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There is a very extensive literature covering the gene“al area
of damand analysis but most of this deals with commodities or commocity
groups and implicitly treats them as hianogeneous products when in

reality a commodity may define a wide spectrum of varieties, models or
brands. To investigate consumer behaviour at the sub-commodity level
is to investigate the nature of the demand funetion faced'by the firm
or the division of a firm whereas traditionally empirical market |
demand analysis has becen concerned with the characteristics of the
industry dcmand function. The results of commodity level demand
analysis nge got obvious relevance to govcrnhent tax and trads

policy and to indicative national planning but only limited relevance
to the firm. To understand the behaviour of firms and to assess the
degree of competition emong firms, we need information on the demand
function faced by that firm - that is the demand functicn for that
firm's brand of the commodity. Despite this, little published work
has been forthcoming on the demand for branded goods and two obvious
explanafions come to mind - first the problem of quality variation
amdng'brands of the same commodity and second the lack of data on
market sharc behavicur.  This contribution is. largely concernad with
developing an operational version of a demand for brand model in which
quality variation is explicitly recognized. This is éccomplished by

following up a suggestion made by Griliches [J.J and generating

implicit prices for the range of qualitative attributes a commodity

possesses., This allows us to construct quality adjusted prices fer
each brand which are the correctly specified prices for the demand
equation. The model is tested out in the U.X. market for farm

tractors and found to give satisfactory results.

The Theorctical Structure

Demand analysis, both theoretical and applied, has treditionally

‘been concerned with commodities which are assumed to be homogeneous.

Thera has been no recognition of quality variations within a commodity
or of the existence c¢f brands, varieties or models of a particular
comrodity, or of thé entry of new products or the disappearance of old
ones, The only herd prediction frem the orthedox theory of comsumer
behaviour has been the sign of the substitution effcct and ¢ven this
cannot Lo gpplicd with new products since the theory assumes that
consumers have clways had access to all ccmmodities. Further, traditionz’
theoﬁy aliows Tfor Lo predictions about comaiementarity or substitutabi;ity
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among comnodities - & vcry real indictment of the theory when we remerber
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how 1’.1.19.38 mlzfinnships amonfs commodities are oftern Sovkedang A e AR
CONSUmCTs, The story an the pinduction side .is symsetric with thet

on thc demond side with the theory of the firm saying nothing about
quality of inmputs, ebout the chcice between brands cf machine or types

of labour or of the basic relaticmships between these vericus inputs.

Recently there hava been some theoretical developments mainly
concerned with recognising commedities as bundles of characteristics
(Lancaster | 6 ], Ironmonger [ 3]) and a new theoretical structure
has evolved with a linear programming framewcork = an approach used

previously almest exclusively for production problems®.
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The cariy use of linear programming in diet prcblems did in fact
recognise food cormodities es bundles of characteristics, i.e.
various nutrients - calories, proteins, fats, etc. In this case
the constraints that had to be met were releatively simply defined
on physiological grounds.

Actually a theory of consumer behaviour where variétieé of a
commodity are available was set out by Houthzkker [2 '] as long ago
as 1951/2, His consumer utility function incluced quality levels as
well as commodity levels and he assumed price differences among varieties
ape exactly determined by quality differences. The same assumption
was mads in scme empirical work Ly iheill(;ll‘] done at about the seme
time where nhe took price as an indicator of quality ené then estimated

a demend function for quality using budget data.

These theoretical developments can indicate long-run equilibrium
situations and the variables which will ceuse movements in the
equilibrium but. in examining the demend for brands or varieties of a
commodity we do not expect imstentaneous zdjustment by consumers or by
firms, Thus a prograrming model without further constraints would for
example immediately replace a brand eppearing in the solution by 2 mew
product if that new product had the same quality rix and a lower price.
Bacause of brand loyalty end imperfect informaticn we will not expect an
immediate_adjustment to the new equilibrium but ‘instead a gradual
adjustnent over timé with the rate of edjustment probably Being_

determined by the size of the price and quality differences betveen

existing and new products. In fact it would be possibls to put
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cdfustment or 'flexibility' constreints inte ibe wadel which woulc

1imit the change in patterns of expenditure to wiat had been observed

historically. This would be the sams I1dea &s is udodied in thc

racursive programaing approach to production response.  Hawever to e



operztional in the field of demand for Srends, the programming ~pproach
requires us to be completely specific about the consumers cbjective
and atout his array of constraints semething which does not appear as

a feasible proposition at the moment.,

Similarly the work cf Houthakker ['2 :] has very real
operational limitations as it stends. The present paper tries to
rclecse the assumption made by Houthakker of exact ccncordence |
between price veriation and quality variction, while recognising
that an important, but stochastic relationship exists. Thus, while
it is reascnable to suggest that interaction between consumer and
firm behaviour will result in adjustments in price and quality mix
that will lead to a long-run equilibrium where all qualities have the
same implicit prices in all brands, in the short-rua it is likely that

we will get substantial departures frcm this situation so that some

th

brands appear as rcelativel chea or relatively expensive sources o
3 y %) ¥

unllty characteristics as compared with the existing array of brande.

The only empirical study cf demznd fcr branded goods in the
eccnomics literature is the one by Telser'[jlo ]. In trying to
‘explain short-run behaviour in the demand for brands Telser sets up
a model which explicitly examines Lrand lcyalty and switches in brend
loyalty. He sets out a matrix of transition probabilifies reiating'
consuners cemand for particular breands in two time p;rioc‘-.s where the
element in i.-th row and the jth colurm ic the probability of buying the

Jth brand in a specific time perlod nav1ng previously Joubnt the i yth

brand in the previous time period, but since it is ‘equbntlj impossible
to observe these trensition probabilities directly Telser proposes a
procedure for using lcast squares regression to get estimates of the
probabilities knowing the market shares for Ciffevent brends over time.
His theory of demand for brands then explains these probabilities in
terms of the variatisn in relative pricas for the different brands

His ﬂodel boils down to estimating the relation between the current

1 {1ii) the

product of price and lagged market share. The precticel difficulty

h.

market share, and (i) price, (4i) lagzed market share, an

. in estimation results from the collinearity existing armong the
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explanatory varieblas but move basically the classical regression model

)
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does not force the ccefficients to sum to cae across hranis and thus

§
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Summnarising our review of the theoreticzl and exmpiriczal work
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we conclude that the theoretical literature has limited relevznce to
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the «::;"r.:mmt;un of short-run demand behe v“)qr for brands end thcrefore
of market shares, whereaes the iimited empirical werk in the ecenomics

litercture® docs not take up the problen of quality variation aAong

b <3

Obvicusly an extensive literoture on demend for brands exists in the
market research field but this is largely concerned with estimating
the impact of different promotional activities. This will
comprise only a facet of the present contribution,

-

brands which is developed in the theoretical contributions.#%

&% In the case of Telser's study [:10 J the p #.oﬁlbn of quality variation
"among brands in the markets studied - coffee, frozen crange juice and
margarine mdy have been relatively unimportant. In the case of
consumer and procducer durables the problem locms very larges; there
is a considereble erray of specificaticns in the car, truck and.
tractor markets, and ameng refrigeretors, houses and computers.

