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Abstract

A model of fashion cveles s developed in which fashion is used as a signaling device in
a “dating-game™. We assume that there is a designer (monopolist) who can create new
designs al a positive fixed cost and zero marginal cost. Desigus are durable commadities,
We show the existence of equilibria of the following forin: Every T periods a new design s
innevated. Over 1time the price of the desien falls and it spreads to more and more agents.
Once snfficiently many agents own the design it is profitable to create a new design and a
new [axhion cyvele begins,

We also examine the case when there is competition among many potential designers
and show that there are equilibria in which fashion changes less frequently and the price of

fashion remains bounded above marginal cost.
™



1 Introduction

Appearance is an important component of most durable consuinption goods. Large amounts
of resources are devoted to the development of designs for clothing. cars. furniture. or
cloctronic equipment. These resources are not primarily used to make those goods more
funetional. rather their goal is to let the product appear fashionable. By fashion we generally
mean the opagine process which identifies certain designs. products or social behavior as
“in” for a limited period and which replaces theny with infallibie regularity by new designs.
new products and new forms of social behavior,

I the consumption of a fashionable item is removed from its specific social context then
changes in fashion do not entail any improvement in product quality. In his exsay on fashion

Cieorg Simmel writes:

Fashion is e rcly a product of sociel demends ()0 This is clearly proved by e
fact that very frequontly nol the slightest reason can be found for the crealions
of fashion frow the standpoin! of an objective, aesthetic or other crpedieney.
While 10 general our wearing appared is really adapted 1o our nocds, theve 1< nol
a trace of crpodiency v the mcthod by whicl foshion dictates. () Judging
frova the wgly and re pugnant things that are seondbimes v vogue, i would seom
a~ though fashion were disivous of crhibiting its power by gelfing us to adopt

the wrost alrocions things for ils sake alove ™0 (Simane (1904) p. 344

Simtmel goes on to argue that the lack of practical use is part of the definition of “fashion™.
Thus fashion and fashion cveles can only be nnderstood i consnmption is considered ax a

social activity,

[Fashion] satisfics the ned of differentiation becausce fashions differ for differend
clisses - the fastions of the upper stratum of sociely are never idontical with
those of the lower: in faet, they are abandoned by the former as soon as the

lalter prepares to appropriate e (Sivnel {1900 ) p. 30).

Fxamples of fashion cveles can be fonnd thronghont history., Brawdel { [931) notes that

fashion resulted to alarge extent from the desire of the privileged to distinguish themselves,



whatever the cost. from the masses that followed them. According to a Sicilian who passed
throneh Paris in 17U “Nolhing niakes walde persons despise the gqilded costume so much as
o sec if on the bodics of the lowest wen e the world™ (Alarana (1833130 So the upper class
had 10 invent new “gilded costumes™. or new distinctive signs. whatever they might be.
every Hme complaining that “things have changed indeed. and the new clothes being worn
by the bourgeois. bolh neen and aropicn, cannot be distinguished from those of prrsons of
qualily”™ (Marquis de Paulmy (17713, As a consequence. observers reported. “failors have
rmore trouble invending than scwing” { Marana ([ 1883)).

The purpose of fashion s 1o facilitate differentiation of ~“types™ in the process of social
interaction. The demand for new designs is derived from the desire of agents to interact with
the “right™ people. At the same time, fashion is accompanied by a process of continuous
innovation. in which new designs are developed at sometimes large cost ouly to be replaced
by others. With the arrival of every new design. previons fashions become obsolete and
suddenly appear as what 1hey were to begin with: ridicnlous and nseless.

We propose a stimple model that captures the deseribed features of fashion. We consider
a monopolist {the desiener) who can create new desiens for a producet such as a dress. There
is a fixed cost of redesigning the product. Buvers like dresses not for 1their own sake. b
hecause they allow them 1o signal their own qualityv. Customers want to signal their own
guality 1o other costomers beeause they are involved in a matching game in which each
person wonld like to mateh up with a high gualits person rather than a low quality person
(for example. a mating game).

More precizelyv. we assume that there is a population of buvers each of whom can be
one of two types. sav “high™ or “low™. There is a positive complementarity associated with
mate guality, o that a high 1vpe’s utility loss of meeting a low tyvpe rather than a high
tvpe is greater than the corresponding loss of a low tyvpe. When a consumer wears the new
dress other consumers will observe this and draw inferences about her type. Thus, if the
price of the dress is high enoughe it will allow the high tvpes to at least partially separate
from the low tvpes. Those who wear the new dress in equilibrium are members of the =i’
eroup. which contains a relatively hieh fraction of high tvpes. Those who do not wear the

dress have a lower proportion of high tvpes. A =in”™ person will insist on dating another



“in” person. The dress therefore acts as a screening deviee of potential partners.

The product sold is a durable good of which the consumer can use exactly one unit at
a time!. The production cost is zero. so the producer’s only cost is designing the product.
As with standard durable goods monopolists. the designer lowers the price of the dress over

fime sinee he cannot commit 1o maintaining a high price. The dress is therefore sold to

more and more low tvpes and consequently the compositions of the ~in™ and the ~out”
aroups change over time. Eventually the =in™ group will be so large that it becomes worth
while for the designer 1o design a new dress. which can be sold at the high price again. By
innovating the designer introduces a new signaling device and hence destrovs the valne of
the previons design.

The model predicts deterministic fashion eveles of fixed length. For large fixed costs.
fashion cveles are long, To recover the fixed cost the designer has to sell the fashion at a
high price which in turn requires that the desien stavs fashionable for a long period of thne.
and hence sufllicient time mnst pass between innovations. If the fixed costs are simall then
the evele 1 short, In the limit, for zero fixed costs the designer will ereate a new fashion
every period.

There are two possible cases: the Tegalitarian”™ case. in which fashion spreads over the
whole population before a uew innovation occurs. and the “elitist™ case. in which the latest
desion is sold only 1o the high tvpes, T the latter case, once all the high types have acquired
adesign, the desigoer sells it at a zero price 1o the low tvpes and at the same time introduces
a new design, Thus low types will aequire only designs that are ~“out of fashion™. that is.
designs which are no longer used by high tvpes as signaling devices. An elitist fashion cyele
will be the equilibrinm ontcome if the benelit of meeting other high tvpes is much larger
for high types than for low types and if the period length between possible price changes
15 nat too small. We can interpret the first parameter as a measure of the inequality. e.g..
in the human capital endowment. between high and low types. The relevant length of “one

period”™ depends on the lustitutional arrangement of the arket under consideration. [fthe

"\While most clothing products are not perfectly durable, fashionable clothes are nsnally replaced long
before they are worn ont. Clothes. as are cars, are indivisible goods of which at most one umt can be nsed

ata e



trading period is very small. then fashion spreads very quickly and inmost periods the =in”
aroup conains a large portion of the low 1ypes.

Wo extend the analvsis also 10 the case where there is competition between designers,
First. it is observed that even if potential competitors are {ree to enter the design market.
one possible outeome is that one designer is designated as a fashion czar and behaves
like a wonopolist. If all consumers helief that only the fashion czar is capable of creating
“fashion™ then this will be the equilibrinm outcome, We abserve fashion czars in the forin of
trademarks. Ax was pointoed out by Becker and Murphy (1993) a trademark is one method
ol artificialls™ creating a monopoly over the production of a good.

Second. we show how trie competition mav actually help to keep prices above marginal
cost and allow fashion eveles to be more stable. e competition reduces the speed at
which new innovations are introduced. If there are two or more competing designs sold
then observing a lower price indicates to the high tvpes that the corresponding design will
=g ont of fashion™ (i will not be wsed by high tvpes anviiore). Henee high 1vpes will
piurchase an alternative desian. The fact that the high 1ypes have abandoned a design
i« devastating for its market value, The design has lost its value for all consumer. since
the only reason for purchasing a design is the increased probability of meeting high tvpes.
Therefore attracting low 1vpes by lawering the price may be iimpossible.

