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Abstract

The Spanish automobile market of the nineties smultaneoudy experienced a tariff
dismantling and a strong demand downturn, with the observed result of an apparently sharpened
producer competition, both in products and prices. This paper is aimed at testing whether or not
there redlly was a change in pricing behaviour, using a structural moded of competition among
oligopoalistic multiproduct firms. We understand by behaviour the particular strategies, in the set
of well defined market-specific equilibrium concepts, which are sustained at a given moment.
To answer that question, we specify and estimate a pricing equation with panel data for the 164
models belonging to 31 firms which competed in the market during this period. The
specification includes several equilibriums as dternative (overlapping) estimating models,
considering prominently tacit coditions, by which a group of firms st prices taking into
account the cross effects on their demands. The statistical test selects as the best modd given
the data a switch from colluson to competition of domestic and European producers at the
beginning of the nineties.
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1. Introduction

At the beginning of the nineties the Spanish automobile market smultaneocudy
experienced a tariff dismantling and a srong demand downturn, with the observed
result of an agpparently sharpened producer competition, both in products and prices.
Domegtic producers (ingaled multinationad firms) and foreign (European and non
European) producers changed car attributes, introduced new modes, and engaged in
promotiond campaigns, a the same time tha severd signs of price competition
gppeared. This paper is amed at teting wheter or not there redly was a change in
pricing behaviour, usng a dructurd modd of oligopolisic multiproduct firms which
compete in aproduct differentiated market.

Obvioudy, it must be understood that firms continuoudy adjusted modd prices
to ther environment (entry and changes in characterigics). And al producers,
multiproduct firms with a rough average of more than three car models on the market at
a given moment, must be assumed interndisng optimaly the cross effects of their
modd pricing. The central quedtion is whether, in addition, tariff dismantling induced a
change in firms pricing drategies, modifying their degree of rivary. We understand by
behaviour the particular drategies, in the set of well defined market-gpecific equilibrium
concepts, which are sustained at a given moment.

To answer that quedion, we specify and edimate a pricing equation with
(monthly) panel data for the 164 car models belonging to 31 firms which competed in
the Spanish market during the period 1990-96. By developing the underlying theoretica
modd, the gpecification is dle to incdude severd equilibriums as dternative
(overlgpping) edimating modds. Among these equilibriums we consder prominently
tacit coditions, by which a group of firms sets prices teking into account the cross
effects on their demands. In particular, our datistica test sdects as the best modd a
awvitch from colluson of domestic and European producers a the beginning of the

nineties to awhole competition.

Our pricing modd employs a discrete choice specification of demand. Discrete-
choice models have become a popular dternative for moddling and edimaing the



demand of markets with product differentiation (see Nevo 2000, for a list of recent
works and discusson). These modds, especidly under the random-coefficients
methodology promoted by Berry (1994), and Berry, Levinsohn and Pakes (1995) —
henceforth BLP-, show a number of advantages. In particular, they dlow for a reduction
of the dimensondity of the problem of edimating demand parameters with many
products, give ways to treet the endogeneity of prices, and permit the moddling of
consumer heterogeneity. In addition, this methodology has been applied successfully to
the treatment of topics this paper is close to (see, for example, Berry, Levinsohn and
Pakes (1999) and Goldberg and Verboven (2001)). Here we develop a specific version,
in which income effects deermine varying margind utilities, which in tun make
possible asmple and redidtic full specification of pricing equilibriums.

The rest of this paper is organised as follows. Section two explains in detal the
competition changes that took place in the Spanish market and descriptively explores
the price data Section three develops the demand and pricing moded, developing the
way to specify behaviour. Section four discusses, specifies and estimates the pricing
equation.

2. Competition changes

At the beginning of the nineties, the Spanish automobile market was served by
three types of car producers domestic producers, or multinationals with plants instaled
in Spain during the seventies and the eighties amed a exporting an important part of
production, manufacturing in them some of the car modds they sold; Europesn foreign
producers, or multinational European producers without manufacturing in Spanish
territory; and non-European foreign producers, bascdly Adan, sometimes possessng
an incipient production in European territory.

Domedtic producers accounted for saven brands belonging to five groups
(Citroen-Peugeot, Ford, Opel, Renault and Seat-VW), which coincided with the most
important non-Japanese world producers with the absence of Fiat and Chryder (recal
that Opd is a GM subdsdiary). They had dominaied the Spanish market during the
eghties, and they darted the nineties with a joint market share of 82%. At this time the



European foreign producers supply consisted of 14 brands', with a joint share of only
16%, but they sold more than hdf of the cars of the highest segment. And non-European
producers accounted for 9 Asian brands’ plus Chryder, which entered the market in
1992, representing al together amarket share of 2% (see Table 1 and Figure 1).

Taiff and non-tariff protection made it unprofitable to import cars from abroad
during the beginning of the eighties, dampening even the import of the modds from
domestic producers not produced in Spain. All imported cars in 1985 amounted to only
13% of sdes. But this year the Spanish Adheson Treaty to the EEC, setting the
trangtion framework to full integration in the sngle market of 1992, firmly established
a different perspective. Tariffs on cars imported from the EEC had © be decreased as
dipulated from the then-current value of 36,7% to zero by the beginning of 1993. And
tariffs on cars imported from third countries had to be reduced from the then-current
vaue of 48,9% to the common EEC tariff of 10%, athough import quotas applied to

Adan cars remained the same for the moment.

This perspective immediately darted a new competition preparing the coming
open market, simulated by a very dynamic demand. Domestic producers enlarged the
range of modds digributed in the market with models imported from their production in
plants abroad, while foreign producers entered new models. Imports had risen to
virtudly 40% of saes by 1990 (recdl that only 18% are imports by foreign producers).
At the same time, domestic producers invested heavily in plant productivity
improvements.  But, the beginning of the ningties in which demand trangtorily
experienced a dagnation and then a sharp downturn, triggered a new competition
intensity.

Competition during the nineties adopted several dimensions. producers engaged
in a shap increese of advertisng expenditures and an enlargement of sades networks,
continuoudy redesigned exising modds introducing qudity and more equipment,
continued the entry of new modds, and dtated an unprecedented price competition
which consumers perceived through promotiond advertising. The entry of car modds,

! Audi, Alfa-Romeo, BMW, Fiat, Jaguar, Lada, Lancia, Mercedes, Porshe, Rover, Saab, Skoda, Volvo
and Y ugo.
2 Daewo, Honda, Hyundai, Mazda, Mitsubishi, Nissan, Subaru, Suzuki and Toyota.



performed with the double target of replacing old models and introducing in the Spanish
market models absent until this time, was particularly important and can be followed in
detail by means of our data. The year 1990 began with 79 marketed modds, while in the
following years 104 modes entered the market and 59 exited, which implies 123
marketed models by the end of 1996. Asan cars accounted for a disproportionate share
of this entry (28 entering models vs. only 15 in 1990), but entry by the European foreign
producers (48 entering models vs. 48 in 1990) and domestic producers (28 entering
modes vs. 35 in 1990) is dso important. The role of replacement can be seen by noting
that 90% of exits are separated from a modd entry by the same brand by less than 48
months.