The case fcr an explicit recognition of ‘quality' variation (in its
widest sense) is obvious.

; ' . r ; -
As we have arpucd elsewhere (Rayner end Cowling | 7 |) & neglected
‘ e gL

-arca in emnpirical demand analysis at the aggregate level has been the

adjustment of price changes over time for quality changes over tim
Equally important, in demand analysis at the diseggregate level, is the
adjustment of price differences acrcss brands ¢f a commedity for quality
difforences, both at a specific point in time and at different points

in time. The problem remains of getting a weighting system for the
differcnt qualitative attributes of a commodity which reflects the
utility to the average consumer of that particular characteristic.

One way of doing this is to estimete implicit prices for the differcnt
characteristics by rclating the variation in prices among brands of a

particuiar commodity to variations in the bundles of characteristics

‘associated with the different brands.  Such price-quality relations

cen be interpreted as cost functiens from the supply side, but cost
functicns derived from o range of brands with particular characte ristics
and parvicular prices which have survived tae cerpetitive envincument

at that point in time. Thus we can argue that thae individua
characteristics, and the bundle of characteristics being offered by
firms and the prices {hey are bcing cofferved at are cerived from supoly

ard demcnd factors. The price-quality relatic ,hlw would becone more’



obvicusly demand oricnted if cuch brand choservetion were weighted Ly

the market share captured oy that broend. However, it ie vory unlikely

that the price of a particular brand is exactly determined by its quality mix
with each quality being weighted by its estimeted implicit price. It is
more likely that the relationship between price and quality will leave
a sienificant amount of residual varizticn. This is to be expected

in any market where there is nct instantenenus adjustment by producers
and consumers.  Lags in adjustment can be explained by : (1) the cost
of 1nfornut;on end the resultant limited search by consumers, (2) Erend
loyalty and brand ties through distributicn networks, (3) rigid
administered prices,; end (4) the technological lag in res “onse to the

quality innovations of rivals.

As regards the cost of information it can be seen that through
informational advertising of price and quality the direct cost of
information to the consumer is roduced but advertising expenditure in
turn may be considered as one of the characteristics cxplaining the
price of the product. An interesting prediction can be deri&ed from
a consideration of information costs [ Stigler (g ) ]. If these costs
of search arc independent of the price of the commodity we are sesking
infbrmation-about, then we would expect an inverse reletionship to

exist between price discrepancies among brands, after correcting for

quality differences, and the average price of the commodity. This

prediction ccmes quite simply from the assumption of 2 meximising
consumer and a version of this predictison has been found to hold in

the Chicago retail market for cars and refridgerators where the
coefficient of price variztion for cars exceeded fhat for refrigerators
[oung ( 9)(5) . ~ We are intercsted in brand prices of a particular:
commodity and manufacturersprice and quality pblicies. We are '
postulating ‘that widescale search activity by consumers, of Loth price
and quality, will lead to rapid sales adjustments to any dis repnnc1es
-in menufacturers price,br.quallty solicies and tn*rnfﬂre rapid
adjustment by manufacturers in response. Usually we would expect the
adjustment'to come from these manufacturers whose brands have a
positive price discrepancy and whese sales ere falling. The predictiﬁn
dees not require “Ajubtﬁgn by these firms whose'sales are rising but

if excess demand for their products exists then they may raise prices

and eliminate their negative price diserzpancies. The response. by

= e LA . T S S e S e P o
CONRUMEYS , G Gence Tl PRoT shave o SUSTIEGCe, Wiad OS¢ more rapid foy
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atld A s : 7 sctimated seorossg - o will have & Niooor
qug__lty relationshin nS «S timated across orencs will heve & SLERCT
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explanu l.C'l”.‘j nower ( l ower residual vardgnce) for commedities f crming a
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major part of the consumers' budzet than for those cemmoditics which
are Jless important. In explaining market share hchzviour wa expect
a bigger rosponse to price discrepancics for these same important

commodities than for other commodities of lesser impertance,

_ On the sccond item, brand-loyalty, we expect @ high degree
of autocorrelaticn over time in demand for a'specific brand by a
particular consumer. Temporary, positive price discrepancies will
not throw the consumers hatituzl behaviour off course. = Similarly
brand ties may exist for a particular consumer because of a local
distribution outlet and local service facilities. The third and
fourth items reflect rigidities from the firms' point of view.

List prices gencrally show more limited variation then actual reteil
prices although they can be varied more easily than quality-mix which
may involve wholesale changes in preduction technology. A chenge in
advertising policy may come more slowly than a change in price poliéy
but faster than a change in quality. Thus an innovation by one firm
can result in disequilibrium in the market for a ccmsiderable perind,
Scme of the discrepancies created may be reduced Ly price and’
édvertising adjustments but equilibrium will not generelly be reached

until a similar product is offered by the cther firms.

If therefore, for the agbove reasons, we accept that a cémmodity
market can realistically be characterised as one where differences in
price Letween brands cannot be fully e¥plained by quality differcnces
then we can begin to see how the price or quality-mix of & particular
Lrand can Le 'out ¢f line! compareﬁ with the other hrands availchle.
The elements cf our model are : (i) an equation expressing brand price
as a function of the brands' qualitative characteristics, end (ii) an
equation expressing quantity demanded of a particular brand es e
function of the quality adjusted price of that brcnd relative to the
average quality adjusted price for the comaodity in thet time period
and other variables. The quantity deranded of all brands (i.e. commodity .
demand) is obtained by summing over trands. The model is set out in

symbolic form below :

(1) Pi¢ = f(Vit 3 U..)