Note that designers conpete along an unusnal dimension: The designer whose clients
are more likely ta be high types will also be more attractive 1o future buvers., This effect.
which is not present with a design monopolv. will lead to prices above marginal cost and
higher equilibrinm prices than in the monopoly case,

We do not allow imitation of suceessful designs, Imitation would give designers an
additional incentive 10 create periadically a new Tashion. Clearly nnitation is an important
force behind the creation of new desiens. However, throngh the creation of brand names.
designers can at least partially insulate themselves from the competition with potential
imitators, In this paper we consider the case where the designer has well defined property

rights over his innovations. It turns out that even in this case fashion eveles will oceur.



1.1 Relation to the Literature

In his analvsis of static demand curves. Leihonstein (1950} distinguishes the “bandwagon”
and the “snoh™ eifect. The bandwagon effect describes the idea that demand for a com-
mmodity may increase if others are consuming it while the snob effect refers to the extent
to which demand for a commodity is decreased hecause others are consuming 1. Similar
consnmption externalities have been studied by Becker (1974, Frank (19385). Jones (1951},
and Schelling (1978,

The demand for design commodities in the present model will display bofh the snob and
the bandwagon effects even though there is no direct consumption externality. 1If more high
tvpes purchase the design. it will be more valuable to all consumers while if more low types
pirchase the desien. it will be less valuable 1o all consumers. Sinee high tvpes purchase the
desion commodity first. for low demands there will be a bandwagon effect. while for targe
demands there will be a snob effect,

Boecker (1991) and Becker and Murphy (1993) derive bandwagon and snob effects by
assuniine that consumers care about who else consumes a particular good. Bagwell and
Bernheim (1993) consider a model in which consumers signal their wealth by purchasing
conspicnons commodities. In Bagwell and Bernheim™s model consumers can signal both
with the quantity and with the tvpe of good they consume. If the single crossing property
i satisfied then consumers signal their wealth by consuming large amounts rather than by
choosing expensive brands. In contrast 1o Bagwell and Bernheim we assume that only one
nnit of a conspicnons good can he consmined at a time. This assumption is satisfied for
many conspiciions consmnption goods. like clothing. or cars. Our approach shares with
Becker and Murphy and with Bagwell and Bernheim that a fashion is introduced by a price
=etting producer.

Bikkchandani. Hirshleifer and Weleh (1992 aud Bauerjee (1992)0 (1993) show how i a
maodel of sequential choiee rational consumers can be lead 1o mitate the choice of consnmers
who move first. In this interpretation it is a particular buyver (or a group of buvers) who
dictate a new fashion or social vorm and changes in fashion are explained by exogenons
shocks.

Matsuvama {1992} and Karni and Schieidler (1990) examines the dvoamics of a random



matching game hetween conformists and non-conformists. The authors show that there are
eqquilibria with cvelical dewand variations which can be interpreted as fashion cveles. Inoa
related paper. Conlisk (19830) considers the interaction between optimizers and imitators in
a chianging environment.

A central question that did aot reeeive attention in the iterature is why prodicers spend
large amounts of resources on periodic changes in their desigi. The current paper addresses
this question. Further. instead of assuming a consumption externality. we demonstrate how
1his externality can arise endogenously. Finallv, sinee we consider a dynamic model of
price setting [irms. the model predicts price eveles for fashion conmodities which can be
compared 10 actual price imovements of fashion commodities.

The present paper is also related 1o the literature on dorable goods monaopolies {see. Tor
example, Coase (1972). Gul. Sonnenschein and Wilson {1936)). The price cveles predicted
by the model are similar 1o the price eveles analvzed in Sobel (195:1), Conlisk. Gerstner and
Sobel (1950 and Sobel (1991). The reason for a sale in their model is the periodic desire
of the monopolist 1o sell 1o the large mass of low valuing buvers that have accumulated on
the market. In the present model sales ocenr because design commodities go out of fashion

and huvers anticipate this.

1.2 Examples

Most wajor fashion-houses fit into the deseribed pattern of design innovation and price
cveles, The fashion house Apmani has three different “lines”™ of fashion products: drmani
Vie Borge Nuovo. Avmani. and Fwporio Armani =0 The three lines differ in prices and
in designs bhut not in the tvpe of clothing they offer. New designs are introdnced first in
the tap line (Armani Via Borgo Nuove) at a very high price. and later passed on to the
lower priced lines. Currently, econ the new jacket design will only be offered by Armani
Vie Borge Nuoco, while Fuporio Avmane stll offers the jackets that were fashionable in
provions vears. Armanit is therefore an illustration of fashion eveles very similar 1o the ones
prodicted by the model. Similar patterns can be found for many other fashion houses.

An alternative interpretation of the deseribed design innovations is improvements in

“This line ix called Manmin the Us)



product quality. for which there is little valne from the point of view of consumption. tor
oxample. one might think of some technical innovations in consumer electronics or cars
ax mnseless”™ technieal innovations, Nevertheless. i a elass of goods is used as a signalivg
device in the process of social interaction these seemingly “useless™ innovations may be very
valuable 1o its consumers. Thus the current maodel predicts “overinvestment”™ in product
quality. in the zense that the cost ol the guality improvements may exceed the gain in

“constmption valie™ if conswmption is removed fron its social context.

2 The Model

We consider a society of many consumers, cach of whom is either a high type (1ype /) or
alow type (vpe 1) Let g 2 [001] denote a generic consmner. If ¢ < a then ¢ is a high
tvpe and il g > o then g is a low type. Depending on the interpretation. the type of an
individual may refer to her education. entertainment skills. or human capital.

The purpose of a consumer in this model ix 1o “date™ another consumer. We assume that
there is a matching mechanizm. 1o be specified below. that matches consumers into pairs™.
The utility of a match 1o a consumer depends on the tvpe of the partner she is assigned
to and on her own tvpe: a(i.J) denotes the mility of a type 7 consumer matched with a
tvpe J consumer. Both tvpes prefer to be matched with high tvpes.beo u(i b)) > u(e D) for
F= Nl Moreover, high tvpes valne a mateh with high tyvpes more than low types, This

idea is expressed in the following assmmption.
{Complewmentarity) wh by —ath Dy = wtd by —u{l]) il

Lot of = uih by — wih. D) and o8 = wth Dy — ul. D). Hence (Complementarity) is equivalent

to et et b

Alernatively we conld assume that consumers are matched into groups of size V. N > 20 Gronps of

size 2 simplifv the analysis. but the same results could be obtained far arbitrary N

YA example of this preferences s a situation where the type refers to a human capital endownsent. After
a match is made. consumers engage in some form of production which involves complementaritios. Lo |t
rioand rpdenote the high and low types hmman capital endowment and let fir". 07} denote the payofl to
¢ when she s matched with 3.0 The assumption is that the two inputs are complements. {(See also Becker

{1951 for a related discussion. As Kremer (1993 points ont, {Complementanty ) is alse satishied 1f the type



Consumers are endowed with money which they can spend on a “design commaodity™.
Suppose a consumer type [ is matched with a consumer 1yvpe j and spends m nnits of
moneyv on a desien. Her total utility is iz, j) — o Designs do not directlv enter the atility
farction. This assumption capiures the idea that design innovations do not provide any
direct improvement in the quality of the product.

There is one 1vpe of firm. a designer. who can ereate a designs v € {L.2...} = Z. To
create a new desion. a fixed cost of ¢ > (st be paid. Onee design » lias been innovated.
1the designer can produee indivisible units of it at 0 marginal cost. Consumers can purchase
arbitrarily manv units of a design but can only use one unit of it. The idea is that the
desion is attached 10 a commaodity like a dress or a car of which ar most one nnit can be
nsed at a time. All consnmers observe which design an individual s nsing and therefore

dosigns can be used as a stgnaling deviee in the watching process.

2.1 Matching

Cowsumers who use the sawe desien will be randomly matehed into pairs. A consumer who
does not use any design will be deseribed as nsing design =07, Consequently, the “design”
o= 0 is available 1o every consmmer at no cost.

This delinition of the matching process is incomplete since it does not specify a mateh
[or a consumer whao is the onlv one to use a given design. We assime that such a consmmners
s matched with consumers who uses no design. In addition. we assmine that there Is always
a small {measure zero) eronp of consumers of tvpe I who use no design.