Among al these competition changes, the focus of this paper is on pricing. In
paticular, did the dismantling of tariffs change firms price behaviour? Foregn firms
found themsdves able to sdl a ggnificantly lower prices for the same received prices.
Domestic producers experienced the same change for the models which were introduced
from abroad and, a the same time, they expected increased competition for al modes
which included entry and lower rivas prices Obvioudy it is undersood that firms
must adjus each modd price to its new environment (entry and changes in
characterigtics). And dl producers are multiproduct firms, with a rough average of more
than three car models in the market a a given moment, which implies that they must be
assumed to interndise optimdly the cross effects of ther modes pricing. The centra
question is whether, in addition, tariff dismantling induced any change in firms pricing
drategies, modifying their degree of rivary. We understand by behaviour the particular
drategies, in the st of wdl defined market specific equilibrium concepts, which are
sudtained a a given moment. Testing brmdly for these changes is the am of this paper.
In what follows we descriptively explore the likelihood of these changes.

To acquire an impresson of possble pricing behaviour changes in our sample
period, the cost changes induced by quality changes must be disentangled. With this
am, we will use the hedonic coefficients resulting from regressng prices on car
characterigtics. Let us define the price corrected by qudity changes as

5jt =Py - (th - on)B (1)



where X, is the vector of characteristics of model j a moment t, x,stands for this

vector when the modd enters the sample, and b represents the cost per unit of
characteristic estimated in the hedonic regressior®. Averages of these quality corrected
prices will change with the entry and exit of modes, which embody idiosyncretic
qudities that shift the mean. To avoid these effects let us define entry and qudity
change corrected prices as

1
N

t
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where X is the sample mean of attributes and N, is the number of models & date t. Entry
and qudlity change-corrected prices, depicted as indices, give the change in prices which
may be attributed to reasons other than qudity-induced cost variations. Of course they
can show cost changes attributable to other reasons, but they are likely to clearly reflect

changesin pricing.

Figues 2, 3 and 4 summarise the results of exploring descriptively price
changes. Figure 2 represents smple average monthly prices for the three producer types,
deflated by the consumer price index, and the average received prices, that is, the price
receved by producers after deducting the rdevant tariffs The figure highlights an
apparent parald evolution of European and domestic received prices during the period,
a a different level determined by the diverse sdes composition, and a sharp decrease of
the Asan recelved prices. Figure 3 represents the evolution of prices differencing out
the qudity-induced cost variations (normalised to unity the first year), and Figure 4
represents the evolution differencing out the quality compostion effects of entry and
exit. Both figures dress the same conclusons. Firdly, al prices tend to show a fall
during the firg three years (1990-92) and some recovery & some point of the following
ubperiod. This suggests partly procyclica pricing, matched to the demand evolution
reported above. Secondly, Asan car prices show a sharp new fal by the year 1993.
Asian producers price aggressively when the tariff trangtory period reaches its end.
Thirdly, domestic producers pricing seems to recover less deadily than the European
producers pricing, denoting its likdy engagement in downward price competition at
least during 1993. Besdes the figures, the hedonic corrections denote that quality

3 We employ the coefficients corresponding to our preferred model (see Section 4), but the exercise
produces very similar results using alternative estimates.



increments of marketed cars are introduced a smilar pace for al producers, particularly
after 1992, and that Adan entry mainly conssts of models of lower qudity as time goes

by.

3. Demand modd and firms pricng

3.1 Demand with varying income marginal utility

(To be summarised from Appendix A)

3.2 Tegting firms behaviour.
3.2.1 Behaviour

Suppose J dnge-product firms. Let the price of the j-th firm be

of :argmaxié d,p, |dj§ , with p, =(p, - ¢,)s,(p)M, and where c, is the
[

margind cost of product k-th, s, (p) stands for product k-th market share (a function of

the price vector p), and M is (exogenous) market Size. Firms maximisation objectives

are determined by specifying the vectors d,. Denote by D the matrix of dl price effects

d, = ‘ﬂ_& Two extreme equilibriums, with ther corresponding FOC's and the

o,

resulting price vector solved in terms of the vector of shares s, are:

ad =1 "j, d,=0 "k j (Bertrand)

s, .
(pj - Cj)ﬂ_pj_-Sj =13 (Ba)
p=c- (diagD)'s (3.b)

b) d, =1 "],k (Full collusion)



o ﬂS( .
- —=-5S. =1...J 4,
akl (Py ck)ﬂpj S (4.9)

p=c-Ds (4.b)

Suppose now H mutualy exclusve groups of products, with J, products each

(J :é J, ). Let us write the corresponding formules when profit maximisaion is
h

caried out by choosing prices which interndise the cross effects ingde the groups. This
may be the case if the industry conssts of H multiproduct firms or if there ae H

coditions of gngle or multiproduct firms. Let C, be a (diagond) sdection matrix, with
a one in the diagond if the eement corresponds to a product in group h and zero

otherwise.

o d,=1if kT J,, d, =0 otherwise (multiproduct firms orfand price
coditions)

o ﬂS A
a(pk-ck)ﬁ:-sj i1 J,, h=1.H (5.9)
j

K 3,

p=c- (3 C,DC,)"'s (5.)
h

3.2.2 Logit demand specification
Assume a sandard logit industry demand specification with product | utility

gven by u, =x;b-a;p, +x; , where x; represents the vector of characteristics and
X, the impact of unobserved characteristics. Product share derivatives with respect to
prices are

i-as@-s) if k=j
p, 7 &;s5s; otherwise
Let aand S be diagond matrices with dlements the a’s and the vector of shares
repectivdy, and e a vector of ones Hence D=-aS(l-ee'S) and



