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THE ESTIMATION OF PRICE ELASTICITIES
FROM PANEL DATA
Information which indicates the probable consumer response to changes
in retail price is often souéht for policy pﬁrposgs as well as for firm de-
’cision making., Such information is usually communicated in the form of
estimated price elasticities which indicate the expected relative change
in quantity demanded associated with a relative change in price. While
poiﬁt estimates are usually reported by researchers, those using such infor-
- mation for decision making often, at least impliéitly, assume some distri-
bution for the estimate. Often, neither the method employed in obtaining
the estimate nor the source of the price/quantity data is questioned. Such
subtleties are usually left to the discretion of the analyst.
The purpese of this paper is to call attention to the iﬁportant role
that the'statistiéal model and the data'source play in the détermination}
of a nnmericél‘estimate of price response. Price "elasticities” are esti~
mated from both time-series and cross-sectional viewpoints using the same
data base-and essentialiy the same method of éstimation, ordinary least
squares regreésion (0LS). In each case the data are organized in a slightly
different manner. The results obtained are reasonable from a statistical
point of view, and:yet eaéh set suggests vastly different policy implicationms.
The focqg of the paper in the final section is on the estimation of re-
sponse paraﬁetets fromvcontinuing micro-unit data systems. It is argued
that if the rate of adjﬁstment froﬁ the short run to the fully adjusted long
"run response can be determined. the cross-sectional estimate cén be used
for answering pdliéy questions which require an estimate of both long and
short-run impacts. Methods of estimation proposed in earlier papers by
Kuh, Balestra and Nerlove, and Wallace-and Hussain to estimate models of

cross-sectional data over time area discussed.



Data and Research Methods

Individual purchase records from the approximately 7500 house¢holds of
the Market Research Corporation of America (MRCA) National Consumer Panel
(NCP) provide the data base for this research.lj In total more than 1.6
million individual purchase records for various dairy products were available.
These records included information about the specific product type, product
price, quantity purchased, size and type of countainer, and other attributes
of the purchase. Information regarding the demographic characteristics and
the socio-economic status of each NCP household was also available.

Three statisticalbmodels were developed to obtain estimates of the consumer
response to retail price changes. The models included a cross—-sectional model9
a time-series model and a combined model which incorporated an estimate of the
income effect from the cross-sectional model.

The price response gstimate from the cross-sectional model was expected
to approximate the long-rum response to price changes. In a cross-sectional
sample disequilibrium effects are expected to be synchronized to common market
forces so that the estimated coefficient will typically show a higher resganée
than the partially adjusted response from a time-series model (Kuh, p. 208).
The cross-sectional model is as follows:

Q= £ (P, DV, HDV, ED, 0OCC, R, HES, CS, HC, INC)

where:
Q = Quantity purchased in half-gallon equivalents by a consuming panel
household during the 90 week time period under study,
P = the average price paid by a consuming panel household for a half-

gallon equivalent,

2/

DV = the percent volume purchased through special deal— ,
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HW = the petceut volume yurcbasgd thraugh home delivery,
'ED = educational ievel of the hnusehold head, by categories of years
 ef schooling caupleted _ ‘ |
_.OCC = occupational sta:us of the hausehald head, by emplayment
- categories, ‘
R = race, either Cancasian or other,
HES = hausewife»employmeut,status, either employed or unemployed, "
- CS = gize of Ciiy‘of-residence by size categbry,‘ -
h HC = household age/sex camposition; by mmbers in age/sex categories,
- INC = annual household income in current dollars.

Educational 1&?&1 of the household, occupation of- the household head,

“race, employment status of the housewife and city size were all entered

‘into the zegressiop~as sets of zero-one variables, The age/sex composition

of the household was specified by includingAas-VariahleS’the actual mumber

- of nembers in each of nine age/sex,cléssifications;r~A~second order poly- ) B

- nomial term was specified for the income variable in order to permit the

1identification-of maximm levels of household purchases as incomes increased..

