Quality, Quantity, and Spatial Variation of Price

By ANGUS DEATON*

In many household surveys, geographically clustered households report unit values
of foods, which when corrected for quality effects and for measurement error,
indicate the underlying spatial variation in prices, and can be matched to
variation in demand patterns so as to estimate price elasticities. A 1979 household
survey from the Cote d’Ivoire is used to estimate price elasticities for beef, meat,

fish, cereals, and starches.

In the United States, as well as in many
Western European countries, income taxes
are a major source of government revenue,
and it is appropriate that economists should
have devoted a great deal of both theoretical
and empirical effort to calculating the effects
of income taxes on labor supply and on
government revenue. By contrast, few devel-
oping countries possess the administrative
machinery that would permit a comprehen-
sive income tax or Social Security system, so
that correspondingly greater emphasis is
placed upon indirect taxation and subsidies.
In such circumstances, intelligent policy de-
sign requires knowledge of price elasticities
for taxable commodities. Such knowledge
would normally be obtained by the analysis
of time-series data on aggregate demands,
prices, and incomes. Unfortunately, few de-
veloping countries have time-series of a
length that is adequate to estimate even
own-price elasticities, let alone the cross-price
elasticities that are also required. However,
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many developing countries regularly collect
high-quality household survey data on ex-
penditures and quantities of a wide range of
commodities. To my knowledge, such data
currently exist for such diverse LDC’s as
Brazil, India, Sri Lanka, and Cote d’lIvoire,
the Sudan, Morocco, and Indonesia, as well
as for a number of developed countries, for
example, the United States and the United
Kingdom; a systematic search would likely
reveal many more. In principle, these house-
hold surveys contain information on the spa-
tial distribution of prices, so that if this
information could be recovered in usable
form, there is great potential for estimating
the demand responses that are required for
making policy. This paper is concerned with
the development and implementation of an
appropriate methodology to estimate price
elasticities of demand using such cross-sec-
tional household survey data.

In surveys where households report both
expenditures and physical quantities, it is
possible to divide one by the other to obtain
unit values. These unit values, which depend
on actual market prices, suggest that there is
substantial spatial variation in prices in many
developing countries, a finding that makes
good sense in the presence of high transport
costs. However, it is not possible to use unit
values as direct substitutes for true market
prices in the analysis of demand patterns.
Consumers choose the quality of their
purchases, and unit values reflect this choice.
Moreover, quality choice may itself reflect
the influence of prices as consumers respond
to price changes by altering both quantity
and quality. Measured unit values are also
contaminated by errors of measurement in
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expenditures and in quantities and are likely
to be spuriously negatively correlated with
measured quantities. In the technique devel-
oped here, market prices are treated as un-
observable variables that affect quantities
purchased, and that determine observed unit
values with both measurement error and
quality effects. Since household surveys typi-
cally collect data on clusters of households
that live together in the same village and are
surveyed at the same time, there should be
no genuine variation in market prices within
each cluster. Within-cluster variation in
purchases and unit values can therefore be
used to estimate the influence of incomes
and household characteristics on quantities
and qualities, and can do so without data on
prices. Variation in unit values within the
clusters can also tell us a good deal about
the importance of measurement error. By
contrast, variation in behavior between clus-
ters is at least partly due to cluster-to-cluster
variation in prices, and this effect can be
isolated by allowing for the quality effects
and measurement errors that are estimated
at the first, within-cluster stage.

The plan of the paper is as follows. In
Section I, 1 discuss previous attempts to
estimate price elasticities from cross-sec-
tional data by relating quantities purchased
to their “prices,” where the latter are ob-
tained by dividing recorded expenditures by
recorded quantities. The problems associated
with quality choice and with measurement
error are identified. I also propose a simple
model of quality choice under weak sep-
arability that generates a relationship be-
tween the price and income elasticities of
quality and quantity. This relationship later
plays a crucial role in removing the effects of
quality choice from the estimate of the price
elasticity. Section II presents a model of
quantity and quality choice that can be
estimated and Section III contains the re-
sults for a household survey from the Cote
d’Ivoire.

I. Conceptual Background: Temptation and
Its Consequences

Given the importance of estimating price
elasticities in developing countries, as well as
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the difficulty of doing so, it is not surprising
that researchers have been prepared to make
use of whatever data are available. A major-
ity of developing countries has at some time
or another conducted a household expendi-
ture survey, usually so as to obtain weights
for the calculation of a consumer price in-
dex. By definition, such surveys collect data
on household expenditures, but they often
go further and collect data on gquantities
purchased, particularly for foodstuffs, where
quantities are well-defined, and where the
consumption levels are themselves important
for assessing the nutritional status of the
respondents. Armed with expenditures and
with quantities, the temptation to di-
vide one by the other is irresistible. In the
early classic studies by Hendrik Houthakker
and Sigbert Prais, 1952, and Prais and
Houthakker, 1955, the authors thoroughly
analyzed the behavior of the unit values
obtained by such division, but the authors
were (presumably) cautious enough to resist
the further temptation to use the calculated
“price” to estimate price elasticities. More
recently, more valorous researchers have
taken up the challenge, and there have been
a series of papers, by Peter Timmer and
Harold Alderman, 1979; Timmer, 1981; Dov
Chernichovsky and Oey Astra Meesook,
1982; and Mark Pitt, 1983, using data from
Indonesia (all save Pitt) and Bangladesh
(Pitt), all of which have regressed quantities
on unit values, and all of which have ob-
tained sensible and pleasing results. The
dangers were perhaps more apparent than
real.

