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This study analyzes the demand for food commodities in the
United States in the postwar period using both time-series and
cross-section data. Income-consumption relationships are based on
data from the 1955 and 1965 USDA household food consumption

surveys.

The analysis of cross section data emphasized: (1) effects of
grouping observations, (2) choice between expenditures and quan-
tities as the dependent variable, (3) effects of household size on
income-consumption relationships, (4) shifts in the regression co-
efficients (intercepts and income elasticities) between 1955 and
1965, and (5) regional variations in the income-consumption rela-
tionships.

A demand interrelationship matrix was developed for 49 com-
modities or commodity groups at the retail level. Commodities
were classified into 15 separable groups and all direct and cross
elasticities for commodities within a group were estimated di-
rectly. The cross elasticities corresponding to commodities outside
a given group were estimated through assumptions of cardinal
separability. The synthesis of demand interrelationships was
achieved by the use of restrictions on demand equations for an
individual consumer as suggested by Frisch (1959) and quantified
by Brandow (1961). Consideration also was given to the measure-
ment of time trends on consumption. Marketing margins were
analyzed and demand interrelationships were developed at the
farm level. ,

Projections of 1980 consumption per capita were developed for
individual commodities and group aggregates. These projections
are based on a specification of constant real prices, exogenous pro-
jections of real income per capita, and continuation of past time
trends for certain commodities.
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P. 5. George and G. A. King

CONSUMER DEMAND FOR FOOD
COMMODITIES IN THE UNITED STATES
WITH PROJECTIONS FOR 1980

INTRODUCTION

A NUMBER oOF 3TUDES have estimated
demand characteristics and explained
the factors that influence consumer be-
havior. Individual farm ecommodities
gsuch as beef, corn, cotton, potatoes,
sugar, and wheat have been the subject
of investigation. Most of these studies
are partisl analyses without considering
the complete interdependent nature of
demand. A notable exception is Bran-
dow’s (1861} study of the demand inter-
relationships among all food commodi-
ties. One basic reason for the absence of
a large number of studies in this area
seems to be the gap between the theory
of demand and empirical analysis using
statistical procedures of cestimation.
Kuzneta (1963) oheerves, “. . . to obtain
confrontation between theory and fact,
large bodies of micro dats are needed
which refer directly to decision units
whose economic behavior is the vbject
of the study. Such dats are costly and
we have much to learn about how to
¢collect and analyze this infermation.”
Recent advances in eeonomic theory,
statistical procedures of estimation, and
testing hypotheses have overcome some
of theat problems. The present study re-
views a few approaches te bridge the gap
between theory and empirical analysis,

! Submitted for publication June 30, 1970.

These coneepts are used to measure
ineome-conaumption relationships, de-
mend interreletionships at the retail
level, and the nature of price spreads
between retail and farm levels.

A demand relationship obtained as a
result of maximizing consumer’s satis-
faction subject to a budget restraint, is
expressed as a function of prices of the
commodities and consumer income. To
analyze the effects of prices and income
aon the quentity consumed, it is neces-
sary to isolate the effects of other non-,
economic¢ elements such as psycholog-’
ical, sociologicel, cultural, and regional
faetors that determine the level of con-
sumption of a given commodity.

Generally, prices remain unchanged
during a short period of time and, there-
fore, data obtained from eross-section,
surveys provide g basis for obtaining the
effects of income on consumption free
from price effects. However, within a
cross section, it is difficult to keep the
psycho-socio-cultural factors constant
and, therefore, the effects of these fac-
tors on the income coefficient have to be
determined before deciding on the reli-
ability of the income coefficient obtained
from cross-section data. Unfortunately,
it is often difficult or even impossible to

[1]
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quantify the cffects of many noneco-
nomic factors. Household consumption
survey data for the United States can be
used te obtain the effects of household
size end region on the income-consump-
tion relationship. Also, changes in in-
come coeflicient over time can be
evaluated using cross-section data from
two points in time, and the effects of
redistribution of income on food con-
sumption can be analyzed.

The effect of a change in the poce of
one commeodity will influence the con-
sumption of &ll commodities in the con-
sumer’s choice relationship. Often policy
decisions require estimates of demand
interrelationships and estimates of the
probable level of eonsumer demand in
the future. Recent eontributicns in the
area of economie theory and statistical
methods of estimation and testing hy-
potheses have made it possible to im-
prove procedures used in estimating
demand interrelationships. In partie-
ular, the assumptions of want indepen-
dence and neatral went association can
be used to separate the commodities in
the utility function to obtain separable
groups. The estimsates obtained for par-
ticular groups can be used to synthesize
a demand interrelationship matrix show-
ing all the direct- and cross-price elas-
ficities corresponding to the commodities
entering the utility function.

Retall prices are determined as an
outcome of the decisions made at differ-
ent levels in the marketing system. In
many cases, only a small percentage of
the retail prices go to the producers of
raw materials, and the difference be-
tween prices realized at the retail level
and at the farm level ean be treated as
charges for the marketing services. SBuch
charges are often known as price spreads
or marketing margins. It can be hy-
pothesized that certain relationships
exist between price spreads and prices

at the retail or farm levels. It is possible
to derive the elasticities at the farm level
from the elsstigities at the retail level
based on the relationship sssumed be-
tween price spreads and actual prices.

Considering the abhove factors, the
objectives of the present study can be
summarized as follows:

1. To estimate the effects of different
factors that influence the consumption of
food items in the TUnited States through
the use of eross-section data. In particy-
lar, attempts are made to estimate the
effects of income, household size, and
region on quantities consumed. Also, the
income elasticities obtained from 1955
and 19685 cross-section data are com-
pared, considering the effects of income
redistribution during this period.

2. To estimsate demand interrelation-
ships among the major items in the fam-
ily food budget at the retail level. Here,
the different cormmaodities are classified
into separable groups and the demand
coefficients within a group are estimated
independently. The restraints provided
by demand theory are imposed upon the
coefficients to synthesize the demand
interretationship matrix.

3. To specify a relationship between
price spreads and retail prices and to
derive the demand interrelationship at
the farm level from corresponding esti-
mates for the retail level. It was speci-
fied that a linear relationship exists be-
tween price spreads and retail prices.
{'This specification incorporates the com-
monly assumed absolute spread and the
percentage spread.)

4. To speciiy procedures for projecting
consumption levels in the future and de-
rive estimates, by commadity, for 1950
The projections sre based on the assump-
tion of prices held at the 1962-1966
level.

The overall abjective of this study is
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to contribute toward the undersianding
of demand cheracteristies for food com-
madities in the United States and to

estimate the effect of various factors on
the consumption of commodities in-
cluded in the analysis.

I. ECONOMIC AND STATISTICAL FRAMEWORK
Basic Concepts in Demand Theory

The economic framework for the
gtudy of consumer behavior generally is
through the theory of utility-maximizing
individuals {Stigler, 1965}, while some
recent studies have attempted to make
certain generalizations based on ob-
served consumer behavior {see Hou-
thakker, 1961). The purpose of this sec-
tion is to emphasize theoretical develop-
ments of importance for empirical re-
gearch in the present context. Therefore,
some aspects are omitied here, especi-
ally those related to welfare ecopomics.
Following the general practice in static
consumption theory, the beginning point
will be the choice problems of an indi-

vidual consumer with given tastes,

attempting to purchase the most pre-
ferred combination of commedities sub-
ject to & budget restraint.? We shall
frace out the consumer theory from an
axiomatic point of view and show the
derivaticn of demand functions and the
eongtraints imposed upon them by the
assumptions made in orthodex economic
theory. This is followed by a brief de-
seription of the revealed preference ap-
proach, to show the formal equivalence
of the twe approaches.

Preference axioms

The static theory of consuiner be-
havior begins with 8 choice problem
facing an individyal consumer with given
income, prices, tastes, and preferences.
The consumer is confronted with a set

of goods frem which he iz supposed to
make a choice of items. His choiee will
be governed by certain behaviorzl fae-
tors, the most important among them
being that he is “mssumed to choose
among the alternatives available to him
in such a manner that the satisfaction
derived from consuming ecommodities
{in the broadest sense) is as large &8
possible” (Henderson and Quandt, 1958,
p. 6. The extent of aatisfaction derived
from a given set of goods is assumed to
depend upon the individual's preference
relationship. Eeonomists often refer 1o
this preference relationship &s a utility
indicgtor. Because utility has been a
central point of controversy in the theory
of consumer behavior, we shall bricfly
deseribe this concept.

Aecording to Chipman (1950, p. 221},
“Utility in its most general form iz a
lexicographic ordering represented by a
finite or infinite dimensional vector with
real compengents upigque only up to &n
isotone {order preserving) homogeneous
transformation, and these vectors (lexi-
cal numbers) are ordered lexicographi-
eally like decimal numbers or words in a
dictionary.” However, the historic sig-
nificance aitached to utility is not
exactly the same as the above definition,
Fer example, Benthem, who brought the
principle of utility intc a preminent
position, assumed it fo be a cardinal
measure of pleasure. (See Stigler, 1965,
and Dorfman, 1964). The founders of

* We maintain Arrow's (1958, p. 1) distinction betwesn “choice™ and “decision making,”
“Deciaion making " is usually applied only when “conacious reflective choice is involved.” However,
it in poesible to have selection of commodity bundles with unconscious or unreflective choices.
Therefore, the term, “choices,” will be used instead of declsion making.
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the utility theory {Jevons, Walras, and
Menger) accepted the existence of uvtil-
ity as a fact of “common experience”
and they spoke of utility as an absalute
magnitude. (See Stigler, 1965, p. 85;
also Bamuelson, 1966, pp. 90-06). The
early authors considered that the utility
derived from the eonsumption of a com-
modity was a function of the quantity
consumed alone. Thus, i€ g1, g2, - - -, ¢u
are # cominodities belonging to & com-
modity bundle, the utility function is
explicitly written as

U= Udg) + Uslge) + -+ Ualga).
The cardinal nature of the utility func-
tion was relaxed by Fisher {1892} and
Pareta {1896). They realized that, if g
utility function reaches a maximum with
& cortain basket of eommodities, then
ahy order-preserving transformation of
that function also reaches a maximum
at that particular basket. In cther words,
the above mgximum involves only ordi-
nal properties, In most of the recent
works, this ordinal property of ' the
utility indicetor iz used to avoid the
restrigtive assumptions of a cardinal util-
ity approach. Therefore, here it is not
required that the consumer assigns units
or measurements of utility associated
with the possession and use of individual
commodities. However, it is required
that the preference relationship of the
individual satisfy the following axioms
(Debreu, 1965; Wold, 1952; and Uzawa,
1959).

Aziom 1. Ability fo vank (ariom of com-
parability, see Newman, 1965, p. 10).

This axiom asserts thet the consumer

facing different commodity bundles in a
given commodity space? is able to rank?
the hundles according to his order of
preferences. Given two bundles ¢® and
', the individual is capable of meking
one: of the following three choices:

(8] ¢" iz preferred to ¢, or (¢*p q),
{b) g"and ¢' are equally sastisfac- (1}
tory, or (g% ¢}, and
{c) ¢° is not preferred to ¢, or
(¢°p 9.

There is no specification as to the extent
to which 4% is preferred to ¢' or other-
wise—only that one is preferred to the
other or that both are equally preferred.

Azxitm 2. Antisymmetry
‘This axiom avoids any ambiguity in
the preference ordering.