The second model‘was'a%time-series.model in which regianal per capitax.

consumption figures were specified as the dependent variable. Observations -

were 8enerated by aggregazing all purchases by NCP households within each

MRCA geographic,rggion forieach:two_week time period. This total purchase.

_u.figure was then divided #hy the panelwpopnlation figures to obtain a per

’capita,consumption;raté.v‘It was expected that the results of this model

,-would yield price response estimates of a short~rﬁn nature and would be

e, -

- cemparable to results obtained using aggregate market data. The general

form of this model is

=f cPO, Pyaeees B3 Bogs DV; HDV; S; RGN; 5



where :', - | | e |
'.a'ij = the per caoita quantity in halfegallon equivalents purchased by
.v  MRCA panel households per each two«week period ; | ;>' .‘
| 6’= the average price paid by panel households for half-gallon equi~
valent units, r E, : .‘ _ ‘
i'. 1, eee P = the average price paid by panel households for n substitute
"; and/or complement dairy products,?lhi; B
rPﬁd the 1ndex of prices paid for all foods,'>f
- DV = the percent volume purchased through special deals,
YHDV = the percent volume purchased through ‘home delivery, :
5= the season of the year during which the purchased were made, and
‘:RGN the MRCA region of the county- Northeast South, North Central
| Mountain and. Southwes or Pacific, |
The index of all prices peid for food was the food_item component‘of
'.,theaeonsumervpriee,index»(CFI)t Region and season of the year were both
 specified as sets of Zeroeoee oariablee.' . |
The fiﬁal model'was as"mixed" regressionioodei ~ Information about the
income: response parameter obtained from the cross—sectionel model was incor-
porated in re-estimating the time-series parameters. The income response
parameter was introduced into the time~series regreesion model as if known ’
with certainty. The estimates obtained are thus cbnditional upon the
validity of that estimate. Many authors haoe‘euggested methods which relax
}‘the "known with certainty" assumptioe (Chettyg Durbin, Theil) From a
sftheoretical viewpoint, at least, it would appear that sueh methods are a
,noteworthy improvement. " p | - ‘
- The present example is somewhat unique iu that the same data base is

L used to obtain a cross—sectronal estimete of the ineome response parameter~
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and then use.thét-estimatertO‘adjust the dependent variable in a time-series
model., 1In that‘seﬁse, the method may legitimately be thought of as a method
of pooling information f;om a time-series of cross-sections. The idea is as
_follows; In the cross—s;ction samplés price variability only results from
price dispersion invthe market. Consumer reaction to changes in price cannot
be measured in‘the crOSS*seétion‘sample. Price changes ¢an only occur over
time. On the other hand, it is operatioﬁally quite difficult to obtain a
measure of 1nccme'uﬁcoirelated with';rices iﬁ aggregate time-series déta.
‘Further, an estimate of "regional" income from one point in time generally
does not permit changes in the distribution of incomen There is also some
[ ’

question as to the relationship between such a measure and the theoretical
construct of a budget constraiﬁt; The cross-sectional sample of households,
conceptually at least, should provide the “better” income response estimate.
Once this estimate of‘the incéme response is obtained it 1s substituted into
the gtgpctpralﬁdemandigquation.and,gstimatgé_qf_:he,pr;qe;;esponses&gge:then
obtained.from, the time-series. model, |

;~Whenuthe,¢r9€$:§9¢tipnai estimate of the income response is substituted
into the time-series model it is important to make the models cé?P?tableffj
Cross-sectional models are estimated using household consumption or expendi-( -~
gure;figures”gtupne”ppigt_;gﬁcipe:as“che dgpegdept“va;iab;e.%ibftenui; is
necessary iohinclﬁdeiqnly pgrqhasing‘hougehqustwhen\estimgt;ng,para@etefs
in this typgtpf%§w@p§glﬁﬁ,99 thg,oﬁher_hapd,,tiﬁefsgries,quels 9ftenigs¢
- aggregate per capita quantities as the dependent variable. In the present

paper the adjustment process to achieve conpatibility is as follous.