Table 1 lists similar estimates for rural
households from the Cote d’lIvoire for two
commodities, beef and meat, the latter a
broad category that includes the former. The
survey and the data will be discussed in

Section III below. The results given here

were obtained by regressing (by ordinary
least squares) the logarithm of annual quan-
tity purchased, measured in kilos, on the
logarithm of the unit value, obtained by
dividing the total annual expenditure on the
good by the total annual quantity purchased.
In addition to the logarithm of the unit
price, per capita total household expenditure
on food was included as an explanatory vari-
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TABLE 1 —“PRICE” ELASTICITIES, BEEF AND MEAT:
RURAL COTE D’IVOIRE, 1979

Beef Meat
No Cluster
Effects —0.56 (5.0) —0.30 (4.3)
With Cluster
Effects —0.80 (4.6) —0.39 (4.6)

able together with a range of household de-
mographic indicators. There are 429 ob-
servations for beef, and 631 for meat; this is
only a fraction of the total number of ob-
servations, but the (temporary) use of loga-
rithms means that we are limited to those
households that purchased positive quanti-
ties. The regression results in the first row of
Table 1 are obtained by ignoring the cluster
structure of the sample, while the second
row involves deviations from cluster means
of all variables. (Identical results would be
obtained by including in the regressions
dummy variables for each of the clusters.)
The price elasticities are all reasonably well-
determined and taken separately, either the
first or second row would appear to yield
satisfactory estimates. The fact that meat is
less price elastic than is beef is what would
be expected, given that there are substitutes
for beef within the meat group as a whole.
However, taken together, the results in the
two rows are more disturbing. Since the
model is supposedly one of spatial price
variation, and since price variation within
clusters should be absent, the subtraction of
the cluster means should make estimation of
a price elasticity impossible. In fact, the
estimated price elasticity increases. The reso-
lution of these (and other) problems involves
a good deal of analysis and it is to this that
the remainder of this section is devoted.

A. Quality

The unit value of “meat” is clearly not a
price. Meat is not a homogeneous commod-
ity, but a collection of commodities, in this
case, agouti (a large rat), palm squirrel, veni-
son, other game animals, game birds, chicken,
guinea fowl, beef, pork, mutton, goat, and
canned meat. Not all of these have the same
income elasticity, so that richer households
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will consume not only more than poorer
households, but also in different proportions.
What is generally to be expected is that the
price per kilo will be higher for the goods
more heavily consumed by the rich so that
there will be a positive relationship between
the unit value of meat and the level of
household income. Even for a more narrowly
defined commodity such as beef, there are
more and less expensive cuts, and there are
lean, scrawny (and cheap) agoutis as well as
fat, sleek, and tasty ones. Houthakker and
Prais (1952) give several estimates of what
they call the “elasticity of quality,” defined
as the elasticity of unit value with respect to
total household expenditure (or income); see
also J. S. Cramer (1973).

One immediate consequence of this analy-
sis is that, insofar as unit values reflect qual-
ity as well as genuine price variation, they
are chosen by consumers just as are quanti-
ties. The regression of quantity on unit value
is therefore a regression of one choice vari-
able on another, and runs all the usual risks
of possible lack of identification, simultane-
ity bias, and interpretational ambiguity. But
there is another, and possibly more im-
portant issue. Prices will themselves affect
the choice of quality. If market prices rise,
consumers can not only alter the quantity
that they buy, but also the quality, or more
precisely the composition of their purchases
within the group. If protein and calories are
of greater primary concern than is “taste,”
then a sensible reaction to bad times is to
move to less expensive cuts with little
sacrifice of nutritional levels. The effect of
this sort of substitution will be that an in-
crease in price will generate a less than pro-
portionate increase in unit value. To fix ideas,
suppose that market prices for all types of
meat are higher in village A than in village
B, and that the per capita weight of meat
consumed in A is correspondingly lower. If
price were directly observed, and other vari-
ables adequately taken into account, the price
elasticity could be directly estimated from
the relationship between price and quantity.
But if unit values are used, the same quan-
tity difference will be ascribed to a smaller
unit value difference, because of the quality
effect, so that the “price elasticity” will be
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exaggerated. Note that this would be true
even if the econometric equations were to fit
the data perfectly; the problems associated
with the simultaneity of quantity and quality
introduce additional complications.