D*t=-(1+1/s,)ee'S)@S) !, where s, is the share of the “outside’ good. Let us
denote by subindices h the subvectors and matrices corresponding to products in group

h, ad let S, = 601 S, - Equilibriums are given by the following vector and individud

k1 Jh

price expressions

Bertrand:
p=c+(diag(l - e€ S))"*(@S) 's (7.8
P18, 88 (75)
ET Y
Full collusion:
p=c+(l +iee'S)(aS)‘1s (8.9
SO
2 S0
R AU 65
a, So ik S
H product groups.
P, =C, + (I + %Ish)(ahsh)ish h=1.H (9-9)
" >h
1 S 0 o 1 S P
=c +—¢l+—~ F++ 3 ——% l J ,h=1.H 9.b
P J ajg 1- Sy g gaklsh J " &

3.2.3 Nested logit

Assume there are G nests of smilar products, indexed g =1..G, presenting a
degree of “correation” or nest-parameter s, characterised by different margind
utilities of income a,. Then the relevant price expression for a product j belonging to a

group of products h becomes



u 1 S -
p _C +—eWh(1 Wgh = )l]+é_wghwmh—mh Jl Jg and ‘]h (10)
g € "W 0 mg9nm 1- W,
S & Sgh GJ
where w,, éL+ gl ——, S, stands for the group share in nest g and S for
g S Sy A

. This formula encompasses dl the cases

gh

the total share of nest g, and w, =g w,
¢]

of multiproduct firms and coditions in an environment condituted for nests of amilar

products.

3. 2.4 Testing behaviour.

Mark-ups hence depend on the own and rivas shares in a specific way
according to behaviour, i.e, according to the degree of interndisation of cross price
effects. An equation that encompasses al the above behaviours in a smple logit context
IS

p=c +a b fi(9 (11)
k

where b, -1 for k=1.J, and f, ae smple transformations of the vector of
k

shares. For ingtance, if pricing internalises cross effectsin H product groups,

s, o
il+ if k=]
i 1-8,
fo=i— itk kT g, for jT J,,h=1..H (12)
il-S, N
70 if k1 ki J,
¥

If, for a paticular equilibrium, we dack tranformations f, in  vectors

fo =(foen ), k=113, we obtain a set of J variables with coefficients fixed across

products. Mark-ups for a paticular equilibrium may therefore be written as a linear
function of a st of J vaiadiles embodying smple transformations of shares. This
suggests the use of the econometric model



P, =¢ +a b ff(9+uy, (13)
k

where E refers to a particular equilibrium and u; is a zero mean uncorrelated error, to
perform the suitable non-nested hypotheses tests to identify behaviour. When products

are nested, coefficients b, are condrained to the same vaue insde a nest and the

summation has only so many terms as the number of nests.

4. Econometric specification, estimation and results.

In this section we discuss, specify and estimate price equations using data on the
car models sold on the Spanish market by al the firms with a presence in the marketplace.
Taking as a guide the price equilibrium relationships established in Section 3, the find
objective of this empirica exercise is to obtain estimates of these relationships and to test
ther likdihood given the market data. This implies the smultaneous estimation of a nested
marginal cogt function (that we will base on product attributes datd) and the firms
markups.

The optima pricing expressons developed darting from first order conditions in
Section 3 are equilibrium reaionships, that is, they relate the endogenous variables
prices and shares in equations that include the products cost and demand parameters.
They define only implicitly the “reduced-form” for equilibrium prices, in which prices
would depend only on the cost and demand parameters. Given the highly non-linear
form in which shares depend on prices, explicit reduced-form equations cannot be
obtained. Nevertheless, they possess some very useful characteristics. On the one hand,
equilibrium prices are additively separable in two components, costs and unit markups.
On the other, the specification of demand and behaviour gives structure to the form in
which markups depend on observable variables and parameters. The first aspect has
been intersvey used to edimate the (usudly unobservable) margind codts, usudly
adopting an “hedonic” approach to the estimation of the cost functior’. The second

* Cost estimations starting from regressions on product characteristics can be called “hedonic” because
they use the methodology of the traditional hedonic price regressions (see Griliches (1961), and also
Pakes (1997)). Hedonic price equations relate price to product characteristics. They can be theoretically

10



agpect offers the opportunity to cary out a dructura pricing decisons andyss,
dthough it has been not exploited until now.

In this context the edtimation of markups raises an endogeneity problem. It is
natura to assume tha prices are explaned by the observed characteristics that
determine costs, some additionad unobserved cost components, and the markups that
depend on shares. But market shares are a function of prices. Hence, shares will be
corrdlated with the cost sde unobservable term and the shocks. On the demand side,
shares ae ds0 influenced by unobserved components of utility that are likely to be
corrdlated with the cost unobserved components. This implies the use of instrumenta
vaiables (IV) methods of edimation when we include shaes as an explanaory

variable.

Markups can change, and the exploration of their changes is a fundamentd
objective of this exercise. On the one hand, optima markups change under the influence
of factors such as demand changes, rivas prices, entry and so on. In our framework,
these changes are embodied in the specification of the reationship between prices and
shares according to the theoreticaly relevant dternative. For example, discrete choice
demand models are congtructed around the assumption of the presence of an “outsde
good’, whose share is smply the probability of not buying in the anadlysed market at
time t. But this probability is likdy to change with the macroeconomic environment.
This means that cydlicd fluctuations are incorporated in the modd through the utility of
the outside dternative changing over time. On the other hand, behaviour may take any
one of the rdevant dternatives (e.g. Bertrand-Nash, colluson through coditions...) and
moreover it can change over time. Our sructurd price equations are amed a testing
different behaviour hypotheses and their changes over time.

Our egtimating equation has the form

p, [(L+tariff )=h +a+X b+§ b, fE(s)+u, (14)

based on equilibria under the approach of consumer preferences for bundles of attributes and the
willingness to pay for these characteristics (Rosen (1974)). Coefficients in hedonic price regressions are
thus considered to convey information on preferences, technology, and production costs.

11



where the dependent variable are received prices, that is, modd monthly prices deflated,
when relevant, by the taiff. The tem h;, is an unobservable individud error,

representing cost unobservable advantages or disadvantages, X, represents the attribute

vaiadles (attributes in the form of deviation with respect to the sample mean and
squares of these deviations, to approximate cost around its mean a), the sum of terms

in f5(s) stands for the specification of behaviour according to Section 3, and u, isa

zero mean disturbance. In practice, to control for seasondity, we aso will include a set
of monthly dummies

The esimating expression is a linear eguation which can be etimaied by GMM
methods suitable to unbadanced pand data The GMM edtimator exploits the moments

E(Z'J.xj)zo, where Z, dands for the marix of insruments and X; represents the
vector of eements X, =h, +u. We  employ the  edimator

Bz(M;XAMZX)’lM'ZXAMZy, ;» With the consistent “one-step”

where M, =§ Z X
i

1

_ 0
choice A=§ézjz,: . Three paticular aspects of the esimation of the equation
j a

desarve, however, paticular comments: the identification of markups, the trestment of
seria autocorrelation and the instruments to be used.