Let:
Q = the per capita quantity consumed in half-gallon equivalents during
two-week time periods,
N = the total number of pers§ns in panel households in each MRCA region,
I = the average annual income of all panel households, in current dollars,
adjusté&'for monthly changes,in U. S. disposable income,
P = the percent of all panel households consuming the product duging-the
two-week time period, |
A = the average number of persons per panel household in the region,
gl = the cross-sectional estimate of the linear component of‘income
response, and
gz = the cross—sectionaliestimate of the quadratic component §f income
response.
Thus, the average household consumption by consuming households during the

i

entire 45 two-week time period, Q%, may be represented as

Q% = (Q/P) - (&) - (45).

- The adjusted household consumption, Q**, is

= ot 1 42
Q#* = (Q* - b, I - b, IY)

| Finally, the adjusted two-week per capita consumption of the prodﬁct being

considered is
A

Q = Q*%/(A) + (45).
The vector Q is then used as the dependent variable in the time-series regres-—

sion. The model in its general form is
o

Q=1 (PO; PiseesP P

> o T o . 0
asPaa’ DVs HDV; S; RGN)

where the variables are the ones previously defined.
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Results

Paramétér estimates from the‘three statisticai models were obtained for
five fluild milk products. The products included regular whole milk, one per-
cent'milk, two §ercent milk, buttermilk and a composite product,htotal fluid
milk. Since 11 modgls were linear in the variates, elasticity estimates were
calculated at the mean values of price and quantity.

Estimates of the dirett price elaséicitigs obtained from the three al-
ternative model specifiéations are presented ianable 1. It should be noted
that the variation agcounted‘for by each of the equations for all three models
- was statistically significant. ¥ tests were all significant at the .00l level

or better and R2 ranged from 85-99 perceng‘fér the time~series and combined
models. There was, however, some evidence of sexial correlation in the time-
series model. By introducing the effects of the previously excluded income
effect into the combined ‘model, tﬁe severity of the serial correlation pro-
blem was reduced.

| In every case except for one percent milk and buttermilk the cross-

sectional estimate is more elastic than the time-series estimate. This re-
sult tends to add support to the contention that estimates from a éross—

" sectional stﬁdy should be thought of as long-run responses. However, these
‘approximate long;run responses should be interpreted with care. For total
fluid miik, fb¢‘exampleg they indicate simply that those households consuming
milk and paying 10 percent more than the mean pricevconsumed on the average
16 percent less milk. This is a quite diffevent implication than if these
estimates were'interpreted as short-run aggreéate market fesponses.' The

relative magnitude cf the cross-sectional estimates is also revealing.
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Table 1. A Comparison of %rice Flasticity Estim: tes from Household Panel
Data for Five Fluid Milk Products, United States, 1972-73.

 Statistical Model

Product Cross-Section Time Seri:s Combined

1. Regular Whole -1,7008% ~0.3795% ~{.2058
Milk

2, One Percent -.8334% -1.1706% -3.4220%
Milk

3. Two Percent ~1.3279 -0,5484% ~0.,7030%
Milk

4. Buttermilk - =1,5191 ~1,7756% -3.5146%

5. Total Fluid -1.6282% ' ~0.1767% -0,3173%
Mitkl/

%

Indicates that the estimated coefficient was statistically significant
at the 10 percent level or better. All estimates were calculated at the
mean of the data.

l-Inclﬁdes the consumption'of regular whole milk, chocolate milk, one per-
cent, skim milk, two percent and buttermilk.
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The lowest price per unit product, one peréent milk, has the lowest long¥
run elasticity. This result éupports the‘contention that purchase respanses
to. price changes are perhaps more correctly thought of in a discrete sense
rather than as the continuous process Qf adjﬁstment suggested by the theory.
Once householdé have made the‘decision to purchase the lowest price per unit
alternative, consumption rates for that product are more stable than for the

higher prized per unit product.