Without information on all three of quan-
tity, quality, and price, it is generally impos-
sible to estimate everything that we want to
know. Some theoretical restriction is re-
quired, and I obtain it from a simple model
of the way in which quality is influenced by
price. The basic assumption is that meat
forms a separable branch of preferences, so
that the demand for individual meats de-
pends on the total meat budget and on the
prices of the individual meats within the
branch. In consequence, changes in the level
of market prices of all meats together affect
the demands for individual meats in exactly
the same way as do changes in the total
budget devoted to meat. But the “quality” of
meat depends on the composition of demand
within the meat group. In consequence, if we
know how the quality of meat changes with
changes in income, we can predict the effects
of changes in absolute prices on the unit
value index. As I shall show below, if the
quality elasticity of meat is zero, the unit
value index moves proportionately with the
market price of meat. If the quality elasticity
is positive, as would normally be the case,
unit value will move less than proportionally
with prices, the shortfall depending on the
size of the quality elasticity as well as on the
overall price elasticity of meat. The re-
mainder of this subsection is devoted to a
model that produces this result. The result
itself will be required in the later sections to
estimate price elasticities.

Suppose that at cluster (village, or site) c,
the price vector for meats is p., where the
components of p, are the prices of the indi-
vidual goods, agoutis, venison, beef, and so
on. I need to assume that there exists a
positive, linearly homogeneous, function of
Pes AJ(p.), where the value A, is to be
thought of as the level of meat prices in
cluster c. For example, A, could be a fixed-
weight Laspeyres index, but there are many
other possibilities. Given A, I write

(1) p.=A.pk.
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For some purposes, it is useful to think of
pX as being the same for all clusters c.
However, in practice the relative prices of
different meats are clearly not the same in all
locations; indeed not all varieties of meat
will even be available in each of the clusters.

Quantities are thought of as the purchases
of single individuals located at different sites,
but otherwise identical. The aggregate quan-
tity of meat purchased is Q, where

(2) Q0.=k%q,,

and g, is the vector of meat purchases at
location c. The vector k° will be a vector of
ones if it is appropriate to aggregate by
weight, in which case Q, will simply be the
number of kilos of meat. I allow the more
general formulation so that aggregation could
be done with respect to other characteristics,
for example, calories. The element-by-ele-
ment ratios p*/k? are the prices per kilo of
each of the meats, and I take these to be
indicators of quality, with higher quality
items costing more per kilo. Clearly, the
variation in relative prices between clusters
must be sufficiently limited for this interpre-
tation to be justified.

Expenditure on the commodity group is
denoted by E_, which is p_gq,., so that the
unit value, V,, is given by

(3) V.=E./Q.=A(p*q./k%4q.).

The term in brackets, which I denote by »,,
is the measure of quality; it is the average
cost per kilo at location ¢ once price-level
differences across clusters have been taken
into account. It is this interpretation that
limits the degree of allowable relative price
dispersion across clusters. Equation (3) can
be written

(4) InV,=InA,+Inw,,

so that, measured in logarithms, unit value is
the sum of price and quality.

The next step is to use the assumption
that meat is separable in preferences to de-
rive an expression for the effect of price
changes on quality. The conceptual experi-
ment here is to vary the level of prices, A,
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while holding fixed the within-cluster relative
price structure pX*. By weak separability, the
vector of meat demands g, is a function of
total meat expenditure and the vector of
meat prices, so that

(5) 9.=8.(E..p)=8.E. /X, p¥),

where the second equality follows from the
fact that the (group) demand functions are
zero-degree homogeneous in total expendi-
ture and prices. The quality indicator », is
pX-q./k° q,, which at fixed p* and p° is
simply a function of ¢, and therefore, by (5)
of the ratio E,/A . In consequence,

dnw, dlny, dlny, dInE,

= — + .
©) dInA, dlnE, dInE, A’

since E_, total expenditure on meat, will
itself be affected by the price change. Ex-
penditure E_ is the product of quality »,,
price A, and quantity Q,, so that taking
logarithms and differentiating with respect
to A, gives

dInE, ) dnv,
=1+ +
dInX, dmA,

(7)

where ¢ is the price elasticity of the group
with respect to the group price A . Hence,
from equation (6), using (7) to substitute for
the last term,

dinvy edlnv /O0InE
(6) e D

dlnA, 1-4lny/0InE,

Equation (8) shows that the effects of price
on quality operate as income effects; an in-
crease in the group price depresses group
demand through the group price elasticity,
and it is this fall in demand that generates
the change in quality. The result can be
expressed in the Prais-Houthakker notation
by noting that, since », is a function of E,

dlny, Jdlny, dInE,
dlnx JIE, dlnx’

(9)
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where x is total expenditure (or income, or
total food expenditure). The left-hand side is
7, the quality elasticity as defined by Prais
and Houthakker, while the last term on the
right-hand side is the sum of the quality
elasticity n and the usual quantity elasticity
e,. Making the substitutions in (9) and then
in (8) gives d Inv./d In .= ne, /&4, so that,
for unit value V,, by equation (4),

(10) dInV,/dInA =1+ne,/¢,.