The sum of vaiddles fF®(s) is dose to unity by condruction, given their
theoretica gpecification. This implies a serious difficulty to separately identifying the
average codt and the average levd of margins a least estimating the pricing equation in
isolation. Joint edimation with a demand equation, by dlowing the impogtion of some
cross condrants on the coefficients, could perhaps improve the identification
conditions. But, for the moment, we will limit oursdves to identifying rative margin
differences by condraining the behaviourd coefficients to add up to zero. This does not
affect the modd capacity of discrimination among conducts.

Our data consst of unbaanced pane observations for a rather standard number
of individuds (182 modds) but with the more unusud monthly data frequency. This is
asociated with some heterogenaity of the time information content. Monthly data are

12



likdy to contain useful information about prices and shares, which change frequently,
but much less about reactions to attributes, which change rardy and have manly longer
term effects. Moreover, monthly market prices contain a lot of short-term movements
we are not interested in nor capable of modeling. The time dimenson of the daa is
then important for identifying part of the rdaionships we are interested in, but is dso
likdy to create problems through autocorrelated errors. To obtain inferences robust to
serid correlation, we will use a robust estimate of the variance-covariance matrix.> All
the daidics are then computed using this robust to heteroskedadticity and serid
autocorrelation “two-gtep” weighting matrix.

To estimate a robust inverse of E(Z x,X,Z,), we assume that XX, =W, are

matrices corresponding to conditiond homoskedastic errors, and we obtain \7Vj vaues

usng the Newey-West Bartlett kernd computations for the autocovariances of
individud j. Then we employ the usud “two-step” estimate A, = (§ Zj\?Vij)'l. We

J
use 72 time obsarvations as the maximum lag that we take into account in the Bartlett
kernd.

As we have argued above, shares and hence the behavioural varigbles must be

conddered variables both correlated with h, and u;,. The most standard way of treating

such a sdting is the edimaion of the equation teking first differences in order to
difference out the individud corrdated component, and the use of lags of the
endogenous variable to set vaid moment redrictions (see, for example, Ardlano and
Honoré (2001)). In our case this is an undedrable dternaive because T is short in
relation to the pace of variation of atributes. The differentiation of the attributes would
eiminate crucid information contained in the levels equation and would exacerbate the
variance of the disturbances. Instead, we will use as instruments, in a GMM framework,
the differences of the shares with regpect to ther individud time means

lagged a number of periods. This ingruments shares with their

is?

S.=s, - WA s

past time vaiaions avoiding the use of ther levd variaions across modes.
Insruments of this type were fird proposed by Bhargava and Sargan (1983), and
moment redtrictions of this type have been sudied in Ardlano and Bover (1995). A

® See Newey and West (1987).
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recent discusson may be found in Blundel and Bond (1998). As additiond instruments,
we will employ the st of 31 brand dummies. To test the vdidity of the employed
ingruments, we employ the Sargan tet satistic of the overidentifying restrictions.

Edimation of the pricing equation is caried out employing as attributes power
measure ratio cubic centimetres to weight (CC/Weight), fud efficiency ratio km to litre
(Knvl), usd in the particular form of the rddive efficiency in city driving with respect
to 90 Km/h driving, the measure of sze and safety length times width (Sze), the
maximum speed in km/h (Maxspeed) and air conditioning (ac) “luxury” indicators, and
the materids use indicator weight (Weight). We try to be deliberately close to BLP
gpoecification for the sake of comparisons. The use of other characteristics or a more

complete list does not change the main results.

We group modds into 5 categories that closdy follow common industry and
marketing classfications. The classes of cas consdered ae smdl, compact,
intermediate, and luxury. We separately group minivans, which were a tha moment a
product beginning their market penetration. The number of modds in each segment are,
respectively, 33, 37, 56, 47 and 9.

Table 2 presents the results of estimation. All attribute coefficients show the $gn
expected in a cogt function and senghble vaues (cost is increasing in weight a dl the
sample vaues). Moreover they do not change dramaticaly from estimate to estimate,
athough some changes are sgnificant.

Edimates of Table 2 implement the three more sraightforward specifications of
behaviour, and condtitute the base for testing behaviour® The first equation assumes
that behaviour was Betrand-Nash dl the time and for al players a common
assumption in many models and esimates of this type. The second equation makes the
unredisic assumption that behaviour was colluson of al players dl the time. The third
edimate makes the sendble assumption that domestic and European producers set
prices & the beginning of the period interndising the cross effects of their prices, i.e
they condituted a price codition, but this codition broke up a the end of 1991.
Domestic and European producers are supposed to switch then to play Bertrand, while

® Variables of behaviour are computed using the nested formulas constraintsusinga S value of 0.8 (the
value obtained in an independent demand estimate).
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Asian producers are assumed to play Bertrand the entire period. The estimate of a model
in which the bresking up of the codition is assumed a the end of 1992 gives very

sSmilar results.

This third esimate is the best in economic and datistical terms. The coefficients
of the varidbles moddling behaviour follow exactly the pattern expected according the
theoretical gpecification, and they are roughly consstent with the coefficients and price
dadicities of demand which have been obtaned in a demand equation estimated
separately (see Tables A.1 and A2). To compare datidicdly the results of the three
models we use a Vuong-type test of sdection among non-nested or overlgpping models
(see, for amilar gpplications, Gasmi, Laffont and Vuong (1992) and Jaumandreu and
Lorences (2002). We compute it with the GMM andogous to the likelihood ratio. That
is, for every two models we compute the vaue

N(‘]z - ‘]1)

VT =1
la (‘Jil_ ‘Jiz)2 - N(‘]l - Jz)ZJ

(15

1/2

where J, and J, are the corresponding minimised values of the objective function, J,;

and J,, ae the individua observation vaues of the objective function evaluated at the

minimum, and N the totad number of observations. We expect this datisic to be
digributed as a N(0,]) . The result says that the Bertrand-Nash competition modd is

somewhat better than the full colluson modd, but that the collusonBertrand switching
mode clearly outperforms statistically both (see Table 2).
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Appendix A

A.1 Consumer choice

Let U(mxs) be the (contingent) utility derived from the consumption of a
composite good m and the variant s of a unit demand good characterised by the vector
of atributes xs. Let y be income, ps the price of good s, and normalise the price of good
m to  unity. Unconditiona indirect  utility can be written as

™v

V(y- pj,xj)zMSaxV(y- Ps.Xs), ad Roy's identity holds as d;j=- W ﬂ_y =1 for
the chosen dternative and dg =0 for st j (McFadden, 1981.)
Many empirica andyses specify V as
V(y- pj,xj)=a(y- pj) +u(x;) (A.D)

where a stands for congtant margind utility of income, and u(.) is usudly taken linear in
dtributes, i.e, u(xj)=xjb. This specification has the advantage of smplicity and it can
be employed to derive draghtforwardly an edimable sysem of demands for
differentiated products (Berry, 1994.) It presents, however, the important drawback that
it can hady explan how consume’ income influences decisons, hindering the
andydis of abadc dimension of consumer’ heterogeneity.