Let g (nt. i = {0 denote the fraction of consumers of tvpe § using the desien n.
frobi A 2 g

(0 W grgtoy = i (01 > 0 then the probability of meeting a high tvpe for a consumer who

uses o ds wiven by g Ce) G Gy 4 gl ).

(1) 100 + 43001 = 0 then the probability of meeting & high tvpe for a consumer who

ses no desien (1= 0) s zero.

(i) 10 gty = ges (n) = 0 then the probability of meeting a high type for a consumer who

nses design nois equal to hier probability of meeting a high type when she uses no

of a consumer refers to her probability of being infected by a sexually transmitted discase.



design (= 0).

Condition (i} also defines the ontside option of a consnmer who does not purchase any
design while all other consumers purchase some design. This specification of the matching
technology ensures that no matter which design a consnmer uses. she will not stay withont
amateh. The analvsis below remains valid even if parts (i) and (i) of the above mateh-
ing technology are replaced by alternative conditions. The conditions chosen simplify the

notation and the analysis below,

2.2 The Demand For Fashion

Suppose a new design n s offered and all consumers have the same endowment of oid
desiens, Suppose further that individuals only care about their current ntility. i.e. they do
not take into account future uses of the desien, What is the demand for the new design?

(Complementarity ) implies that if ¢ is willing to purchase the design then all consumers
¢ < ¢ are willing 1o purchase the desien. I all consumers in [0.g) use the design. then the
maximm ¢ i willing to pav is given by ¢'s wiility gain from meeting a high type times
the jnerease in the probability of meeting a high tvpe by using the new desien. {Note that
since all consumers have the same endowments of old desigus. every old design used
equilibriven will lead 1o the same pavoff.) Hence wo can define the inverse demand for the
new design at g as the maximum price that consumer g is willing to pay for the design if
all consumers ¢" € [0.¢] are using the design,

First suppose that 0 < g < oo Thus ¢ is a high 1vpe and if she purchases the design she
i= matched with a high tvpe with probability 1. If she does not purchase the design then

she finds hersell i a pool of consnmers with a (o —q) /{1 — q) fraction of high types. Henee

r_f, 1—

the maximum consumer ¢ is willing to pav for the design is »# - ( - L") =

1—1

Suppose that oo < ¢ < 1. Then consumer g is a low type and purchasing the desigu
gives her an o /g chance of merting a high tvpe. She will be matehed with a low 1vpe with
probability one if she does not purchase the design. Therefore the maximumin consumer g is

{

willing to pay is rf.



The two cases are summarized by the funetion f.

ll:; el 000 < g <
Jlgr = ', .
<t it 1 2 a>n.

The function f{g) can be interpreted as the one period inverse demand function for a
new desien. f{g) gives the maximmn amount consumer g is willing to pay for the henefits
of 1he design in the corrent period. given that consumers [0.g] are purchasing the design

and consumers (. 1] are not purchasing the design,

Insert Figure | here

Note that for ¢ < o, the demand Tunetion has a positive slope. This is the case since
the iore high type consumers purchase a new design the smaller is the chance of meeting a
high type without the new fashion. By purchasing the fashion. high tvpes impose a negative
externality on consumers that do not buy the new fashion and this externality is responsible
for the positive slope in the first part of the demand function. This effect can be interpreted
as a “handwagon effect”™ {(Leihenstein, 1950).

At g = a the inverse demand funetion reaches a maximunm. At this point all high types
purchase and use the fashion whereas all low tvpes do not. Thus the consequence of not
purchasing the design is 1o be matched with a low tvpe with probability 1.

For ¢ > a. the demand Tinction has the usual negative slope since the more low types
purchase the fashion. the less advantageous 1t is 1o wear the new fashion. In this case every
additional pnrchase imposes a negative externality on the group buying the new fashion
since the prabability of meeting a high type conditional on displaving the design decreases.
Henee in this range of the demand function we observe a "Snob effect™ { Leibenstein (1950))°.

I the simple two type case analyzed here, the bandwagon and the snob offect are conveniently separated:

fur ¢ < a there is no snob effeet whereas for ¢ > o there is no bandwagon offeet. In the general case with a
comtinnum of different 1vpes both effects are present simultanconsly since an ncrease of the “in” group wiil
alwavs imply a deerease in the average quality of bath the =in™ and the “out™ group. Snppose the utility of
consumer g from meeting ¢' s given by a ssymmetric function #(q. ¢'). We can construct the inverse demand

function fig) also for this general case. The slope of fin the pencral case depends on the funetions uig. ).

10



Iven if all consumers purchase the fashion. the atility from buving the fashion is strictiy

positive, oo fil) > 1.

3 Fashion Cycles

To develop a madel of Tashion eveles we embed the static analysis of the previous section
in a dvonamic gamne. For this section we assume that there is one designer who can create
at most one desien in any period. Sinee in the present framework all designs are equivalent
aied there are no direct preferences for any specific design we can assume withont loss of
aenerality that designs are created ~in order™. i.e. design n is created only if design n — 1
has previously been innovated.

Fyery period is structured in the following wayv.
o First the designer decides whether to innovate and at what prices to offer his designs.

o Then. consnmers decide which designs to buy or sell. We assume that the owners of
old designs cam sell tliem i0 they wish to. Thus, the designer acts as a market maker

who meets the excess demand in every period.

o Pinallv, consumers deelde which design 1o use and pairs are formed according to the

matching technology described below. At the end of every period the pairs separate,

Iuplieit in the definition of the game is that histories of individnals are unobservable
and henee the matching technology cannot condition on past designs used by a consumer,

We denote by ny the number of designs that have been created up to period £, e i
period 4 desiens # < ny have been innovated and the designs » > n, have not. Even though
i period £ at most £ odesigns have been innovated. we define py for all »oand set py = x
for o= n,.

By 5 we denote a consumer’s purchase {or sale) of design » in period £ and by o) we

denote a consnmers endowment of design w at the end of period £ Thus #f = o7 + 4.

IFuty. 1 is concare for all g. then f1gr will be inereasing {the bandwapon offect donninates the snob effectd,
whoreas if wly. ) is converfor all ¢, then fig) will be decreasing, Thus, if wlq. ¢") 15 linear for all ¢ then fig)

1= i colstant.



We alzo define #p = (wlorf ) as the vector of endowments and g, = (yl.yio ) as the

voector of purchases in period /.

Every period. each consumer will choose the design that gives her the highest chanee of
meeting a high tvpe. Thus let j o) denote the probability of meeting a high type when
the consurner owns o, and she chooses the optitmal design. Clearly. 1, is not exogenous but

the result of equilibrium strategies,

The pavoll of a conswner of type 7 = 1.1 in period £is then
PO e Pt = (0= e[l iy + (1 = ple 0] = peys {2}

We normalize the miility of each match by (1 — &) where (1 — &) should be thonght of as
neeasaring the length of one period. The overall payvofl of the consumer is then given by

the disconnted sum of the period pavedls:

ST g ()

The pavoll of the designer the disconnted sum of revenues from his designs minus the
incurred fixed costs. I A7 denotes the (excess) demand for design » in period £ and A, =

PAL AT 0 then the payolf of the designer is

Z[\“ii[h]/\/*f"[fw7 T‘if—]Ji (1}
=1

If o consumer is the only person 1o purchase a design then she will be matched with
a random consinner from the pool of individuals who use no design. The design does not
improve the guality of the consumer’s match in this case and therefore Tas no value. Thus a
design is only valuable 1o consumers if a coordination problem is solved. We assume that the
desioner can coordinate demand for his latest design. Part of the innovation cost ¢ should
be intorproted as expenses for marketing and advertising to achieves the coordination of
consimers 1o the largest demand. We also assume that whenever the designer creates a
new desion he cannot sinultancously advertise old designs and hence the coordination of
the demand for the old designs breaks down. Consequentlve we restrict onr attention to
equilibria in which designs other than the latest innovation are sold at a zero price,

We cansider subgame perfeet oquilibria that satisly:



o The conswmer purchase decision for the latest demand depends only on the current
price and on the consumer’s endowment in the current period® Therefore consumer
demand for desien 1, can be characterized hy an aceeptance function P0-) such that

consumer ¢ will purchase exactly one unit if and only if p < Plg).

o For design n, the realized demand in any period will be the maximal demand consis-

tent with eqnilibrivim and for any design # < n, the equilibrinm price is zero,

We will eall equilibria that satisfy these two properties Weak Markor Coordination Foauilibria’
FWMC cquidibriag.