In consequence, if the group price changes,
and we mistakenly measure the price elastic-
ity by the relationship between the change
in quantity and the change in unit value,
we measure not ¢, but £, where E,=
dinQ./dInV =¢,/(1+ne,/¢,). This ex-
pression shows that, econometric issues
apart, the comparison of quantities and unit
values will tend to overstate the price elastic-
ity in absolute magnitude, at least if, as
would normally be the case, the price elastic-
ity is negative, and the product of the price
and quality elasticities is smaller in absolute
value than the total expenditure elasticity.
The equation also gives a means of repairing
the bias, since the quality and quantity elas-
ticities can be estimated. In Section III, I
shall use the result for exactly this purpose.

B. Spurious Correlations

The contamination of unit values by qual-
ity effects is not the only problem that lies in
the way of using unit values to indicate
prices, and it may not even be the most
serious. Additional problems are generated
by errors of measurement. Unit values are
calculated by dividing expenditures by quan-
tities, so that errors of measurement in either
will not only cause the unit value to be
measured with error, but will also most likely
generate a spurious negative correlation be-
tween quantity and unit value. Suppose that
regressions are run in logarithms, so that the
point can be illustrated with a simple bi-
variate regression. Suppose that for observa-
tion i (either a cluster or a household), ex-
penditure E; and quantity Q, are measured,
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each with error. Write this

(11) InE,=InE*+e,;
InQ,=InQx* +e,,

where true values are marked with asterisks,
so that, for the unit value V;, we have

(12) InV,=InV*+ e, —e,;.

1

The errors e, and e, have variances w?} and
w? and covariance w,,. It is important that
this covariance be taken into account; al-
though the data recorded are expenditures
and quantities, it does not follow that the
measurement errors of these two magnitudes
should be independent. Respondents may
recall the latter by dividing the former by
the price, or reconstruct expenditures from
price multiplied by quantity.

Suppose that the true regression function
for Q conditional on ¥V is E(InQ *|InV,*) =
a+ B1lnV*, although note that B is not
likely to be the price elasticity, if only for the
reasons in the previous subsection. If the
errors are normal, the regression function of
the observed quantities on observed unit val-
ues is also linear and has slope not 8, but B,
where

(13) B=B(w%/w?) - {(w3—wy)/w?},

where w?, is the true and «? is the measured
variance of V. The first term is the standard
“attenuation bias” whereby B is multiplied
by a positive factor less than unity, while the
second term arises from the fact that unit
values are derived by division. If unit val-
ues are correctly recalled, e, = e,;, so that
w? =w,,,and B = B. More generally, it seems
reasonable to expect the second term to be
negative, as it must be if the measurement
errors in expenditures and quantities are in-
dependent. In this case, and if, as expected,
B is negative, the two terms in (13) act in
opposite directions so that the biased esti-
mate could be either larger or smaller than
the true value.
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I1. Specification and Estimation

The data to be analyzed come from surveys
in which the unit of observation is the
household. However, such surveys are invari-
ably geographically clustered, with clusters
of a dozen or so households living in the
same place and surveyed at the same time.
Such a design minimizes the transport costs
for the enumerators, who can spend some
time in a given location, instead of con-
stantly having to move between units that
are widely separated in space. My basic as-
sumption is that all households in the same
cluster face the same market price; this price
is not itself observed, but makes its presence
felt in quantities purchased and in their unit
values, both of which are observed. Denot-
ing the household by i and the cluster by ¢, I
propose two basic equations:

(14) w.=a;+BInx, +vz,
+ 0llnpc + fc + ulic’

(15)  Inv,=a,+Bylnx;, +v, 2,
+0,In p.+ uy,,,

where w;,_ is the share of the budget devoted
to the good (including both actual purchases
and imputed expenditures), x;. is the total
budget, v,, is the calculated unit value, and
z;. is a vector of household characteristics,
all of which are observed. The logarithm of
the cluster price, p,, is not observed, nor is
the cluster fixed-effect f,, nor the two error
terms u;;. and u,,. The demand equation
(14) is simply the regression function of the
budget share conditional on the right-hand
side variables, and should not be regarded as
a structural demand equation at the level
of the individual household. In particular,
households that do not consume the com-
modity, for whom w,,=0, are included in
the equation. This is the correct concept for
policy analysis; if the government can im-
pose a tax that increases all spatially dis-
persed prices for the good by the same
amount, then the effect on revenue depends
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on total demand and on the response of total
demand to price, including purchasers and
nonpurchasers alike. Given this, the equa-
tion is a standard Engel curve specification,
linking expenditure to total outlay, price,
and household characteristics. The unit value
equation (15), which is observed only for
households that record positive market pur-
chases, follows the analysis of quality choice
in Section I by relating unit value to the
budget, to household characteristics, and to
the price. The coefficient 6, is the response
of unit value to price, and is related to the
other elasticities by equation (10) above.