Let us specify utility keeping separability but dlowing for a varying margind
utility of income

V(y- pj,Xj) =h(y- pj) +u(x;) (A.2)

where h() is a function with h(0)=0, which we will assume to be only monotonicaly
increesng and concave. This specification encompasses expresson (1) as a particular
cax, but shows decressng margind utility if h(.) is drictly concave. In order to
compare utilities among them, let uswrite (2) as

V(Y- pj,xj)=h(y)- h®y-1p;)pj +u(x;)=h(y)- a(y,pj) pj +u(xj) (A3)

where | T (0,1) and depends on the vaues of y and p;. The firg equality is obtained
aoplying the mean vdue theorem. The second edablishes that margina  utility of
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income a is now a function of y and pj, with ‘ﬂ_a<0 and Ja . 0. Expresson (3) gives

Ty p;
consumer utility derived from any consumption in terms, among other things, of the
associaed margind utility of income,

For a given consumer V(y- pj,%j)> V(y- pk,x), " k* j, if and only if
-a(y, pj) pj +u(xj)>-a(y, pk)pk +u(xx) (we will cdl these lagt terms utility

contributions). As in the standard specification, the consumer can grongly prefer the
attributes of k (a high qudity verson), but be deterred from its consumption by the
counterbalancing weight of its higher price But now this effect may crucidly change
according to the income that characterises a particular consumer, even if consumers
share the same attributes vauation. Some consumers with higher incomes (lower a’s)

will choose, a the same prices, more expensive varieties.

Let us now represent in Figure A.1 consumer’ choices as a function of income,
drawing on Bresnahan's (1987) discusson of heterogeneous tastes. To smplify the

representation (and only with this purpose), assume a drictly concave function

. B L Ta : a .

with h@=0, which implies that ‘ﬂ_<0 is a condant and ﬂ—2=0. Utility
y y

contributions V - h(y) © u, can be represented in the plane (y, u) by straight linesas:

Us = U(Xs) - a(y.ps) Ps (A.4)
with dope incressing in price ( 1];_52 - psg—a >0). Thes lines gart from the fourth
y y
u(xs)

quadrant” and cross the y-axis at the points y. that verify a(ys, ps) = . Let us take

S

two variants such as u(x¢) >u(xj) (i.e, the good k is superior in the atributes

u(x;
vauation), and py > p;in a way tha implies MEQ (i.e, the price of qudity

: p p

k j

increases fester than its vauation) Then a(yk,pk)£a(y;,pj) and, as 1;T—a>0, this

Pj

implies yi > ;.

" A consumer will only consider buying the good s at price ps if he has enough income. If y = Pg . he gets
utility ug = u(xg) - h(pg) , presumably anegative value because of the high marginal utility of income
in the absence of other consumption.
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The figure illustrates the way in which the choice among the different varieties

depends on consumer’ income. The consumer will only decide to buy one of the product
vaieties when his income reaches y’, even if he had dready been able to afford the
vaiety j before (y; =yl > p;). At the interva (y', y*) he will buy the variety j and, if
yT (y*,y"), he will choose the superior variety k. At higher incomes he will switch his
consumption to higher price dterndives. Notice tha, with the standard specification

(1), this dependence of choices on income is completely missed: contributions to utility
are given by horizontal straight lines.

A.2 Industry demand

Congder now an industry with differentiated products which are demanded by a
population of consumers that, for smplicity, we suppose are endowed with the same V,
but with different incomes didributed in (0,y,, ]. Varieties and their prices are given as
the result of pevious producers decisons. Products can be ranked from 1 to n such as
u(xc)/u(x;) £ px/pj for any two varieties if j<k. It is dear that consumers with
different incomes will duger buying ther mos satifactory dternaive given their
income. For example, consumers with income y1 (y',y*) will buy vaigy j.
Therefore, the smple introduction of varying margind utility of income in the basc
model has been enough to determine an association in consumption between quality

varieties and consumers income®.

Let us now enlarge the set of products in a direction inspired on the rea Structure
of many markets. We dlow for the exisence of varieties with the same globd vaduation
and identicd price (i.e, ther lines are superposed), and we assume that they will share
the demand of the corresponding income levd. Thus, consumers with incomes
beonging to the intervd (y',y*) will duster buying dternative j or any one of the
equivdent varieties (class-g varieties) This agrees very wel with the currently assumed

consumer tagte for variety. In fact, indudries condgsing of severd income-related

8 Moreover, products present two (perfect information) boundary characteristics. Firstly, a good priced
the same as another and characterised by an inferior valuation will not be demanded (its utility
contribution is a downward parallel displacement of another). Secondly, a good with avaluation identical
to another but with a higher price will not be sold (lineswill not cross within the relevant range).
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clases of varigties (market segments), in which severd varieties compete among them
more intensdy than with the varieties belonging to other dasses, are frequent. In fact,
verticd and horizonta differentiation coexist with each other, and tastes rule the choice
among the dmilar varieties while income has a role when compaison involves
verticaly differenced products. The automobile industry, with products grouped in the
dandard model categories of smdl, compect, intermediate and luxury cars, is a good
example.

A.3 Sochastic set-up

Assume now tha an individud’'s behaviour cannot be completely predicted by
any of the usudly dleged reasons (see Anderson et al., 1992.) Then some random
component must be included in the utility contributions. The smplest specification,
which gppends to utility an additive random term with zero mean assumed i.i.d. across
vaidies, is

u(xs) - a(y, ps)Ps + €5 ° Ug +eg (A.5)

If the €s ae didributed as a type | extreme vadue random variabdle, the
probability of choosing good | for a consumer with income y is now given by the logit

formula®

P 1Y) = (A6)
1+ e*

The lines of Figure 1 and the criticd income vaues y° now only hold as relations
for the average utility contribution (i.e, at the zero mean of the random terms) But they
dlow us to eadly fdllow the evolution of probabilities of buying different goods dong
incomes by looking a the relaive vaues of the utility contributions u, and thinking of

them as arguments of formulas (6). For example, vaiety | presents the highest
probability of being the one chosen by a consumer with an income that belongs to the
interval (y',y"), followed by the probabilities of acquiring k and then I. In paticular it
is clear that the higher the income, vaieties with higher prices become the most
probable choice.

