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This paper is amed at exploring the existence of typica patterns of automobile modd
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shares evolution entails age effects, clearly distinguishable from the impacts generated by
changes in attributes and in the firms pricing, and quantifies them. These effects bring in an
autonomous factor of modification of the relevant model dasticities, full of implications for
firm behavior. On average, own-price elasticities are observed to decrease until the fourth year
of amode life, and then to increase again.
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1. Introduction

Ca mode turnover is an important characteristic of the automobile market. The
entry of new modds and the exit of others over time are quantitatively important.
Moreover, the exit of a modd and the entry of another are often the two sdes of a
unique operaion synchronized by their manufacturer. All this rases life cydes of
models. Some are short, others longer. The life of extremedy successful modds is
boosted by producers at certain moments in time with changes in the current verson,
but old models are often smply replaced by new ones.

Modds life cycdes ae the result of the interaction between consumers
preferences and producers decisons, but consumers demand characteristics are likely
to play a crucid role. The presence of very defined patterns of demand over the o/cle of
models suggests that consumers average vauation of models is associated with mode
age (the time that a modd has been marketed), what raises an explanation for market
shares evolution over time. And consumers age-rdaed vaduation impacts the
eladticities of demand with respect to the own-price of models and the cross-prices of
competitor modds. The resulting equilibrium eadticities are of course endogenoudy
determined, but the evolution of consumers vaudions brings in an important firm's
non-controlled factor of modification given the remaining factors.

The purpose of this paper is to explore the effects of the age of a mode on
automobile demand, using techniques of the discrete-choice gpproach to market demand
edimation with a particularly suitable pand data set. In particular, we begin by looking
a the characterigics of the life cycde of modds by means of a nonparametric
description of the relationships between modd shares and model ages. Then we specify
and test for age effects on the demand for modes usng the discrete-choice framework
(see Berry (1994), and Berry, Levinsohn and Pakes (1995) —heredfter BLP- for a
paramount application to the automobile market.})

Consumers change of vaduaion with mode age is likdy to have important
consequences for firm behaviour. Firdly, firms are likely to respond to these changes in
the short run with pricing changes. Secondly, firms are likely to carry out minor model



changes in order to try to enhance the durability of the modds. Thirdly, firms will adopt
ther modds exit-entry decisons according to the impact of evauaion on profits.
Models entry decisons are associated with large sunk costs (design, plant adaptation,
launch,...), and the decisons of subgtituting a modd for another (cannibaisation) will
be adopted only when the evolution of vauations makes this change profitable. All this
rends the study of the age effects on demand a necessary step previous to undertaking

more compl ete specifications of the forces underlying product decisions.

The sudy relies on a newly condructed pand data set for the Spanish car
market, paticulaly useful for sudying model dynamics. Over the seven years 1990-96,
we observe the monthly regigtrations (sdes) of a total of 182 modes, which account for
virtudly the entire market and experiment a high turnover. The data have been
elaborated and matched to a database on prices and technica characteristics.

Results show tha age effects exis and ae important in explaining shares
patterns. once modd attributes and time demand determinants are accounted for, age
explans a dggnificant pat of shares evolution. Firdly, shares tend to incresse until the
course of the fourth year in the life of the modd. Secondly, shares subsequently tend to
decrease as time goes by, and this deterioration may account on average for one third of
its vdue. Thirdly, shares of surviving modds tend to be higher on average, denoting
that firms decide to discontinue the models with the worst evolution. On the other hand,
equilibrium eadicities betray the impact of modd age average dadlicities decrease
during the three first years of modd life and increase afterwards.

The rest of the paper is organized as follows. Section two discusses with more
detall the meaning of age effects and reaes this sudy to other empiricd findings.
Section three introduces the data. Section four is devoted to a description of modd’s life
cycles by means of non-parametric andyss. Section five explains the specification of
age dffects in a discrete choice framework, and section Sx presents the estimation
drategy and results. Findly, section seven concludes. A data gppendix gives some

details on the sample and variables.



2. Age effects

Consumers  demand characteristics have presumably an important role in
models life cycdes? The existence of very defined patterns of demand over the cyde of
models suggests that consumers average vauation of models is associated to models
age, i.e, the time of permanence of the car modd on the market. Shares, in fact, tend to
change over time much more pronouncedly than what can be explained by observed
relative model attributes® One explanation is that consumers dso vauate the degree by
which new models possess disembodied attributes as “newness’ or “latest design,” and
old models possess “prestige’” or “good reputation,” al of them attributes that change
with age. Another is that consumers like a series of minor embodied but unobservable
technical features included in the newest modeds and judge them to be incorporated (or
not) in enduring modes. In fact, consumers probably vauate some mix of these two
types of characterigtics. In any case, the evolution of vauaion with models age seems

an important explanation for the evolution of market shares over time.

The effects of modd age through changes of consumers vauation can be
summarized in their impact on the dadticity of demand with respect to the own-price of
the model (and on the cross-price dadicities, i.e, the dadicities with respect to the
prices of the competing modeds) Modd price resulting eadicities are of course
variables endogenoudy determined in equilibrium, because they adso depend on the
firms pricing, decisons of changing dtributes and introducing models. But the
evolution of consumers vduations brings in a firms non-controlled factor of
modification of dadicities, given the remaning factors, as time goes by. Equilibrium
eladicities are an important tool of description and analyss (eg, inthe study of mark-
ups), and hence the impact of age on (equilibrium) dadticitiesis worthy of assessment.

In the short-run, changes in the price dadicities of modds will be associated
with differences in the firm's pricing over time in a sngle maket, gaps between the
price of the same modd of the same brand in two markets in which the stage of the
cycle is not the same and, paticularly, firms decisons on the entry and exit of modds
in their mix of products. In the long—un, the evolution of eadicities as the effect of age



ae likely to be linked to dl product decisons, from mode improvements® to entry/exit

decisions®

Only a few papers have directly addressed the life cycle of products introduced
by multiproduct firms in a differentisted product industry. And, among the few, most
have been devoted to industries experiencing a high product turnover derived from an
intense process of innovations. Bresnahan, Stern and  Trgitemberg’s (1997) is the closest
to our objectives. They dudy, in a discrete choice demand framework, how two
disembodied attributes of IBM-compatible persond computers (being a “frontier”
product, being branded) impact demand eadticities and hence temporary market power,
finding a role for these two sources of differentiation. Other studies have instead
focussed directly on the description of the entry and exit process, trying to assess
determinants and choices. Among them, Stavins (1995) describes the postioning in the
dtributes space and the probabilities of exit in persond computers, and Greenstein and
Wade (1998) the product introduction determinants and hazard rates of mainframes. An
important exception to the highly changing technologica setting is Asplund and Sandin
(1999), which dudies the Swedish beer market during the nineties, dso characterised by
a rapid product turnover. Studying hazard rates, they find patterns of product life and

turnover that are very Smilar to the ones we obtain in our demand framework.