The share equation (14) contains a set of
cluster fixed- (or random) effects f, that
represent unobservable taste variation from
cluster to cluster. These are taken to be
orthogonal to the unobservable price term,
but they need not be orthogonal to the Inx
and z variables; they can be thought of as
“residuals” in a cross-cluster explanation of
purchases. Alternatively, f.+ u;;, can be
thought of as an error term with both cluster
and idiosyncratic components. Note that the
fixed effects are excluded from the unit value
equation; fixed effects would preclude any
inference about price from unit values, and
the model would not be identified. The error
term u; has variance oy;, and, conditional
on the household making purchases in the
market, u, has variance 0,, and covariances
6,, with u;. (Note that, because of home
production, not making market purchases is
not the same as having a zero-budget share.)
These variances and covariances allow the
model to capture the spurious relationships
between quantity and price that do not come
from genuine price responses; note that, in
the case where the measurement errors of
expenditures and unit values are indepen-
dent, 0,, would be zero. More complex ver-
sions of (14) and (15) can be proposed, for
example, so as to include cross-price effects,
see Angus Deaton (1987), or to allow dum-
mies to pick up broad regional taste dif-
ferences that are not generated by price dif-
ferences, see my working version of this
paper (1986).

The parameters 8, 8,, v;, and y, can be
estimated by ordinary least squares applied
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to the data with cluster means removed;
denote these within cluster estimates by S,
B,, ¥, and ¥,. Note that there is no selectiv-
ity problem involved in estimating the unit
value equation using only those households
that make market purchases; all households
in the cluster face the same price, and there
is no reason to link measurement error with
the amount consumed. Let n be the total
number of households in the C clusters, and
let n, be the number of households that
record market purchases. Then if e; and e,
are the OLS residuals from the within-clus-
ter regressions of (14) and (15), then the
variances and covariance can be estimated
from 6;,=(n—k—C) leje;, 6,=(n,—C
— k) 'ese,, and 6, =(n,—C—k) lejef,
where e are the elements of e, correspond-
ing to the households that make purchases in
the market. To estimate the other parame-
ters, use the OLS estimates to “correct”
the shares and unit values by calculating
the two variables y, =w, — BInx, —%-
Zyjeo and Jo o= Inv, — Bylnx;. — ¥, 2y, We
are interested in the between-cluster varia-
tion in these magnitudes, so consider their
cluster means, j,, and j, ; from (14) and
(15), the population counterparts of these
magnitudes y, . and y, . satisfy

(16) yl.c=al+0llnpc+fc+ul.c’
(17 »n.=a,+8np +u,,.

It is then easy to show that, over C clusters,
where cluster ¢ has n, households, n} of
which show positive consumption, we have

(18) cov( ¥y 1a0) = 0102’",; +o0,/n,,
(19) Var( yZ.c) = 022mp + 0'22/71:,

where m,, is the intercluster variance of In p,.
Hence, if we define 7 as C/(Zn_!), and 77
as C/(Zn}~1), which are the appropriate
measures of average cluster size, then we
take covariances over the clusters, the em-
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pirical ratio

cov(Jy, i )= 61y /7

Var(iz.)_ Gy /7"

(200  ¢=

will consistently estimate the ratio 6,/6,,
consistency referring to the situation where
the number of clusters becomes large but the
number of households per cluster remains
fixed.

To understand the intuition behind this
estimator, note that, if there were no “cor-
rections” to the numerator and denominator
in (20), it would be the ratio of a covariance
to a variance, that is, an ordinary least
squares estimator, in this case of cluster-
budget share on cluster price, at least once
both variables have had the effects of
household characteristics netted out. There
are two problems with this OLS estimator.
First, there is measurement error in both
share and unit value. As discussed in Section
I, Part B, there is likely to be a spurious
negative correlation between quantity and
price, and this will result both in an inflated
variance for the logarithm of the unit value,
as well as in a spurious correlation between
the share and the log unit value. Averaging
over clusters will reduce, but not eliminate
the bias induced by these effects and both
the covariance and the variance have to be
corrected using the error covariance and
variance o,, and o, estimated at the first
stage. Second, since unit value responds to
price with an elasticity of §,, which is not in
general equal to unity, budget shares re-
spond to unit values with a coefficient 4, /6,,
rather than the coefficient 6, that would be
obtained if 6, were unity. This second prob-
lem cannot be corrected from the data, but
requires application of the quality model of
Section I. In particular, (10) gives 6, as
1+ B¢, /€x. In the model defined by (14)
and (15), neither the price elasticity e, nor
the expenditure elasticity ¢, are constant,
but since w is the product of the unit value
and the quantity divided by the budget, we
have dlnw/dInp=460,+¢,=0,/w, and
dlnw/dIlnx=8,+¢,—1=p8,/w, so that,
first substituting these expressions in the for-
mula for 6,, and then replacing 6, by 6, /¢,
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we get, after some rearrangement
1) 6,=¢{B,+w(1-B,)}/
(:31 +w— ¢.32)-

An estimate of 8, can be obtained by replac-
ing the quantities on the right-hand side by
their estimates, although notice that 8, will
generally vary with the budget share. Our
estimates below will be calculated at the
sample mean of the w’s. Note that, if 8, =0,
so that there are no income effects on qual-
ity, then 6, = ¢, and the estimator (20) re-
quires no further correction.