Let Mid) be the pavoll to the designer tna WAC equilibrinm if the desiguer s com-
mitted 1o exactly one innovation and the disconnt factoris & In this case we can interpret

the pame as a standard durable goods monopoly with the demand function _f((;)”.

Theorem 1 {wder the naindained assumplions, theve erists a WMC cqpaditbrine. More-
orer. inocvery WO cqwlibeivin the designer innorvates an infinide wumnber of fanes if

< Mid.

The Theorem savs that there is a subgame perfect equilibrinm to the dynamic game tha
satisfies the stationarity and coordination assumptions described above. Moreover. if costs
of innovation are smallor than Y& then WM equilibria capture a erucial feature of

[ashion cveles: design innovation never stops,

3.1 Properties of Fashion Cycles

I a WALC equilibrium the maximal demand will be realized for every price of the latest

desion. Therefore 70} is a decreasing Dinetion™.

“This asswmption corresponds to the familiar cotion of Weak Markov equilibrium in the Jerature on
bargaining with asvmmetric information and the durable geods menopoly.  (See Galo Senpenschein and
Wilson (11567,

“For a formal definition of WM equilibria see the Appendix.

Since we restrict to WAC equilibria we can apply Theorene 1in Gulo Sonnenschein and Wilson {1986}

to show existence and vnigqneness of Mi#h even though f(-) 15 not monatone.

“The assumption of (Complementaritvi implies that high tyvpes have a strict incentive ta purchase the

design if a Tow type consnmer purchases the design, In addition, we can rearrange consumers of cach type



The following equation defines the net present value of profits of the monopolist. (g).
when all consumers ¢ < ¢ have purchased the current design n,. Consumer demand s
stationary and all previously innovated designs have an equilibrium prize of zero. Therefore
pavolfs in the snbgame following any inmovation are identical 1o the payoffs after the first

0

innovation'” and ¢ summarizes the pavolf relevant history.

H((]): max {(l_:)[[)(U](f/*q)'+"\H{";')j+7[H(())*r]} (..))
ey 1 irefu]
= denoies the probability of innovation. The designer will innovate (x = 1} whenever the

pavolf at the beginning of the game ( R(0) — ¢) exceeds the payoff from selting the design for
one maore period. When the designer innovates he makes the old design obsolete by selling
it at a zero price. [ the designer does not innovate then he continues 1o sell the previously
created desien and chooses an optimal volume of sales. (y — ¢). Tor the current period.
The assumption that old designs are sold at a zero price greatly simplifies the analysis
but clearly is not essential for the intnition of planned obsolescence in onr model. If 1he
designer could coordinate demand for old designs then innovation might not lead 1o full
obsoleseence of old desiens. The qualitative conelnsion. however. would remain unchanged:
sinee the new desian is alwayvs sold 1o high tvpes. innovation would decrease the value of
ald designs!?.

Let Hg) and 7{q} be the solution 1o the optimization problem in (3). Consider a point

g where gy and (g1 are single valued' . Let ¢ = t(q). then equation 6 has to hold:

Plyy > (=81 flq)+ 601 —7(q)1P(q)

<o that first consumers (with respeet ot thoir name) pnrchase first. We also assume that deviations by
<ets of consumers of measure zero do not affect the cqmlibrium, and hence we can assume {without loss of

generalitv) that 2101 is a left continnons, decreasing function.

Sinee all designs 1< ny have a price of zero. consumers are indifferent between any desige 0 < ny used

in coilibriun by seme positive fraction of consumers. Thas we can assume without loss of generality that

all consmners who do not own o nse design e — 1.

Yl new design s sold to both bigh and Tow tvpes then the uld design must Tave a zero price. This

follows from the fact that in this case no hgh tvpe is using the old design (by complementarnity ).

Since Ho) s monotone. 1 is single valued except possibly at a conntable set of 4. Similarly =) will be
nuigue except for possibly one point ¢ at which the designer may be indifferent between innovating and not

nanovating.



Pigy = (1= flgy+eoil - TigPgh (6}
i Py is strictly decreasing at g

[f P(q) is strictly decreasing. i.e. g s the marginal conswmer at p = P(q). then Equation 6
savs that the consmmer pavs the value of the use of 1he design in the current period plus
its disconnted expected resale value. I £2{g) is constant at ¢. i.e.. g is not the marginal
consnmer at p = P{g). then a strict inegnality may hold sinece at the price P{g) some
consuers ¢ = g will pureliase and therefore the current utility of owning the design may
be lareger than {1 - &) f(g). We have 1o allow for this possibility since fg) is upward sloping
foor o << .

When (g1 {g)is multiple valued the monopolist should play a possibly mixed strategy
suelo thar if p_y was the price charged in the previous period then the expected price and

the innovation probability = satisfy

poroz =8 gy et = Tp

por <ol afidy =Ml =wipog >, (

Snch a mixed strateey justifies the decision of ¢ to purchase in the previous period and for
all ¢ > ¢ not to purchase,

For every design there is a sequence of prices (pr.....pp). where in the first period after
innovation the monopolist charges the price ppoand sells to the first g consumers. in the
second period after innovation the desion is sold at a price py to consumers in (g, g:] and
sooon. After the design has been sold for T periods a new innovation ocenrs. We call a
fashion evele =elitixt™ il the low tvpe never purchase the currently lashionable design. If
low types purchase the currently fashionable design in some periods. we call 1he fashion
cvele “egalitarian™.

Proposition 1 Suppose ¢ < M{#). Consider any new design along o WMC equalibrium

path.

(i The priec of the design 1s strictly decrcasing over time unlil o now innovation oceurs.,
I ihe poviod prior to a naw innovalion cither all high types and no low fypes have
purehased the design (the dditist case ), or all consimers have purehased the design

(the cgalilarian case ;.



firh A Tower bound for the numbe r of periods befwecn conseeutive innovations s given by
loe(1 — ¢/o fta)y log(&). Furthcrmore., (for a fircd discound factor). if the fired cost

of innovation is sufficiently small. thew a new dosign will be ereated cvery period.

i) et = e s sufliciently large, (for a fired disconnt foctor and a Jired oo > 00 then the

fashion cyele will be clitist,

tiv) The desiguer will ucecr randomize beliveen innovaling and not innovating along the
cquilibrivn pail. Furthermore. corce pl possibly v the intlial period afler innovation,

theve will be no vandowizalion betiween prices along the cquilibrivnm path.

[em () of Proposition Uimplies that whenever the fashion eyvlee is longer than 2 periods.
high types will sometinees be matched with low 1vpes. and therefore ineflicient matches will
he made in equilihrinm,

The second part of the proposition is concerned with the length of fashion cyveles. 1T
innovation costs are large. the price of the design must be high to make an innovation worth
while and hence the design must stay fashionable for many petiods. With small innovation
costs the temptation of innovation is too large to sustain sales over more than one period!”.
In this case the model is eqnivalent to the repeated selling of a perishable good and the
equilibrivm antcome i simply the one shot monopoly outeome: the good is sold to all the
Ieh types at a price of fla){l —6).

The third item of Proposition 1 suggests that if the distribution of wealth or human
capital is very unequal fand hence the difference berween o and ¢ is very large) then we
<hould expeet the fashions of the upper stratum of society to be different from those of the
lower. This relation between “inequality™ and the pattern of fashion cyvcles may explain the
in the clothing industry. fashion eveles tended to be elitist prior to the 20-1h

fact that. e.o.

century while thev appear to be egalitarian today.