(2)

¢ it

. . - .th . . .
Equation 1 expresses the price of the i brand in tire perioed t

o3

ag a function of a vector cof charscteristics a

sociated with that brand 3
)

s
that time period (V't) end a Cisturbance term (U, ). In eguation 2 the quantivr

j=
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demanceu ol the i Srand (q. ) 1z prelated to the disturkance teom LICh
the first equetion (U ) reﬂcnt¢nﬂ that part of brand price not
explained by its qualltatlve characteristics, a vector of variables (Xt)
explaining the. total market for all brands cf the commodity, a vecter
of non-price variables specific to the sales cf the $™ prand (Z ) and
a disturbance term (e. ). Under certain assumptions we will Le aule

it
to convert cquaticn 2 into a market share cquat‘on and drop the ht vecter.®

% This would obvicusly be appealing from a statistical viewpoint as we
would be able to cconomize on degrees of frcedom and perhaps avoid
multicollinear situations. However it does pose other statistical
problems created by bounded depencent variables (see later).

If we take as an example a semi-logarthmic versicn of the brand

demand equation : .
o Bp v By Up By X By die Y ey
Ue = €

‘and assume a single, non-stochastic relationship for ccmmodity cemand

a + 8, X
@ =e
then we get out a market share equation with a reduced sct of variables

on the right-hand side which are all specific to the ith Lrand

Qe ;“ Byt By Upy ¥ 83 25 tegy

Let us now lock rather more closely atrthé'price variable which appecars

in the demand or market share equation. What we want to measure is the
ratio of the itl brand price to the commodity price in a particular
peried,-where the commodity price is the weighted mean of the prices of

the different brands offered. But we areralso concerned in making these
prices compareble by adjusting for quality differences that may exist betweon
a specific brand and the average.  The quality acdjusted price may b

defined as the difference between the actual price of the brand and the

exhected price given its specific quality characteristics., TFor a simple,

TV T R N bt R b i s e Lo sk =~ t I s Iy
Jincar price-qualivy noletlonglin D:p T Gge + . Vit th .uy qualivy
‘adjusted price will be U, aac in the case of the average Lrand this will

be zero if we minimise tiie sum of squared ceviations. To Le able to



define a price ratic variable we could add a constant to each U, Lut

1t

this will change the relationship. If the price difference is

relevant then we simply inciude Uit as the relevant price variable.
We may choose to make the avzrage price comparable with the price of
a particular brend by setting the quality characteristics at the
average level in which case the price ratio veriable would be

U. v . . . c e e
(1 + _it)* for the price quality relationship defined above. Where

Py
* - i Y '
Pjp = @ (v Vt) i G, * o Vt + Ult _ Py t U.t
" e
Py %e t 4 Vi Py

5 is the average brand nrice. Alternative deflators to Dt could kL _
defined by holding quality constant at alternative levels. The choice
of deflator is empirical but its presence is theoretically required
where a price ratio is censidered relevant. The need for a deflator
could be explained Ly the observation that cur estimate nf the
disturibance teym (U. ) is in tewms of current market prices and these
may rise through tlng due to quality 1ﬁvrﬁvement not caught in the

specified price-quality relationship.

The discussion up to this point has centred cn the problem of
explaining consumer behaviour in the selecticn of brands. Equally well
we can turn the discussion tcwards the Firm's demand for input and the
problens posed when we have several varieties of a specific input each
with a specific set of qualities. In progremming terminology each
variety would form a specific activity and the problem would ke to
choose the Lest set of activities. This may involve producing a planned
output at minimum cost or output may be a varizble. This approach
requires us tc know the input-output coefficients at a gualithlevel
rather than at a commodity level. Equally well Houthekker's theoretical
structure could be converted to a theory of the firm Ly specifying a ‘
production runc ion where output is determined by the level of commodlity

inputs and g lual ty inputs. The solution would give cptimal commodity

L *“-- R ICTRY Tt I PP IS [P~ 5. SR, P | -y Sy £ - |
Qe QULLATY Laveos wWihieh wouldd cefiac the SpRLnEL variety or sachn
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menopzoristic and olipopscnistic situctions are quite feasible in
case the guelity priczes, as well es commedity prices, will éep nd on
the quantity demanded,
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Other Variables influencing Deman

(1) Time Since the Product was Introduced

Ve would expect the market share of a specific brand to decay
over time, with its relative pPlCC*QU“llty jevel held constant, because
the new products eptaring the market will have a more "relevent" quality
mix. More generally we would expect a gradual adjustment by consuners
to 4 new product. Thus we would expect an initial growth in market

share rlalng to a maximum and then ‘decaying. The relevance of this
type of adjustment would depend on the product and in empirical work
would depend on the length of the period covered by each observation -
annual observetions may cover the whole period of positive growth so
that the next cbservation will be of the first phase of decline of

the product. An important aspect of this for consumer behaviour
would be evolving faghlons and styles - reflecting automoncus ér
1nduced changes in tastes which are emplified by bandwagon effects.
From the firms' viewpoint rising wages could lead to laﬁger mécﬁines
becoming optimal.  The decay could of course be countered by allowing

brand price to decay over time relative to ‘other newer products,

(2) Advertising

There is a substantial literafure which attempts to measure the
impact of advertising on brand sales. From the stendpoint of out model
advertisina associated with a partlcul . brand might be viewed as one
of the characteristics (v ts) in the price/quality relation but this hes
little relevance from the consuners' point of view. Even informational
advertising only helps in the de015101 about which brand to buy - the
information offered about one brand may turn people towards other DPundS.
It seems more appropriate to jnclude advertising as a shifter in the
market share equation.  There then exists a possible jdentification
problem when the time comes to estimate the relationship. Ve are
interpreting the relationship as reflecting consuner behaviour with
advertising expenditure 2580 ciated with a particular product being
exogenously determined. . However it may be quite reasongble to
suggest that the relationship may partly refl ct the behaviour of
firms in sextimg thelr acvartising budget. Thus larse'aroduc% sales
may result in & subsctanticl flow of resources jnto advertising whereas
jow saies Fimns will not Yoo abie" to spend lar;ﬁ sums on advertising.

