generality, suppose puff > puf| which means that high-type
consumers with p € [,ug,,uf] 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 (HH,M) 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 pu < ué\’ who repeat purchase of brand j bought a
new good of that brand last period, while those with pu > uév bought it two periods ago. In any case,
repeating buyers would get a good match with probability wf , while switching buyers would get it with
probability 77?. Hence, in a steady state equilibrium <;5§V (9H,,u) = 'ij (GH,M) + (d){cv (GH,u) - (GH,,u)),
where ’yJN (HH,,u) = 7T]H’yjN (GH,M) —|—7r? (gb{cv (HH,u) — N (GH,,u)). Then ’yJN (HH,M) = Fjd);-v (HH,,u), where
;=

my
—H . 0-
1 T +7'rj

We thus obtain that, for any p,

(1—-Ta) X (07, 1) = (1—Tg) oy (07, 14). (30)
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AsT4 > I'p, then ¢&Y (HH, u) > N (GH, u), which in turn implies that DY > DX. Hence, for a steady-state
equilibrium to exist, we require that y4 > yp. O

Proof of Proposition 8

To determine the volume of trade, we first need to define the demand for new goods and the supply of used
goods. Observe that D]N =0 ((;Sév (0, < pN)G (uN) + qS;-V 07, 5> pN) [1 =G (1™)]) when pV = ,uév
for j = A, B?. Using the relationship found in (30), we get that (1 —T'4) DY = (1 — I'z) DY. To determine
SU

] b)
turn, gij (QH,,u > uN) = Fjgb;»v (OH,M > uN) because they prefer keeping a used good after a good match.

notice that ¢ (0, u < u™N') = 0, as all high-type consumers with p < u” replace their new goods. In

Then SY = DY — Kj, where K; is the set of high-type consumers that keep a used good, and given by
K; = UI‘jqbé»V (QH,[L > ,uN) [1 -G ([LN)}. Observe also that T'g (1 —=T'4) K4 =T4 (1 —T'p) Kp. Then:

Vol'y —Volg =

L'y

Dg—KA_Dg—KB_KB_KA_<I‘B 1>KA
DY DY~ DY DY DY
AsT4 > I'p, then VoTy —VoTp <0, with equality when Kp = 0, i.e., when all high-type consumers replace
their used goods, so that u” = 7.

Regarding brand loyalty and average expected experience in the market of new goods, we obtain that
Aé»v (pj, ;) =T and ZJN (pj,m;) = szJH +(1-Ty) z]L To see this, recall that loyal consumers of brand j

N
include all consumers who enjoyed a good match with that brand last period. Then )\j-vt O,p) = %giﬁ)
; hACH
K
among those replace their used goods every period, while )\é\’t 0,p) = %gil;) among those who prefer
; N (6,

keeping a used good after a good match. As only high-type consumers buy new goods, then )\;»V (9H7 u) =Ty
for any p in a steady-state equilibrium. Also, sz (GH,,u) =TI,E; (z/sz) + (1-T;) Ej () for any u since
all buyers who switch to brand j expect Ej(z), while those who stay loyal expect Ej (z/zf7). As there
is no leapfrogging, then in the market of used goods we also get AjU (pj,w;) = I'; and ZjU (pj,m;) =
[z +(1 — T;). More precisely, we get that A} (0%, u) =T and 2¥ (0%, ) = T, E; (2/2]") + (1 —T;) E; (2)
for any > p¥. Therefore, AY (pa,wa) > AL (pg,7p) and Z4 (pa,wa) = Z} (P, ™) for v =N, U.
Regarding the prices of used goods, we prove first that uf > p%. Suppose by way of contradiction that
pl < k. Then, low-valuation consumers with p € [,ufl, Mé} do not have access to used goods of brand B.
Hence ¢Y (QL,u € [uﬁ,,uﬁ]) > oY (GL,u € [uf‘,uﬂ) = 0. In turn, consumers with (GL,[L > ,ulé) behave
analogously to consumers that replace a new good every period, so ¢§ (0%, > pg) = oV (0%, < p?).
Therefore DF' = (1—0) (¢f (6%, p € [, 15]) [G (vB) — G (1d)] + 67 (6%, 1 € [1F,mp]) [1 = G (15)])-
Since in equilibrium DY = SY for j = A, B, we can solve for (1—o0) [l —G (u)] in both conditions to

obtain:
(1-Ta) S —(1=Tp)Sp = (1-0) [G (up) — G (ud)] [(1 = Ta) &% (0%, € [, 1p])] -