The short-run estimates obtained from the time-series model are quite
consistent with a priori exﬁectations and previous studies. The price re-
sponse is highest for buttermilk and lowest for the composite prodyct, total
fluid milk. Given these results one would ekpect a one percent increase in
the weighted average price of total £luid milk to yield by a 0.17 percent
reduction in per capita eensumption during a two-week time period.

Results obtained from the combined model also appear "reasonable” in
a relative sense. The magnitude of the estimates, if presented alone, would
find a rather wide acceptance. In those cases where the income responsei
was positive and neglected as a variable it was expected that the time-series
price response would be underestimated. This appears to have been the case
for one percent, two percént‘ané total fluid milk. A priori we expected that
the unadjusted time~series response for buttermilk was an overestimate since
the income response estimate was negative. This hypothesis,was, however,
not supported by the data. The fact that the low income Southern region
has a rather high per capita consumptién rate for the product may be part of
‘the explanation. The magnitude of the response for one percent milk (~3.42)

was also quite surprising.
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When the.magnitudes of these various estimates are‘compared? the policy

1mplications of the ‘results become quite clear. While consumers appear to
"be somewhat passive to price increases for fluid milk products in the short-
run they are quite responsive to such increases when given time to find sub-
stitutes or otherwise adjust their ccnsumption’patterns. For the dairy indus-
try it appears that the longer-run conseguences of the current industry prac-
‘tice of placing disproportionate‘price increases on the fluid products to
cover the iﬁcreased costs of production and processing may not be as "painless”
as the short—run elastic1ty estimates 1mnly.
| The estimated cross elasticities for the time-series and comblned models

are presented in Table 2. While the suggested length of the‘paper does not
permit ardetailed discﬁssion of these results it is dmporiant to note that
there is a good deal of substitutability among the various fluid milk pfo~
ducts. In all cases except one, where the estimated cross price coefficients
were statistically significant at the .10 level or better, the cross-price
elasticities'displayed the expected relationship. Qe would of course raise
serious questions abouﬁ the magnitude of the ;ross—price.responses for one
percent milk.

From a methodological viewpoint it wéuld be possible to make use of the
estimated effect of the'suﬁstitute prices in reformulating and them re-esti-
mating the cross-sectional model. This is an extension of thebp;esent work
and we hope to‘complete it shortly.

' The important cénéeptual issue emphasized by the presentation of thesev
.fesults is that both the,maghitude of the estimates and their interpretation '
are quite different depending on which model is used. It should serve as

a warning that when the data of a given set are combined in different ways



Table 2. Calculated Direct znd Cross Price Elasticities for Five Fluid Milk Products from Two Alternative Model
Specifications, United States, 1972-73

. ‘ ) Retail Price of:
Regular One Two Totz1 American Evaporated Ice
Quantity of: Model Whole Percent Percent  Ruttermilk Fluid Cheese Milk Cream Butter
: Milk Milk
Regular Whole | Time Series| -.379%  .295%  ,205%
Milk
Combined =.206 .326% -.045
One Percent Time Series | .1,166 -1.171% 3.061%
Milk
Coubined = |~12.076% ~3.422% +16.631%
Two Fercent Time Series .857% L055% -,548%
Milk
. Combine .981% .292 -, 202%
Buttermilk Time Series | 1,355% «1.775%
Combined 2.854% -3,5146%
Total Fluid Time Series ~,1767% .528% -.197 ~305 .163%
Milk . , :
' Combined -.3173% ,589% ~,208 -,222 178

- 'II-»

ofas
o

Indicates that the estimated coefficient was statistically significant at the 10 percent level or better.
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different results are obtained. When a point estimate is used for prediction
or for assessing the impact of changes in a given variable, the magnitude

of the estimate is, in fact, the issue. Applying numerical estimates of
estimated relations to models quite different from the one responsible for

their generation can be misieading.