This thtprn would certainly emerge from a
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distributicn wherc there arc a few big firms and a long tail of small

firms, In the short-run however one may observe firms reacting to a

" fall in market share by increasing thcir advertising budget, and also

by pricce and quality adjustments, in scme cases through more rapid
product innovaticns, which leads to further problems of simultaneity since
we can rcalistically regard sales, advertising, price and quality as all
being endogencus variables. At the very least these points would lead

us to treat any estimate we get rather carefully - more generally they

would require us to formulate and estimate a more ccmplete model.

(3) Lagged Varizbles . .

"~ As argued previously we would not in genaral expect instantaneous
adjustment to price and quality levels which were out of line - more
likely we would expect a gradual adjustment to the desired or equilibrium
level of éon»umption. A convenient way of handllng this nhenoneﬁon is
to treat equation 2 as a desired level of brand COﬂoLﬂPflOﬂ equatlon.

If we call this unobaerved quantity o"t we might then say that the .

adjustment function will look somethlng like :
) - d = % -
() Qe " Gigmy T2 Qge* — )
where 0 <) <1
which says that the actual change in consumption of a particular brand
is some fraction of the differcence between the actual consumpticn in the

previous period and the current desired level of consumption. The

working equation is then chtained by substituting for q¢t* in equation &4

(5) = Ag (Ui X 3 2,3 eit) + (1-1) CFe

et
Allow1ng for such an adjustment function as this is another reasen wny
including aggregate sales (qt) as an explanatory variazble wouid give
operational prcblems since in many markets there is likely to be a high
sample correlation between qt-and Qg lagpged brand sales. This is
likely to be most acute where brand sales means total sales by a firm
in.a particular merket. It may be less troublesome where'firms are.

multi brand sellers, as is often true.

The varicules previously discussed would be cancidatas for
consideration in eny study of brend demand. In any particular commodity
marxet there may be additional variables to be censidered.  Fer example,

in the tractor merket study to he reported, a tremnd term is. introduced
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which allows a difforcnt pardmetcr to bo cstimated depending on a large -
small classification for tractor horsepower.  Thus we might expect the
market share for large horscpower tractors to trend up over time as wage
costs risc. In consumer demand studics we might expcet the income

elasticity of demand for different brands to be different so that income

increases would not only have an impact on aggregate demand but also

on the brand patterm of that demand, i.e, on market shares.

-

Estimation Prohlems =

1. Pricc-Quality Reletionships

We might estimate price-quality relations armong brands using

ordinary least squares regression preoccedures. These could be

interpreted as basically cost functions. The demand side would be
reflected in the brands on offer and the prices the firms remaining

in the market felt were appropriate to meet a target rate of seales,
However to obtain a more accurate indication of the value put on
particular characteristics by consumers it would be more realistic to
weight each cbservation by thé importance of the particulzar bhrand in-
the market. Using weighted regression procedures we would then get
relatively smaller residuals (absolute values) for big sellers and
relatively bigger residuals (absclute value) for small sellers.
Thercfore the cize of the ccefficients in the market sharc equaticn will
be different accofding>to whether a weighted or unweighted:price~quality

relation was estimated.

A problenm remains in making predictions where sales of a new

product hes to be known hefore estimating the price-quality relation from:

which we get a variable to be used in the market share equation. The
only way out of this wculd be to iterate to some scluticn by feeding back
the first sales prediction into the price-quality relation, re-estimating

gression

until, hopefully one converged to a solution. With unweighted
it

ne

prediction would still require re-estimation of the price quality relaticnship

with the new product's price and set of characteristics meking a new

observation cthcrwisce we may nredi
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2. Market share Enuatinn

The problem raised by a regression equation where the dependent
variable is inherently bounded is cne of biased parameter estimates.
This will arise when there is a concentration of observations of the
depcadent variable at the bound, i.e. when the market share for a
series of brands is at zero.®* In such cases we can no longer make

the assumption that Eui = 0 since negative market shares are infeasible.

PSS me e mas s s s e s e e TR el G bEeden e el el e e el el N em el e s R et s e m i b e eenee s ey

" The upper bouﬂd is not effective since only cne brand can be there
and this is"a tr1v1a1 problemn. . .

We are unlikely to emcounter such an extreme situation in the real world
but we are likely tc encounter many situaticns where brand market shares
are very small. This is of course less likely when we define brand con

a bread basis, as by manufacturer. Therefore this is an extra source of
possible error and one which must be reccgnised.  Alternative estimatica

procedures have been developed but are difficult to handle.

The problem can be circumvented by replacing the market share
equatien by a demand for brand equation which is not subject to such rigid
bounds. However to preserve the samc theoretical model we will now have
an aggregate demand varizble on the rig Ht hand side w¢th all its associated

problems.

There is also a poteniial simultaneity problem associeted with the
market share equation. The equatlon 1tsnlf is intended t« represent
consumer demand behaviour in a partlcular comnndlty market, but it may
also reflect decisions made by manufacturers in response to movements in
the market shares of their products. Thus a falling market share may
generate action by the manufzcturer to reduce price, increase quality or
but up advertising expenditure. Such a response will usually teke time
and the assumption of one-wayicausaticn may be realistic if the time pericd

covercd by cach observation is reasonably short.

An Empirical Case Study

The Trabtnr F=rkct in the OU.K.

One of the reasons for the rarity of brand demand stuldies <ormared

with studies of tho demend for commoditics or commedity groups has been
the scarcity of data on sales by brand. We were very fortunate in

access to the U.K. sales by all the major U.X. tractor manufracrurers

(David Brown, Ferd, Internaticnal Harvester,



48 =
Massey-Ferguson and Nufficld (British Motor Corporation)). The
actual behaviour of market sheres must remain cenfidentizl but we

are able to report the regression results.