We used the fact that (1 —Ta) ¢4 (6%, u > pk) = (1 —Tp)¢% (05, u > pk) and ¢% (0%, 1 € 4, 15]) =0.
Observe that the right hand side is always positive given our assumption that pf < uk. As for the left hand
side, recall that SJU = Djv — K. Using the fact that (1 —T4)DY = (1-Tp)DY and ' (1 —T4) K4 =

H

29 . N (pH N (1*Tr )(1*77;?%72) - N (pH N
As a reference, we obtain ¢; (9 < p ) = 1+ —5—F % and ¢; (0 S > ) =

(1 Wf)(liﬂ-JH+ﬂ-Jo')
CaHY (1 H 100)\ T
(1 (=) (17 42 k)) ,for k # j

(=) (1=t 42m)
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FA (1 7FB)KB, then

r
(1-TA)SY - (1-Tp)SY =(1-Ta) K4 <rB_1> <0.
A
As we arrive to a contradiction, then we must have that p4 > pk.

Given that ,ug/ represents the low-type consumer with the lowest valuation of experience that such that
her utility is zero, then we obtain ij =04V + M?é}, where

§mt 1—o6nH
= ' J F. H S R—
K 1-— 5(7r;{ —71'?) J (Z|Z ) * 1-6 (ﬂ']H 7779) i (%)

Notice that low-type consumers with u € [,ug, ,uﬁ] do not buy used goods of brand A as it is too expensive for
them. Hence, a proportion ¢% , (0%, 1) of those consumers buys a used good of brand B, while the remaining
fraction 1 — qbgﬂf (OL, u) 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 Ep (2/z5), and as a result their expected utility would
negative. As memory lasts only one period, they would buy again in ¢ 4+ 1, when their expected experience is
Eg (2). In any case, we also obtain that the present value of the utility for a consumer with (6%, 4%) equals
Ej(2)—8(nf —n?)

J J
e

Hence, pY > pY. O

zero when pY, = 0L0Y + pkz5. Simplifying for Z; , we get 2; = . Asmq > mp, then 21 > 5.

Appendix B: Solution with Vintage Differences

Regarding consumers’ optimal buying behaviors, observe first that, as w)¥ = 7., then both U¥ (6, 11/2') and
UK (0, u/2") remain unchanged, so 0¥ () is as defined in Proposition 2. Also, U (0, u/2') is as determined
n (16), but now o () and o (2%) change because w2 = Bm.. Then, the definition of 6 (1) also remains
unaltered, although now z = %EU (z/27) + %EU (2).

Using the proof of Proposition 3, we solve again for U (0, 1/2") when ¥ = pwlY | and use the solution
to determine the new values for 05 (u) and 0f (u). We obtain:

A w0 -p)+6(1—pBrH A
o) = ];‘1—[520—/%2)(@5—@)’1“;’
pr [ -p)+5(1-Brl)] 2

K — -
b (W) = v 1—08(rH —70) Koa:

Observe that 0§ (1) > 6f (1) as long as (1 — 3) + 6 (1 — Br) > 0. Hence, p* = 1_}_3%. Notice that both
cutoff functions are strictly decreasing as long as 8 < 8*.

Instead, when ¥ > p*m., we find that the optimal behavior for experience-driven buyers was charac-
terized by UY (6, 11/2') in equation (25). Solving again for UK (0, uu/2’) when ¥ = BnY, and comparing it

to UK (0,11/2") and UJ (0, /2"), respectively, we obtain the following cutoff functions:

_p° r[1-B)+s(1-prl)] 2~
ORI = T TS (B = a0 (14 6 (1= Baf)) o8
A a1 -B)+6(1-pa)] 2o
0% (1) = %—W [1_55(@(—7@)# ! ve
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Observe that 6% (1) = 6% (1) when 8 = 3*. Further, they are both increasing functions when 3 > 8*, such
that 0 () > 0% ()-

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-specific equilibrium,

the conditions for the old and new vintages when 8 < 3*are respectively:

[ (1 —m;hY) =¥ (1= Bxl')] DY (p, ) = [ =) = Bl = n) ] mpV XY (p, )

(70 (1 —mlN) = 70N (1 =7 DN (p,we) = [(7dN —70N) — (7 —79)] (1 — «2N) XN (p, ).