If part of the innovation cost s the cost of coordinating consnmers by means of advertising. then it s
misleading 1o interpret e as a technological parameter of the fashionable good. Tn this interpretation the
“innovation cost” cannot be reduced to zoro by choosing a commuodity for which design changes pose no

technological problem.
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3.2 Two Examples of Fashion Cycles

In 1his section we present two simple numerical examples of fashion eyveles.
Erample @, Aw olitist fashion cyele. In 1his example. the designer innovates every third
=57l = /20 f = 6000 = 10,

period. The parameters for this example arer & = Q1 =

The price sequence is given by
Par41r = ] 1.;31\’.[}f}f+2 = ]U.-‘—)-l.]);;p+(; =0

A new desien is ereatod in periods 374 1./ = 0. 1..... The measure of consumers buying the

desien is 2iven by the following sequence;
farey — .‘_).()S.f]j:)r_,__g = 1135 gy — 0

ence the design is sold to 3/5 of the high types in the initial period alter innovation
and then spreads over 1he next two periods until after 3 periods all of the high types
have purchased the design. Then the designer innovates and at the same time makes the
old design freely available to all consumers and the fashion cyele starts again with a new
innovation.

Figure 3 indicates the function Py) for this example.

(Insert Figure 3 here)

In the first and second period after innovation the design does not spread among all the
high tvpes. This is surprising sinee for g € [001/2]0 (1 = #)f(g) is increasing in g, Henee
by selling to more high tvpes the designer could increase the value of the fashion i the
current period. The reason he decides not 10 do sois that there is an opposing effect: selling
1o more consitners will imply that the design stavs fashionable for fewer periods. Henee,
in order 1o increase the sales vohune, the designer has 10 decrease the price not because
the buvers value the good less bt rather because large sales imply a bigeger incentive to

innovate and henee destrov the value of the design.



In this example the low tvpes never purchase the currently fashionable design. It is only
when a design has gone “ont of fashion”™ when the low types will purchase (at a zero price)

the design.

Frawple 2. An egalitarian fushion eyele. Tn this example the {ashionable designs also
spreads among the low types. The parameters of the example are: & = 910 = 2000 = 1/2
pt— 0L et = 10 Again there will be a3 period fashion evele:

it = T.(j.[)j;p+_g = ].!).[J_‘gy.},[ =1

A new desien will be ereated every 3 periods and the fractions of consumers buving the

current designs is given by the sequence:

Gy = 33T qug = L 20qg40 =

Aler 2 periods the desien is sold to all the high types and in the third period of the fashion
evelo the desien is sold 10 the low tvpes. After that a new design is created and a new cyele

=tarts,

3.3 Universal Fashions

Some examples of fashionable products have the feature that alter a shor period of 1ime
alimost evervhody in the relevant group of consmmers owns the fashionable iteni*' In our
madel this mplies that fashion does not significantly alter the social interaction. i.e.. the
matches that are made when consumers use the designs are almost identical to the matches

that would be made if there were no fashion at all. In the following we show that this

pheromenon is reprodnced by the model il we let the period size be very short !

Proposition 2 Suppose [{1) > ¢ > 0. For ceery ¢ > 00 the perviod length (s sufficiently

srald G0 is suflicicntly elose to one ) then

i o } . . .
Examples of this phenomenon are CDs ol popular musicians like Michacl JTackson among 1ecnapers, the

latest model of Swatel watches in among Nalian yvonths, Barbie dolls. and other “cheap™ fashions.

"Ax the period length becomes simall also the ntility per period shrinks. We can think of every period as
consisting of a large number of short independent matches for every consumer. If the period size s small
then the wnber of interactions that take place in one period is also small. Thus rather than the duration

of cach match going to zero we can think of the number of interactions as going to zero.

[



(i) the payoff of the desiguor s smaller than o

(it} ke fraciion of consumors who own the curvently fashionable design s farger than | —«

ieall but an o fraction of periods,

II' periods are very short then the initial phase of a fashion cvele is similar to the
predictions of the Coase conjecture for durable goods monopolies. Most consuniers buy
within a short period abter innovation and most consumers pay essentially the same price
for the new desien. {(This follows from the fact that the price of a design s equal to 1he
valie of s current use for the marginal consumer plus its discounted resale value), After
this initial phase the sales volime of the design will be vers small but positive for many
periods, In particular. it will be Just sufficient to keep the designer from creating a new
desien. Since the pavoll of the designer is very small atso the sales volume can be very small
without eiving the designer an imceutive 1o innovate, The price for the design commodity
decreases over time until 1t alinost reaches zero. At this point the designer introduces a new
desion and a new fashion evele starts, Why do consumers purchase fashion m this case?
NMuvbody who does nat nse the fashion is matehed with a low tvpe with probability one.
Heuee even though fashion does not permit the separation of tvpes. the fashionable ttem
heeomes a “must” sinee without it a consumer is identified as a low type.

Iigure | describes a typical price cvele when the period length is very small. Note that
~indicates calendar time. rather than the nuomber of periods. Innovations are assimed 10

pecur al times 7o and 7

(Insert e, -1 here)

The welfare implications of a short period length are very different from rhe standard
dnrable goods monopoly. The logic of the dyvnamic design monopoly essentially precludes
successful separation of tvpes. Tn the next section we show how competition may succeed

in restoring the ability of fashion 1o separate tyvpes.
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4 Competition

In this section we dizcuss outcormes that atise if there are many porential designers, Suppose
J oo 41200 denotes the designer amd 24 deseribe the colleetion of designs that j can
innovate, We assume designers cannot imitate each others produets, e the sets 24 are
dizjoint. The definition of the game is exactly like above with the exception that now many

designers miay sell their innovations simultanconsly.

4.1 A Fashion Czar

Fyven in a situation of potential competition the analysis of the previous section. l.e.
monopoly. may be the equilibrivm onteome. Suppose some random process designates
one particular designer as a “fashion-czar™ and all consnmers believe that only this des-
tanated designer is capable of creating “fashion™. Such beliefs will be self-enforeing and
no consnmer will have an jncentive to purchase designs from any other designer. Hence
oven thongh there are other designers capable of ereating designs. only the fashion-czar can
create fashion,

Suppose designer jis designated as a fashion czar. We assume that only designer j can
coordinate the demand for Tashion. In this case profitable entry is not possible irrespective

ganie

of the price and innovation policy of j. Therefore designer 7 is a monopolist and the
reduces 1o the one analvzed in the previous section. Hence even though competition is

possible. the fact that fashion alwavs involves the coordination of many consumers may

prevent competition from actually taking place.

4.2 More than one successful designer

Here we describe eguilibria in which 1rue competition between designers occurs. In partic-
nlar. we construet equilibria in which competition implies a loweer bound on the price for
desiens. This lower bound will aliow the high tvpes to separate themselves from the low
tvpes. Competition will imply an inerease in variety of the designs marketed. Hence two or
more designers will simultaneously market designs that attract similar types of consumers.

This inerease in variety is without additional henefit to the consumers and hence from the



paint of view of eflicieney. wastefnl.

The following proposition describes a collection of subgame perfect equilibria in which
only the high types purchase the Jatest design and innovation is accompanied by a sale of
the previous design at a zero price. The interval between successive innovations is indeter-
minate. In particular. there ix an equilibrinm in which ouly one innovation cecurs by every
designer in the market.

Recall that (1 — &) is the one-period benefit of a design 1o a low tvpe if all high types

and no other low 1vpes are purchasing the design.

Proposition 3 Suppose ¢ < acl/20 Lt (TN satisfy (1 — &0 N > 0N > 20 The

follawing price and funovation sequenee constitute cquilibrivm play of a subgame perfeet

coquilibrim.
()N designers ereale a new design cecry Topereods,

rify The price of any desigin @ periods after its creation is given by o(1 =8 HU5 if 0 < T

fF s then the price of the design 1s zero.

(i do the period of an innevation, cvery high type consumaor purchases one of the now

desigrs. Low fypes never purcliese designs af o steictfy positive price.

In this equilibrinm. the designers innovate and sell to the high tvpes in the period
ol mnevation, Then. for T — | periods no sales oceur nntil in period T a new design is
introduced and the old design is sold at a zero price to the low tvpes. New designs are sold
at a price of »{00 = &7 1o all high tvpes. Note that in this equilibrinm high types always
mert high types and low tvpes are alwayvs matched with low tvpes. Ilence from the point
ol view of matching. an efficient allocation s achieved,

How can the designers i this equilibrnon resist the temptation to sell 1o the low 1vpes
alter having sold a new desien 1o 1the high types?  Suppose 7 periods prior to a new
innovation designer j tries 1o attract low tvpes. Suppose he fowers the price to 0 < p <
L= A his price some low Types have an incentive to purchase the design. if some high
types keep using this design. In this case the fraction of low 1vpes purchasing the design will

he such that every low tvpe cansumer is indifferent hetween purchasing and not purchasing.
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But this implies that aff the high 1vpes who use the design have an incentive to sell it and
piirchase an alternative design at a price #/00 — #0.7% This in turn has the consequence
that the design is withont value for the low types since it can no longer guarantee a positive
probability of meeting a high 1vpe.