If ¢"p ¢', it is not possible that  (2)
¢'p ¢° holds simultaneously.

Axiom 8. Conststency of Ranking (Tran-
siltrity)

Suppose ihat there are three hundles
(g% ¢, and ¢¥) and that the following
conditions hold:

{8} ¢% ¢ and
{3)
(b) ¢'p g

The axiom of consistency asserts that a
set of prefereuce relationships satisfy-
ing (37 will getisfy the relationship
g'p ¢¢. Newmi (1965) points out two
cases where phis axiom mey not hold:

First, there are certain threshold effects
where “the combination of two gaps

1 Following Debrau (1965, p. 32}, the term “commodity” is used to denote “a good or a ser-
vice completely apenified physically, temporally and spatislly.” The existence of only a finite
number of commodities is assumed. The quantity of any one of the commodities can be any real
number. A aghaet of elements belonging to the commeodity space iz referred to as a “commodity

bundle.”

1 A given indivadunl dees not need to rank all items, but just those of relevance to his ex-

perience.
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each of which is below the individual's
threshold {of preference perception),
might itself be above that threshold.”
SBecond, the relevant bundles may con-
tain numerous commodities whose pref-
erence relgtionships are such that com-
parison among the bundles may net be
possible,

The sxioms of comparability, anti-
symmetry, and transitivity are necessary
and sufficient conditions for & complete
ordering of the commodities in the com-
modity space.

Axiom 4. Monolonicity

This sxiom assures that the consumer
has not achieved satiation, In the pref-
erence ordering, if the commodity
bundles are ranked in an increasing
order of preference, the preference re-
lationship remains monotonically in-
ereasing.

Axtom 5. Convexity

The consumption sef is convex (sce
Dorfman, pp. 396-97) i, for any two
bundles, ¢* and g belonging to the set,
their weighted average g% + (1 — D¢
where 0 < ! < 1, also belongs to the
same set, A fundamental property of the
{ordinal) utility indicator is that the
indifference curves represent convex
sets, and the minimal property of all
utility indicators is quasi-coneavity. The
assumption of quasi-concave utility indi-
cators is important. Arrow and Entho-
ven (1961, p. 792) have shown that if
the utility function is quasi-concave aud
monotonie, the usual first-order condi-
tions are necessary and sufficient for
obtaining & sclution for a coustrained
maximization problern,

To sum up, the preference axioms
mentioned in this seclien enable us tn
define an order-preserving, gquasi-von-
cave utility indicator which is mono-
tonic and continucus.

Concept of demand

The concepts of demand, as stated in
the middle of the nineteenth centusy by
Coumot and Dupuit, were popularized
by Marshall. (See Hicks, 1962). Mar-
shall’s theory fecusing on the quantity-
price relation for a single commodity,
holding income and all other prices con-
stant, provided a demand function un-
compensated for income effects. The
work of Pareto and Walras focused on
the more general case in which a1l prices
and income are varizshle. However, the
basic theery was clarified by Hicks
(1939), in his famous methematical
appendix, which explicity links utility
theory with demand analysis. His work
drew on the article written in 19i5 by
Slutsky (1952) who distinguished be-
tween income and substitution effects
due to a price change and between a
compensated and uncompensated de-
and function.

Farlier, it was shown that the axioms
on the preference relationship of zn in-
dividual consumer lead to the existence
of a monotonie order-preserving utility
indicator which, by assumption, is a
function of guantities of eommodities
belonging to the commodity bundle
chosen. {See also Kelman, 1968). The
behsvioral axioms of the individuzl con-
sumer are such that he makes his cheices
of the commodity bundle in order te
obtain the maximum satisfaction subject
o this budget lmitation,

Suppose that & consumer with a given
ineome, %, makes a choice of quantities,
G, Gn ', On, from a commodity space
with % elements. Then the utility func-
tion ean be specified as

' = U(ql, g, v r QH) (4)

If g1, o, - - -, Po vepresent the unit prices
of these commodities, pun + page + - - -
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+ Paga will be the total expenditure and
this should not exceed the income; or
pA LS + Do +-. + Prlin = Y- {5}
8o the choice problem reduces to finding
g maximum of [7{gy, ga, -+, ¢a) subject
to the restriction (5). When we retain
the inequality sign in restriction (3), the
usual caleulus method of finding con-
strained maximum becomes compli-
cated snd, therefore, we have to resord
to programming technigues (see Dant-
zig, 1963; Hadley, 1984). Quadratic
utility indicators were used in a few
studies (Wegge, 1968). However, for
explaining the theoretical concepts, it s
sufficient to retain the equality sign in
{5).

The consumer's choice of g, 42, -,
g will correspond to the quantities con-
sigtent with maximization of

U{qli @2, """, Qn)
(6)
+ 2y — ;g — o = Paga)-
Difierentiating with respect to ¢, g
1+, g, and A, we get the following nor-
mal equations:

Udgs, g2, 0+, @) — Mps = 0,
(G=1---,m {7
y— g — Pz — - — =0,
where
U, = %

The system (7} provides {n + 1) equa-
tlons in {» + 1) variables (¢, g2, - -, s
and ) when all the pricesand income are
given. Therefore, under given prices and
income, we ean solve for the quantities
that provide the individual with the
highest possible level or his preference

relationship. The solutions will be of the
form

g; = Ef(ph Dey -ty Py ¥).
G=12--,n) {8)
The quantity purchased of each com-
modity is expressed as a function of its
price, price of other commodities, and
income; hence, the relationships in (8)
represent a set of demand functions.
The demand funetions (8) obtained
from (7) should satisfy the second-order
eondition of wtility maximization. Here
the guasi-concavity assumption of util-
ity indicators plays its role. The con-
ditions expressed in {7} only assures that
the consumer is neither on the uphill nor
the downhill side of the preference fune-
tion; rather, it leaves him at a station-
ary point, which may correspond to
either a maximum or a minimum point
of satiefaction. The necessary condi-
tions, as expressed in (7} are sufficient
if U{qr, gz, -, g«) iz & twice differen-
tiable quasi-concave function in the
neighborhood of the ¢ptimum. This con-
dition can be elaborated to show the
restrietions on the marginal rate of sub-
stitution, Here we shall use the proper-
ties of coneave and guasi-coneave func-
tions. The Hessian matrix, H of U7, can
be written as

U]'.L, Ul!, Ty Uln
H = I {9}
Er'-nlr "y L'rmn
where
U
Uss = 3q0,°

For a quasi-concave function, the
hordered Hessian matrix (bordered with
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the margingl utilities #17/dq:) will have
alternating prineipel minors starting
with negative. Therefore,

(—1yD 20 (=12, ay (1D

where
Uy o« - - Ul
Dy= U - - - ULl
U, - - - U0
and where -
U:'=g—;i_, G=1-n

In particular, when n = 2,

{5

Un U U,
Uy Up U >0 (11)
Uty Us 0

If we consider any movement along a
given indifference curve, the following
must hold

Uidg, + Uwdge = 0,

and the slope of the line tangent to this
curve is defined as:

dgz _ _Th
dq, - Uy 1z

The change in the slope of the indii-
ference curve is given by

B (Uu 4+ Ui gg':) Uy — (Un t q:z gg—:) o

di:

s =
(13)

~Uu Ui+ Un U Ui+ U U Uy — Un Ul

Here the nymerator is the same as the

} ofife matrix in (11). Using the relationship,

{11}, the sign of (13} depends on the
sign of {7; alene. The relationship, (13),
is positive if I7; > 0 and it is negative if
I7: < 0. Also, when the marginal utili-
ties are positive, from the relationships
(11}, {12), and (13}, we have the indif-
fereace curves downward sloping and
convex to the origin. This convexity of
indifference curves assumes diminishing
marginal rate of substitution. The mar-
ginal rade of substitution is diminishing
when we have diminishing marginal
utility. Therefore, concavity of utility

1%

function (diminishing marginal utili{y)
i5 sufficient for diminishing marginal raie
of substitution. However, this iz not
necessary, because the sign of the rate
of change of the marginal rate of substi-
tution depends oniy on the sign of [7; as
long as condition (11) holds. Ti is pos-
sible for (i1) to be true even if U/y; or
Uss or hoth may be positive. Therefore
only diminishing marginal raie of sub-
stitution is necessary for assuring a
maximum of solution in (8).

To sum up, quasi-concave functions
guarantee that if the necessary first-
order conditions are satisfied at a certain

5 Todifference curve, in cardinal anslysis, represents the locus of peointa in the commodity
space which provide the same level of eatislaction. For our purpose, it is encugh to asaume that
two commodity bundles fall on the same indifference curve if the consumer is indifferent towards
these two bundles in an ordinal sense, {¢%; q1). 1t is not necessary to introdhice any cardinal utilicy

asgumption in this saction.
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point, it corresponds to a point of maxi-
mum satisfaction {see proofs in Arrow
and Enthoven, 1961; Wold and Jureen,
1984). There will be & maximum for a
guasi-conegve functien even if it ex-
hibits increasing marginal utility with-
out violating the property of diminish-
ing marginal rate of substitution. Inci-
dentally, this property helps us to
release the preference relationship from
a restrictive assumption of diminishing
marginal utility.

Restrictions on demand functions

The demand functions satisfy a num-
ber of important relationships. Hicks
{19621, Wold and Jureen [1964), Frisch
(1959}, Brandow (1961), and Pearce
{(1581) have summarized the properties
of the demend functions. These con-
ditions follow from differentiation of the
first-order conditions.

Homogeneity Condition (row re-
straint) —The first-order conditions in
{(7), from which demand functions are
derived, imply that if prices and income
are changed by the same proportion, the
quantity demanded remains the same.
Lo the case of two commaoditics, the first-
order conditions are

!(U1 — A = 0
U~y =0 (14)
ly ~ prg1 — pagz = 0.

This lerds tn & condition that

el
[
S

When income and prices are changed by
the same proportion (say k). the first

& Flasticities are defined by e;; = (p,/g:}(dqc/0105),

and e, = (/g (5qi/ ).

order canditions become
0y — wepy = 0,
Uy — Xkpy = 0,

(15}
by — kpups — kpaga = 0, 01

¥ — P — P = 0.

Equations {13) also lead to the condi-
tions

e

7
Ei= Iandy—;cf;q.—pgq~;=l}.

H

=

Sinee the first order conditions essen-
tially remain the same, the optimum
commadity bundle iz unsltered. This
property is known as the homogeneity
condition, implying that demand fune-
tions are homogeneous of degree zere in
prices and income. Consider the demand
function fer a single commodity 7
§i = &Py, Py, - ) Py W)- {16)
Using Fuler's theorem for homogeneous
functions of degree zero, we have

g a9: o ...
™ ap, + p2 7 +

. a7

ag: 3% pp

Converting  (17) into elasticities by
dividing throughout by ¢.% we obtain
en+ ezt e e, =10 (13)
This implies that the direct- and cross-
price elasticities and income elasticities
add to zero.

G, =12 .-, m)
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Engel aggregation.—The budget re-

straint is denoted by

March, 1971 8

The effect of a change in income on con-
sumption can he obtained by differenti-
aling (19) with respect to ¥ to obtain

bt + page + - - + Pnfn = 1 {19)
i) _5‘_ 9 _
P 3y + pe + -+ oy 1 or (20
puac ¥ 9 Pafr Y On _ 21
Y {1 c‘ry+ - ¥ gn 3y L

[t will be convenient to express {21) in
terms of budget proportions and elas-
ticities as

Wiew + Waes,y
(22)
oot Wty = 1

where

W; = (p,9:)/ v represents the share of

expenditures (budget proportions) on
J cominodity.
Equation (22} implies that the income
elasticitics weighted by the respective
expenditure proportions add to cne.