New car modds during the nineties undoubtedly embodied many smal
innovations, but modd turnover can hardly be atributed exclusvely to changes in
technology. On the other hand, the non customer-configurable character of the product
(like beer and unlike persond computers) seems to make it prone to the operation of
disembodied effects as a source of differentiation. In this setting, the specification and
edimation of age-related demand effects is an improvement which enriches demand and
dadicities etimation. In addition, if age effects are important, ther edimdion is a
necessary dep in the direction of dructurdly addressng the question of firms product

decisgons as a reaction to market developments.



3. Car modelsturnover in the Spanish market

This section briefly introduces the data and then characterises modd turnover
during the nineties in the Spanish car market. Car producers distinguish modds,
characterised by a model name, from the versons of these modds, which they present
as dight variations in the characteristics of the modd. Our data set takes moddls, just as
they have been defined by producers, as the dementd units of anaysis. The basc data
congsts of the breskdown by modes of the monthly new car registrations (sdes) from
January 1990 to December 1996 (an entry occurs when a new models appears.)

The information gathered for each modd includes price (lis retal price),
atributes (for the attribute variables used in this paper see Table A.1) and the variable
that is crucid to our andyss age. This variable measures in months for how long, a
timet, amode has been marketed on the Spanish automobile market.

We group modds into 5 categories that closdy resemble common industry and
marketing classfications. The classes consdered are smdl, compact, intermediate,
luxury and minivan. For some purposes we will digtinguish additionaly between the
gndl “mini”, and the smdl “domedtic’, the very popular somewhat superior modds
produced domegticdly. The number of modes in each segment are, respectively, 33,
37, %, 47 and 9.° In Spain there are 7 big (export oriented) multinational manufacturers
that produce domedicaly, but whose domegtic output is subject to complex
transnational decisons about how to dlocate the production of the modes
geographicaly.” We will distinguish between “domestic’ and “fordign” cars, mainly by
employing dandard demand (not supply) criteria Thus, we will cdl domegtic the
models sold by these brands, neglecting the fact that some of them are redly produced
abroad and imported. And we will cdl foreign the cars sold by the firms without any
domestic production.? Grouping together the modds manufactured by the same
producer gives a totd of 31 firms or brands, 7 with domestic production and 24 foreign
producers.

Models seem to be a basc product category, both for demand and supply

reasons. On the one hand, modds have a name and an image, and firms invest heavily



in advertiang ther modds This implies tha consumers badcdly choose among
modds, and that firms incur some demand-rooted sunk costs in launching modds. B,
on the other hand, modds dso have some badc attributes that remain farly stable over
time. As Table 1 illugrates, for our 182-modd sample, these atributes seem to be
manly relaed to dze and power characterigics. This drongly suggests that moded
launching dso implies technology relaed sunk codsts (desgn, manufacturing facilities
adaptation, etc.). Demand and cost side sunk costs provide a rationae for firms to gstick
to ther living modds In fact life spans are, as we will see below, heterogeneous, and
they can be spotted by minor modifications in the modes characteristics. Producers try
to boost the life of models a certain moments with small changes®

The evolution of the market over our sample period shows three main facts (see
Table 2): firdly, a dgnificant demand variability; secondly, a fdl in taiffs followed by
the corresponding increase in foreign car penetration; thirdly, an increase in the number
of modes and a rather high rate of modd turnover. In wha follows, we briefly

comment on these characterigtics.

Table 2 shows totd yearly regidrations There was an important demand
downturn by the year 1993 and, to a lesser extent, by the year 1995 (and dso a fdl in
prices) Table 2 dso detals the evolution of sdes of domestic models. In the years
1990, 1991 and 1992 the tariffs for the EEC imports and for the non-EEC countries
were gradualy reduced.’® As a result, the share of domestic models tends to fal since
1992, while the share of foreign modesincreases (from 18% to dmost 25%.)

Let us concentrate on moded increase and turnover. Table 2 reports an important
increase in the number of marketed modds (36%) and the corresponding fdl, given the
detrended demand, in sdes per model. The net entry of models is especidly important
in the firg haf of the period, but continues until the end. Table 3 details gross entry and
exit and the age digtribution evolution. As can be seen in the last two rows, a high,
rather dable yearly rate of turnover underlies net entry (entry+exit over the exiging
models is about 20%.1) As a result, only one fourth of the models marketed by 1997 are
models that were dready on the market at the beginning of the nineties.



This market context implies that the study of modd turnover must be carried out
in a dgtuation of increesng product competition interwoven with a market opening
(which probably triggered the new competition intendty.) Accordingly, some remarks
are petinent. Frgly, it must be noted that the increase in the number of products is
mainly an endogenous outcome generated by dl the participants. For example, Adan
producers account for a somewhat disproportionate share of gross (and net) entry of
modds, but dl firms contribute to the increase in the number of modds!? Secondly,
most of the product entry and exits come from the decisons of replacement of a mode
by another. Table 4, which reports dl the modes entries and exits, depicts the firms
entry-exit pairs that are only separated by one or, a most, two years delay. These pairs
amount to more than 90% of the number of exits.

Given the two characterigtics cited above, increased competition seems to have
influenced the pace of modd introduction more than changed its form. In principle, this
judtifies tregting dl the modds symmetricaly. However, it is important to bear in mind
that the estimated age effects are conditional on the life spans that are present in the

sample.

4. Exploring model life cycle

The data set provides us with rich information on the different phases of the life
of models. We observe the entry of models, the market evolution of models that have
been marketed for different time intervals, and exit. In this section, we focus the
atention on the ample description of the evolution of market shares over mode ages, to
detect and characterize average properties of the life cycle of modds. To do this we

will employ non-parametric regression techniques.

Let s be the market share of a modd at a given moment of time (we drop model
and time subindices for smplicity), and let t be its age or time eagpsed from the
moment that it was released on the market.® Our first aim is to describe modd shares as

a function of modd age tha is the expectation of modd shares conditiond on t



E(s[t). However, the conditiona expectation of s may be written by the law of
iterated expectations as

E(slt) =P(s>0) E(s|t,s>0) +P(s=0) E(s|t,s=0) (1)
=P(s>0) E(s|t,s>0)

where the second equation follows from E(s|t,s=0)=0. This expresson shows that
the expected share is the result of two factors: the probability of ill being on the
market for each age, or probability of surviva, and the expected share conditiona on
age and survivd. Therefore, to interpret the expectation of s conditiond on age, we will
dso edimate and sudy the survivd function P(s>0Jt) and the expectation of s
conditiona on ageand survivd E(s|t,s>0).