Pricc-Quality Relationships fer Tracters

" Relationships betwecn the price of tractor models and their quelity
characteristics were estimated for each year from 1948 through 1865,
The number of models available varied over the period but was typically
between fifteen end twenty., To avoid problems resulting from iarge
numbers of explanatory variables the prices to be explained were the
pficqs of a basic model defined as ome with self starter, simple
. hydraulics and power take-off. It was possible to do this by using
the available prices of opticnal extras. These adjusted prices were
related to thce belt horsepower ratingsof the different‘models.and to
whether they had a dicsel engine or not. Other attributes whiqh
might be considered relevarnt such as drawbar pull and fuel ecen my were
in fact highly correlated with the included varizbles. A detailed
account of the methods and results is available in Rayuner [ 8 ].
A typical result is quoted below which wcs cbtained- from data for the
1953 model range using weighted regression :

p; = 223.5 + 8,120 h.p., + 85.5D, + Gl R = 0.83
where p, is the price of a besic modél i), -1 is the bélt—.orsepower
rating for that model and Di is a dummy varizble taking the value one if
the ith model has a diesel engine end zero if it hes not. The
residual ﬁi is the differcnce between the actual price of the basic
model, and the estimated price based on the models'! quality mix.
Thus a positive value of Gi indicates a relatively "pricey" model and
a regative value indicates a relatively cheap model, The cross.
secticn regression of price on quality zives residuds for each model
in each year for the period 1848-65. It is interesting to note the
high correlation betwecn price and the quality attributes which could
easily give rise to problems if they were both to be uséd as

explanatory variables in the market shere equations.

Acupegate Dermand for. Tractors

This paper is not directly concerned with aggreczate demand .
prodlems but it will be generally true that meverments in epzregate

demand will vesult in rovements in brand sales and can indeed be



the

decomposed into them, We are cencerncd 1o identify those varizbles
1nfluen01ng agaregate demand which .do not causc eny change in the
composition of that demand. An investigation of aggregate demand
indicated the ratio of tractor price to agricultural Wwages to be a

allcwances to be also significant :-

q = 34,5 - 55,03 log PT(t) - | + 1.183 log, I,
(90.2) (14.13) © (0.502)
| L) ’
2
= 27.50 1oz S _ R =zo.94
(10.70) e t-1 :

Von Neumann Ratio = l.84

where 9 is aggregzate sales of tractors (deflated value in millions of

pounds), P (t) is the ratio of the index of current constant quality Price of

P
(t-l)

tractors to an index of labour earnings in the pPrevious year, I is the
percentape investment aliowance and S -1 is the steck of trac+~ro in’
ten millions of pou ids (deflated), Tractor price relative to crep

price may also be important bdut is closely correla with the

-

tractor/labour price ratio veriable in the sgmple peried. [see Rayner

and Cowling ( 5 )]

Demand for Tractor Models

The thenret4 al discussion eariier in the paper has justified the
use of the PLS1dUQl from the price-qual*ty rclptlon, in somc form, as a .
quality adjusted price ratic of a specific tractor model tc the cverabe
model available ot that tlme. Thus the optimum model depends on the
prices of different models and their relative D“oductlvities which ére

reflected in their qualitative cheracteristics. To explain demand

for a brand of tractor over th e post-wap perxcd we must also allew the
tractor-labour r tvo to ch;ﬁge in eésponse to relative price chan=ss and als

planned ocutput o T agriculture ag @ varizblc.  If wa assume thnt these
variables, whaich deternine aggéegata demand For tractors, do not
alffect thc brend cinositicon of +haos efgresate then we con rezloce them
by Gos r’jﬂ_ e Salis of tristors and Thon divide CLIlLIh Tho Srono
equation by agmenate sales since a one per-cent chamge in appr cate
sales will ;ive 2 cme per-eent change in brand sales. if we do tnls

) .

0y < _!':?, . -
thon we }";’VL. a market Sacre Q"‘U."t.‘cﬁ in h\"_h"C-./l’Vﬂ._"‘lC.)J..&S ol

agareziate sales car be ignored.  This is o very uscful trick sinen
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the banc of short time-series analysts is a multitude of highly
inter-correlated erplancatory veriables. If we form e market .

share cquation in this way we are then only concerned with

variables which cause pecple to switch between brands.

Unfortunately this may mean dragging cut of retirement some of

the very same variables we have just eliminated. Thus the
increasing cost of labour relative to tractors will result in a

switch to bigper tractors since this is one way in which we can
substitute tractor power for labour power. The other obvious ',
‘variables likely +c influence market shzre behaviour are

advertising and years since model introduction. The second

variable is intended to represent. the decay of the market share of o
tractor model as time passes and it becomes less relevant to the curvent
needs of,the.agricultural sector. Advertising was not measured as

a quantitative variable in all the'equatidns because (2) it is

difficult to get information on promotion for each tractor model
offered and (») there remains the problem of identification since it

is likely fhatilarge scale manufacturers like Ford and Massey Ferguson
with large sales will have large advertising expenditures simply due
to the practices followed by firms in determining'advertising
~expenditure.  Advertising expenditure was included in the manufacturers
share equations but the above reservations zpply. As a proxy for the
-advertising splurge accompanying @ new model launch it was decided to
include the new model year as a dummy variable., The anclysis of
market share proceeded at twe levels :- {1) by manufacturer, and

(2) by model (all manufacturers’. : .
The demand curve estimated in (1) is that facing the firm (or the tractcr
division of the firm). The demand curves estimated in (2) and (3)

refer to the several interdependent demend curves facing the multi-brand

firm.
The generzl model of brand demand (in linear form) looks like
EEE. = é. =6 + R 6 +B N +.8 t, +8 TL +8 8§ * .,
BCTRERE - 0 "1 it T 2 it T 3 i 'h 5 "it-1  it-

~

where S.. is the market share of the ith model in t, Uit

-
" .
Y
&

- T - PR ) E P | - o g A s T » g o  eiems N
(deflated or undeflnted) represents ths gumiizy afiusted wxice natie
S 5
g, 5 T e R T T e T . S 8 San oo A . e
Cd Lo ol GOV.Ca N O T L R T O O T S O S 9 e bilmid  wa

_ , t
valué of 1 in the year of introduction of the ith model and a zero in

=

other years, t. is the number of years since the ith model was

oY

introcducad, and TL-is an intcrecticn veriable tetween time and labge

2 (er Angs o



= 16 -

wages increase relative to tractor prices.