Cournot aggregation.—The effect of a
change in the price of j* commodity,
with all prices remaining the same, can
be obtained by differentiating the budget
restraint (19) with respect to p;, or

_?_ __q_ . 9g; =0
&p+p + - +m+p,ap’+ +p,.6p: or
(23)
i dq_ R  _ )
Prgy, Thay * 0 F p:d om, AR P o, 9
Expresaing {23), in terms of elasticities and budget proportions, we have
P P 99, P BiOn_ O 24
Py @1 0p; oot P G Op; ¥’ &0
Pih Py 53_91 Ry 841 _ _Pifigp
¥ ¢ 3?; ¥ gm0 ¥
(23)

Wi + Weeos + -

Thus, the weighted sum of the elastici-
ties in the j' column is equal to the
negative of the expenditure propoertion
on the 7t eoromodity.

Slutaky condition.—The Blutsky
{1952} relationship incorporstes a funda-
mental relationship between changes in

+ Waew, = —W ..

quantities and the marginal wtility of
income, The effects of simuitaneous
changes in prices and income can be ob-
tained by taking total derivatives of the
first-order conditions in (7). As developed
in a later section, a change in the con-
sumption of the " commoedity as a
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result of & change in j** commodity price
ean be represented 8s

(@ o) @
20y~ \ap ) Umee SNay /@9
PR )
—k” q;’ay

The first term on the right-hand side
{k:;) is the substitution effect and the
second term is the income effect.

It is alzo shown that the compensated
cross-price derivatives are symmetric.

2q: (5‘_1 )= dg; (21)
ap; + qy ay apl_ + g ay /. (27)

Converting (27) into elasticities,

w;
ei; = —e;; + wile;
1r W, .F'I-f- J( Y

(28

— €

When the price changes of the same
commodity are considered, the substi-
tution effect, k;; = 9,./9,. + ¢.(8:./ ),
will be negative.

The demand restrictions, expressed in
terms of elasticities, are summarized in
table 1. :

Other aspects of demand theory

A few other aspects of demand theory
are summarized briefly to round cut the
discussion. Such aspeets as multiperiod
conaumption decisions are not used in
this study. The concept of separability
used in the study is discussed in a later
seetion.

Indirect utility indicator.—DMany of
the classical properties of the demand
Funetions discussed can be denved from
a dueal representation of the utility indi-
cator, often known as the indireet utility
indicator. The notion of duality has he-
come popular in recent years, espeeially
in the framework of linear program-

TanLe 1
MATRIX OF DEMAKD ELASTICITIES
T
2 3
[ f

P Pr n Py
& . . Eu £ o Tt dim 1y
[/ S L] L] 13 R 7] ty
1. . #aL o 1] "t Flm £y
[ L Eny ony = 1 e Ean LLTY

Roe Reatroing {Homogeneity Conditioa )
Teiter=0

f

(forémal) ententezt  cFeonteym=o
Engel Aggregation

e =1

]

ey sy et o A Watey = 1
Cotrnat Aggrepalion

E WP = -

i

{forf = 3} oten 4 weeer 4 waeas + =1 F aser = —10

Stulsky

£yl e {wiiy) ey — ey)

[foe s =3, ¢ =21 eo = gnlwfacsd + trafon — £ay)
Subshitution E[fad

e = 0

eii + aviciy <0

ming. The utility indicator, as defined
earlier, is a function of quantities of com-
maodities consumed. Also from (8), the
quantity consumed of a given commodity
iz a function of its price, price of other
commodities, and income.

r= I‘r(qls L TR qn)
g = 4Py, P2y s Pes Y
Theréfore,
= Lr{?l(plr Pay Py y}:

o

' q!(phpis..-spﬂry)!”'r
@ (P, P2, - -, Py ¥)]

= ¢(p1: Py s Dny y)

which is known as the indirect utility
indicator. Though the existence of an
utility indicator dependent upon prices
and income was pointed out by Hotelling
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{1932), its full implications were ex-
plored oniy later by Court (1941),
Houthalcker {1952), and Samuelson
{1960). The function ¢ is & dusal repre-
sentation of 7. The properties of demand
funetions can he obtained from ¢ by
obtaining the minimum level of expen-
ditures necessary to reach a given level
of individual satisfaction, say . That s,
obtain

M;n. g + Pege + -+ puge

)‘['95(191! Pay -
gs = —M38/8;)

:pﬂry) —51
{i=12 -, n)

give the first order conditions,
Considering two commodities ¢, and g,

Ti and

3 9%
»ap

Therefore,

gi _ % [do
g; opif ap;

Samuelson (1965) provides a proof for
the ecomplete e quality of direet and
indirect utility indicators.

The theory of revealsd preference.—
An alternative to the utility spprosch to
demand theory is revesaled preference, as
originally suggested by Samuelson (1966).
The consumer with & given income is
placed in a market situation and his
choices of baskets at different market
conditions are observed. These obzerva-
tions reveal the consumer’s preferences
which serve as the basis for arriving at
certain ronclusions regarding the choice
funection of the individusl.

Buppose that in e price situation
PUpo, p2° - - -, pa"), the consumer buys

a commodity bundle ¢°. The commodity
bundle ¢ is said to be preferred to an
alternative bundle ¢' i, p%' = p%" In
the price situation p! in which ¢ is
hought, the ¢* basket must be st least as
expensive. Therefore, p°% = p%" im-
plies ' = p'g". This is known as the
weak axiom of revealed preference.
Samuelson {1938) asserts that the postu-
lates of weak axiom “is logically equiv-
alent to the reformulation {of consumer
theory} of Hicks and Allen.” Arrow
{1959 has demonstrated the complete
equivalence of the wesk axiom of re-
vealed preference with the existence of
an ordering from which the choice fune-
tion can be derived,

The results of homogeneity of the
demand funhctions of degree zerc and the
negativity of the substitution term (k.
can be obiained from the weak axiom.
However, to prove the symmetry of the
substitution term (k;; = &;), the weak
axiom has to be extended to what is
known as the strong axiom of revealed
preference (Houthakker, 1950). In fact,
the weak axiom deals with only pair-
wise choices, while the strong axiom
incorporates the consistency idea that if
¢'» ¢* and ¢'p &7, then ¢"p ¢ This can be
extended to any number of commodity
bundles. A consumer whose choices are
governed by thesze axioms will always
possess an indifference map. Further,
Diebreu (1965) has shown that if the
preference ordering is reflexive, transi-
tive, and the “no worse than® and “no
better than” sets are closed, g continu-
ous utility function exista. In faet,
Houthalcker has established the formel
cquivalence of the revealed preference
and utility funetion approaches to the
theory of consumer behavior by showing
that #a theory based on semi-transitive
revealed preference entails the existence
of ordinal utility, while the property of
semi-transitivity itselfl was derived from
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utility consideration.™ Though a few
‘eorrections are provided for Houthak-
ker's proof, his result is still valid.

Multiperiod congumption decisions.—
The choice problems discussed in the
previous sections were based on deei-
sions made for & single period of time.
For the consumption of food items it
may be true that the amount demanded
adjusts itself within each period to the
changes in prices, income, and other
variables affecting demand in that peri-
od. However, for many durables adjust-
ments may not be complete during the
same period because of such factors as
inertia, expectations about future prices
and income, and the influence of past
incomes {see Stone 1954a, p. 272). Also,
in the framework of a static analysis,
savings are just like any other item of
expenditure, while a dynamic framework
requires the introduction of borrowings
and lendimgs which alters the individual’s
distributicn of ineome over the differ-
gnt periods. It is possible to extend the
static theory of consumer choices tc a
dynamic framework by mntroducing &
multi-period utility index and budget
restraint (Tintner, 1938). In-this case, a
multiperiod ordinal utility index can be
assumed to be dependent upon the
planred consumption of each commodity
aver the entire planning horizon. With
n commodities and { time periods, the
utility functicn can b¢ written as

L' = Ulgu * oy iz © g,

LR PR Qatl,

where

gi: represents the consumption of 7t
commodity in period £

The consumer maximizes his utility sub-
ject to a budget restraint to obtain a de-
mand function (Henderson and Quandt,
1958, pp. 220-234):

G = D,‘t(Pu s Py - it—l)
where

p.: is the price of " commodity dur-
ing period ¢ and
i, is the interest rate during period i.

Choices under uncertainty.—The
choice problems discussed so far are
based on the assumption that prices and
income were known with certainty.
However, when purchases of many dur-
ables sre based on muliiperiod decision
processes, it may not be possible to
know future prices and income with cer-
tainty. Consumer choices under sto-
chastic situations also ¢an be analyzed
systematically using the Von Neumann
and Morgenstern {1947) approrch. {Also,
see Friedman and Savage (1848), Luce
and Raiffa (1957), and Samuelson (1952},
Here, we are interested in determining
the choice pattern of consumers under
uncertain situations, If an individual is
consistent in his preference ordering, it
is possible to construct an index which
deseribes his preference numerically.
Henderson and Quandt (1958, pp. 34
38) provide five axioms that allow con-
striction of an ordinal utility index
which can also be used to predict choices
in uneertain situations. The utility num-
bers associated with each possible sto-
chastic component 13 determined as
cxpected values. However, choices under
uncertainty involve some elements of
cardina! utility, although strict cardi-

7 Uzaws (1059} has shown the equivalence of these two approaches, and aiso that the strong
axiom of revealed preference can be replaced by the weak axiom if the demand functicne astisfy
& regularity condition. As Houthakker (1961, p. 713} peinta out, “The economic meaning of this

{regularity} condition has not heen spelled out.”
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nality could be aveided by taking two
arbitzary starting points and succes-
sively confronting the consumer with
other choice situations in order to eval-
uate them on & relative basis. Instead of
the striet cardinal measure of utility,
this involves only an operafional meas-

ure of satisfaction associated with
different. risky sifuations. The merginal
utility that can be derived frem the
utility index obtained in this manner is
simnilar to the marginal rate of substitu-
tion.

Empitical Models of Consumer Demand

While the theory of consumer demand
was being develeped through the utility
approach, demand characteristics based
on observed consumer behavior were
analyzed. In certain cases, this empirical
analysis was used to test the conclusions

"based on the utility approach and in
others to obtalp meaningful theories of
consumer behavior. Here are some sig-
nificant bighlights of these studies.

The effects of income and prices an
consumpticn have heen analyzed in
many studies. One of them, using family
budgets to analyze the differences in
eonsumption by poor and rich families,
led Enge! io his proposition that “The
poorer a family, the greater the propor-
tion of its total expenditure that must
be devoted to the purchase of food.”
{Stigler, 1965, p. 203). Long before data
on quantity and prices were available on
market performance over time, data on
quantities harvested and prices prevail-
ing at harvest period were used to arrive
at. gh inverse relationship between these
two factors.® However, statistical analy-
gis of demand berame popular only in
the eurrent century after the pioneering
attempis of Moore (1917) and Lebfeldt
{1914). Stigler (1962, p. 1) points out
that “Mathemsztical analysis became
increasingly common after Walras's first
edition . . . but statistical economics, the
name given by Henry Moore, is the one
important modern development. Henry

Moore was its founder . . . Moore's basic
contribution was not to invent this field,
but he made statistical estimation of
economic functions an integral part of
modern economics.” Waorking’s study of
petatoes (1922) prompted a series of
studies on individual commodity de-
mand functions. Schultz (1938} com-
bined a review of economic theory with
a large number of empirical studies. The
objective of most studics have been (1)
to develop equations that can be used
to forecast prices or quantities and (2)
to approximate the demand curves of
economic theory. Empirieal studies have
been facilitated by developments in
data availability, improved data-proces-
sing facilities and developments in eco-
nometric theory.