We will etimate E(s|t) and E(s|t,s>0) by means of the econometric model
s=g(t) +e, whee e is a zero mean disturbance, usng the entire sample and the
subsample of pogtive shares, respectivdly, employing a non-parametric regresson
estimator.'* To esimate the survival function, we will compute the ratios & each t of

the number of models with pogtive shares to the total number of observations for this
age (see Kiefer, 1988).

Figure 1 shows the result of estimating the expectation of s conditiond on age.
Figure 2 depicts the results of edimating the two components according to expression
(1) of this expectation. Pandl a of Figure 2 shows the esimation of the survival function
and Pand b reports the result of estimating the expectation of s conditional on age and
aurvivd. In gppendix, the different panels of Figure A.2 give the results of estimating
the expectation of shares conditiona on age in four car subsamples (smdl, compact,
intermediate and luxury) of domestic and foreign modes.

The curves show many things about mode life cycles. Firdly, the expectation of
s oconditiond on age shows that modes invariably come out on the market with
relatively high sdes, probably due to the advertisng campaigns that precede therr entry.

However, for most modds, it takes some time to reach the maximum market share. This



time seems to range between 24 and 48 months (shares peak over the course of the third

and fourth years), though it is clearly lessfor foreign cars.

Secondly, according to the surviva function, the probability of leaving the
market before the firsd 24 months is negligible, and only 10% of the modds exit before
the firs 48 months. Therefore, the first part of the conditiona expectation function must

a0 be consdered a good approximation to the own evolution of the surviving modes.

Thirdly, the survivad function shows tha the probability of leaving the market
increases seadily from the age corresponding to the maximum share to the twelfth yesr,
while the expected share conditionad on age and survival tends to increase dightly
during the same period. In fact, 50% of the models have disappeared from the market by
the end of the eighth year, and 75% by the completion of the twelfth, but the average
share of the surviving models tends to be somewhat higher (but note that here the
estimates are more imprecise: the smal number of observations entails a high variance)
On baance, the expectation of shares conditional on age during this particular interval is
dominated by a decreasing probability of survivd that curves it down. At the same time,
the expectation of shares conditiond on age and survivd shows that exit particularly

affects shares under the average size.

Fourthly, the smal fraction of modds that reaches the age of twelve years can
endure longer maintaining high reldive shares.

As far as the differences between domestic and foreign cars are concerned, there
ae two man points that are worthy of comment. Firsly, the sharpest contrast is
between the shares reached by the domestic models and the smdler shares reached ty
foreign models. Furthermore, smaler domestic cars and bigger foreign cars tend to last

longer on the market than their respective counterparts.

This gmple description of average mode life cycles does not pretend to
determine the different forces a work and, in particular, whether there is any role for
the age of the mode separate from the role of the observed modd attributes and their
evolution over time. However, the reported evidence makes apparent strong share



evolution patterns that suggest a pogtive answer. The following sections are devoted to
the specification and edimation of age effects in an explicit demand framework to
confirm this hypothess.

5. Thedemand for models over time

Discrete-choice demand modds seem the naturd context to introduce and
invedigate changes in consumes vauation over time (see the references in the
introduction). On the one hand, these modes build up the demand equations based on
explicit links between product market shares and the framework of consumers utility.
On the other, the standard employed modd can be easly enlarged to account for this
type of changes. Let us explain our specification.

The discrete choice gpproach obtains the demand equations by relating observed
market shares with the shares predicted by the utility framework. Following Berry
(1994), and employing the usud linear utility specification, a demand equetion for
modd | can be written rdating a nonlinear transformation of the vector of observed
market shares s to the mean utility level for modd | as

dj (s):ij- ap, +>ZJ. 2)

where p; isthe price of the model, x; is the vector of observed product characteritics,

and X , represents the effect on utility of product characteristics unobserved by the

econometrician. In paticular, if consumer utility is assumed to be u; =d, +g;, with

ij !

€, identicaly and independently distributed across products and consumers with the
extreme vaue didribution, the market share equas the probability of a logit modd.
Then d, (9) is the dmple tranformaion Ins, - Ins;, where s stands for the share of
the so-cdled outsde good or the dternatiive of not buying any of the modes, which

provides auseful linear estimable model. 1

10



The damplest logit specification imposes drong condraints on the pattern of
subgtitution among goods, but severd model extensions have been developed in order to
rdax these condrants. The condraints follow from the exclusve additive specification
of consumers heterogeneity. BLP type modd specifications reinforce heterogeneity
through random attribute and price coefficients. One sensble dternative which relaxes
condrants incurring lower computationd cods ae nested logit modds, where
dternatives are grouped using a-priori information (a good source of discusson about
this is Nevo (2000)). In this study we combine coefficients varying across segments
with a type of nested logit estimation, which turns to be a smple theoreticaly suitable
specification when income effects are expected and, in practice, gives sensble demand
dadicity esimates. Car mode demands are likely to entall important income effects,
with consumers tending to cluser around modd-classes (ssgments) according to their
income level, and average segment-specific marging utilities are expected to reflect this
heterogeneity. This preserves the useful linear form of equation (2) and will dlow us to
focus on the instrumenta variables estimation choices (see the next section).

In order to account and test for the presence of age effects, we will specify (2)
explicitly including two possble consumer utility effects of the age of the modd.
Frgly, we will include a direct effect. This effect can be understood as the average
impact on utility of a st of unobservable time varying dtributes The sandard

specification of (2) aready takes X ; as disturbances to account for, among other things,
such factors. Our specification can be smply seen as plitting these unobserved  utility
effects in three components: X(t ), the time vaying effect of unobserved dtributes
measured through the impact of mode age; X, a time invariant component related to

the stable unobsarvable characterigics of the modd; and X,

it the remaining time

varying unobserved effects on mean utility of modd j.

Secondly, we will incdlude an additiond possble age effect through margind
utility of income The a parange of the linear utility modd is margind utility of
income. Often treated as a condtant, this parameter is likdy to reflect a least the
different margind utility corresponding to the different income levels associated to
buying different car modds (this is why we specify and edimate different ssgment

1



parameters a,.) At the same time, a is ds likey to reflect the magind utility

associagted with buying models with different degrees of penetration in the market.
Consumers can vauate new modds postively because of their “newness,” but can dso
condder that they imply a higher sacrifice in tems of the utility of dternative
expenditure alocation. To test for these age effects we will specify margind  utility of

incomeas a, +af(t ;).

Fndly, we will use a nested logit specification by incuding segment-Specific
dummies in order to pick-up the segment effects h,. We interpret their values as the

redisations of the random varigbles conjugate to the extreme vaue errors tha raise
nested probabilities (Cardell, 1997).