° The alternative of “buying nothing” isindexed by 0 and given null utility contribution.
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This modd is especidly suited to accommodate the exigence of the (income
levd related) classes of varieties. If varieties belonging to a dass are identicd in price
and dtributes vduation, they will exhibit identicd income conditiond probabilities of
choice (they will show the same average utility contribution). But now varieties can
even be only “agpproximady” equivdent, showing minor differences in the totd
atributes vauation, and they will present smilar conditiona probakilities of choice.

As far as the probabilities evolution is concerned, it is essy to show the
following
Lemma P(0|y) is continuoudy decreasing in 'y and P(j|y) is for each |, either a
continuoudy increesng function of y or reaches a maximum and then decreases. The

dternatives whose probability reaches a maximum are the lowest priced ones, and they

reach it at asequence of y vaues that reproduce the price ordering.

Proof. See below.

A.4 Product shares

Assume a lage sample of M consumers, endowed with income-conditiona
probabilities of buying each dternative of the J product varieties of the industry.

Consumer i-th has income y, and the probability dendty function f(y) characterises

the income didribution among consumers. Given product prices, it turns out that
observed market shares will converge in probability to expected market shares that can
be gpproximated by the logit expressions evaduated a sample average utility levels. The

average Utility level of dterndive j is given by u;, vaduaed a an a egud to
consumers mean marginal utility of income conditional on choosing dterndive j .

To see why, note firdly that the number of buyers of product jis the sum of a
large sample of Bernoulli independent variables x; with means E(x;) =P(j|y;) and

variances V(X;) = P(] |y;)@- P(j|y;)). The observed share Is(j):éxij/M will

converge  in  probability, by the law  of lage numbers,  to
P(j) =& E(;)/M =a P(jly;)/M, which, using f(y), we wil wite as
| |

P())=a P Y)T(Y).
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Asociated to this share there is an expected income, or mean income, that
buyers of j are expected to exhibit, obtainable by weighting each income by its

PO, =) g
P(x, =J)a

Y,P(i 1Y) f(y)
é PGy T(Y)

probability. That is y, =8V, =a Applying
i y

D D> D> D
QJo

Bayess rule we can write vy, :é yf(ylj), whee we will cdl f(y|j) the
y

probability dendty function of income conditiond on choosng product j. Smilaly,
P(j) ds has an asociaed margind utility of income, or mean margind Utility, that

buyers of | are expected to experience, which we can write, by the same reasoning, as

a, =8 aly,p)f(yli.
y

It is naturd to gpproximate shares as a function of these values. To see how,
firgly note thet, given prices, (individud) margind utilities of income a(y, ps) =ag(y)
can be taken a  vaides  with probability dengty functions
gs(a) = f(a;l(a))|a'sl'(a)| and conditional dendgties g(a|s). Then recdl that

P(j):é P(j|y)f(y) implies an average across income dendsties of al margind
y

utilities of income. Then replace this expectaion by the function P(j|.) evauated a
the vector of expected income magind Utlites a =(a,,...,a,). Cdling this

agoproximation P(j;a), we have

P(j) » P(j:a) =1+3—eu5 (A.7)

S

where u, = u(x,)- a,p, and a, =g a(y. p.) f(yls) =3 ag(als).
y a
~ p
We had dready established that P(j)® P(j) » P(j;a). Now it is clear what
the contents of the a, specific price coefficients a expected “aggregated” logit

formulas ae expected average utilities of income associated with choosng each

dternative. Moreover, given prices and product attributes (and normdising u,), a

unique vector of shares P will correspond to each vector a, and there is only one

vector a corresponding to a vector of shares P (see Berry, 1994.) Then, it seems
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natura to interpret observed shares P as corresponding to average margind utilities &
convergingto a , thatis plim P(j) = plim P(j;&) = P(j;a).

In addition, expected mean margind utilities will show a very definite pattern
with respect to product prices/qudlity, as the following proposition establishes.

Propostion. With decressng margind utility of income, products with higher prices
have lower expected average margind utilities.

Proof. See below.

A.5 Elasticities

Replacing sums by the integrd sgn, in order to smplify notetion, the own-price
and cross-price dadticities of the expected product | market share P( ) can be written

as

hy =- m(‘fiP(J ly)@- P(j |y)) f(y)dy "1=1.., (A.8.8)

h, "kt A.8.b

J P( ) k] (A.8.0)
'na()‘ . _

where a =al(y, ps a(y,p,)1+9,). The dadicity g.,of margnd

é a() o,
utility with respect to the product price may be consdered smdl if price is not too big
with respect to the relevant income. Moreover, in many cases these dadticities can be
sensbly assumed to be independent from income. We will assume this henceforth,
without loss of generdity, in order to Smplify notation.

Expressons (A.8) present the genera form corresponding to logit dadticities
under consumer’ attribute-related heterogeneity (see, for example, Nevo 2000). But the
focus on income heterogeneity alows us to be more specific. These eadticities can be

rewritten as

h =- p()["" P())(a- P(j)) +Cov(@P(j 1Y), P(j )] =- & p, ]t- P(i)+w)]
i (A%l
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h, = PF()kj) [&.P(K)P(j)+Cov (aPk | y).P(j | y)]=& p,PK)L+w,)
"ikij  (A9h)
LaPKly)

where w;, = — - 1)( PU !y)
a, P(k) P(J)

- D f(y)dy, w,is the corresponding expresson
for j,the w factors fulfil the condraint w; = - é_ (P(s)/P(j)w, , and &, stands for

the mean margind utility of income associated to product k augmented in the price
variation effect, thatis &, = (cgf (y|k)dy)1+g,) =a,(1+g,) .

Eladticities in (A.9) show two important changes with respect to the standard
logit dadticties. Frdly, margind utility paraneters a are now product specific. This
reflects, as we have shown above, the different average margind utilities associated
with each product. Secondly, cross-price eladticities with respect to the price of product
k vary across the subgtitutes j, in contrast with the uniform effects which characterise
the sandard logit modd. This varidion reflects that the modd is now diginguishing
among products “closer” and “farther” to product k in a very precise meaning, cast in
the covariance term. This term shows that a price increase of product k will induce a
high subditution by the products that exhibit a high probability of beng chosen a the
same income levels, and a low subdtitution by the products that are the typica choices

a other income leves.