The developments in the field of
statistics and econometrics have made
substantial contributions to demand
analysis, Correlation and curve-fitting
techniques have made it possible to esti-
mate the parameters of a postulated
functional relationship among prices, in-
come, and quantities. Statistical testing
procedures provide the framework for
testing various hypotheses regarding the
behavior of these variables. Early stud-
ies, hased on least-squates estimation
procedurss using time-series dasa, wers
handicapped by problems like auto-
correlation, multicollinearity, hetero-
skedasticity, and aimultaneous equation

& This iz often recognized aa Gregory King's Law that, “. . . o defect in harvest may raise the

price” {of eorn}.
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bias. The dilemma of applying ordinery
least-squares analysis to time-series date
was expressed by Working (1927) and
Heavelmo {1943) but improverents
have overcome at least some of these
problems. Others remain in spite of ad-
vances in econometric methods.

Often studies using macro data to
estimate the relationship among demand
variables (quantities, price, income, and
other attributes) make anr implicii
assumption that demand relationships,
applicable to & “representative con-
sumer” in & given area and time period,
are a true representation of the consump-
tion pattern in that area and for that
period. Both time-series and cross-
section data will be used in this study
to analyze demand charscteristics.

Cross-section analysis

Cross-section date relate to the con-
sumption behavior of a given sample of
the population at a given period of time.
Esrly studies, based on household food
consumption daeta from crgss-section
surveys, were used for estimating income
elasticities. In most cases, published
date on consumption patterns give the
guantities of foad items consumed or
expenditures on these items by certain
income classes. Based on these grouped
data, it is possible to obtain weighted
regressions to estimate the aggregate in-
ecome elasticity.® A systematic appli-
eation of this procedure is availeble in
Wold and Jureen (1964, p. 216). They
had four family-size groups, and each
group was divided inte four income
classes according to annual income per
consumer unit or the family upit stan-
dardized according to size and age dis-
tribution. Assuming copstant incorme
elasticity E, a regression equation of the

form, d = (' y® was fitted. (Here, 8 =
quantity consumed and y = annual
income.} Using & linear logarithmic re-
gression, the income elasticity for the
it family-size group can be obtained as

- _EH,(X‘, _ M:}yu

B oo = My O
where
_ SUX,
M, = 35

All summations run over four income
classes,
N. = total number of households in
¥t income class,
(!, = consumer units per household,
. = N.C, = tetal number of con-
sumer units,
logarithm of income per con-
sumer unit, and
¥, = logarithm of food expenditure
per consumer unit.
After obtaining elasticity coefficients for
the four groups, the aggregate elasticity
was found, using the formula

X,

il

_ZK'E' {300
LK
where
Ki= EH/ytand
¥. = foed expenditure per consumer

unit.

Stone'’s (1854) analysis of British family
budgets was based on the assumption
that all income changes were in the same
proportion. (See also Prais and Hou-
thakker, 1955}, If g represents the
quentity of the it commodity consumed
by the r® individual and . the income

s For & diseussion on weighted regressions see Draper and Smith (1966, pp. 77-Bi) and
Johpeton (1983, pp. 207-211). Tuetead of using weighted regreasion, it ia possible toc use smimple
Tegreasion oh group averages to obtain an unbiased estimate, though the variance will differ

feee Mulinvaud, 1968, pp. 242-46).
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of the i individual, and if the relation-
ship between the logarithms of ¢ and
4, i5 linear with slope b, market income
elasticity is obtained by

b Y, ¥
¢: Z 7oy
Most of these studies were based ¢n
the assumption that the elasticity was
constant over the whole range of obser-
vations and that income and quantities
were the only relevant variables. To
avercome these drawhacks, a number of
modifications have been suggested. One
of these is to construct a genersl model
incorporsting additional variables like
family size and compesition, urbaniza-
tions, regicns, and other gualitative vari-
ables. Herrmann's ({1964) analysis of
1955 U.8. copsumption data shows that
the most impoertant variables in explain-
ing food expenditure patterns in their
order of importance are income, urbani-
zations, region, life-cycle stage, educa-
tion of homemaker, and social class.
Another approach to explain vari-
ations of the type mentioned above is to
pbtain regression equations for each sub-
group separately. (See Sosnick, 1662,
and Toytik, 1951, for use of this pre-
cedure in estimating seasonal demand
functions}. The equality of theése regres-
sion coefficients can be tested, using
standard tests of significance. However,
in many cases, when it is required to
test the eguality of regression coeffici-
ente for factors like regions, seasons, and
urhanizations, individual regression
equations may not always be appropri-
ate because of multiplicity of equations
and small number of degrees of freedom
associated with each equation. Analysis
of covarinnee techniques arc useful to
handle such problems.

{30b)

Time series analysis
Demand theary specifies that the

quantity consumed of a particular com-
modity is a function of its price, prices
of other commodities, and incotoe. This
static theory of demand for the individ-
nal, with all income spent on com-
modities ineluding savings, takes prices
and income as “given.” As will he dis-
cusged in the second part of this study,
the move from the individual to market
demand requires simplified assumptions
to maintain essentially the same model
fer empirical estimation. For exsmple,
the assumption of prices as predeter-
mined variables may be appropriate for
the individual but not for the market.
Stone (1934a) in the United Kinggdom
utilized a model paralleling the classic
model mentioned above, arguing that
prices were essentially determined in the
world markets. On the other hand, com-
modity analysts in the United States
have argued that, for many agricultural
products, quantities available at the end
of the harvesting season are essentially
exogenous and that prices at farm and
retail are functionally related to guan-
tities and income-shift variables. Even
for the enalysis of & single commodity,
it is often necessary to specify multi-
equation models to account for export
demand, domestic demard, and stocks.
The approach adopted by the analyst of
time-series data depends on a great vari-
ety of questions relating to the scope of
the madel and problems of estimation.
Here are some considerations of direct
importance to the present study with jts
emphasis on estimation of demand at the
retail level.

Bingle equation models.—Consider
the estimation of demand function pa-
rameters for a simple model in which one
commeodity can be singled out for analy-
sis. Theoretically, the following model
might be specified as & first approxi-
mation:
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Git = fi(?-"f:, Ziy Yy Wig) {31=)
where
g:¢ = pPer capita consumption of the
ith pommoedity,
P = price of the i** commeodity,
z;; = other factors effecting demand

{assumed exogenous),

per capite disposable income,
and

e = & random disturbance.

e =

A number of problems arise from the
estimation of the desired parameters:

Error apecification. Estimation by ordi-
nary least squares requires that the error
term is not correlated with prices and
income, the gbsence of autocorrelation,
constant variance over time, and, in
addition, sufficient observations in rela-
tion to the number of parametiers to be
estimated. When these conditions sre
not met, more complex formulations are
required, as iz discussed in texts on
econometrics such as Johnston (1963),
Goldberger (1964}, or Malinvaud (1966).
" Multicollinearsty. Often prices and in-
come move together over time, resulting
in problems of multicollinearity which,
in the extrems case, results in & singular
matrix, In the ease of income and prices,
writets have supgested combining time-
geries data with income slopes or elas-
ticitiea estimsted from cross-section
data. With high multicollinearity among
prices, problems exist &8s to the signifi-
cence of coefficients. Where the goal s to
approximate a complete demand matrix,
other metheds must be intreduced.

Relepant variables. In the more general
models, quantity consumed is related to
all commodity prices and income which
15 an impossible task, when time-series
data are used. The concepts of separable
utility functions provide guides for
meaningful methods to simplify the esti-
mation procedures.

Mathematical form of the equation. No
it priori guideline exists for the funetional
form of the relationship among guan-
tity, prices, and income that is appro-
priate in all cases. Time-series data pro-
vide only samples from a limited range
of observations. Some of the commonly
used functions belong to one of the
following:

Linear:
g=a+ by +ep+u
Semi-logarithmiec:
g=a+blogy *+elogp + u,
Dwouble-logarithmic:
logg=a+blogy +clogp + u,or
Inverse-logarithmic:
logg=a+ by +ep + u

Statrc versus dynamic funclions. A static
model, as specified in equation (31a),
may be incorrect in several ways. Shifts
in consumers’ tastes may affect the
slope or position of the demand curve;
pest levels of consumption may efféct
consumnption patteras; or levels of inven-
tory of consumer goods may be impor-
tant elthough this is probably of minor
importence for food commodities. The
analyst must choose ameng alternative
approaches, realizing the limitations in-
herent in any given approsch,

Simultaneous equation models. In a
theory of general equilibrium, the quan- -
tities consumed arc equated to the quan-
tities produced. Similarly, the quantity
consumed of 2 given commaodity is func-
tionally related to all commodity prices
and income (or factor prices). Concen-
tration on & demand matrix alone limits
a reslistic anselysis of individual com-
maodity markets. This is unfortunate but
necessary within the scope of this study.
However, even within the demand
matrix, simultaneous relationships that
are reccognized are difficult to estimate,

Demand theory asserts that consump-
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tion of all commodities are interrelated.
But, ie a single-equation approach, it is
not possible to incorporate this simul-
taneous nature of the demand relation-
ship and, therefore, the coefficients ob-
tained from the single squation method
will be subject to possible bias.

Different estimation procedures, like
two-stage least squares, full information
maximum likelihood, limited inforra-
tion maximum likelihood, and three-
stage least squares, asre awvailable for
handling simultaneous estimation prob-
lems, Though a number of problems
assoviated with simultaneous estimation
procedure have been solved, there is still
some doubt regarding the advantages of
gimultaneous equations over single equa-
tion procedures (see Christ, 1960}

The most important problem of using
simultaneous equation methods for esti-
mating demand coefficients is not one of
estimation procedures but, rather, the
prablem of defining an identibable model
{see Hood and Kocpmens 1953, Fisher
1966, and Wegge 1965). Buppose that
there are n endogenous variables, i,
#1, ', ¥a and m exogenous variables,
21, #9, -+, 2w A structural equation can
be represented &z

BY +CZ = U,
The reduced form is given by
Y = —-B1CZ + B~

The problem of identification 15 one of
deducing the value of the parameters of
the struetural relations from a knowledge
of the reduced-forin parameters. The
order condition of identifiability states

that the number of variables excluded
from cach equation must be at least as
great as the number of endogeneous vari-
ables in the model less one. Therefare, in
the present example, the maximum num-
ber of variables that cen appear in any
equation is

[n+m—{n—1})]=m+1

As far as the system of demand cqua-
tions for sll commaodities are concerned,
it iz difficult to meet this identification
criteria.