The enlarged logit specification can be written, dlowing for atime subscript, as

Ins, - Ins, =x,b - (@, +a ;) p, +hy +X (t ) +X; +x, (3

where the asterisk indicates that the corresponding coefficients must be understood to be
divided by the factor (1- s). Equation (3) can be estimated subject to the congraint that
the coefficients of segment dummies add up zero, which gives an edimate of the effects
up to a congdant. Then mean utilities can be estimated up to a congant (and hence
“indusve vaues’ up to a multiplicative factor), and s can be obtained in a second
sep by means of an auxiliary regresson.’® Reationship (3) is the equation that we
edimate in the next section.

6. Econometric estimation and results
6.1 Estimation strategy
As it is wdl known, one of the main problems to be solved in the specification

and edimation of demand equations is the treetment of the endogeneity of prices. In
addition, our data condst of unbaanced pand observations for a rather standard number



of individuds (182 modes) but with a more unusud data frequency: monthly during a
sevenyear period. This implies some advantages to edimatiing the parameters of
interest, but adso the need for specific methods to address some estimation problems: the
heterogeneity of the time information content (T is large, but only with respect to the
frequency of change of some variables), and the serid corrdaion of the disturbances. In
what follows, we briefly explain our estimation choices.

Prices are likely to be correlated with the X; and x; components of the

disurbance (the time invariant impact of unobserved modd characterisics and the
shocks) In the firs case this happens because there are presumably many unobserved
characteridtics that enter the determination of the modes marginad cos, and hence their
prices, which smultaneoudy influence consumers utility. In the second case, it occurs
because prices are determined a the same time as consumers demand, and both
variables are likely to be influenced by common market shocks!’ Accordingly we will
use as ingruments, in a GMM framework, the differences of the prices with respect to

their individud time means, p,, = p;, - (1/T)é P, » lagged a number of periods. This

is likely to pick up just the time variaions of prices (and not across modds), and just the
ones occurring prior to the contemporaneous market events!®1° In addition, to test the
vdidity of the employed instruments, we will employ the Sargan test datisic of the
overidentifying restrictions.

Monthly data are likely to contain useful information about reactions of shares to
prices, which change frequently, but much less about reactions to attributes, which
change rardy and have manly long-term effects. On the other hand, monthly market
shares will contain a lot of short-term movements we are not interested in modelling or
even in conditions to modd. Individua effects and short-term movements will induce
autocorrelated errors. To obtain inferences robust to serid correlation, we will need to
use a robust estimate of the variance-covariance matrix. To obtain such an esimate, we
will use an average across individuds of Newey-West type computations of the
individua autocovariances that take advantage of the sze of T (see Newey and West
(1987)).

13



6.2. Econometric specification and results

The dependent varidble condsts of the (log of the) modd monthly share
observations minus the (log of the) monthly shares of the outsde good. Both shares are
computed, as in BLP, teking the current number of households as the market size?°
Among the explanatory varigbles we can diginguish three groups. control variables,
modd attributes and price, and variables amed a picking up the age effects. To control
for seasondity and unspecified time effects (for example, the fdl in demand), we
indude a st of monthly dummies and another of yearly time dummies respectively.
Let us detail the second and the third group of variables.

Looking for maximum comparability, we have tried to specify the same
atributes as BLP. This has amost been possble, athough we have had to replace the
BLP's ar conditioning “luxury” proxy for the maximum speed in km/h (Maxspeed),
probably a better proxy for qudity in Spain during the nineties. The other employed
attributes are the power measure ratio cubic centimetres to weight (CC/Weight), the fuel
effidency ratio km to litre (Knvl), and the measure of Sze and safety length times width
(Sze). The use of other characteristics or a more complete list does not change the main
results. The price effects are specified for the main five segments used in the estimation:
Smal, Compact, Intermediate, Luxury and Minivan. We expect lower coefficents (in
absolute value) the higher the segment. At the time of specifying the segment dummies,
however, we condgder additiondly the divison of amdl cars in two subgroups. smdl-
mini and small-domestic.

The direct age effects are induded as a polynomia of order three of the age
measured in months (higher order terms turned out not to be ggnificant.) The margind
utility effects of age are specified by including the set of dummies interacted with price
and corresponding to the age intervals (in years) obsarved in the sample. After some
experimentation, we established the age interval corresponding to 36 to 48 months as

the referenceinterval.
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Sevad indrument sats were teded with very amilar results, invariably using
price differences with respect to the individua time means, with different lags®* The
reported estimate uses as insruments the sixth and twefth lags of the (segment) price
vaiables in differences, 20 age dummies (in years) and twenty interactions of the ages
and the twdfth lag of the varigble price in differences. The number of overidentifying
resrictions of our preferred estimation is hence 25, adthough very smilar results can be
obtained with a smdler number of ingruments. As we employ tweve period lagged
variables, we mus discard dl the individuds with twelve or fewer observations,
retaining 164, and use a maximum of 72 time observations. Note that this implies tha
we ae not able to esimate the age effects during the first year of the modd life (the
year 0).

The reported coefficient estimates are one step GMM estimates, obtained by
employing the standard weighting matrix® (the inverse of E(Z,xX,Z,), where
>?]. =(X; +X 0%, +X;)" and Z; represents the set of instruments for individud j,
which is esimated by (§ Z,Z;)"). All the datistics are then computed using the

i

robust to heteroskedadticity and serid autocorrelation “two-gep” weighting matrix (see
below). The reported Sargan test is also atwo-step statistic.

To edtimate a robugt inverse of E(Z X,X,Z,) we assume that XX, =W, are
matrices corresponding to conditional homoskedagtic errors, and we obtain \7vj values

usng the Newey-West Bartlett kernd computations for the autocovariances of
indivicdual j. Then we employ the usud “two-step” estimate (§ Z/W,Z,)"*. We use 72

J

time observations as the maximum lag that we take into account in the Bartlett kerndl.

Table 5 presents the results of our preferred estimation. The datigtics and
edimated coefficients are sengble The implications concerning the role of age ae

reasonable. We comment in turn.

The Sargan test confirms the vaidity of the employed insruments Regresson

resduas show a strong autocorreation, but the use of a robust covariance matrix make
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the inferences reliable. Control variables present sensble patterns. Seasondlity is strong,
with  Augud-September showing the lowest sdes after a pesk in June-duly. The
regresson confirms that yearly sdes reached a rdative maximum in 1991 and fel
sharply in 1993.

Attributes are sgnificant and show the expected sgn. The price effects exhibit
the expected pattern (he higher the ssgment, the lower average margind utility is) and
dl demands ae dagic. Redive dadidities™® show a sensble paten: smal and
compact cars show smilar average higher dadicities, while intermediate and luxury car
eadticities are lower. Average own-price éadticity across dl models ranges over ages
from 2.4 10 5.3 (see Table 6, column 5).