After a reduction in the price below the equilibrinm price high types respond by selling
the desien and purchasing an alternative design and low tyvpes do not purchase the design.
Thus lowering the price will not generate any positive demand for the design and designers
are unable to attract low types at a non-zero price,

The hehavior of conswmers after an attempt of 4 designer 1o attract “low™ tvpes is
reminiscent of 1he behavior of elients of the talian designer Fiorweel, Florueei started in
the 707 as a desizoer with a voung upperaniddle class elientele. Around 1980 the designer
tried to attract a broader gronp of custonters by selling his fashion in department stores aud
lowering the price. The consequences were disastrous, Essentially Frorueer was abandoned
by all eastomers and after a brief strugzle went bankrupt. In the context of the present
paper the abrupt change in priciug policy was interpreted by the “high™ types that Fioruees
was going outl of fashion and hence the high tvpes switched to different designers. But this

also implied that the design was of no value to the “low™ 1vpes who Fiorueer tried to ativact.

5 Conclusions

This paper provides a model of fashion industries based on the idea that Tashion 35 used
as a signaling device in social interactions. The model reproduces several stylized facts

associated with fashion industries:
e\ desion s most desirable when it s new. Over time the price of any design declines.

o When a new fashion arrives, the old desien becomes ohsolete and sells at a very low

price relative ta its introductory price.

e Design innovations ocenr with deterministic regularity. The clothing industry. for

example, Tinnovates” every vear. Such design changes cannot be explained by the

PR . 5 R - . . .
Y his follows from the Tact that »" > 2% and that at the equilibnium price for any other design every low

tyvpe s ncdifferent between purchasing and not purchasing.
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(necessarily stochastic) arrival of new ideas which improve previous products. In our
madel design “innovations™ are arbitrary changes 10 the look of a commodity. The
new desien does not improve the old in any dimension and therefore. innovations can

and will oconr with precise regularity.

In the paper we examine two different market conditions for the designer. monopoly and
perfect competition. We show that competition can have surprising effects when it applies
to markets of fashion goods. Competition may at the same time keep prices high and reduce
the frequency with which new products are introduced on the market. This effect comes
about sinee a decisive factor in the competition between designers is the average “quality”
of their customers. A designer whose clients are mostly low types will he less attractive
1o prospective buvers than a designer whose elients are mostly high types. We show tha
il a designer tries ta expand his clientele by catering 1o low types, the average guality of
his elients mayv collapse since high tvpes switch to competing designs and leave him with
a design that nobody wants. Thus attracting low types by lowering the price mayv not he
prolitable for a desigoer facing competition.

A monopaoly designer on the other hand. cannot be deterred from passing the design on
1o the low tvpes once high types have purchased 1. Since consumers anticipate this. prices
may be lower than in the competitive case. If the designer cannot commit 1o minimun
period length within which he does not change prices or innovate then the design will
spread very quickly throughout the whole population. prices will be Jow. and fashion will
not be a usetul signaling deviee. In 1his case. consumers wonld he hetter off by banning the
use of all fashion.

This may explain the frequent attempts to regulate apparel. Sumptuary legislation,
for example. which existed throughout Furope during the Middle Ages and early modern
tines, regulated the apparel that members of the lower classes were allowed to wear. Both
in Foeland and France velvers and silks were forbidden for eertain classes and limitations of
expenditure Tor clothing according 1o rank. income or both were in place (Vincent (193-1)).
Sumptuary laws were explicitly passed “fo restrain crtravaganee . wlich was considered not

onliy displeasing fo God bub ccononically ruinous to individuels "(Vincent (1934},



In the context of onr model, simptuary legislation can be interpreted as a way of avoid-
g wasteful Tashion eveles. I the liwmaker can easily decide which social groups should
interact. then sinuptuary legislation will be efficient in the sense that the maxiimal gains
from social interaction will be realized withont waste of resources on design innovations'”
Thus in societies with a well defined class structure one would expect sumptuary laws while
in a society Tor which it is impossible for the lawmaker 1o identify the efficient matches. one
would not expect these laws.'™

The analysis of this paper focnses on the simple case. where consuiners can only be
ane of two ivpes. Moreover. the analvzed equilibrivm has the designer market only one
desion at a time. In the exsunple of Armans the designer markets at least three designs
simultanconsly and thereby provides more precise signaling devices than the designers in
onr modoel. Marketing several designs simultancously will be important in a setting with a

continnum of different tyvpes trving 1o interact. Such a framework wonld allow ns to analvze

the interaction between the distribution of types and the resulting fashion eveles.

A Appendix

A.1 Monopoly
A.1.1 Strategies and Equilibrium

To simplify the definition of histories and strategios we assume that all agents can observe
cach others actions. However, we will Insist on strategies being anonvinous. i.e. the devi-
ations of a measure zero sel of agents do not affect equilibrinm outeomes. Note that the
interaction hetween consumers i entirelv determined by the watehing technology which
determines matches using the currently displayved designs of eansumers. Therefore. infor-

mation about individual consumer histories s irrelevant for all agents and we can interpret

See also Bocker and Murphy (1993) for a similar interpretation of sumptnary legislation.

Yeln Massachusetts the cnactment of sumptuary laws extended from about 1634 to 1676, and at that

time in spite of repeated efforts at enforcement the conrts were already beset with widespread disobedience.
The laws did not embody such detailed regulation of dress as did those in Furope. bt they expressed a

similar desire to maintain distinetions between an upper and a lower class™. (Vincent 1934



the game as one in which only the designer’s action aud total sales can be observed.

A history in period £ is a sequence of prices. a sequence of mnovations, a sequence
of purchases by consumers. and a sequence of display decisions by consumers. Let I
denote the set of histories in periad £\ pure strategy o for the designer 10 period £ s
. . . : RPN e : S 4 A4y The cous e At :
a map from histories to prices and lnnovations. a® = (a/);2,. The consumer’s action in
every period consists of a purchase/sales decision g7 € {=1.0.1} for all » and a display

decision = < {0.1. ..} A strategy in period ¢ for consumer g, a,(g). is a map from histories

T

{inclnding the actions taken by the designer in period 1) to purchases and displays. To
incorparate the feasibility restrictions into the pavoff finction we will assume that whenever
the consnmer chooses to sell more than oF units of a design the payvofl will correspond 1o 1he
sale of o wnits, henee w2 (g) = max{wei_ (g) + ¢ (g). 0} Similarly. whenever a eonsumer
chooses a design that she does not own then this is equivalent to choosing no design. As
a function of 4. @, (q) s assunmied to he measurable with respect 1o the Borel a-algebra on
(0L 1] i = (el dYe

Nove that ia{-1.a") tnduces a sequence (jr(e)) and henee we can define the pavoff for
consumer ¢ as Via o) oig)). Similarly Ve a(-)) is the pavefl of the designer.

A subgame perfeel equilibrinm is a strateay pair (0 atg).q € [0.1]) such that for all

Lo = VA, et ) Tor all o Furthermore.

tand for any history B0 Va7, o)
Vet U el ) = 1"f(rr"'\,-h_.rr(-)l;;r.rr’(q)|;,[) for all o’(g). In order 1o ensure exis-
tence of an equilibrimm we have 1o allow the monopolist to mix at any stage of the game.
It shonld be clear to the reader how to extend the above definitions when mixed strategies
are allowed.

In the following we show the existence of a subgame perfoet equilibrivin with the fol-

lowing properties:
(1) Deviations of sets of consmmers of measure zero do not affect equilibrinin play.