Dynamic models of demand

A number of attempts have been made

to medify the static formulation of de-
mand functions. 1° Distributed lag models
and recursive systemns have been especi-
ally uscful to incorporate some of the
dynamic elements. A distributed lag
model may be estimsted, using any of
the following three methods:
{1) Mzke no assumpticn gs to the rela-
tionship among regression coefficients.
Tinbergen {1951} suggested the typical
form of the demand equation to be

g: = a& + bgpe + Bipia
+ -+ b (31b)
=a+ i{, bips
where

¢: 15 the quantity demanded in
period ¢ and
P._; 15 the price in period {¢ — <.

Here, we do not make any assumption

1 Bieri (1966) claseifies difierent approaches to incorporate time into demand analysis aa:
(1) models introducing the time dimcension through dating of the variables in the utility function
{Henderson and Qoandt, 1958 Medigliani and Brumberg, 1954; and Strotz, 1956; (2} models
introducing dynemic nspects into demand [unection (Houthskker and Taylor, 1064; Nerlove,
19585, snd Farrell, 1952, and {3) models introdueing dynsmic aspects into the utility funetion
{Cramer, 1957; Stone, 1954; Stene, of al., 1964; Basmann, 1956; and Teujimurs and Sato, 1064},
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regarding the relationship among b,. No
restriction is imposed on the distribu-
tion of the lag efiect of past prices on the
guantity demanded. In practice, lagged
prices will be edded successively to the
least-squares regression of guaniity on
orices until the coefficients become ingig-
pificant or the signs become erratic. {2)
Assume a general form for the distribu-
tion of lag and estimate the parameters.
Fisher (1928) and Koyek (1934) have
suggested that the form of the distribu-
tion of the lag may be approximately
assumed and then the specific charac-
teristics of the distribution may be
estimated. If time iz treated as a con-
tinuous variable, the demand relation-
ship is

ge = ﬁ:?u)P(t — widu. (32)

Koyck calls the distribution of b{u) the
“time shape of an economic reaction”
and the cumulative distribution of b(u)
ithe adjustment path.” The distribution
of b{u) can be aasumed; for example,
Fisher assumed a logarithmic normal
distribution. (3) Develop an explirit
dynamic model which implies the dis-
tributed lag only incidentally. This ap-
proach iz basieally similar to Nerlove's
{(1958b} static expectation mode!. The
current quantity consumed will change
in proportion to the long-run equilib-
rium quantity and current quantity.

g — -1 = T(‘Q-'l - ql—l} (33)

where

q. 15 the quantity consumed in period ¢,

§:is the quantity demanded in long-
run equilibriym, and

v is a constant of proportionality.

Nerlove (1958k, . 308) compares these
three approaches as follows:

“Because of the finite length of, and dagree of
auto-correlation i most econamde time series,
the first approach where nothing is assumed
iz not always feasible. On the other hand, the
second approach must necessarily comlain o
somewhat arbitrary assumption eoheerning the
form of the disteibution of lag. The third ap-
proach leads to a direct interpretation of the
distribution of lag in terms of producer or
comsumer behavior and, therefore, in tarma of
the differcnce between short- and long-run
elaaticities of =upply or demand.”

Models combining cross-section
and time-series data

Because both time-series and eross-
section analysis have certain inherent dis-
advantages, attempts have been made to
supplement cne method with the other.
The “conditional regression analysis”
used by Wold and Jureen (1964) andthe
“axtraneous estimators”™ used by Stone
(19548) are based on the utilization of
income elasticities obtained from budget
studies in conjunction with time-series
data.”* Goureux’s (1960) analysis of con-
sumption behavior, based on data de-
rived from household surveys and time
series of national averages, consisted of
three kinds of comparisons: (1) house-
hold surveys, consumption of house-
holds at & given peried; (2) inter-
naticnal comparisons, average consump-
tion in different eountries at a given
period ; and (3} time m2ries, change in the
average consumption over the last de-
eade. To estimate regional and sectoral
demand characteristics, analysis of co-
variance can be used effectively. Hoch
{1962}, Mundlak (1961 and 1963}, and
Paris and Hoch (1966) have used this
approach for estimating produetion-
function parameters. Balestra and Ner-
tove (1966} and Ben-David and Tomek

1 Dyrbin (1953) explaine a proceduse for handling extraneous information. Kuh and Meyer
(1957} warn sgainst giving undue importance to extranecus eatimation procedures, Alss gee Kuh

{1959).
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{1965} have applied similar approaches
for estimating demand functions.

Mundlak model.—Assume that there
are obscrvations on guantity, price, and
income from m regions for { periods, If
the regression coeflicients in all regions
are the same and if regional character-
istics can be isclated, the demand fune-
tion can be written as

qi” =By + B, i:"i‘---
+ BPE + BY©
+ CRY 4 ot {34)

where

&:’ = quantity demanded in region
r during period ¢,

price of commodity, {, in re-
gion # during period ¢,

R“'= regionsl effect in region »,

(r)
Dt

(commodity) £ = 1,2,+++, K,
fregion} r = 1,2 .+, m, and
{period) ! = 1,2,---, .

The usual procedure 11 cross-sectien
data 13 to fit & regression to data col-
lected for regions at a pericd of time,
ignoring the contribution of regional
factors, CR'". When we are interested in
regional variations also, we obtain the
estimates by minimizing the sum of
SqQuares

8 = EZ: (Q‘i’} - B

- B/P{Y - BPLY (35)

- BH}I(F} - ‘4(?])2

where

A(I'J - GR{”-

If the demand function is complete,

-7 19

¢=1- ZE: Therefore, §, = A47C,
s

which gives an estimate of regional effect,

Bon-David and Tomek model.—1If the
regressien coeflicients take different val-
ues for different regions, the following

model egn be used:

¢ = a0+ 2, a0 + by
(36)
+ 2 0,85 + 0

Ja1

where

=ji=12 ., m
=1,2,-, 1
endogenous variable,
= exogenous variable,
= intercept-shifting variable
with

1, when v = j,

and
0, when + # 3,
8, = slope containing dummy vari-
ables, with

I3

p"n’.‘l-nr-.ﬂ
|

¢ .
PV whenr =
[ra (raquir?
S = Dy Py =

0, whenr = §

The ahove equation can be estimated,
using certain assumptions, and the
equality of regression coefficients can be
tested. Also, these models can be gen-
erelized to handle variations in both
slopes and intercepts of demand over
different. regions.

Shifts over time

The time-series analysis assumes that
the structure of demand and the values
of coeflicients remain stable over the
period under consideration. It iz possi-
ble that the structure over tume may
gradually change. The effect of such
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shifts on demand ceefficients have been
recognized (see Daly, 1956). If the
change in structure is clearly identafiable,
5 ghift variable can be intraduced in the
regression equation. One possible meth-
od of identifying shifts may be through
a preliminary grephical analysis. Shift
variables could be introduced in the de-
mand function through dummy wvari-
ables whose values are one and zero,
depending upon the period of observa-
tion. According to Rojko (1961, p. 44),
another way to handle changes in strue-
ture 18 to break the period into sub-
periods during which no change in strue-
ture has oceurred. One difficulty with
this approach iz that the number of
observations per subperiod may be small
for statistical analysis.

Introducing time as an explicit vari-
able in the demand equation is another
feasible approach. The coefficient of time
may absorb most of the unexplained
variations and an interpretation of the
coefficient may become difficult, SBome-
times, time-series and cross-section data
may be combined to analyze the secular
and cyclical changes of demand. {For
exaraple, see Douglas, 1067.)

Yoytik (1951} suggests two alterna-
tive methods that could be used to allow
for systematic shifts in the regression
coefficients over time. The first approach
is essentially the same as fitting separate
demand functions for each period and

the second approach considers all weekly
observations together and estimates an
equation of the form:

P, =a+ (b + buw)@; + (¢ + Cudly,

+ (d + dw)Qia

+ (e + e'w)W {37)
where
i = w = week of season,
P = price,

} = guantity sold, and
I = consumer income,

To find out whether the demand equa-
tion changed systematically over time,
the coefficients &, ¢/, &', and &' were
tested to see whether they differed sig-
nificantly from zero.

Though the above approaches can be

*used to study the shifts over time of a

single commodity, they may not be suf-
ficient to analyze stochastic elements in
consumer behavior. Barten (136G) has
specified & model which takes into ac-
count the shifts in utility funetion over
time. Rosenberg (1968) provides differ-
ent approaches to incorporate stochastic
variations among parameters during the
period of observation. However, certain
conceptual and empirical problems are
yet to be soived befere such procedures
can be applied to a large number of
commaodities.

The Gap Between Demand Theory and Empirical Analysis

In theoretice! development, we specify
certain postulates and deduce the be-
havior of the variables through logic. In
contrast, empirical studies deal with
quantifiable phenomena. Often theoreti-
cal developments and empirical analysis
complement each other—empirical anal-
ysis cen be used to verify the validity
of certain theories. Sometimes certain

theories are regched by starting from an
empirical analysis. In the field of de-
mand snalysis, econometricians have
often built empirical models based on
the sipnificance of economiv variables
like prices and quantities, and justified
their findings through econemic theory.
On the other hand, sonie models in eon-
sumption thenry are not subject to
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empirical verificatlion because of defici-
encies in data or in statistical procedures.
As a result of this, we are faced with a
situation of % . . insufficient predictive
power, inappropriate basis for empirical
analysis, and difficultics in establishing
empirical confrontation . . " (deJanvry,
1968, p. 4) which is often referred to as
“the gap between theory and empirical
analysis.” This seetion describes at-
tempts to bridge this gap and, also,
points out certain difficulties encoun-
tered in the process. The discussion of
concepts of separability owes touch {o
the excellent treatment in deJanvry's
{1966, award-winning thesis.

The fact that, according to economie
theory, consumption of a particular com-
modity is dependent upon its price,
prices of other commodities, and income,
suggests that the demand for all com-
modities are interrelated and that any
empirical study should consider the de-
mand for all commodities simultane-
ously, If there are n commodities, this
involves (= X n) price elastieities and n
income elasticities for a total of n{n + 1)
parameters to be eatimated. For the
model to be estimable by known tech-
niques, the number of observations
should be at least equal to the number
of parameters to be estimated which, In
this case, is n{n + 1). When a large
number of commodities are considered,
this condition cannot be satisfied and
we run into the se-called “problem of
degrees of frecdom.” (For further dis-
cugsion, sce defanvry and Bieri, 1968;
Clarkson, 1963 ; Mishan, 1961 ; and Bout-
well and Simmons, 1968.) If we impose
the restrictions on consumer dernand,
the numhber of parameters to be esti-
mated directly can be reduced. The sym-
metry condition provides n[{n — 1)/2]
restrictions, the homogeneity condition
provides n restrictions, and the Engel
aggregation provides one restriction for

atotal of al{n — 1)/2] + 2 + 1 =
(n* + n + 2)/2 restrictions. Therefore,
the number of parameters to be esti-
mated independently is reduced to

w +n+ 2
2

=4n' +n—2)

nlr 4+ 1) —

which still remains to be & big number
to permit direct estimation of B system
of equations involving large numbers of
commaodities, Realizing this difficulty,
two different approaches have been
adopted—a single commaodity or a sub-
sector analysis, and the “integrationist’s
approach” (Boutwell, 1965, p. 8).