Let us concertrate on the age effects, focussng on the firs twelve years of life.
Firg of dl, the direct effect implied by the age polynomid is cdealy sgnificant.
Additiondly, margind utility of income is ds0 influenced by age, dthough to a limited
extent. Only the firsg two price-age interaction terms before the reference interva are
individudly ggnificant. That is, age influences margind utility of modds before they
reach their 36" month on the market. All the other interaction terms individually present
ddidicdly non-sgnificant vaues and show no defined pettern. The age polynomid
plus the two firg indirect age effects, evduated a the median price, give a clear patern
of change of meen utility, which is summarised in the third column of Teble 6. In
contrast to the non-parametric regressons of section 3, notice that here we ae
messuring net age impacts on shares, free of price and atribute change effects,
reflecting how average consumers' vauation changes with age.

When a modd is brought out on the market, time favours the increase of thar
market share. Consumers have a high initid vauation of the atributes embodied in the
new mode but, a the beginning, they are rductant to choose it when offered smilar
dternatives. The tendency of shares to incresse with the passng of time finishes,
however, when the modd has been marketed for three years. From this moment on, the
ample age of models ceases to favour them and begins to show the opposite effect until
the moment the car reaches its eighth year of life. The average market share€'s damage

atributable to the course of time during this stage is more than one third of the share.
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But models that surmount this time threshold (and remember that only 50% do), show
higher market shares. And the 30% that go beyond the age of twelve years continue
showing high shares for a number of years.

As a consequence of age effects the course of time influences modd
equilibrium dadicties Columns fourth to Sxteenth of Table 6 give ssgment averages
of eadicities across ages, usng modds that fit two groups modds tha survive less
than seven years and modds that survive between seven and thirteen years This
golitting is used to highlight the evolution of dadicities with age as modds tha survive
more years tend to show somewhat lower dadticities, putting al models together tends
to blur the trends. The table shows that own-price eadticities clearly decrease Steadily
the first years of models life, as can be expected from the impact of age on utility. On
average, own-price eadicity decreases until the fourth year of life. Next, eadicities
tend to rise more or less steadily with the age of the model.?*

7. Conclusion

Car mode turnover is an important characteristic of the automobile market. The
entry by firms of new modds to replace old ones is quantitatively important and, in our
Spanish sample as probably in most countries, entry has recently been increasing over
time. Modd life cycle is reflected in typicd patterns of evolution of their market shares,
hardly explaindble with only the hdp of the evolution of their aitributes and price
These patens suggest links between consumers  vauation of modes and ther
marketing age. And these links are likdy to have important consequences for firm
drategies, as far as firms face consumer and market evolution by means of pricing,
change of attributes and, finaly, modd exit-entry decisions.

This paper has been amed a exploring the existence of typicd patterns of mode
life and the forma specification and test of age effects in a framework of demand for
ca models. We have used a suitable data set which includes detailed modd sdes over
time, in addition to information on modd attributes, price and age, in a period of high
entry and exit. Age effects have been specified usng the discrete-choice approach to the
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edimation of market demands to explan the evolution of market shares. Edtimations
have shown that shares evolution includes age effects, clearly distinguishable from the
impacts generated by changes in attributes and firms' pricing.

Our study has shown that modds shares tend to increase the three first years
they are marketed and then begin to deteriorate as time goes by. Firms can boost the
models presence on the market with different verdon improvements and, if the modd
aurvives, its reputation is likely to give new inetia to shares a later stages. But age
effects bring in an autonomous factor of modification of the rdevant modd dadticities,
to which firms mus react with their pricing and product drategies. Average dadicities
betray these age effects firstly decreasing and then increasing. Corresponding (opposite)
age price movements have aready been documented.

The full undersanding of age effects and the interaction of age with firms
drategies deserve further research. The testing and specification of age effects must be
congdered a firt step towards the development of structurad models for the product

decisons.
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Data Appendix

This work uses a newly constructed data set crested for the analysis of the
automobile market during the nineties®® The basic data consist of the breskdown by
modds of the monthly new ca regidrations (sdes). Regidraions come from an
adminigrative source, the Direccion General de Trafico, and have been supplied by
ANFAC. The data set has been cleaned, retaining 99% of the regigtrations, and has been
matched to a database on prices and technicd and physical characteristics of the models,
collected and elaborated from a specidized review (Guia del Comprador de Coches.)

The data set takes modds just as they have been defined by producers. Only
super-luxury and margind modds have been dropped from the sample, and some
gmila modds with extremedy smal sdes have been aggregated in a sngle modd. On
the other hand, to meaningfully fix the date of exit of modds we have sdected the
month in which the previous Ix-month mobile average of unit regigrations of a modd
fdls bedow 10 units. This leaves a totd of 182 car modds, with an average of 110
modes marketed per month and an average of 50 monthly observations per modd.

The matching of the modd sdes data with moded attributes has been carried out
usng, when posshle the characterigics of the modd verson with the highet sdes.
Unfortunately, detailed sdes per verson are not avalable for imported cars. In these
cases, an intermediate verson has been sdected, sometimes based on fragmentary
information on the versons  sales.

The information gathered for each modd includes prices (ligt retal price and
manufacturer's  price), power-related  variables, peformance  characterigtics,
consumption, sze-related variables and, findly, the presence of standard equipment and
the avallability of options. In addition, the variable age measures for how long a modd
has been marketed on the Spanish automobile market. For the models dready existing at
the beginning of the sample, the maketing age a the dating observatiion (January
1990) has been approximated by reying on externd used cars market information and
by considering a maximum of 180 months (15 years) Table A.1 reports the content of
each variable that we use in this work. Table A.2 provides some descriptive satistics for
the whole sample and for five market segments smadl, compact, intermediate, luxury

and minivan.
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Footnotes

! The discrete-choice approach to demand estimation, developed for differentiated products markets, has
been recently enlarged, enriched, and applied extensively to the modelling of several markets, in
particular to the automobile market. Bresnahan’s (1987) automobile article can be considered a precedent
of this type of model. Goldberg (1995), Feenstra and Levinsohn (1995), Verboven (1996), Berry,
Levinsohn and Pakes (1999) and Petrin (2002) include automobile demand estimations related to the
discrete-choice method.

2 In general, demand change and technological progress interact in raising product life cycles (for a
general presentation of cycles, mainly at the industry level, see Klepper (1996)). However, product cycles
present many industry -idiosyncratic characteristics.