In summary, there are three stages to the
estimation. At the first, OLS applied to the
within-cluster data yields estimates of the
effects of total expenditure and household
characteristics, as well as of error mea-
surement variances and covariances. At the
second state, the effects of the budget and
characteristics are netted out, and cluster
averages of the “corrected” budget shares
and unit values calculated. A regression of
shares on unit values, corrected for measure-
ment error, yields an estimate of the ratio of
the responses to price of the share and the
unit value. At the third and final stage, the
effect of price on the budget share is ex-
tracted from the ratio by use of the theory
linking quality and quantity elasticities. It
seems not to be the case that there exists any
obvious instrumental variable estimator that
will short-circuit the first two stages. For
example, if (15) is used to express price in
terms of unit value and the result substituted
into (14), we obtain a relation between share
and unit value in which the unit value term
is correlated with the error term. The cluster
dummies would seem to be likely instru-
ments, but it is easy to see that this is
equivalent to replacing individual unit values
by the cluster means of unit values, and
these, like the individual observations, are
still contaminated by measurement error. In-
deed, it is precisely this contamination that
requires the use of the errors-in-variable
estimator in (20) rather than OLS.

The estimator ¢ given by (20) can be
compared with the estimator ¢, where ¢ is
the same estimator with the tildes removed,
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that is, the estimate with the first-stage
parameters known. ¢ is a standard errors in
variables estimator (see Wayne Fuller, 1987,
p. 108), and its asymptotic variance is given
by

(22) v($)=(mp—0yp/7)""
X {7%my, +(my, — my)*}
(c-17,
(23) 7 =my —2myy +mydt,

where m,; is the variance of y, ., and m,,
and m,, are, respectively, the covariance
and variance in equation (20). This formula
understates the variance of ¢ because it
ignores the estimation uncertainty associated
with the B’s and o’s. The correct formula is
given in the Appendix; in practice, and for
these data, (22) is an extremely accurate
approximation. The variance of the estimate
of 6, calculated from (21) can be obtained
by application of the “delta” method.

III. Empirical Results

The data are taken from the FEngquéte
Budget Consommation,! which collected data
from a random national sample of house-
holds in the Cote d’Ivoire during the calen-
dar year 1979. There are 1200 urban house-
holds in the sample, 522 in Abidjan, and 678
in other towns. The remaining 720 house-
holds are divided between the northern
Savannah (264 households), and the coastal
East and West Forest regions, with 312 and
144 households, respectively. Although the
survey was a very ambitious one, not all of
the data collected are now usable, and we
are limited to only a fraction of them. Data
are available on the value and weight of each

!The underlying data from this survey, as well as
those from the Living Standards Survey used later in the
paper are the property of the government of the Cdte
d’Ivoire. The tapes are lodged with the Welfare and
Human Resources Division of the World Bank, to whom
requests for access should be directed.
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purchase during “last week” for 100 dif-
ferent foodstuffs, as well as on the volume
and imputed value of “autoconsommation,”
foods grown, manufactured, or captured for
own consumption. There are also data on a
limited number of household characteristics
including the ages and sexes of family mem-
bers and the household location.

Each of the rural clusters contains twelve
households, so that there are 26 East Forest
clusters, 12 West Forest clusters, and 22
Savannah clusters. Since each of these clus-
ters was visited during four different seasons
of the year, there will generally be genuine
(seasonal) price variation within each cluster.
To deal with this, I treat clusters in different
quarters as different clusters, so that there
are effectively 240 rural “clusters” or more
accurately cluster-quarters. The urban clus-
ters are naturally much less dispersed than
those in the countryside, so that urban
households might easily buy commodities in
clusters different from those in which they
live. In consequence, I confine the presenta-
tion here to the rural results; even so, and
although the results are not the same, the
methodology appears to work just as well for
urban households. Cluster-quarters in which
no households purchase the good in the
market have to be excluded since no unit
value can be calculated; there are a total of
49 such clusters out of 240. Although such
exclusions may generate some selectivity bias,
note that the situation is much better than
would be the case if we had to exclude all
households that made no market purchases.

The variables in the specifications (14) and
(15) are defined as follows. The income or
expenditure variable is total annualized
household expenditure on food divided by
the number of people in the household. Ex-
penditure on food rather than total expendi-
ture is necessitated by absence of data on the
latter, and will be theoretically acceptable if
food is separable in preferences. Annualized
expenditure is thirteen times the total value
of purchases and imputed consumption ob-
served over the total of the four weekly
visits. The z variables are household demo-
graphics; we have data on the numbers of
household members by sex in each of seven
age-groups. The first thirteen z variables are
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the ratios of each of these numbers to total
household size (the effect of the fourteenth
can be inferred from the intercept), and I
also enter the logarithm of household size to
allow for the possibility that demands are
not linearly homogeneous in household
numbers and total expenditure taken to-
gether. Expenditures and quantities were re-
corded at the purchase level, but are here
aggregated so that unit values were derived
by dividing total expenditures for the
household in the relevant week by total
quantities in kilograms for the same week.
Nonpurchased quantities (home-produced or
hunted goods) and the corresponding im-
puted expenditures were then added to
market expenditures to give the total from
which the budget shares are formed.