€

Then the two conditions hold if and only if the four brackets equal zero. This can only be satisfied if and
only if w, = mw, with 7 = 8n, and 7l = =,

Instead, the condition for beliefs required for the industry-specific equilibria can be written as:

[ ([, o) oo

3 e 1_7"5'1\, —ﬂg’N 1—7\'5 _pgHN ON ON (1)
o G Ut (i) [ ar @) ) ac

u N (1)
a 0 H,N 0,U H ON ()
B0 (1—7 T N) 0V (1_rf )} LN 0T / N
+/ { 1 ’ Lo P A dF (0) | dG (u
. ( 1—(7rf N_0 U) (1_7rfN+mo- Ygmd! NWSU) 05 (n) ( ) ( )
ﬁ mO(1—rHU)_g0U (1_prH 95(#)
-‘r/ [ﬁ . 1j H),Uj o,gJ o )}/ dF (0) | dG(u) = 0 (31)
B (rz =) o4 (0

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) 0 (1 — aZV) = 720N (1 — 7, (i) rl (1 — aBN) = 70U (1 — = H),
and (iii) A70 (1 — 725Y) =70V (1 — prll). The three conditions are satisfied when 7/ = B, and 72 ==,
so that m. = m, (i.e., when consumers are rational) but there are other values of 70 and 7 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 § > f*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 U (6, u/2'), which is the same for all 3. 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 0v¥ + pz% + 6UE (0, u/2") < p¥ + max {UF (0, 1/2") , UL (0,11/7")} when B < 3%,
and Gv¥ + pzt + SUE (0, p1/2") < p¥ + max {UF (0,1/2") , U (0, 1/2")} when B > g*.

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 indifferent between a new and a used good is given by

= Srl+ (1 -8 mH z5

O (1) = & = (1= B) (=5l — 7)) (1= 55 T~ ) o8

Observe that 67 (u, 3) decreases with y when 8 < 1. Replacing 0V (1, 8) into equation (29), then buy-
ers of new goods prefer replacing the used good after a good match, rather than keeping it, whenever
(Bl —1) (1 + 672 — 62 (w2 — 70)) > 0. This leads to a contradiction as 7"V = prH < 1..

€
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For brand loyalty, observe that, regardless of 3, we always get AV (0, 11) = =70 and AV (6, ) = 0

for consumers who only buy new goods, while AV (6, 1) = 0 and \Y (0, u) = #ﬁ;o) for those who only
purchase used goods. When 5 < §*, experience-driven buyers choose a new good after a good match, and a
used good after a bad match, so AN (0, ) = 1 and AV (6, 1) = 0. Then:

N B 7-[-2 Wg XN(p,Tl'e)
A (p,me) = 1_(775_772)+(11—(7rf wg)) DN (p, )
U . ﬂﬂ'g XU(vare)

A (p,7e) = 1— B (rH — x9) (IDU(pJe))

where (1 —7) XN (p, ) = 10XV (p, 7). It is immediate to see that AN (p,m.) > AY (p,7.) when 8 < 1.
Also, if B = B* then X% (p,w.) = XY (p,m.) = 0, so AN (p,w.) < AV (p, 7). Then, there must exist a
B € (1, 8*) such that AN (p,w.) = AY (p,7.), with some 8 < Bholding AN (p,me) > AY (p,m.). If XNV (1)
and XU (-) are strictly decreasing in /3, then /3 is unique.

Instead, when 8 > 8*, experience-driven buyers choose a new good after a bad match, and a used good
after a good match, so AN (0, 1) = 0 and AY (6, 1) = 1. Then:

N _ 7T2 XN (p77r€)
ATPme) = T <1 N DN<p7r>>

v B 5772 ﬁﬂ'g XY (p,7e)
A” (p.me) = M+<1_1_5(w5—w2)> DY (p, )

As XV (p,mc) > 0 and XY (p,m.) > 0, then AV (p, ) < A (p, 7).
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