The differences between the formulas (A.9) and the standard ones is easy to
interpret. Let us fird examine the conventiona logit price effects, given by the firg term
of the sum in the firg pat of the equdities 9.a and 9b. In 9.a we find the share
reduction provoked by a price increase of product J,

-a,P(j)@- P(j)) =-&,P(j)[P(0) + & P(s)], which in case of a price increase of
product k will be - &, P(K[PO)+& P(j)]. In 9b we find the corresponding
i

increment of dl the other market shares ékP(k)P(O)+é a, P(K)P(j), which turns out
i

to be proportiona to their relative importance.

It is dmply naturd to expect and specify such a proportiond effect in an
individud that we are only able to characterise up to a st of probabilities of buying the
dternative products. If one probability is going to be reduced, we expect the
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probabilities of dl the other dternatives to benefit proportiondly from this reduction.
But, when we look a the didribution of buyers we mug take into account tha this
ample change modifies the rdative individud probabilities of dl buyers If buyers
cluser around dternatives, in the sense that some consumers have higher probabilities
of buying some dtenatives than others individud changes will induce expected
aggregated changes according to the patterns of subditution given by the dudtering.
This is what is reflected by the covariance term, raising what can be caled “aggregated”
eadticities (BentAkivaand Lerman, 1985).

A.6 Nested probabilities

The present formulation can be combined with the specification of nested logit
probabilities. In this case, the nesting must be intended to reflect the sructure of the
individud preferences and hence probabilities of choice given income. That is as
products to be chosen by any consumer present among them different degrees of
“dmilarity” and “dissmilarity” in attributes, the modd avoids the IIA property by
grouping together amilar dternatives. Then the rest of the model applies.

One paticular verson of this combination is obtained by assuming that income
does not influence the choice among dternatives indde a nest. That is, dl products
grouped a a nest present conditiona probability choices that evolve with income at the
same pace as the probability of choosing the group (segment). This corresponds to the
sample graphica example of sets of products represented for the same line. It can be
regarded as a amplified dtuation in which income and tadtes influence globa choice,
but only tastes determine the choice indde the segment. This dtuation is likdy to
emerge when producers choose to locate products dightly differertiated in nedts
characterised by the same price.

Formdly, let g=1,...,G index the groups of products and let J, represent the
st of products in group g. We will use the notation P, (k|y) =P(k|y)/P(J,|y) for

the intragroup share of product k, where P(J, |y)= é_ P(s|y). According to the

sl Jg

dbove suggestion assume tha B, (k|y) =P, (k), which is equivdent to
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f(ylk)=f(ylJ,). Then, it is easy to check that nested eladticities with consumer
income heterogeneity are given by

hy =-&p, 8- P()A+w,)+——@- P, ()} 3 (A10)
1-s H

~ & S b . A
hjk=akpkgP(k)(l+ij)+EPg(k)§ jktj if jkiJ, (Al0b)

or h, =&, pP(K)(1+w,) "kt j otherwise (A.10.c)

Proof of the Lemma

Note that the e"s ae increesng in y. Hence P(O|y):1/(1+3°1 e*) is

S

continuoudy decreesng in y. On the other hand, each P(j|y) will increese if
P(ily) _ fa(y.p)
Ty Ty

fom q, = ﬂa(y;/ps)/ﬂa(%’/pj) >0 and fulfil g, >qq if p, > p, . What we need is

1
the podtiveness of the term between brackets. With J varieties ordered according to

P(i1y)p, - & a,P(s|y)p.]> 0, where the terms q, have the

prices (from the lowest to the highest), the postiveness of conditions from 1 to J form
a sydem of inequdities in which the condraints will be violated in trn as y grows (the
condraints are esder to be fulfilled the bigger the price). Then the corresponding

probabilitieswill begin to decrease.

Proof of the Proposition.
We wat to show tha, if p,>p;, then a,<a;. We have

aj-a, =y, p) Flyl Ddy- Galy. p)f (kly)dy= ga(y. p;)- aly. pu)) f(yl)-

< . Ja . Ja )
- , f - f k)) = - -p)f - F -F k
ARy, pO(F(y[1)- f(y[k)) %(pk pj) f(yl) O_ﬂy( (ylj)- F(ylk))
where the firg term of the lat equdity conditutes a first order gpproximation and the

second is obtained by integration. This expresson can be gpproximated by the integra

i c‘)1‘|11—a(F(y- Doly)- E(y|K). A siffident condition for this integral to be postive
y
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is the dochagic dominance of the didribution F(y- Dp|y) over the
digributionF(y| k). As we ae going to see, this is what we must expect when

Pk > P; and prices are not too big with respect to income.

Given the previous Lemma, it is easy to check that the ratio of probabilities of

dterndtive k to | is incressng, tha is ﬂ(P(klyé/P(”y))>o. This implies
y

SPKTY) £t Y PklY) PGIYTY)
G v (ylj)dy < . = dy or
(1) 9 P(le)Qy PG 1Y) F(Y)

Pk) _ PKIN Ty GPKIY T (y)dy

_ Hence, ¢ f(y|j)dy>Q f(y|K)dy or
PO PUINTOD 3R 91y 9 9

F(y|j)>F(y|Kk). If prices are not too big with respect to income, this will imply the

required dominance.
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Table1l: The Spanish car market in the 90s

Share of
Sades Models  Models No. of Shareof  Shareof Asian

Year Sdes index entry exit models domestic European produce
producers producers s
1990 971,466 100.0 19 2 98 820 16.0 20
1991 878594 904 10 5 106 80.0 169 31
1992 973,414 100.2 16 10 117 81.3 14.6 39
1993 735,993 75.8 13 9 120 80.7 139 5.2
1994 897,492 924 13 14 124 786 158 53
1995 822,593 8.7 17 10 127 77.0 157 6.8

1996 897,906 924 16 9 133 75.0 158 84




Table2
Resultsfrom mode estimation and testing

Dependent variable: p,, /(1+tariffs,,)

Sample period®: 1-1991 to X11-1996; Observations®: 7,122; N of models’: 164
Estimation method: GMM?