3 Most marketing literature on product life cycle uses the adoption approach, in which the path of sales
over product age is explained by the purchasing behaviour over time of consumers that act as
“innovators’ while other behave as “imitators.” See Kwoka (1996) for an application of this approach to
the life cycle of minivans. In practice, it can be assumed equivalently that is the average valuation of the
product by consumers what changes over time.

4 Management literature stresses the importance of adopting techniques to enhance the durability of
products.

® Assume that a multiproduct firm, which sets prices taking into account the cross effects of its marketed
products, faces own-price product elasticities whose absolute value increases over time, and cross-price
elasticities of each product with respect to substitutes that decrease, as well as sunk costs of product entry.
It isin the firm' sinterest to eventually substitute new products for the oldest onesin order to preserve the
maximisation of the expected profitability of the product mix that it sells.

® This classification is close to the ones used by Verboven (1996) for European cars (mini and small,
medium, large, executive, luxury and sports), and Goldberg (1995) for the American car market
(subcompact, compact, intermediate, standard, luxury and sports.) The main differences are the
aggregation of luxury and sports carsin asingle class, and the specification of a classfor minivans.

" Citroen, Ford, Opel, Peugeot, Renault, Seat and Volkswagen.

8 As Goldberg (1995) points out, cars are usually classified into “domestic” and “foreign” according to
different criteria depending on whether the analysis refers to the demand or supply side. In demand
analysis, it is customary to classify cars according to the character of the brand rather than the location of
the production of a particular car. In supply analysis, cars should be classified by the country of
production. The rationale for this distinction is that consumers are not expected to pay relatively much
attention to the side of production.

9 BLP define models in their twenty-year US sample by requiring, in addition to the same name, that the
width, length, horsepower or wheelbase do not change by more than ten percent. Comparing our datawith
BLP data, it turns out that we observe more or less the same cross-sectional average number of models



(110 vs. 118), but also that a model lasts on average 4.2 years, while they observe a model lasting only
2.2 years. Of course, our definition of model is not the same (we only rely on the name) but, from Table
1, it can be checked that the adoption of similar criteriato BLP would have a small effect (in fact it would
only reduce our average number of years from 4.2 to 3.3). This seems to say that our turnover level is not
so high by US standards.

10 The tariffs for the EEC imports were gradually reduced to 13.1%, 8.7% and 4.4%, disappearing the
following year. The tariffs for the non-EEC countries were reduced during the same years to 23.1%,
18.8% and 14.4% and remain fixed at 10.3% since 1993.

1 1n total, many more models (103) enter than the number of models marketed before the beginning of
the period (98-19=79.) But the exit of models is equally important (59), increasing after the two first years
of the period, and tends to concentrate along some ages (from 4 to 8 years, say).

12 Asian producers bring in the market a number of new models (28) that aimost doubles the initial
number accounted for them (15), while the entry of models by domestic producers (28), and non-Asian
foreign producers (48), matches approximately their initial contribution of models (respectively 35 and
48).

13 For each model/month in the sample, we have a market share value that is associated with the age of
the model, which gives a total of 9,251 non-zero share-age observations. Moreover, for each model that
exits the sample before December 1996, we complete its sample observations with the assignment of a
zero market share until reaching the maximum age that we will consider (180+84=264 months.) This is
all we observe, because we have two types of censoring. On the one hand, for the non-exiting models, we
cannot observe their shares from their last observation onwards (right censoring). On the other, we also
cannot observe the early life observations of the models, which were already on the market by January
1990 (left censoring). To perform our descriptive exercises, we will pool together al the non-censored
(positive and zero) observations, which gives a total of 19,528 observations. Interestingly enough, the
density of these observationsis rather uniform along the considered ages (see Figure A.1)

14 We use the simple Nadaraya-Watson estimator; see, for example, Wand and Jones (1995).

15 The logit model also provides a simple theoretical context in which the relative deterioration of an
attribute of a good implies, in a Bertrand equilibrium context, a higher (absolute value) own-price demand
elasticity and afall in the market share of the good. The price set by the firm reacts in order to soften the
direct share effect, but the firm findsoptimal do not offset it completely.

16 Estimation of (3), using the constraint a (hg - h) = 0 to specify all the segment effects h
g
represents the average of these effects), gives coefficient estimates up to the scale factor (1 - s) and
mixes two unidentifiable components in the regression constant. Then, to estimate the s parameter, we
Yj
(Is)

o
construct estimates of the “inclusive values' D, = g €
il 3

up to a multiplicative constant and
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*

perform the regression In Is(g) - In I5(0) =c+(1- s)ln f)g . To avoid simultaneity

biases, the “inclusive values” are constructed with the price values predicted using the instruments.

1 The most standard way of treating such a setting is the estimation of the equation taking first
differences in order to difference out the individual correlated component, and the use of lags of the
endogenous variable to set valid moment restrictions (see, for example, Arellano and Honore (2000).) In
our case, this is an undesirable alternative because T is short in relation to the pace of variation of
attributes (many attributes change very little or not at all in the seven years). The differentiation of the
attributes would eliminate crucial information contained in the levels equation and would exacerbate the
variance of the disturbances.

18 | nstruments of this type were first proposed by Bhargava and Sargan (1983), and moment restrictions
of this type have been studied in Arellano and Bover (1995). A recent application of moment restrictions
that involve differenced instruments and level equations to treat persistent data is Blundell and Bond
(1999).

19 The differences of a predetermined or endogenous variable with respect to its time mean introduce
some correlation of the lags of the variable with the differenced error term that is likely to generate
estimation biases in short panels (this is the type of bias analysed by Nickell (1981).) However, this bias
islikely to be negligibleas T grows large enough.

20 Collected from the population survey Encuesta de Poblacién Activa. The monthly shares are multiplied
by 12 in order to facilitate comparability with the el asticities obtained with yearly data.

21 We also experimented with sums of characteristics across own-firm products and rival firm products, in
their totality and by segments. In general they revealed to be poorer instruments than the lagged price
differences and tended to produce worse values for the Sargan statistic.

22 GMM estimation of panel linear modelsis summarised in Arellano and Honore (2000).
Z  We compute for each time observation own-price elasticies of model j as

S

hj =agp, @a- s + 1- . )) ,where S, isthe share of model j in segment g.

1-s

24 This coincides with the general findings of marketing literature. See, for example, Parker (1992).

5 Details on the construction of the data set can be found in Moral (1999).
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Table 1: Degree of stability in model characteristics*?