The detailed analysis here is confined to
meat; summary results will be given for four
other categories of expenditure, fresh fish,
other fish (dried and smoked), cereals (rice,
maize, millet, etc.), and starches (cassava,
yams, potatoes, and plantains). Table 2 shows
a preliminary analysis of the unit values that
tests for regional and temporal price dif-
ferences, as well as for quality effects. The
vertical panels refer to regressions in which
the number of included variables increases
from left to right. The fourteen demographic
variables as defined above are included in all
of the regressions, as is In(PCX), the loga-
rithm of per capita total food expenditure.
The quality elasticity of meat is small or
zero, although for the urban households (not
shown), there is a statistically significant but
still small (0.10) effect. Greater variety is
typically available in urban markets, so there
is presumably more scope for a quality effect
than in the countryside. The second, third,
and fourth panels explore the effect of add-
ing locational and time variables. The sec-
ond pair of regressions includes dummies for
the regions and for the quarters. Meat prices
are very much higher in the East Forest than
in either West Forest or in the omitted
Savannah region. In the third panel the
regions are replaced by a set of cluster dum-
mies for the 59 rural clusters. The F-statis-
tics in the bottom panel relate to these
regressions and test for the significance of
the cluster, quarter, and demographic effects.
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The demographic effects are jointly insignifi-
cant, while the seasonal effects generate F-
statistics that are significant at conventional
levels. The cluster effects generate a very
large F-value, one large enough to pass even
the (very stringent) test proposed by Gideon
Schwartz (1978), which in this context is that
F should be larger than the logarithm of the
sample size. The test itself is of no great
moment, but the strength and significance of
the cluster effects in the countryside is very
important because it indicates the existence
of the cross-cluster price variation that is
necessary to make possible the estimation of
the price elasticities. The fourth and final
panel in Table 2 shows the quality elasticity
from the within-cluster estimator; in this
regression the same cluster in two different
quarters is treated as two separate clusters,
so that geographical and temporal dummies
are fully interacted. It is this estimate that is
taken forward to the calculation of the price
elasticities. Estimation of the within-cluster
Engel curve for meat yields an estimate of 8,
of .052 with a standard error of .01; it is
worth noting that without allowing for the
cluster effects, though with regional dum-
mies, the estimate of 0.026 is only half the
size, so that the estimated expenditure elas-
ticity from the within-cluster regression is
twice as far from unity as that from the
whole sample regression, 1.37 versus 1.19.
Cluster effects are also important in the share
equation and it is at least plausible that
some of this importance comes from prices.
The within-cluster share and unit value re-
gressions have an estimated covariance, 0;,,
of 0.00845, corresponding to a correlation
coefficient of 0.07, so that, in this instance,
the reporting errors in expenditures and unit
values are close to being independent. Such
a finding implies a negative covariance be-
tween the reporting errors in quantities and
unit values, an implication which is con-
firmed if we estimate not a share log unit
value pair of equations, but a log quantity/
log unit value pair; see my paper (1986).

The second stage of estimation moves from
within- to between-cluster analysis. Once the
effects of expenditure and demographics have
been removed from the shares and the unit
values, the intercluster covariance between
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TABLE 2—MEAN UNIT VALUES: InV

Rural: n=631,In(n) =645 “Within”
Regression 1 Regression 2 Regression 3 Regression 4
In PCX .088 (.037) .030 (.038) .056 (.045) .065 (.042)
East Forest - .255 (.053) - -
West Forest - .007 (.070) - -
Clusters - - X X
Q2 - —.173 (.061) —.170 (.052) X
Q3 - —.142 (.059) —.114 (.050) X
Q4 - —.085 (.061) —.063 (.053) X
R? .052 .109 454 -

Note: Demos, F=1.25, p=.24; quarters, F=3.97, p=.01; clusters, F=6.72; p<

1074,

TABLE 3— BUDGET SHARES AND ESTIMATES OF QUALITY AND QUANTITY ELASTICITIES

w B, &y g,
Meat 0.139 0.065 (.04) 1.305 (.09) —0.793 (12)
Cereals 0201 0.040 (.02) 1.091 (.07) —1.076 (.30)
Starches 0.310 0.023 (.04) 0.840 (.06) —0.847 (.10)
Fresh Fish 0.050 0.026 (.02) 0.682 (.11) —1.575 (.26)
Other Fish 0.080 0.030 (.02) 0.536 (.05) —1.189 (.14)

shares and unit values is 0.0074, and the
intercluster unit value variance is 0.3250, so
that the OLS estimate of the response of the
share to the log price, uncorrected for mea-
surement error or quality effects, is the ratio
of these two numbers, or 0.0227. The “aver-
age” cluster sizes 7 and 7* are 11.6 and
1.98, respectively, so that to correct for mea-
surement error using (20), 0.0084 (the esti-
mate of o,,) divided by 11.6 is subtracted
from 0.0074, and the result divided by 0.3267
less 0.1074 (the estimate of o0,,) divided by
1.98, giving a result of 0.0245 with an esti-
mated standard error of 0.0173. If unit val-
ues moved one for one with price, so that
6, =1, this would be the final estimate of 6,,
the response of the budget share to price. As
it is, the estimated quality elasticity of meat
is small, 0.065, so that the application of (21)
makes little difference, with a final quality-
corrected estimate of 6, of 0.0235 with a
standard error of 0.0166. The corresponding
estimate of #, is 0.9604, so that the final
price and (total food) expenditure elasticities
for the quantity of meat are —0.793 and
1.305. By contrast, a direct regression of the
meat share on log unit value, log PCX, the

demographics and regional dummies yield
estimates of the same elasticities of —0.450
and 0.775. The differences lie in the treat-
ment of quality, and of measurement error,
as well as in the fact that the direct regres-
sion can include only those households that
record market purchases of meat and for
whom a unit value index is directly avail-
able.