Cross~Sectional Models and Policy Analysis

The pooling principle employed in this paper is rather simplistic in
néture and, of course, is not new in econometric estimation. What is im-
portant, however, is that once again we remind ourselves of the insightful
comment by Fred Waugh that ‘“there is probably no such thing as the elasti-
city of demand” for any product. The nature of the data and the method of
estimation in large part determine the point estimate we obtain and then
use for policy analysis and business decision making.

Kuh argues that for policy purposes the numerical value of the diffe-
rence between the cross-sectional and time-series estimates should be as-
 certained. He states, "If thg time-series estimate is some function of
"the typical cross—sectional estimate, one estimate can be translated into
the other irrespective of the causgl factors that determined the discre-
pancy’’ (p. 210). The parameter which relates the time~series and the‘cfoss—
section estimate may be thought of as appro#imately equal to the rate
of adjustment from the short-run or mmmediate response to the new long-run
equilibrium position. Given an estimate for this parameter the cross-sec-
tional response may be used to provide estimates of either long-run or short-—
run conseqguences to price changes.

This suggested procedure has practical impo%tancea Often policy
analysts want information about probable changes in the aggregate market

response. Such an estimate is ordinarily obtained from time-series data -
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quite Of;en withilimited sample.sizes° Generating the eggregate response
from’crqss-section data and then,,with an estimate of ehe adjustment rete,
deriving the short-run response appeara preferable to the procedure suggested
by Nerlove for obtaining long—run responses from time-serxes models for at
least.two reasons. First, the base response (the equilibrium response) can
be generated using a data base which permlts structural change. " That is,
changes in the parameters over time can bhe obserVede Second-lys in most
studies, crosS-seetional data permit a closer correspendence of the empirical
estimation to'the'theofy‘being used‘to build the medei;

Methods of estiﬁetien which appear to permit st:ﬁctﬁral estimafien from
continuing micro-unit data systems have been'deveioped (Kuh, Balestra and
Nerlove, Wallace end Hussain). Seldom however have such methods been em~
ployed. The ‘lack of available price/quantity data, available computer soft-
ware or even the physical limits imposed by computer hardware systems are
often difficult ﬁur&les to overeOme,

Basicallv9 such methods entail the estimation of parameters from a
cross-section of independent micro-units {firms or houeeholds) making adjust-
ments over time to changing economic variables. The regression model is

expressed as follows:

-

B .
e Tl By By Yoy
: i=1
where:
th = the observatlon‘of the jth cross-sectional unlt in the tth
time period,
.‘Xijt‘= the ebservation of thevigh'independent:vafiableAassociated.
-With the jgg;crass—sectional unit in:the tth time period;
£,, = thepérrerﬂterm‘ )

it
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It is generally recognlzed that under‘the usual assumptlons at leaot,
a Straight forward application of OLS to such a model’yields parameter esti-.
mators which are unbiased and consistentol Such éstimates‘are inefficient

however, since the error term, € £ incorporates an individual micro-unit

, 3 ,
effect and a time effect in addition to the random error component. If it
can be assumed that each of the separate components of sjt are additive,
random, have zero means, are independent of each other and have ccnstant
variances (which méy be differént from each other) and that unblased and effi-
cient estimates of the indiviéuai micro-unit effect and the time effect can
be obtained, a variance-covariance matrix can be develope& and the model’esti—
mated via generalized least squares (GLS). Regression éoefficients obtained
in this way have the same properties as the Atkin estimator. They are con~
sistent, asympotically efficient and asympotically normal. Once these esti-
mates are obtained it should be poss1b1e to apply the cross-section estlmates
in a stralght forward fashlon to ﬂggregate prediction problems for. policy
purposes.,