Single commodity or sector models

A single equation is formulated for a
coramodity to estiroate the direet price
and a few other cross-price elasticities.
The effect of all other omitted variables
is implied to be zero. The choice of other
prices te be included is often based on
subjective judgments of researchers.
Also, the number of parameters to be
included in each equation depends upon
the required oumber of degrees of free-
dom which can be increased either
through increasing the number of ohser-
vations cr through decreasing the num-
ber of parameters in the equation. The
number of ochzervations can be increased
by extending the period of observation
or reducing the interval between sue-
cessive observations in the case of time
series data, and enlarging the sample
space in the case of cross-seetion data.
In general, the effect of using enlarged
time-series and cross-section data is to
inercase the variability in the data and
it may be important to test whether any
struetural chenge or heterogeneity has
occurred in the process of enlargement.
The number of parameters in the model
can be reduced by defining composite
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commoditigs. Although the estimation
problem can be solved by aggregating
commaodities, this procedure introduces
a number of “aggregation problems.”
Also, for policy analysis, often informa-
tion on individual commedities is re-
quired and an aggregate derived from
heterogeneons items may not reflect the
characteristics of individual commod-
ities belonging to the set.

The “integrationist’s approach”

The integrationist’s approach recog-
nizes the interrelationships among all
commodities, To overcome the prob-
lems of degrees of freedom and identifica-
tion, a number of assumptions regarding
the interaction of commodities and the
nature of utility functions are intro-
duced. Also, attempis are made to in-
corporate the theoretical restrictions
into the statistical model. Strotz’ {1957,
1659} utility tree and Houthakker’s
{1960) additive preferences and various
formes of separability ideaz belong to this
group. Frisch (1959} in a pioneering
article, proposed that the demand re-
letionships derived frem utility theory
could be used in computing sl direct
price and cross elasticities under an
assumption of want independence.

Frsch model-—Frisch considers the
implications for estimation of a matrix

ooy == aql(uh Vg,

11 a"—;
0y

LAl R

[for income elasticities, the conven-
tional row restraint, or Slutsky-Sehulte
condition, is that the elasticities for
prices and meophie sum to zero, or

—Eiy = Z €

'
{‘!‘)j = I_‘ " s ”)

(40}

of demand coefficients for the case in
which the utility of some or all com-
modities are independent. of the quan-
tity of others. The idea of want inde-
pendence is explained by Frisch (1959,
p. 178) by referring to commoditics
where, for example, % . . the marginal
utility of using more electricity in the
home can safely be regarded as inde-
pendent of the quantity of Swiss cheese
consumed.”™ Similarly, he discusses the
case where commodity groups may be
want independent, but dependence is
assumed among commoeditics within a
group. The major argument is for the
ease of want-independent commeodities
and can be compared with the classical
case in which the Slutsky relation is
given ay

(38)

. w,
€ij = €5i " + wilen — eu)-
1

The I'risch statement of this relation
expresses price elasticities (e:;) as a func-
tion of want elasticity (#,;}, hudget pro-
porticns (w,), income elasticities {(es),
and the fexibility of the marginal utility
of income with respect to income (@)

1
Byy = 04y — Wiy — aw;e;'ye-'y {39

whore

D Ua) U (w.ant elasticity) and

1

(money flexibility).

The Frisch statement in terms of want
elasticities and the money flexibility co-
cfficient is

Cin = 2,04 {41
Kl

Consider the case where's good is wang
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independent of all other goods, or where
oi; = Ofor all i # j, The cross-price and

meome  clasticities may then be ex-
pressed as

Cip ™ Wiy ;wieiveim (42}
= —(:4-_,‘1,[,'}-(1 + %) , {cross-price elasticity), and
(43)
€, = ¢o; [(ineome elasticity).

Te ohtain the direct price elasticity
under want independence, we solve for

v in equation (43), substitute the term
in equation (423, and obtain

e{y 1
25 = —— — W, — T Wi 44
[ P o & Il ( )
= — e Wi — 1= wey ' (own price elasticily).
Under want independence, we may solve for ¢, o
_ Cin T Wiy (anar Bexibility).
¢ e+ Wy ( ’ ¥ (45:}

If a value of ¢ is known, equation (42}
may be used to obtain estimates of cross
elasticities under the assuraption of want
independence {(s:;; = ). Money flexi-
bility may be estimated from equation
(45) for any commodity where the direct-
price and income clasticity coefficients
are known. Further, estimates for vari-
ous commodities or commodity groups
should provide similar values of ¢ if the
assumption of want independence is
valid. Thus, if we know all income elas-
ticities, expenditure weights, and direct-
price clasticities for & single commodity,
all the remaining parameters can he
derived,

The assumption of want independence
for all commodities implies complete
additivity of the direet utility function,
or

'U»':Q'l., L' TR G‘n) = !h(';'l)
{46)

+ welge) + -+ walga)

Houthakker {1960} refers to this case of
imdependent utilities as “direct addi-
tivity” and shows that the cross deriva-
tives of demand are proporticnzl to the
derivatives with respect to mcome.
Thus, under independent utilities, the
commodities are still related through the
budget restraint but with demand inter-
relaticnships of & much less complex
form than with comveniional theory
when complete dependence is allowed.
Barten (1964, 1987) suggests a model
incorporating & weaker assumption on
the vtility function, with complete addi-
tivity replaced by conditions of “almoest
additive preferences.” For a detailed

comparison of the Hicks, the Frisch, and

the Barten models, see Appendix B.

Barten model.—The esseatial contri-
bution of Barten's model is to develop
methods of estimating demand functions
with somewhaf less restrictive conditions
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being imposed on the preference fune-
tion. Consider the Hessian matrix [7 in
which elements are [7;; = 82/ /(dq.dq9,.
For the Frisch case of want indepen-
dence for all commodities, the Hessian
matrix has zeros except for diagonal ele-
ments. The Hicks matrix would allow
values in all cells, Barten would limit
values to diagonsal elements plus certain
nondiagonal elements of & neture that
the consumer’s preferences are “almast
additive.” The term for & cross-price
elasticity for Barien is of the form

(e il
AIQEQ[ = + Z (E,‘j —-i

Frurl

€ = E L 1_;] - w;e:'y(]- + %)7 (47)

For Frisch, the first term on the right of
the equality is o;;; otherwise, the equa-
tions are identical. Barten’s formulation
incorporates a term (U/5Y) that iz in-
variant under transformations whereas
the Friseh term {o,;) is not. For practical
conziderstions, these two derivations can
be considered as equivalent as pointed
ouf by Ayanian (1969).

For estimation purposes, Barten speci-
fies a regression equaticn of the form

€ufatl; — E'f;rwf) Aleg p'"

{48)

+ i, & log u(t) + wilt)

where the constant term represents trend
due to changes in testes or other factors,
&; represents that part of the substitu-
tion effect that is directly related to the
interaction of commodities in the utility
function, the compound term (money
flexibility, budget proportion, and in-
come clasticities) represents the remain-
ing substitution effects, e;, the income
elasticity, and w; a random error term.
The first. difference of logarithmie speci-
fication is justified on pragmatie grounds,
Detxils of the estimation procedures are
available in Barten {1964).

A different approach to the complete
additivity assumption used in Frisch’s
formulation and to the almost additivity
assumption used in Barten's formula-
tion is obtained by introducing different
concepts of separability, developed from
the “utility tree” concept discussed by
Strotz (1957, 1959).

The role of separability in
demand analysis
The concept of a utility tree.—The

basic ides is that the elements belonging
to the commedity bundle can be par-
titioned into different groups (similar to
the branches of a tree). It is assumed
that consumers follow g budget alloca-
tion process in such s way that, in the
first stage, the total expenditure is
divided into different subgroups and
then, at the second stage, the amount
allotted fo each subgroup is allotted to
individual commodities belonging to that
subgroup. In other words, consumers
follow a two-stage budgeting process by
which total expenditure is first split into
group expenditures at the first stage and
then each group expenditure is split into
individual eommodity expenditures at
the second stage. According to this pro-
cedure, it is possible to calculate all the
parameters involved in the system of
demand eguations from & knowledge of
certain parameters.

To permit the.yse of the fwo-stage
allocation process, the utility funetion
must satisfy certain properties. Strotz
starts with the classieal utility function
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Ulgr, g2 v, ¢u) and assumes that it is
separable in the branches 1, 2, ---, 5 if
it can be written as"™

U = FLUMg) + Ug) + -+
(49)
+ U]

where
Ugy = U'tel, 0d, -+, aa)

ft; = nuraber of commodities in the
ith group such that
nytnet-o- o =n

As usual, maximiging this utility fune-
tion aubject to the budget restriction

E mig = y')

we can arrive at a demand funetion of
the form,

4 - ol” + S aitr,
3 {i} (50)
+ ;: Bl + iy

where

U = g eommaodity belonging to the

E
1" commeodity group,

=1,2 -, m and

]‘I 2‘ e iy 8'

Taking two commaodities belonging to

the same group, the reiationship cen be
written as

¢ =i’ + LELP + T AL P+ vy

(51

GF = ol + TELP+ TP+ 1Ly

for any such {wo commodities belonging
to & group, the coeflicients gi'l and g}
will be in fixed proportion for & not in

(41 (0 ¢
Bk, Bik.  Bid

(4 ) 0
Bik. Jaka ok

Using the relationship (52}, a number of

parameters in the system of demand
equations can be caleulated with the
knowledge of incoine coefficients and at
least one other interbranch coefficient.

Concepta of separability.— 7o sepe-
rate commaodities in the utility function,
the ratio of marginal utilities of a pair

- 1

branch {. 8trotz has shown that the ratio
of such price slopes is equal to the ratio
of income slopes, 417/, (0

Therefore,

(kv Koy -0+, ). {52)

of commoditics ¢ and j is assumed to be
unaffected by the level of consumption
of a third commodity &. Tn other words,
it can be assumed that

UI
- . S
b Ofor k = 4, j (53)

' This is the “strong” definition of n separable utility funetion. Strotz admitted that, in his

original formulation, he hed defined o weak form of scparable utility function, though his results
werg derived based on this strong form of separability (see Strotz, 1959). Expressing the ntility
funetion in this manper implies additivity among groupa.
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holds for at least some of the goods,
While the concept of complete additivity
used by Frisch assumes that the mar-
gingl utilities of ¢ and j are unaffected,
the concept of separability assumes that
the marging] utilities are changed equally
because of a change in the consumption
of the k* commodity. Depending on the
sasumptions, four types of separability
can be defined.

Weak seporability. This concept im-
plies that the utility function can be
divided into subgroups such that the
marginal rate of substitution between
two commodities ¢ and j from the same
group {g) is independent of the quan-
tities of commodities not belonging to
group g. That is

Utg) = U'lqi, g3, - -

mF e

Weak homageneous separability, Green
{1964) adds one property to the weak
separability eoncepi—that each sub-
group is homogeneous of degrec one. In

. other words,

U(G‘:: Q;: T !'j‘,: }

is homogenecus of degree one for all 1.

Strong separabilily implies that the
utility funetion can be partitioned into
subgroups such that the marginal rfate
of substitution between two commodities
¢ and j from iwo different subsets does
not depend upon the gquantities of com-
modities that do not belong to the same
groups 4% 1 and 7.

s
a"
Uy _

2 0 (56)

for all & ¢ group g; 7 from group m, and
# from group s.

':ﬁ'r{.-]; i=1,2,--
+n, = N.

ag.'.'