Manufacturers Market Share

We are here concerred in ewplaining the market share performance
- of five manufacturers over a period of seventeen years - we &re in
effect pooling seventeen crcss~seciions of manufacturers. Since the
price~quality rcgressions used models offered by the five manufacturers
as observations we have to average the residuals obtained for each '
manufacturer tc get the appropriate quality adjustedAprice. In

this analy31s of the demand function facing the firm the variebles
concerned with demand for specific tractor models will be ignorcd so
that we are left with the price-quality residuals and lagged sales as
explanatory varisbles. We will alsc experiment with a variable for

total adverti51ng expenditure on tractor promotion by these'manufacturers.

Prellmlnury WOrK anOqud experimentation w1th twe functicnal
forms of the market share equatlon linear, ° and semi-log,
with the semi-log formulation giving the best fit. Also two
alternative forms of the residual were tried, (1) deflated by the.
current average price of tractors (?;) to represent a quality adjusted
price ratic and (2) undeflated to represent a quality-adjusted price

differcnce. The undeflated formulation gave a COnsistently better

fit and also a bigger t value for the coefficie " associated with
uit‘ Market share wes alternately definad on the basis of number
and velue but the results were not significantly different. Table 1

summarizes the more 1nterus;1ng results.

In Table 1 the first equation indicates that thb ngll*y
adjusteqd price difference explains a third cf the veriation in market
. shares (neasurad as numbers) among tha five manufacturers over the

post-war period. The coefficient is more tﬁan six times as big as
error
its utandara /. Equation 2 has as dcpendent variable share dofined

in value terms but the results arc very similar - further results
refer to numbers only,‘perhapsra varizble about which manegemant

is generall ly more semsitive. Compared with the linear form of the

R L T R T AR

PN Y A At k4 - ",
B e ) TV VP o D o A vhasbee o

T o E PO AN A (U U -3
Firzt two ::Q-..c;"{...;[!;, ORI o

e
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forty-five per cont of the veriance in market chare being explained.
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The Von Neumann ratios give nc evidence of the presence of
auto-correlated disturbances and we might conclude thet this very
simple model of market share adjustment dces a pretty good job in
explaining a significant part of the variation among elght-four
obscrvatibns of market share. If we now discard the notion of
instantencous adjustment to price and quality discrepancies and
substitute the idea of a gradual adjustment to a desired or equilibrium
level of demand for a particular brand then we find that we can explain
'86% of the variation in market shares as in eguaction 4.  The obvious
explanation for this is that the series on market shares for a
particular manufacturer is highly auto;orrelatéd end including lagged
sharc a2s an explanatory variable will obviously help 2 lot.  However
the price varicble remeins highly significent and the coefficients on
laggbd sh:rc indicates a rate of adjustﬁpnt to equlllbrlum of about
30% per annum. Replacing the price diffcrence variable (U ) by the

ratio version (U =) gives a somewhat worse result as sHown in

Pt
equation's. Thetéoefflvlent is of course bigger (market share
elasticities will be presented towards the end of the paper), but is
only three times its standard error. Equation 6 in Teble 1 includes
a varicble for change in price (éﬁit) and although significant there
is littlc contribution to the explanatory power of the equation.

In Equation 7 we include & variable for advertising -expenditure by
manufacturer and the paremcter estimate appears positive and significant

nereasad.

o

but the explanatory powcr of tlg equation is only marginally
Its inclusion has boosted the impact of quality adjusted price on marxket
share and has reduced the effect of last year's mevket share. This

" former effect may be explained by the fect that advertising provides
information aboutithe-price end quality attributes of the tractors
available. At the same time advertizing expenditure is related to _
sales through the budgeting behaviour of firms and thus lagged~share is
picking up part of the effect of differentizls in advertising expenditurs
if an‘advertisihg varisble is cmitted. Thus by including an advertising
wvariable we-are going some way toward solving thé problem of specification
bias in the édjusfmcnt.cbefficient but wa are left with ths problem -
 of'identifying the advertising panaﬁeter, If current advertising is
partly determined by curvent salss thon we have a two eguation modal

S S S B SRS NP
S D450 .aaG wneensistent

L’

and ordinary lezsst squeres cstimators will
'and‘thé parameter_cannot be identificd as & derand pargmetgr. However
it secis ressonedble toO assume that advertising expenditure is determined
by previous sales in which case we may view advertising as a

sredatornined varizbie. in which case ordinery leoast SCC&PCb DC3SOS3E5
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the usual optimal properties, and the parameter can be identified as e
- demand parameter and not e mixture of consumer and producer behaviour.
In thc expectation of bilased estimates of the market share parameters
because of obscrvations fairly close to the zero bound on market share
it was thought useful to run . demand for brand equation as a check.
Unfortunately we cannot generally expect the market share parameter on
price to equal the sales parzmeter on price; the sales elasticity
w.r.t. pficc will in general exceed (in absolute value) the market
share clasticity.® The result reported below confirms the

-~

Since qQ; = moq, aqi = a;mi qQ t3qg . m,
- : 3pi 3p; 3p; |
and therefore the sales eclesticity 3 9y P is equal to the
aPi 9.
market share elasticity ami : 5 p the elasticity of
Iyp. = —
i | m,
aggregate sales w.r.t. the i~ price, 3 g P

siénificance of quality adjusted price and lagged sales but aggregate
 sale8 are shown to bé unimportant, and this cannot be explained by its
collinearity with lagged sales. Also the structure of the model is
not satisfactory since variables determining brand sales will
automatically determine ag wreg te sales and yet this is treated as a

prédetermined variable.

log (q;, ) = 2.6775 - 0.0053 U, +0.0225 log (g, ) +0.5668 logla,, ,

t
/lo | (-4.57) (0.06) ( 3 (15.06) /*o

R™ = 0.871 V.N. = 1.88.