Two potential problems with this approach bepome immediately apparent.
Fir ;t if any one of the error components is correlated with any of the ex-
planatory varlables9 so tth it is not random or does not have a zero mean,
the estimated coeffic1ents from the model will be biiised and ineff1c1ﬂnt..
Secondly, and from a‘methodological viewpoint9 one muét_find a way tovfind'.
unbiased and efficient estiméfes of the error components so that an estimate
of the variance-~covariance ﬁatrix can be éevelopedn Wallace and Hussain show
that whé;;there are no lagged vaiues of the dependent variables present in
the matrix of explanatory.VQriaQiés,=the éalculated:tesiduals from a first
roqu OLS-esﬁimatioh maj be used to compute asympotically unbiased and con~-
vsistent estimates of tﬁé:error va}iance componeﬁts. To our knowledge ihis

model has never been applied to data.
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In the years since Nerlove's insightful paper in 1958 there has not
been a sustained effort on the part of researchers in our profession to
explore methodologies relating mstimates obtained from cross-section and
time-series data systems. We are in the process of deﬁeloping the computer
software neces;ary to estimate models using the MRCA data base and the
method suggested by Wallace and Hussain. We are also interested in explor-
ing in more detail both the iterative procedure used by Telser and the method
proposed by Balestra and Nerlove. It is hoped that this research will in-
crease our understanding of the consumer response to price changes ‘and will

eventually result in methods of estimation which may be used to answer a

wider range of policy questions.

Concluding Comments

The purpose of this paper has been to re-emphasize the importanée of
not only the nature of the data but alsc the model specification in obtain-
ing numerical estimates of price response. A "rich"” set of data generated
quite different numerical estimates depending on the specification of the
model. The results indicate the importance of specifying models which are
capable of generating the answers to specific questions. Furthermore, they
indicate the practical importance of increasing our ugderstanding of just
how cross-sectional and time-series models are related. If the crossésec~
tional estimate may appropriately be thought of as the long-run response
(ie. the fully adjusted equilibrium response) and the rate of adjustment
can be determined, such estimates may be useful for answering a wide range
of policy questions. A method of estimation originally proposéd by Wallace
and Hussain appears to provide, with necessary modification of course, a
means for obtaining parameter estimates with desirable properties. Concept~
ually, af least, it éppears that a pooled model of cross-sectional data over

time permits the estimation of structural parameters consistent with the
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theory. That is, they are capable of following the reaction of decision

making units, rather than geographic regions, over time when prices change.
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Footnotes
*The authors are Assistant Professor of Agricultural Economics (Boehm) and
Professor of Agricultural Economics and Statistics (Havlicek), Virginia Poly-
technic Institute and State University. Part of this research is based on

Boehm's unpublished 1974 Purdue University Ph.D. thesis, An Econometric Analy-

sis of the Household Demand for Major Dairy Products. The contributions of

E. M. Babb in the early stages of this work are acknowledged.

1. The United Dairy Industry Association (UDIA) acquired these data as a
client of the Market Research Corporation of America mnd made them available
to us for research purposes. Dr. G. G. Quackenbush, Director of Economic
and Markeﬁing Research of UDIA, was instrumental in getting research using
these data started and continues to make contributions as the research pro-
gresses.

2. Retail purchases made subject to special promotions or "deals" (cents
off, coupon sale, etc.) were reported by NCP households. The percent of

the total volume purchased subject to such a special promotion was then
specified as an independent variable.

3. The number of substitute or complement products varied among the beve-
rage milk equations according to the hypothesis concerning the expected
relations among products. Specifically, for each of the four fluid milk
types the substitute or complement prices were prices in half-gallon equi~-
valent. units fo; the other three products, when appropriate. For the com-
posite product, total fluid milks'the substitute or complement priceé?werg
prices for American cheese and butter in pounds, evaporated milk in 13 ounce
containers and ice cream in half gallons. Table 2 contains the exact cross

price responses estimated for each equation,
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