Ll

g (54)

for all 4, 7 ¢ group ¢ and & g group g.
Goldman and Uzawa (1964) have shown
that the utility function Mg, - - - ¢.) is
weakly separable with respect to a
grouping of the » commodities into a
class of s mutually exclusive and exhaus-
tive subgroups (with ny, ne, - - -, 7, com-
modities in each of the s groups respec-
tively) if, and cnly if, the utility func-
tion s of the non-additive form

Ulgi-+- ga} = F{UVgY,
(55)
U3, -+, U4(g)]
where

-, &; and

Sirong separability is applicable only to
those utility functions which are addi-
tive among groups.

Ulgi - g} = FIUHEY
| (57)
+ L)+ D],

Earlier it was shown that strong separa-
bility was required for the establishment
of the copcept of a utility tree.

Fegree separabifity. Pearce introduced
the concept of neutral assoelation which
has been later referred to as “Pearce
Separability” by Goldman and Uzawa
{1964). Pearce defined the existence of
peutral want association between goods
i and § and good & if the margingl rate
of substitution botween two commedi-
ties < and 7 from the same subset is inde-
pendent of the aquantities of all other
eommodities.
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U
i

3!}&

|+,

= 0

s,

; (58)

i, jegroup g and b &£ € 5.

This implies that any two commeodities
from the seme group should be in neu-
tral want assceiation with all other com-
modities in that group. Under Pearce
separability, the utility function Lfigq
- ++ g,) shouid be separated into a form

Ulgy -+ g = LU + -+ + falg)) + <

(59}

+ Ufilgl} + -+ + falaad]l-

From the description of Pearce separa-
bility, it is evident that it includes both
weak separzbility and strong separa-
ahility.

The two-stage maximization pro-
coss.—Impoesition of the asswmption of
separgbility reduces the number of pa-
rameters to be estimated directly. Sup-
pose that there are n commeoedities be-
longing to ¢ separable groups. In the first
stage, the total expenditure y has to be
alloted among the ¢ commodity groups.
Let i1, o, - -+, 3s epresent the amounts
apent on different groups (y = y1 + ¥ +
«++ 4 ). Therefore, the first stage is to
determine 31, #s, '+, ¥ such that the
utility is maximized. That is,

U(Hl. Yz, 0y yl) - P‘(‘z-:ly' - y)

should be a maximum. As usuai, the
first. order conditions are

E-L-L—?.=0 and

P (60)

Zyi“yzn (7:=1=2!"':3)-

Equations (60} presumably can be
solved to obtain the group expenditures
¥, ¥1, ', Y. But expenditures for a
particular group is a function of the
group price indices Py, Py v, B,

Therefore, the solutions obtained from
(0) can be writfen as a function of
group price indices and income

yizyi(PhP!)”':Phy)

(=

Thus, at the end of the first stage, the

group expenditures are expressed as a

function of price indices of all groups.
In the second stage,

+

"3 QP:J

(61)

1,2+, 8L

{)."'(g;-, ql‘r n

is maximized for all groups ¢ subject fo
the restriction that group expenditures
equal the amount determined at the firat
stage. That is,

Ui, g3, - o) + ’*"‘?;. Pigi— ¥

should be maximized. Taking the first
order conditions and sclving for the
guantities,

Q: = '[I;[P{:'P':" '“:Pf:-d:

(62)
y:’(PhP!r "'rPl) y:’]
forallj =1,2,+--, n
i=1,2---,s

»

Thus all the demand equations can be
specified.
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Under certain conditions the two-
stage maximizations of & separable util-
ity funetion provide the same equilib-
rium solutions as direct maximization.
Gorman (1959) and Green (1964, p. 22)
have provided the conditions under
which two-stapge maximization s con-
sistent. Accordingly, two-stage maxi-
mization of a utility function will be con-
sistent if the weak scparability rcon-
ditions are satisfied together with any
ane of the following conditions: (1) only
two groups exist, (2) strong separability
exists, (3) weak homogeneity conditions
are satisfied, (4) all functions U except
one (say the first) are homogenecus and
L’ ean be written as

=0, o 8-, U] 5a0d
(5} the functions U beyond m are homo-
geneous and T ean be written as

U=UT + 0+ + Un
+ HU, -, U],

When the two-slage maximization is
consistent, the maximum levels of util-
ity reached by direet and two-stage
maximization should be the same. It is
possible to extend the conecept of two-
stage maximizations to a number of
stages, if npecessary.

Identifying separable groups.—&o far
it was assumed that it will be possible
to identify separable groups. In actual
practice, it will not be possible to
look vpon the marginal utilities to de-
termine the nature of separability;
defanvry has demonstrated the use of
factor and cluster analysis to identify
homogeneous groups. However, the
groupipg obtained through factor anal-
ysis may not be unique because the eri-
teria for obtaining the groupings are, to
somme extent, based on valee judgments.

Practical constderations

Attempts to bridge the gap between
demand theory and empirieal work have
often run into difficulties because of the
restrictive assumptions used in the
theory and the inadeguate nature of the
date. More specifically, we run into dif-
ficulties regarding the concept of de-
mand, ite time dimension and aggrega-
tion problems, merketing margins, and
the nature of recorded data, all of which
are discussed below.

Goncept of demand.—As Bsumol
{1965, p. 210) points cut, “*Demand fine-
tions, as they are defined in eccnomic
analysis are gueer creatures, somewhat
abstract, contzining generous elements
of the hypothetical and, In general,
marked by an aura of unreality.” Al-
though the Walras-Pareto-Hicks con-
cept of demand serves as a basis for
defining demand in pure economic the-
ory, it is not adapted to the measure-
ment of demand for statistieal analysis.

The relationship between price and
quantity through demand functions pre-
vides answers to questions like, ¥What
would consumers do if price were differ-
ent from the present level?" In static
analysis, & demand relationship is speci-
fied for a particular period of time. In
practice, each time an observation is
made, we get one point on & demand
curve and, by the time another chserva-
tion 15 made, the curve might have
shifted because consumer tastes have
changed or for other reasons infiyencing
demnand. These shifts may influence the
nature of funetions chtained from time-
series analysis and, at times, it will be
difficult to isolate the effects of such
shift variables from purely economic
variables such as prices and income.
Sometimes this difficulty may lead to
the conclusion that economic variables
may not be significant factors in explain-
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ing demend. An example of this type is
obtained in Prest’s (1949) analysiz of
consemption patierns in the United
Kingdom for 1870-1938 where only 1
per cent of the variance of the consump-
tion of fes and tobacco was explained by
income and price. Farrell (1952} ex-
plains Prest’s results in terms of irrever-
sible demand functions. He assumes,
“That & man who has been induced by
# rise in income or & fall in the price of
tobacco to take up smoking, ot to smoke
heavily, will form & habit, and will not,
when prices or income returns to its
former level, cut his consumption to the
former level,” Often irreversibility will
tend to be a matter of differential lags.
TFor exarple, Goodwin, el al. (1968)
derive irreversible demand funetions for
beef with different lagged-response co-
efficients for the increasing and decress-
ing phases of & consumption cycle.

Aggregation.—According to Green
{1964, p. 1), “Apgregation is & process
whereby a part of the information avail-
&ble for the solution of a problem is sac-
rificed for the purpose of making the
problera more easily manageable.” Most
of the demand relationships specified
eatlier apply to an individual consumer
with & given income facing given market
conditions. But, in empirical work, the
behavior of a single consumer {in a per-
fectly competitive market) is not inter-
esting; we study the behavior of the
market which iz an aggregation of all
individual eonsumers. Therefore, we are
faced with the gquestion of deriving
theories on aggregate (macro) relation-
ships based on individual {micro) rela-
tionships. In particular, it is necessary
to specify # consistent procedure for
aggregation and ther determine the na-
ture of the aggregation bias invelved in
the procedure adopted. Green (1964, p.
1) defines aggregation to be consistent,

“. . . when the use of information more
detailed than that contained in the ag-
gregates would make no difference to the
results of the analysis of the problem at
hand.” On ageregation biss, Grunfeld
and Griliches (1960, p. 1} argue that
aggregation may sometimes reduce the
specification error and thus bring some
gain in aceuracy. Accerding to them,

“. .. it praciice we do not know enough sbout
micre behavior to be able to specify micro equa-
tions perfectly. Hence empirioally estimated mi-
ero relations, whether thoae of individusl con-
sumers or of individual producers, should not
be assumed to be perfectly specified either in
AN eCconOmMic RenBe or in A statistical sense.
Aggregation of economic varinbles can, and
in fact, frequently does, reduce these specifi-
cation errore. Hence, aggregation does not
only produce an aggregation error, but may
also produce &n sggregation gain,®

Theil’s {1954} work on linear aggre-
gation is one of the early systematie
approaches adopted. Allen (1964, Ch.
20) discusses the casc of (1) aggregation
over individusls, (2} apgregation over
commodities, and (3} aggregation overin-
dividuals and commeditics. Theil (1959,
p. 14) points out that, “ . . broadly
speaking, if linear micro relations are
ageregated in terma of linear aggregates
to a linear macro relation, the resulting
macro parsmeters are weighted sums of
all micro parameters.” Here, we shall
illustrate this problem using some simple
examples,

Aggregation over indivtduals. Earlier it
was deduced that an individual’s de-
mand for & commodity is & function of
the price of the commodity, price of
other commodities, and income. Assum-
ing a linear relgtionship, the demand for
a commodity for the §*F individual can
be written as

gis = @i + g b + s (63)

where
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H

fquantity of it* commodity de-
manded by " individual,

p: = price of i** commodity, and

%; = income of j* individusl.

i;

Iu a given market situation, it can be
assumed that the price is the same for
all individuals and that only income is
variable. Under this simplifving assump-
tion, (63) can be written as

g = e+ ey (64}
If we specily an aggregate relation of the
form
i = @i T cy (65)
between aggregate demand ¢; and aggre-
gate income y, the problem of agprega-
tion is to find a consistent method of
relating {(64) and (H5).
Summing (64) aver all individuals,

En Ti; = Z sy + zc,-y,-. (ﬁﬁa)
el 7 3

To establish a relationship between y
and individusl incomes, let us define the
mean value of micro slopes {marginal
propensity to consume) as

¢=1z, (66b)
n

Now let us define the aggregate income
¥ 88 the sum of individual! marginal pro-
pensity to consume multiplied by indi-
vidua! incone, divided by the mean
value of the micro slopes, or

1% .

¥ = E Z €l (67}
i

2

¥ = Zc; Ze;yy

(from 66b and 67). (68)

Fram (65} and (68), we obiain

g = a: + % Z} it (69)

Cumparing (66) and (69), we get a con-
sistent agegregation if

2 i

Jeal

Z @&, and
E

qi

a; = (7Q)

tur | £

=l,are=¢&=

From (7Q), it is clear that the aggregate
guantity is the suym of individual quan-
tities, the intercept of the aggroegate
relationship is the sum of individual
intercepts, and the aggregate marginal
propensity to consume is the average of
individual marginal propensities. Agpgre-
gate income is defined as a weighted
average of individyal incomes, the
weights heing proportional to the indi-
vidual marginal propensities and, there-
fore, the aggregate income, as defined
here, will differ from commedity to com-
modity. However, this is only one form
of aggregation—other appreaches are
avallable in Allen (1964), Stone (1954),
and Wold and Jureen (1064,
Aggregation over commodities. Often it
will he required to aggregate individual
ecommodities to ecommodity groups or it
may be that a given commodity appears
in different forms or varieties and it will
be difficult 1o handle all varieties sepa-
rately. In such cases, it 13 necessary to
aggregate over commedities. To con-
sider a simple example, suppose that
there is only one individugl in the mar-
ket facing /& varieties of a given com-
modity. The demand relationship, ignor-
ing oiher prices for simphification, can
be written as
g: = & +_b1'?;':' (71)

where
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g; = quantity of 7** variety demanded
and
p; = price of 3 vanety.