Model Ma rket Shares (A1l danh¢aﬂturers)

e -~ rom Y~y “ ot y - - ecx ERLPN s
¥e now Ty To explain merket share movements for cll the molels

- ~:u.- el
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The pe
The numter of obzervations is thus increascd to 227 and three further
varicbles are added to the ones considered in the manufacturers' share

equations : (1) the model decay variable (ti) (2) new model ysar, 1

’..‘. "
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(year of introduction of the ith model), which is a dunmy veriable
taking a valuc of 1 in the year in*which the model was introduced

and zero otherwise, and (3) a trend term for larger h.p. models (TL).
The new model variable was intended to catch the impact of the
promotional ectivity surrounding the launch of a new model and
therefore the expected sign of the coefficient is positive. The
price variables in these equations are taken directly from the price-
quality regression since we have a residual associated with every
model in every year. In addition to the variables already mentioned
we are including a conventional trend variable for a perhaps
uncounventional reason. In this analysis we are pooling a whole
series of cross-sections relation demand to price among a range of
models at a point in time end if we make no further adﬁuétment We are
forcing the same demand paremeters on all years. To be completely
flexible about this we would add a dummy variable for cach year to
allow the relation to shift up or down and also interacticn terms
with, for example, price to éllow the slope of the relaticn to chénge.
Without going to such empirical extremes we have decided that there

is good»reason to suspect that the demand curve facing particular
manufactuvers for their different models will become more elastic over'
‘time since there had been a ¢ontinucus tendency for the equipment '
range offcered by the different manufacturers to become more homogenecous
and interchangeable over time. We therefore include a trend varizble

| . : ; : S,
end expect a negative sign since for a constant slope @ it) an

. 3 U,
- Ult
increasing ratio of price to market share‘(bit) implies an increasing
- ' S.
it

elasticity.

The results arrayed in Table 2 indicate that we can explain a
large proportion of the variation in model market share with the set
of varizbles at hand. The parameter estimates associated with the

price and lagged share variables are consistently significent and
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of the wxpocted sign, although it is interesting to note that the
impact of the price variable is botter determinad in the semi~log
regressions thau in the lineer. The model decay variable (t ) is
also cons Latcntly significant and negative as expected, r;flectlﬁg
the declining market share of a model over time as newer models,

more relevant to the demands of the consumer, are introduced.
Similarly there appears to be 2 trend towards bigger horsepower’
tractors a5 revealed by the positive and significant trend coefficient
essociated with large tracters. The negative coefficient on Ni
appecred at.first sight to have the wrong sign but the explanation

is perhaps obvious.  Although we might expect a bigger rate of

sales in a new model year the anhual sales figures will be pulled down
by the time period in which there were zero sales - that is the time
up to the date of actual 1ntroduct*on or more precisely, actual
dlstrlbutzon. New models are usually announced at either the

Royal Agricultural Show in July or the Smithfield Show in November.
The coefficient is picking up the net effect on market share of these
various features associated with the year of introducticn, and this

is evidently negative as far as numbers sold is concermed.

The first equation in Table 2 refers to market share by number
vhereas equation 2 refers to share by value. The rosults are
essentially similar except for the new model year variable which is
non-significant in the value equation which perhaps reflects the fact
that in any particular year the new models are the most expensive and
what you lose on the numbers you gain on the price! Examination of
the residuals indicated that we were making very poor predictions
where a new model was an obvious and close rcplacement for an oldar
modael offered'by the same manufacturer;, A particularly clear
example of this was when a particular menufacturer decided to replaée
a popular model and the old model dropped in cne yeér from a mexket
share of 35.8% to 0.8% and its replacement jumped to a 43% share.

It was therefbre‘decided that where new models were obviously

replacing older ones then the lagged share variable would be the share

of the older model in the previous yeab. The‘effécts of this
ajustment are seen in equaticn 3 -~ the cxplanatofy power of the
equation is much improved, the lasged share veriazble becomes even
aove significasye end thc price varienie is reduced in s;;é, hut is -
stiil Lleadly sigairicant, The other versab.ues all “_vb & reduced
role.  Ine cquation # the price ?iffarn we veardieble (J ) is

replaced by the price ratio variable (U ). ‘The prlce coerst 1ﬂ1cnt

t/P,

[
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is now much bigger but the rest of the equation is ungffebted and

the explanatory power is unchanged. The fifth and last equation in
Teble 2 gives a result for a semi-log equation.  Although the
explanatory power is considerably reduced compared with the limear
form the coefficients on the other variables are much better _
determined. The coefficient on price is now almost ten times 1ts
standard crror. In a later section we will compare the clasticities
generated by these different functional forms. Eqdafionsxs and 7
report results where we are allowing the market share elasticity with
respect tormodel price to vary over time. The negatlveAcqerflc;ent
on the trend term is as expected but is only clearly signifidant in
the semi-logarithmic formulation (Equaticn 7).  Especially in this
case, the presence of the trend term does appear to improve the
specification of the relationship. We cen see in Equation 7 that
all the variables, except for the new model variable, are clearly
significant and the explanatery power is significantly improved.
Despite its lower explanatory power the semi-log relation seems
preferable : because it is doing a better job in explaining
deviations from previous market share perrformance. We also ran a -
demar:d for model or model sales equation which is. reported below.
Quaxltdtlvely the results are very similar to the narket shnpn -
formulation and as with sales by manufacturer we find that total
sales aggregated cver all models, is not important in cxplalnlng sclcs-

of the ith model.

log q,, = 10.476 - 0.0098 U, = 0.1725 t, - 0.1936 N, - 0.0677 T
St (-8.61) (~4.67) (-1.03) ( 3.12)
+ 0.0435 TL + 0,3726 log q;, ) - 0.1614 log q,
(3.33) (11.85) (-o 26)
R = 0.60
V.N. _
Ratio - 2+08

In defining the gquality- dju‘rted price veariable U we have thro:iwhoﬁt
used the residuals from welgﬁted regressions of prlce on gquality

characteristics.. We could instead have uged rasiduzls Fronm unwoelighted

. - “«» s - ~ - . =0
PSRV e ~am et e e - - e, - e . B L T o
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expect to get a smaller intercept term. These predictions proved

correct in some experiments we made with unweighted residuals.
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¥We have analysed markct charce behaviour with little reflerence
to the supply side when in fact there may be important identification
problems. First of all market share movements take placg withim the
constraints of productive capacity at manufacturer and model level
and at various times excess demand may exist for e particﬁlap nodel
or make of tractor. This may have been particularly tfue in the
early post=war period. Two manufacturcrs menticned shortages whicﬁ '
existed at various times but on inspection we did not find large
negative residuals in the market share equations, as would have heen-
expectcd, Also since almost BD% ofitracgpr output is cxportgd.it”;E
comparatively easy for Jiversions te take place te fill temperary |
shortages in the domestiz market.  Another aspect of the supply side
of the problem is highlighted‘by the improvement in predictiqn
resulting from using the lagged sharc of a "replaced" model in
explaining the share of a new model. It is quite likely that firms
intrcducing a new product try to run dowa the older replaced product
as repi‘ly as possibie so as to maximize any "scale" econdmies thet
might exist. Thefe are obvious exceptions to this sort cf behavibur,
" but in the caese of a durable input like the tractcr it is not likely
that a significant proportlon of buyers would be closcly attac;ed_to'
an old mcdel as might be the c¢ase with a durable consumer goed likg*
the car.  Therefore the firm might fecl thet it could ru;’dbwnAan-c&d
line pretty fast without affecting the probability of repeat purchasing.