Variable Coefficient t-ratio>  Coefficient  t-ratio>  Coefficient  t-ratio®
Constant 2151 13.74 2.036 11.69 1.985 11.33
Attributes:
CC/Weight 2034 7.85 2068 8.06 1.859 6.89
Maxspeed 1144 2.26 1.043 205 0.832 175
Knvl 0.360 0.76 0.364 0.76 1031 217
Sze -0.146 -0.75 -0.162 -0.84 -0.381 -2.05
Weight 3610 541 3814 554 3.908 6.04
Air -0.085 -0.77 -0.091 -0.80 0.037 031
(CC/Weight)? 1570 390 1560 390 1.440 270
(Maxspeed) 3220 421 3.193 4.25 3589 411
(Sizef 0.100 1.82 0.09 1.87 0.088 1.69
Behaviour®
Always Bertrand
Small -0.16 -0.09
Compact -1.67 -155
Intermediate 345 2.80
Luxury 264 170
Minivan -4.26 -1.69
Always Collusion
Smdl 0.034 023
Compact -0.219 -091
Intermediate 0.827 3.10
Luxury 0.667 193
Minivan -1.358 -212
D+E switch from collusion to Bertrand
Small -1.102 -2.22
Compact -0.952 -105
Intermediate 3.013 3.08
Luxury 3487 3.35
Minivan -4.445 -2.46
Sargan test® 49.46 50.19 36.22
(28degrees of freedom)
Voung-type test’
Always Bertrand 120 -851
Always Colusion -9.21
Notes:

1. Instruments lagged 12 months imply that models with 12 and fewer observations must be removed.

2. Instruments: differences of segment-shares with respect to their meantime lagged 6 and 12 months, 31
brand dummies.

3. Standard errors are robust to heteroskedasticity and serial correlation.

4. Coefficients of behavioural variables are constrained to add up to zero.

5. Two-step statistic.

6. Computed with the GMM analogous to the likelihood-ratio. A row value above (below) the critical
value 1.96 (-1.96) means that the row model can be accepted as better (worse) than the column model.



TableA.1
Reaults from demand estimation

Dependent variable: In |5\>J - In I50
Sample period®: 1-1991 to X11-1996
Observations’: 7,122

N° of models': 164

Estimation method: GMM?

Vaiable Coefficient t-ratio”
Constant -15.840 -6.70
Attributes:
CC/\Weight 1.332 2.46
Maxspeed 0.034 2.92
K/l 0.071 1.61
Sze 0.651 342
Prices.
Smdl -4.916 -2.67
Compact -3.374 -2.65
Intermediate -0.931 -3.53
Luxury -0.593 -2.97
Minivan -2.575 -3.12
Segment effects’:
Smdl-domestic 5.152 3.49
Intermediate -2.831 -1.97
Luxury -4.969 -3.57
Seasonal effects included
Time dummies included
Age polynomial included
Age-priceinteractions included
S estimate 0.842 7.51
Sargan test” (25 degrees of freedom ) 35.86
Notes:

1. Instruments lagged 12 months imply that models with 12 and fewer observations must be removed.
2. Instruments: differences of segment-prices with respect to their time mean lagged 6 and 12 months,
20 age dummies (years) and interactions of the age dummies with the price differences lagged 12
months.

3. Standard errors are robust to heteroskedasticity and serial correlation.

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

5. Two-step statistic.



TableA.2

A sample of own and crossprice agticities'

(x100 cross-price cross-segment dagticities’)

Small mini Small Compact Intermediate Luxury

Fiat Seat Rover Ford Seat Peugeot Ford Opel VW Citroen Ford Opel BMW Mercedes Volvo

Uno  Marbella 114 Fiesta  Ibiza 205  Escort Astra Golf ~ Xantia Mondeo Vectra 525 300 850

Fiat Uno -4.033 1.185 0.169 0.421 0.390 0.203 0.279 0.420 0.278 0.019 0.024 0.021  0.007 0.017 0.014
Seat Marbella 1.396 -3.235 0.144 0.417 0.399 0.192 0.278 0.394 0.277 0.037 0.042 0.034 0007 0.017 0.012
Rover 114 1.215 1.085 -6.227 0.410 0.381 0.167 0.282 0.400 0.266 0.014 0.017 0.038 0007 0016 0.013
Ford Fiesta 0.081 0.060 0.010 -5.776 0.913 0.455 0.280 0.405 0.267 0.010 0.012 0.019 0.007 0.016 0.013
Seat Ibiza 0.081 0.060 0.010 0.949 -5.820 0.455 0.280 0.404 0.268 0.010 0.012 0.019 0007 0.017 0.013
Peugeot 205 0.081 0.059 0.010 0.949 0.913 -5.899 0.280 0.400 0.269 0.009 0.011 0.021 0.007 0.017 0.013
Ford Escort 0.080 0.058 0.010 0.415 0.399 0.193 -5.294 0.909 0.616 0.207 0.231 0.139 0009 0.018 0.006
Opel Astra 0.044 0.049 0.007 0.387 0.389 0.140 0.721 -5.764 0.586 0.210 0.234 0.081 0.009 0.016  0.005
VW Golf 0.080 0.059 0.010 0.414 0.399 0.193 0.740 0.909 -7.030 0.254 0.285 0.155 0.010 0.018 0.004
Citroen Xantia 0.017 0.045 0.005 0.417 0.430 0.140 0.297 0.361 0.256 -2.449 0.643 0440 0011 0.013  0.000
Ford Mondeo 0.019 0.044 0.005 0.414 0.424 0.139 0.294 0.359 0.255 0.580 -2410 0438 0011 0.014  0.000
Opel Vectra 0.076 0.051 0.009 0.422 0.402 0.189 0.280 0.403 0.267 0.581 0.651 -2.477 0.017 0.023 0.000
BMW 525 0.074 0.046 0.008 0.425 0.403 0.186 0.284 0.426 0.253 1.567 1.748 1.021 -2.631 0545  0.433
Mercedes 300 0.073 0.044 0.008 0.427 0.404 0.185 0.286 0.440 0.243 2.012 2.239 1201 0321 -3.258 0.433
Volvo 850 0.032 0.040 0.006 0.403 0.407 0.134 0.273 0.382 0.248 1.206 1.349 0.301 0.350 0.515 -2.797

1. Cdl entriesj,k wherej indexes row and k column, give the percent change in sales (or market share) of model j with a one percent change in price of model k.

2. Cross- price elasticities between models of different segments are multiplied by 100 (the sample includes an average of 110 model s/year).



Figure 1
Sales evolution in the Spanish car market
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Figure 2: Prices and received prices
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Figure 3: Quality adjusted price index
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Figure 4: Entry and quality change adjusted price index

<
CZ T 1 T 1 T 1 T 1 T 1 T 1 T T T T
o
Q ]
WO
O? -
o
o
O? -
o
(e o]
CO_ - ]
(&
C%: - — — Domestic -
o European H o

............. Asion
o
Ccz 1 1 1 1 1 1 1 1
©90 10 20 30 40 o0 60 70 ao

months

9¢



FigureA.l

Utility and choicesasa function of consumer’ income.