(i) Dermand for the design ny can be characterized by an aceeptance function 7(-). ()

is a non-increasing left continnons function that satisfies Equations 6§ and 7.
(1) Along the equifibrium path, for any » < nyopy = 0.
Sinee old desiens have a zero price the designer’s behavior along the equilibrinm path is a
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tap from histories to prices for the latest design and innovations. i.c. al cHTU— {001
R, . Since Fquations 6 and 7 are satisfied. we can assume g, € {0. 1} along the equilibrium
path. Moreover. sinee (hy the coordination assumption) design #, is always guarantees a
botter mateh than any design that was previously innovated we can eliminate the consumer’s
“di=play decision” and simply assume that any consumer who owns the currently fashionable
design will wse i1, Any old design used in equilibriuwn will give consumers the same payoffl.
Henee we can assuine that all consnmers whe do not own the latest innovation use design

e 1.

A.1.2 Proofs:

Theorem 1 There crisls a subgaine perfect cquilibrivm safisfying requiremeends (ij-{1i1)
abore (WMC cquilibriune). Morveover, if ¢ < M(&). then innovalion occurs infindely ofton

inang WX cquilibrinm,

First we show that the system of oquations given by (5). (Gland (7) has a solntion.
Lemma 1 There crist RECIVY and POV of such thal

RiglV'y = max APV — gy AR+ 71}

nelpd]i-e0]

and PV ) salisfies & resp. 7

Proof: Let g he the largest ¢ such that max{(l — q)f{1}).(a — ¢} f{a} = (1 — &)V Then
for ¢ € (g 1] we define gV = {1 = &) f(g) and f,0[V7) = V. Note that P! osatisfies
equations 6 and 7 on (q. 1], Morcover, given 1. for every g > ¢ i1 is optimal to innovate,i.e.
toget Viinstead of (y—q) P04V )+ 8V By a direct application of the argument of the proof
of Lemmma A3 in Ausubel and Deneckere (19895 {which in turu builds on Fodenberg, Lovine
and Tirole (1955, Lemma 3) l’,;. £, can be extended 10 (0. 1]. Note that the 17(-} obtained
bv this procedure need not be monotonic. However, sinee the definition of B implies that
the desienor will never choose ag suel thatr 70g) is inereasing we can take P(gf47) 1o be the
smallest non-increasing, left continnous funetion such that Pigid7) > M(g|V}. Therefore
the existence of the pair PV )0 017) is established. O

For a family of real-valued finctions (0.7, 0 X — Y we make the following definitions:

Lev (00, y = Graph of J, and



Jori = conviy sy =lim; .. A, (03 Tor some convergent sequence ()},
Bod =40 e XY [0 oyy — (o] <« for some (eoy) € GO

Then wo define:
Py =il {e > 0: Gy C B and G0, C B

Lemma 2 Supposc g < 1. BB P.P7 UV > 0.V = 0 are given. Suppose further that for
all & > 0 there ds ann sueh that [FRYCGIVT) — RGN < npand pllF Py <y then for

all ¢ >0 there is an N osuch that for w > N0 ROV ) — RO < .

Proof: In the following we suppress Voas an argnment of P and £ Lev ¢/ 2 4 — (1 —

MRy 2y flen). Then for large nowe have
Rty = max{{l — " Wy" — Py y+6R g 1+ 77V}

Rig)=max{(1 — sy —q)Ply)+ ¢R(y)+ 7V}

Note that V77— 47 sinee p( 7. Py) — 0. This implies that there is a g". g such that for
q > supfg.q”}innovation is optimal and for ¢ < inf{q. 4" }. innovation is not optimal. Since
" — q wecan find (g; ],'tf:l € lq' q]suchithat wlq,) = 7" (q;). forall jog,—q,400 < 1/ fn) and
g )t ) are single valned for all n > »'s Forsmall 5 we can apply a generalization of the
Theorem of the Maximuam doe 1o Musubel and Deneckere {19933 1o obtain it (g, 1—1" (g4, < -

iy s smalls Farther note that since B > 1V > 00 R > 1 > 0 we know that |g, — f{q,]

aned [y, - 0] are bonnded away from zero. Therefore [[R), — Rty]] <y tmplies that
T g = Pl )< gk for some bo<osxcand all o Sinee PP are decreasing functions

this implies that for all ¢ with ¢ > ¢ > ¢ + 5/ fla) we have p( P Py < - £ for some

Moo~ Furthermore [[RY — Ri|| < 5. Sinee g — ¢ > 3 > 0 independent of . the Leinna

folows by finite induction.d
Lemma 3 ROV 18 continuous in V. for all V> 0.

Proof: Let V7 — V7 > 0, Lurther let ¢ g be such that (1 — &) (101 — ¢y = V" (] —
O =g) =V Then ¢ — g Then for g = g—cwe have for w2 N |[REC =Ry <8

and p( 7710 = 0. Now we can apply Lemma 2 and the Lemma follows.O



Lemma 4 Supposc ¢ < M(&). Then f Vo= af(a)/(1 =&} the BOV) — e <1 Further-

more, if Ve — O then for darge b0 ROV — o > 1

Proof:  The first part of the lemma follows from the fact that (1 — &} f(a) o is the
highest one period pavolt achievable. Henee for (1 — AT = (1 = #&)af{a). the monopolist
will iunovate every period and ROV — e = afla)/ (1 —¢)—c <V

For the second part fix any 1 > ¢ > a. Then we claim that PElg) = PlglVe) = fol) for
small V. Suppose to the contrary that P(gib) < f(1) — ¢ forall V5.

Lot gy = 1. 8% = f(1{1 = &) Let ¢ be defined by (1 — g )1 = (1 — AV Let ) he
oiven by P = (1« &) gy ) + &P V0= Voand V5= (g~ g1) ) 4 6Vi. Let gy satisfy the
foliowing equation:

(g — )+ 6V = (1 —qi)lh + 845 (¥)
First note that for g < g the left hand side of (3) i strictly bigger than the right hand side.
Thus for g < ga. PlglVe) > 1.0 This follows fram the fact that (¢ — ¢)f(q) is increasing

for ¢ > " > o and therefore the right hand side is an upper bound on the profit of the

desiener if he sells to more than ¢ honseholds in the following period. Furthermore. g — 1

as Vi = 0. Now suppose that, g o gy 4. o0 Vi are determined and Plg) > Py if
¢ < g,. lurthermore suppose ¢ — L as b — x. Let PV gqy be given by:

Py= (L= & flqy)+ 00V = (g — g ) P+ 61 (0

((/H,] — (I‘f)[’f + ("‘? = ((h+l — 41 )!)ﬁ_! + (glrf_] ( 10]

we have P(g) > P for ¢ < gy Again this is the case sinee for ¢ < g4y the Ths of Fguation
10 is strictly bigger than the rhs and the rhs is the upper bound to the payolfs of the
monopolist if he decides 10 sell 10 more than ¢ households. Moreover £ > (1 — ¢} f(1).
and sinece V70— 00V Y — 0 we have g — Las b — 1 and V7 — 0. Hence for any
q < 1. P(g]Vi) cannot stay bounded away from (1) lor infinitely many k. Henee for any
arbitrarilv small g Pig'|Vi) > fil) — ¢ Tor large b and ¢ < g. (In the following we will
write PR S fnstead of PV RGO ).

Now consider the solution to the one innovation durable goods monopoly problent that

leads to a pavoll of M{é) and denote with R(-). P(-). and {i-) the corresponding value



funetion. accoptance function. and poliey function. Let ¢ be such that for all ¢ > g
Tigig — ¢y + i1 —g) < fiDi] —¢")Ygeiq. 1] (11

Note that since [ is bounded there exists such a ¢, Further note that Hg) = 1.