Table 3 shows the full set of quality and
quantity elasticities for the five goods; for
each, the food budget share is given first,
followed by the estimates of the expenditure
elasticity of quality, the expenditure elastic-
ity of quantity, and the price elasticity of
quantity. While all of these numbers seem
reasonable, there is little with which to com-
pare them, and the model developed in this
paper is essentially exactly identified, so that
it is difficult to explore the validity of the
assumptions that lie behind the estimates.
However, there now exist new, and very
different data from the Co6te d’Ivoire that
allow some limited comparisons to be made.
In 1985, the World Bank, in conjunction
with the government of the Co6te d’Ivoire,
conducted a Living Standards Survey which
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TABLE 4— SOME COMPARISON TOTAL EXPENDITURE AND PRICE ELASTICITIES:
COTE D’IVOIRE, 1985

£, €, €, €,
Beef 1.56 -1.91 Maize 0.52 -1.19
Fish 0.74 -131 Yams 1.00 —-1.49
Imported Rice 0.73 -1.40 Plantain 0.95 -1.41
Domestic Rice 0.73 -1.02 Cassava 0.85 -0.91

collected a large volume of household survey APPENDIX:

data. Although household expenditures were
surveyed, no data were collected on physical
quantities. However, a complementary survey
gathered data on prices, by direct obser-
vation in the markets used by the house-
holds in the survey. It is therefore possible
to associate market prices with individual
households, and to examine the relationship
between budget shares, household total ex-
penditures, and the market prices. Of course,
this comparison is far from perfect; without
quantity data, no allowance can be made for
quality effects, the market price data are also
subject to considerable measurement error,
and the definitions of the goods in the two
surveys are not the same. However, the anal-
ysis given above suggest that the quality
effects may not be very large, so the com-
parisons are worth making.

Table 4 shows estimates for some of the
relevant goods; the numbers are elasticities
with respect to total expenditure, not just
food, while the price elasticities are taken
holding total expenditure constant as op-
posed to food expenditure. In consequence,
the expenditure elasticities in Table 4 ought
to be rather less than those in Table 3, while
if food as a whole is not very price elastic,
the same will be true of the price elasticities.
Allowing for the usual degree of uncertainty,
the expenditure elasticities correspond rather
well between the tables, while the price elas-
ticities in Table 4 are larger than would be
expected from Table 3, perhaps because most
of the goods in the former are more nar-
rowly defined. Given the difficulties of esti-
mating price elasticities in any context, I
view these results as being encouraging, al-
though a final verdict on the method will
have to await further experiments in other
countries.

DERIVATION OF STANDARD ERRORS

This brief Appendix derives a formula for
the asymptotic variance of ¢ in equation
(20) that takes into account the fact that the
y’s and ¢’s are estimated, not known. Write
m,, and #,, for the covariance and variance
in (20) and r1;, and #,, for the correspond-
ing magnitudes using the unknown y, . and
¥,..- Then, ignoring terms of higher order,

(A1) v C(#yy—riy,)
=~ (c zp ) {ve(b - b))

—(c =y, w){ve(b,— b))},

where w _ are the cluster means of the vari-
ables included in the first-stage regressions,
expressed as deviations around the grand
mean. Using (Al) and the similar expression
for m,, to expand (20) around the true value

¢,

(A2) (¢-9)=(9—9)

- {(s1—2¢s2)’(52—b2) +s-_§(l~)1—b1)}
_(”+m’2“2)_1{(512 —0y)
—p9(6 —05)},

where p is the ratio 7%/7, m%, is my, —
0,,/7%, and s, and s, are the probability
limits of 2y, w./Cm3 and Zy, w'/
Cm},, respectively. The estimates of the b’s
and the o’s are asymptotically independent,
and both are independent of ¢, so that the
variance has three terms corresponding to
the three terms on the right-hand side of
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(A2). Hence,
(A3) v($) =v(d)
+ {0 (sf ~2685)(X3X;) ™"
X (5, —2¢s,) + 0,53 X7 X)) s,
—20,,(s{ —2¢S£)(X1'X1)_152}
+(r*mp) (n-C)7"

2
X {'”1022 + (0, — poy,) }’

where (X{X)) and (X;X,) are the two mo-
ment matrices from the within-cluster regres-
sions, 7' = a;; —2p¢o,, + 0,,0%%, and v($)
is as given by (22).
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