" The other suvply problem considered earlicr in the theoretical

diécﬁssioq was the simultancous determination of sales, price, quality
and cdvertising. Of these the real problem lies with advertising;

in the leng run the firm is likely to sot advertising expenditure in
some relaticn to sales which raises identification problens in' cross-
sectional analysis and in the skort-run the firm can adjust advertising
rapidly according to sales experience which gives rise to i@enL*leatloﬁ
probiens for time series analysis. Price and quality adju'tmerts
(including new product innovaticns) cannot be made sc repidly hy the
firm hut it is undoubtedly true that in cross-section sales determines
price - large firms operating at a lower point on the long-run cost

curve,

Ve &rc now concerncd with taking various results for the
ol

Drice &G YoM ThEsC gehelwcan;.

estiuates of the elasticitv‘bf'demand'facin? the firm.. ";@Ln tas:
A 5 - >
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compare brand elasticities with those phtained in a previous study for
aggregate tractor demand and we can 2lso check on one of the
predictions of mencpoly theory thatv the firm will always produce
within the elastic arc of the demand curve. In fact we afc deaiing
with oligopclists who are obviously concerned about the reaétion of
their rivals to any decision they take.  We will in fact generate
narket share elasticities but these have 2 clear relaticmship with
demand elasticities as shown earlier. We can write down the

average own-price elasticity of demend asd U+ D., « In our

it
IP;¢ 94t

case we substitute S;, for g, to gt the market share elasticity.

t
In our market shore results we have used a price variahble adjusted far
the difference in quality between the particuler model and the average
model. Where the price difference variable (Uit) is used its

coefficient is an estimate of 3§,  in the linear equations and the

1t
04
coefficient times Sit is the estimate in semi-log equations., Where
Uit is uscd then our estimates of 9§, are the previcus estimztes
/-
9P, .
Pe o Pit '

divided by Et' We can compute these partial derivatives and then
rultiply by the price-market share ratic for the manufacturer or madel

in quastion to get the short-run elesticities - the long-run elasticitics
being obtained by dividing the short-run elasticities by 1 —.‘as-(the
cocffigient on lagged share) which is cur estimate of the adjustment
coefficient. -

Our estimates cf the market share elasticities for menufecturers
which are reported in Teble 3 have been derived from the regression
results prescnted in Table 1. Equaticms 4 and § differ only in the
form of the price varizble, equation 4 being a pbica difference and
equation 5 being a price ratio variable. Equation 7 includes |
edvertising expenditure as well as a price difference variablé
together with lagged market share, in common with the other equations.
All the estimates indicate an elastic demand for particular brands
of tractor with short-run elasticities varying between -1.03 and -2.59
and long-run elasticitiés being considerably higger and varying hetweon
-3.35 and -E.L3 cn'avera;e cver the noricd 1947 o 16335, Fhic
CLIMONIOR a3 i —widsl yedd (29037 S.0,00i Soacid Lo BOOERBT moTe
clastic with short-run elasticities going es high as =3.80 and long-run
gaing up to ~6.91. The nyice ratiozﬁariable suezests a hirgher
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clzoticity than tho price differonce verizble but the latd
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prefereble on statistical grounds.  aAdding in advertising expenditure
more than doubles the short-run elasticities hut only increcses the
lonp=run clasticities vy a third. To some extent we could sy the
specificction of the market share cquation had heen improved by adding
in advertising but its cffect may be accentuated by the coexistence

of a pesitive relationship between advertising end market share
reflacting firm behaviour. ¥e might then 2rgue thar wrice elasticities
derived from an equation including advertising may be overstated and
would rcpresent an upper bound with the estimates from the equations
emitting advertising being a lower bound. ' The elasticities derived
from the manufacturer's demand (s ales) equaticn are bigger than those
from the marxet share equation 11clud ng advertising. The average
elasticities over the whole period were =3.07 in the short-run and
-7.42 ir the lonz-rm =nd in 1965 they wore -4.04 and =9.78
respectivély These elasticities are the most closely comparﬁh’e
w1th the aggrc gate elasticity for gross-investment in tractors which
was found in the earlier study L Rayner and Cowling (7} } ta he -2. 52
at the mean of gross investment. As expected the demand for specific
Lronds of tractors is more elastic than for tractors in aggregate. .
The observed elasticitiaé are obvicusly consistent with the behavicur

of profit maximising firms.

Conclusions

We have attempted an integration of the notion of price-quality
rclationships with a model of demand for branded goods.  Recalling
earlier contributions which attempt to introcduce the idea of quality
into theories of consumer behaviour, we have developed an operaticnal
version of a model in which price and quality are jointly allowed to
determinz market share behaviour.  The meocel is tested out in the
markct for a dureble input, farm tractors, and quality adjusted price
is found to be am important variable. Elasticities of demand facing
specific monufacturers were calculated and found to be quite high - well

within the elastic range in the long-run.

A similar two-stagz model (the first stage requiring en estimate

R S - L . ~ o - S 4 > " - P i ¥ =eTeetcy Ly «9
of th# impiicit prices ca ths gualitative iond shemacteristics) would
LUTA ATTITTRLILTG TO RINY MSUKETE IO SPaRiT IILE WaSDR LELLTY VeILATILOL
o d e 1§ - s We a 1Mvman
among nanufacturers roducts is importiant. We are currentl
t
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price, delivery delays and servicing in international markets. ~ In such
ways we could begin to examine Britains' intarnational ccmpetitive
position to see how far devaluation may be able to counter the

qualitative objections foreigners have to British poods.

As well as moving into such less conventional Fields we must
explore'the simaltaneity of the model treating price, advertising and
possibly quality as endogenous variables in addition to brand sales.
Such developments may lead to an operaticnal version of a more ccrplete

theory of oligopolistic competition.
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