Now we claim that for every 5 > 0 there is a A such that for & > A gy > 1=+, To
see this chose e so that (f(L =l =§—n) > figlg—g)+ 6 i1 —g) forall ¢ <1 -+,
Sinee the s of 11 reaches a maximum al ¢ = | such .y exist. Note that for large k.
PECU = s fily—ecand PYUSCT =y > JU1) — oo The rhs of T1His an npper bonnd 1o the
profit of the designer if he sells to fewer than | — 5 consumers, while the Ths is the payoll of
selling to | — 3 consnmers for large boand thus it follows that (a) > 1 — 5 for suffliciently

large . Sinee ££(-30(-) are monotonic we can conclude that for § < g <1 — 4
(L= &3 figh+ &[0 =51 > PRg) > (0= a3 (g + 0011 — o)

and
Ply) = (1= &) flqi+ o f(1)

Henee for large A pl I’,;’. Pry < nand le”' — 5[« < yand Lemma 2 can be applied 10 vield

that lor large b, :’?k(()ﬂ';_,) = RO — ¢ > ¢, Sinee Ve — 0 the Lemma follows, O

Proof of the Theorem 1: lor ¢ > M () let the equilibrium strategy preseribe that noin-
novation occurs. I the desiener deviates and tnnovates, no further innovation will oceur and
the designer receives the pavoll Af(&) by following the equilibrinm strategy corresponding
ta a standard durable goods monopoly with demand funetion f{g) and the assumption that
the monopolist can coordinate demand. Clearly the designer has no incentive to innovate.

ire < M(#&)then by Lemma 3 and Lemma L there exists a Vo such that ROV j—e = V77,
Thus 5 and G.resp. 7 are satisfied for B(-) = RCVTLPG) = PEVT)L Moreover 17 >0
by Lemna 1 Thos PGV REG) support a WALC equilibrinm i all designs # < ny arve sold
at a price of 4

It remains 1o show that in equilibrinm designs # <y can be assigned a price of zero.
For all designs n < n, assume the following strategles: If pi = 0 for all n < ny then all
consumers who «did not purchase design w, purchase and use design ny — 10 1f pir > 0 for

some u the all consumers who own design » sell it 1o the designer and nse design (0. Al
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consnmers who did not purchase the design u; use design 0. Thus it is optimal for the
designer 10 set pi = 0 for all o < . Consumer behavior is clearly optinal.

Sinee V= > 0 a new design must be created at least every 17 periods for some T < x.
sinee ofherwise the discounted profits for the monopolist would be smaller than V= for some

. Thus the second part of the Theorem follows. O

Proof of Proposition 1:

fijSinee pavolls in every poriod are positive there have to be positive sales in every period.
Further it po = gy then optimality of the designer’s strategy is violated, henee prices have
tor be strictly decreasing along the equilibrium path. For the second part note that since
innovation oceurs in the following period we have Plgp) = (1= (). Since (g—qpoq)f(g)
attains a maximum at a (for small g ;) or at 1 (for large g7 —y) the proposition follows.
i) By Eyguations 6 and 7. (1 — #7ha f(a) is the maximal revenue from a design. This
implies that (1 — &/ )a f(a) 2 cowhere T s the niumber of periods betwoen two siceessive
innovations. since otherwise it is otimal not 1o innovate. For ¢ = 0. we have that R{0} >
o fla). Let g be such that for ¢ > g the designer creates a new design and for ¢ < ¢ the
designer continues to sell the old design. Then we must have that max, (¢ —g¢)(1 =) flg) >
(1 — MR This implies that g = 0. Clearly, for « close 10 zero g is close to zero. B
for small g and for y < q. Ply)-y+ &Ry < R(y) since the Ry} is bounded below by
o flay e/l =&y Henee it is optimal for the designer 1o sell to all high types instead of
restricting the sale 1o [0 g].

iii) Note that R0V = > ol (1l —=&)=cj(1 —d)=a-fla)—rc/{1—2¢)is alower bound to
the pavolf of the designer. Since ' ix an upper hound of the per period gains 1o selling to
low tvpes we can choose a o™ sufficiently Targe. so that (1 = &) B(0) — ¢ > sUwhicl tmplies
that it can never he optimal 10 sell to low types.

iy First suppose that 0 < 7(q) < 1 along the equilibrium path. Then by choosing any
' < g the designer will no longer be indifferent between innovation and not innovation. 1.e.
g’y = 0 and therefore P(¢') > Plg)+ ¢ for all ¢" < . Thus ¢ can not he optimal. The fact
that there will be no randomization among prices except in the mnitial period s a property

of the equilibrinm path of a durable goods monopoly (see Ausubel and Dencckere, (1989]).
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Proof of Proposition 2: Since ¢ > (0 we have for some ~ > O and for 7(4) the number of
periods between successive innovations | — L |

Claim 1. Let V7 denote the pavolfl 1o the designer when starting the game. As 0 — (.
V22 0. To see this note that {1 — SV < max{ (1 — (1 — &)1 (= g1 = &) f(a)}.

Further optimality requires that along the equilibrium path

Py e+ o8N > Pylgoy — g ) + 612 (123

where £, and V1 denotes the price. resp. the expected payoff. -periods prior to a new

imtovation. But this implies that

II)#_f)f»fl)((/ffrff+l)>{l"ﬁn'y‘{ (13

or
. (L—any 1)
g — iy 2 — -
B s S g — 1 - 8D

Note that 171 < \']{ and V7 3s incroasing in f.and therefore if 177 stavs bounded away from
zora as & — 1 then there is a bounded number of periods in which the inovation is sold.
This contradicts the abservation that 1 =a70) > < > 0. Henee U7 — 0 and henee (g — 1).
Claiin 2. For all ¢ > 0 there is a & such that for & > & and for 7 > 7{8). ¢ > 1 — ¢ where
Ay satishios 70 = — ¢

Suppose the contrary, Then there is a sequence & — 1 such that if /. is the integer
part of 7(éx) 4+ 1 then g, < 1 — ¢ for all & First we show that this implies that for all k.

[ty = ¢ for some !

> (. Note that along the equilibrinm path £ 2= f(10(1 = 47) =0,
where 7 are the remaining periods for which the design is purchased. Let (&) denote the

numher of periods for which the design is sold. Then for RECge) — 0 we mst have that

Fi)/2 iy
}: g — 0 and Z qF > (13
=) (=102

Henee alone the equilibrinm path all of the reuaining sales from period 7(4) on must be
crowded in the second half of the remaining “life-time™ of the design. Now observe that for
Gopr- =1 # 0 bguations 12 and L must hold with equality. I striet inequality were to

hold then by increasing g, the designer could inerease his profit. This is the case since
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.;—',’[((/ — "V q)] > 0 for q > ¢ > 0.g # a. Butif inequality 1.1 holds with equality then
i - gy = Mg — gpy) for all 17 < 8 and for some constant & > 0. But this contradicts 15
if ¢/~ is sufliciently small. Hence RE(gF) > ¢ > 0.

To obtain a contradiction 1o ¢f < 1 — ¢ for all & suppose that after innovation the
designer charges the sequence of prices {pgh. with g = fledtm = k) m b =010 mo— 1
with 1/ f(e) < /1. Sinee {p} comes within o/ b - ¢ of the available surplus. selling
altor 7 with &7 > | — ¢ to more than ¢ consumers cannot be optimal sinee more than ¢ of

the available surplus remains, Thus Claim 2 follows, O

A.2 Competition

Histories and strategios are like in the monopaoly case with the exception that now in every
period all designers choose innovations and prices simultancously, It should be clear 1o the
reader how 1o extend the above definitions of strategies and of subgame perfect equilibrinm
tothis case. Lot 1t denote the latest design innovated hy designer i ie.. all desiens n ¢ 7!

snech that pf < pé have been innovated in period £

Proof of Proposition 3: The following strategies constitute a subganie perfect equilibrinm

of the game;

o N designers create a design every 7 periods. e in pertods AT 4 1B = 00122, For

=k T pl = e =T and g = 0t <

o Everv T periods high 1vpes purchase a new design. Every designer sells 10 a a/V

fraction of high tvpes. Purchases oceur only in periods 17T 4+ 1.27 4+ 1. ete.

. . . . . . e oy . ret L
o I designer i deviates in period £ = B 4 010 < T 1o a price p'0 < o] — a0y
then all high 1vpes who own #d purchase design ny offered by some j # ¢ and sell the

design wf.

o Il designer ¢ creates a new design in any period £ # AT 41 for some £ = 0.1, ..
then no purchases acenr until period £+ 7. where 7 is the smallest nomber such that

{ — 7 = k1 4+ 1 for some k.
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o The strategy of all designers is constant independent of the subgame they are in. In
particular. after a price deviation of one designer. all designers return to the strategy

plaved along the equilibrium path.

It is easily checked that the strategy outlined above constitutes a subgame perfect equilib-

rinm. 2
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