(No. and percentage of models with significant changes)

Extent of the change
Characterigtics 2% 5% 10%
Stable:
No. cyl 7 ( 3.89) 7 ( 3.89) 7 ( 3.85)
Length 21 (11.54) 7 ( 3.89) 0 ( 0.00)
Width 16 ( 8.79) 5 (274 2 ( 1.10)
Vaying:
Fiscap 42 (23.08) 29 (15.93) 15 ( 8.24)
CcC 44 (24.17) 39 (21.43) 29 (15.93)
Luggege 47 (25.82) 40 (21.97) 29 (15.93)
Gredtly varying:
HP 77 (42.31) 69 (37.91) 55 (30.22)
RPM 64 (35.16) 49 (26.92) 18 ( 9.89)
Maxspeed 74 (40.66) 38 (20.88) 11 ( 6.04)
C90 83 (45.60) 64 (35.16) 39 (21.42)
C120 81 (44.50) 59 (32.42) 39 (21.42)
Ctown 79 (43.41) 62 (34.07) 38 (20.88)
Weight 73 (40.11) 59 (32.42) 25 (13.73)
Notes:

1 Every column reports the number (percentage) of models that fall to pass the
corresponding stability test. The test is passed if the characteristic does not change by
more than, respectively, two, five or ten percent in a period of twelve months or less.

2. Definition of variablesisin Table A.1. of the Data Appendix.



Table2: The Spanish car market in the 90s

Year Registrations Index”  No. of modes Aélegsymrggégy Price® dsc?lme;::g
models’

1990 971,466 109.7 98 851 1.976 82.0
1991 878,54 99.2 106 712 1.948 80.0
1992 973414 109.9 117 700 1.876 813
1993 737,938 83.3 120 520 1.928 80.2
194 901,754 101.8 124 616 1.925 78.7
1995 829,797 93.7 127 556 1.982 77.2
1996 906,444 102.3 133 580 1.986 75.2
Notes:

1 Index=100 at the time average of registrations.

2. Sales weighted mean price, in millions of pesetas circa 1992. The weight for each model
monthly observation is the average share of the model in the corresponding year.

3. Models sold by firms with domestic production, irrespectively of whether they are
imported.



Table 3: Entry, agedistribution of models and exit.

Age 1990 1991 1992 1993 1994 1995 1996  Exit®: until

(inyears) 1995+1996

age? £1 19 10 16 12 13 17 16
1<agef 2 3 19 10 16 12 13 17 1
2<agef 3 7 3 19 10 16 11 13 4
3<agef 4 18 7 18 10 14 10 5
4<agef 5 5 18 6 18 7 13 6+2
5<agef 6 8 4 15 € 3 16 7 3+1
6<agef7 6 8 4 13 6 3 15 5+3
7<agef 8 5 6 8 3 12 4 2 7
8<agef 9 6 4 6 6 2 10 3 8
9<agef 10 4 6 4 4 3 2 7 +1
10< age £ 11 4 4 6 4 4 3 2 4
11< age £ 12 0 4 4 5 2 3 3 2
12< age £ 13 1 0 3 3 5 2 3 2
13< agef 14 4 1 0 3 2 5 1 1+1
14< age £ 15 3 4 1 C 3 2 4 +1
15< age £ 16 5 3 4 1 0 3 2
16<agef 17 5 3 4 1 0 3
17< age £ 18 5 3 4 1 0
18<age£ 19 S 3 4 1
19< age £ 20 4 3 4
20<agef 21 3 3
21<agef 22 3
No.of modds 98 106 117 118 124 127 133

Totds

Entry 19 10 16 12 13 17 16 103
Exit 2 5 10 9 14 10 9 59

1. Thefirst category represents a number of months equal to or |ess than 12.

2. Each entry is the number of models of a given age observed during the year.

3. Exits are equa to the difference between the number of models belonging to the interval
of s years a time t and the number of models in the interval s+1 years a time t+ 1.Exits
during 1996 cannot be observed in this way and we report them separately.

4, Includes the entry of 8 models in January 1990. Four of them stay until the end of the
sample and the other four exit before December 1996.



Table4: Entry and exit of models by firms®.

1990 1991 1992 1993 1994 1995 1996
Ent. Exit Ent. Exit Ent. Exit Ent. Exit Ent. Exit Ent. Exit Ent. Exit

ALFA 1 1 1 1 1 1
AUDI 1 1 3 1 1 1 1
BMW 1 1 1
CHRYSLER 2 1 2
CITROEN 1 1 1 1 1
DAEWOO 2
FIAT 2 1 1 1 4 2 1 2
FORD 1 2 1 1 2
HONDA 2 1
HYUNDAI 4 1 1 1 1
JAGUAR
LADA 1
LANCIA 1 1 1 1 1
MAZDA 1 1
MERCEDES 3 1 1
MITSUBI 1 1 1 1
NISSAN 1 1 1 1 1 3 1
OPEL 1 1 1 1 1 1 1
PEUGEOT 1 1 1 1 1 1
PORSCHE
RENAULT 1 1 1 2 1 2 1
ROVER 3 1 2 2 1 1 1 2 3
SAAB
SEAT 1 1 1 1
SKODA 1 1 1 1 2
SUBARU 1 1
SUZUKI 1 1 1 1 1
TOYOTA 1 1 1 1 1
VOLVO 3 1 1 2 2
VW 1 2 1
YUGO

Total: 19 2 10 5 16 10 12 9 13 14 17 10 16 9

Note:

1. Shaded areas highlight entry-exit pairs separated at most by two years.




Table5: Logit demand for car models with age effects

Dependent variable: Ins, - In's, Estimation method: GMM*

Sample period’: 1-1990 to X11-1996 Observations’: 7,122 No. of modds®: 164

Varidble Coefficient t-ratio’

Constant -15.840 -6.70

CC/Weight 1332 246

Maxspeed 0.034 292

Km/l 0.071 161

Sze 0651 342

Segment effects®: Small domestic 5152 349
Intermediate -2.831 -1.97
Luxury -4.969 -357

Price x segment: Smdl -4.916 -2.67
Compact -3.374 -2.65
Intermediate -0.931 -353
Luxury -0.593 -2.97
Minivan -2575 -3.12

Age polynomial®: Age -4.816 227
agen2 3884 193
age™3 -0.905 -1.62

Price x age®: 1 <agef 2 -0.381 -3.37
2 <agef 3 0135 201
4 <age£ 5 -0.015 -0.20
5 <agef 6 0023 024
6 <agef 7 -0.085 -0.85
7 <aget 8 -0037 032
8<agef 9 0.081 0.64
9 <agef 10 0161 127
10<agef 11 -0.052 -0.40
11 <agef 12 0041 -029
12 <agef. 13 0,099 0.66
21 <agef 22 0.100 051

Seasonal dummies Yes

Time dummies Yes

S estimate 0.842 751

Sargan test’ (25 degrees of freedom) 35.86

Serial autocorrelation statistic® (m12) 5921

Notes:

1. Instruments: differences of prices with respect to their time mean lagged 6 and 12 months (interacted
with the segment dummies), 20 age dummies, interactions of the age dummies with the price
differenceslagged 12 months.

Instruments lagged 12 monthsimply that models with 12 and fewer observations must be removed.
Standard errors are robust to heteroskedasticity and serial correlation.

Smdl-mini, compact and minivan dummy coefficients constrained to be equal to the average effect.
Agein months.

Ageintervalsin years. We exclude the category 3<agef4. Intervalsfrom 9to 21 years not shown.
Two-step statistic.

Constructed as Arellano-Bond m-statistics.
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Table 6: Age effectsand own-price elasticities

Average dadticities by age, ssgment and interval of survival®

Smdl  Smdl Smdl Smdl

Total Tota i i dom. dom. Compact Compact Interm. Interm. Luxury Luxury Minivan

Age! Suvivd — Men e 79 16 712 16 712 1-6 7-12 16 712 16 712 1-6
Functior?  utility?

1 1.00 100 452 564 6.56 6.73 327 332 6.51
2 0.99 129 394 241 531 6.07 6.25 277 247 250 234 597
3 0.96 134 378 321 519 6.43 6.34 557 245 222 194 184 515
4 0.92 109 392 369 573 610 699 533 650 7.01 231 238 237 211 558
5 0.81 096 413 350 617 560 709 510 632 6.40 221 241 228 198
6 0.73 089 426 381 621 600 718 605 685 6.40 232 283 231 271
7 0.65 0.87 381 6.20 6.11 6.42 2.48 252
8 0.56 0.88 378 6.38 5.70 754 2.33 2.07
9 0.48 0.93 377 5.49 6.78 2.40 1.74
10 0.39 0.99 455 6.00 6.07 330 298
11 0.37 1.08 4.99 6.18 6.38 3.60 3.08
12 0.29 1.18 531 6.12 373
Notes:

1. Age x isashorthand for the numbers of months comprised between x and x+1 years.

2. Age effects are conditional on survival.

3. Ratio of mean utility at the specified age to age 1, keeping everything constant but age. The significant marginal utility effects are computed at the sample median price (2.5).
4. Averages of the elasticities observed at the indicated age and segment for model s bel onging to the specified survival interval.

5. Intervals of survival: 1-6, carswhich survive from 1 to 7 years; 7-12, cars which survive from 7 to 13 years.



TableA.1: Variables

Market price in millions of pesetas circa 1992. It

Price includes indirect tax, transport and registration cost.
CcC Cubic centimeters
HP Horsepower
. Fisca power, fiscad horses according to Spanish

Fiscdp .
legidation.

RPM Revolutions per minute

Maxspeed Maximum speed (in kph)

C90 Consumption (in litres) to cover 100 km a a
constant speed of 90 kph.

C120 Consumption (in litres) to cover 100 km a a
constant speed of 120 kph.

Ctown Consumption (in litres) to cover 100 km in town at
a constant speed of 90 kph.

Length Length incm

Weight Weight in kg

Width Width in cm

Luggage L uggage capacity in cnt

No. cil Number of cylinders
Time (measured ether in months or years) elapsed

Age snce the mode was introduced in the Spanish

market.




Table A.2: Sales-weighted aver age attributes by car classes™”

Price CC/Weight M axspeed Km/| Size Age
Small (33 models)
1990 1.371 1.546 155.746 20.755 5.766 7.583
1991 1.351 1.532 157.361 20.853 5.785 7.190
1992 1.274 1.539 158.936 21.193 5.796 7.912
1993 1.300 1.552 159.042 20.986 5.845 8.100
1994 1.317 1.551 159.325 20.449 5.873 8.308
1995 1.381 1.530 160.842 19.853 5.869 9.386
1996 1.367 1.473 160.840 19.904 5.892 9.623
Compact (37 models)
1990 1.917 1.624 176.034 19.089 6.934 5.879
1991 1.871 1.587 176.239 18.762 6.929 5.489
1992 1.823 1.662 177.153 18.914 6.899 5.229
1993 1.894 1.689 179.108 18.813 6.897 5.657
1994 1.899 1.655 177.115 18.929 6.871 5.995
1995 1.960 1.609 176.921 18.545 6.895 6.320
1996 1.965 1.549 178.162 18.891 6.926 5.697
Intermediate (56 models)
1990 2.620 1.733 189.423 17.269 7.428 4.516
1991 2.477 1.732 186.844 17.618 7.396 4.622
1992 2.287 1.713 186.831 17.502 7.402 4.931
1993 2.405 1.655 189.290 17.675 7.511 3.779
1994 2.529 1.585 190.471 17.077 7.589 4.148
1995 2,572 1.535 191.647 16.963 7.635 3.961
1996 2.568 1.493 194.025 17.209 7.655 4.280
Luxury (47 models)
1990 4.658 1.755 208.407 15.414 8.223 4.571
1991 4.408 1.736 209.436 15.368 8.201 5.597
1992 4.129 1.744 209.246 15.168 8.169 6.238
1993 4.128 1.699 209.744 15.020 8.169 6.727
1994 4.109 1.684 208.638 14.820 8.168 5.988
1995 4.184 1.649 211.300 14.975 8.204 6.582
1996 4.389 1.690 212.982 14.532 8.217 8.104
Minivan (9 models)
1990 3.845 1.642 178.000 14.706 7.429 5.000
1991 3.733 1.641 176.250 13.905 7.711 6.000
1992 2.690 1.690 169.283 15.455 7.465 2.854
1993 2.217 1.679 166.409 16.780 7.208 2.682
1994 2.621 1.671 170.254 15.119 7.568 3.246
1995 3.279 1.608 175.773 13.331 7.988 3.354
1996 3.376 1.618 175.891 13.462 8.038 3.046
All classes (182 models)
1990 1.976 1.622 171.988 19.209 6.611 6.217
1991 1.948 1.609 173.126 19.121 6.660 5.947
1992 1.876 1.636 174.858 19.145 6.705 6.165
1993 1.928 1.631 175.991 19.093 6.746 6.069
1994 1.926 1.600 174.656 18.881 6.711 6.443
1995 1.983 1.563 175.453 18.495 6.727 6.974
1996 1.987 1.514 176.506 18.662 6.760 6.942
Note:

1. Definition of variables is in Table A.1.. The weight for each model’s monthly observation is the
average share of the model in the corresponding year.



Figurel: Shares conditional expectation function.
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Figure 2.a: Models survival function.
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Figure2.b:

Expectation of market share conditional on age and survival
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Frequency in 7%

Figure A.1: Frequenciesof the non-censured observations.
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Figure A.2a: Shares conditional expectation functions of domestic models.
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Figure A.2.b: Shares’ conditional expectation functions of foreign models.
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