When different varieties of the same
commuxdity are considered, quantity and
prices are in comparable units and they
can be aggregated, 28 in the case of di-
ferent individuals in the previcus exam-
ple. The oniy difference is that, instead
of summing over individuals, here, sum-
mation is over varieties,

When it is necessary to add up a
mixed bag of commodities, the homo-
geneity property is no lenger valid and
it 13 not. possible to add up the quantities
or prices. In this case, a standard ap-
proach is to construct index numbers of
quantitics and prices with respect to
some haste quantities and prices (say ¢;;
and p,). With reference to the base
value, {71} can he formulated as

L — gy 4 b 2L 72)
Pro

Uring a transformation of variables ap-
plicable when wusing Laspeyres index
numbers,

.« Wi q;
P == & and
Zwio g0

Wi Py

Bi Zwi Pi

where

Wio = Padi

{72) can be written as

Dividing by

Zw )
Wi

Wie
Zatt o

+ bpy (73)

2.
Il

&;
- L
= a; + bip;

where

Wi
Ew;n

If an agegregate relatioaship
g=a+bp {74}
is specified between ¢ and p, the resuits

in (Y0) can be applied to (73) and {74)
to arrive at the aggregates as

k -
Z qis
Jum]

u Wi g5
=1 ZWa g
ij'ﬂ _gj_

Fiv
Zuw

(78}

It

, and

_ Zpits
Zp oo

Alag, using (68), p can be obtained as

E .
p= ﬁ;zbmf

- k W B

— Zb 76
Ebj § Ew,w p;'t'l’ { :'

& Zbgp,
Zb; Zppga’

As before, it is possible to modify these
aggregation procedures by uwsing other
assumptions.
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Aggregation over individuals and com-
modities. In this case, the simple treat-
ment presented in the previous twa cases
is no longer applicable. The presence of
crosa effects make it diffieylt to obtain
the aggregate relationship as a sum of
individual relationships. Allen (1964, pp.
7T14-15) shows that it is not permissible
to write the extended Keynesisn con-
sumption function of the form ¢ = ay +
bp + ¢ as the result of simple aggrega-
tion over individuals and commodities
from & similar micro form. He suggests
that “the alternatives open are to ignore
micro theory, taking the consumption
function (¢ = ay + bp + ¢) as the basice
construction or, on the other hand, to
stick to micro theory and to avoid macro
relations like (g = ay + bp + ¢) except
as & rough approximation or as appro-
priste to particular circumstances in
particular time periods.”

Marketing margins,—The choice of
price and quantities entering demand re-
lationships is an important consideration.
Though often consumers make their pur-
chasing decisions based on prices at the
retail level, the product has to go
through a number of channels before it
reaches the consumer. In fact, modern
markets are undergoing rapid chsnges
fromt a period when the consumer used
to bake the bread for home consumption
to now when a number of intermedisries
exist between the producer and the wlti-
mate consumer. Normally, consumer
reactions at the retail level will be trans-
mitted to the producers through the
intermediaries, ' The prices at the farm
level and at the retail level will be
separated through marketing margins,

the magnitude of which will be depend-
ent upon the nature of the product, the
number of intermediaries, and other re-
lated factors. As Waugh (1964, p. 20)
points out, a complete theory of demand
would have to explain the factors that
influence retail prices and price spreads
between farmers (producers) and con-
sumers, For the sake of exposition, the
term “marketing group” is vsed here to
dencte all the intcrmediaries.'t In this
case, it is possible to identify four types
of behavioral relationships: (1) the con-
sumer demand, {2} marketing group’s
supply, (3} marketing group’s demand,
and {4) producer supply. ‘To provide an
econcmic model of these behaviorsl re-
lationships, we shall use the following
symbols:

¢ = quantity consumed at the retail
level,

¢/ = quantity produced at the farm
level,

P~ = price at retail level,

p’ = price &t farm [evel,

M = pr — p', charges realized by the

marketing group, and
¥y = consummer income,

Ignoring all other factors influencing
the behavior of different groups involved,
the following implicit relations can he
specibed:

Flg,p4) =0 {(77)
{consumer demand),

Folg,p, M) =0 (78)
{marketing group’s supply),

Folg',p/, M) = (79}

(marketing group’s demand},
and

B Producers will use this informatien to modify their product. This is why modern theuries
of marketing management give great importance to sonsumers, in contrast to the old belief that
“gupply creates ita own demand.” See Kotler (1967, Ck. 1} or a discusgion of this “new concept

of marketing,*

! The number of atages identified sxplicitly

ais (see Hildreth and Jarrett, 1955, p. 167).

will partly depend upon the purpose of the analy-



fHannini Foyndation Monograpgh + No. 28 « March, 1971 33

F(f,p) =0
{producer supply—supply at
farm level).

(80}

Because M is a function of pr and pf, it
ie possible to eliminate M from (78) and
{759) and write these relationships as

Fﬂ(qfl pf! pj} =0 a.nd
Folg/, p", ') = 0.

Bome of the variables defined above can
be adjusted to eliminate certain vari-
ables and to arrive at what s known as
derived demand relationships. Also, it is
possible to make certein assumptions re-
garding the relationship between farm
prices and retail prices and derive the
relationships between elasticities at dif-
ferent levels az will be demonstrated
later.

Nature of recorded data (demand and
supply interacticns).—There has been
much controversy regarding the sig-

nificance of the prices shown in the
records and whether this price level cor-
responds to the intersection of supply
and demand. The experimental markets
of Chamberlin {1957, pp. 226-249) and
Bmith (1962) have shown that the sup-
ply and demand do no more than place
bounds on quantity and price, Accord-
ing te the Cournot-Walras theory of gen-
era! equilibrium, there exists a tendency
that the tota! quantity purchazed by the
consumers {market demand) is equal to
the total quantity produced by entre-
preneurs (market supply), Often con-
sumption and produyction are not in
equilibrium in the short run. The notions
of supply and demand should be kept
apart and, for demand analysis, quan-
tities should refer io guantities pur-
chased. When consumption data are not
available, adjustments have to be made
in production data to Incorporate ex-
ports, imports, and changes in stock
levels.

II. EMPIRICAL ANALYSIS OF DEMAND
Demand Interrelationships at the Retail Level

The model

Here, an attempt is made to obtain a
demand interrelationship matrix for 49
major food commodities (or commodity
groups) in the United States. Also, an
sttempt is made to obtain estimates of
the linear effects of time on consumption
of a number of eommodities.

Relation to the Brandow study.—
Brandow {1961) took 24 food iterns and
obtained the complete structure of de-
mand relationships in terms of direct
and cross-price elasticities and income
elasticities in a synthesized model. To
construct the retail demand model,
Brandow used the direct elasticities ob-
tained from a number of studies and
invoked most of the theoretical restric-

tiong on demand coefficienis. Although
the estimates obtained from Brandow's
study are not claimed te be precise, he
hasz demonstrated the use of Frisch's
{195%) procedure to obtain all the direct
and crossprice elasticities. However, the
estimates can be modified in a number
of respects: .

{1) Brandow derived most of his direc
elasticities from “statistieal estimates
obtained from other studies” and, as
such, they do not follew a consistent
pattern of estimation procedures. Differ-
ent studies may have used data helong-
ing to different periods &nd obtained
from various sources. Also, the estima-
tion procedures used may vary, Thus, it
iz diffieult to cobtain consisteney in dif-
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ferent studies which is also reflected in
the estimates,

{2) With 24 commodities or commodity
groups, it is necessary to have a con-
siderable degree of ageregation. Because
wide variations exist among commodi-
ties of & proup and we may be interested,
for poliey purposes, in a single conmod-
ity rether than in & commodity group,
it is desirable to obiain a detailed brealk-
down of commodity groups according to
individual commodities belonging to a
group. Variations that exist for & given
commodity as to grade, size, and other
characteristics are of recognized impor-
tarce, but are not considered in this
study.

(3) Demand coefficients of many com-
modities may have changed between the
postwar and the prewar period. Although
inclusion of the prewar period may pro-
vide more variation in the data com-
pared to the relatively stable eonsump-
tion pattern during the postwar period,
it iz doubtful whether the estimates ob-
tained from a long time series, without
considering structural changes in the
variables, iz useful for policy analysis in
a future period. At present, we have
more than 20 observations of annual
data for the postwsar period, and thus
cah obtain estimates from the postwar
demand structure alone.

In the present study, the coefficients
were obtained using a uniform estima-
tion procedure; the data of the 49 com-
meodities relate to the postwar period;
and esiimates from other studies, especi-
ally Brandow's, were used only when
dats were not available for estimating
the coefficients independently.

Nature of assomptions.—As men-
tioned, the assumptions of Frisch and
Barter imply cardinal utility and those
of Strotz and Pearce ordinal ulility. As
Hallberg (1968, pp. 378-79) states “. .,
if the proper combination of ecommodi-

ties are involved, either of these pro-
positions (neutral-want assoclation of
Pearceand want-independence of Frisch)
will probably be acceptable as reason-
able approximsations to actual eonsumer
behavior.” Also, Pearce (1961) points
out that, under certain conditions, it is
pozsible to derive the conelusions oh-
tained by Frisch from both neutral-
want association and the want-indepen-
dent assumptions. For an empirical anal-
yeis of the type considered here, identi-
fication of proper commodity groups and
estimation procedures requires more
attention than choosing between neutral-
want association and want indepen-
dence. While using the sssumption of
ordinally separable utility indicaters
{neutral-want sssociation), it may often
become necessary to estimaie param-
eters from a nenlinear system and the
methods available for their estimation
may become very complicated when
commaodities are numerous. Therefore,
for practical considerations, we had to
adopt & procedure which implied ele-
ments of want independence and neu-
tral-want association as follows:

{1) Because of their large number, we
grouped the commodities into different
separable commodity groups.

{2) Following the principle of fwo-stage
maximization, the demand equation for
& single commodity within a group was
specified as a function of prices of all
commodities within the group, prices
indices for other groups, ard income.
{3) Tt was assumed that commcdities
bhelonging to & particular group were
want indcpendent of commodities be-
longing to another group so we could use
the procedure suggested by Frisch to
obtain the cross elasticitics correspond-
ing to all commodities outside & given
group. Considering the cardinality as-
sumptions involved in want indepen-
dence, we would have preferred to avoid
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it 5o that we could deal with ordinal
assumptions alone. However, the esti-
mation problems associated with hand-
ling large numbers of commodities was
such that we had {0 impose the assymp-
tions of want independence for all com-
modities cuiside a given group.

Choice of commodities.—Our choice

of commodities was based on two mejor
considerations:
{17 The commodity included should ac-
count for at least .3 per cent of the food
budget, based on U. &. Bureau of Labor
Statistics (1963). Since total food expen-
ditures account for 22.79% per cent of all
expenditures, included commaodities
should oceupy at least .68 per cent of
total expenditures. However, we made
exceptions for onions, carrats, and sweet
potatoes, which aceounted for only 263,
263, and .175 per cent, respectively, be-
cause data were aveilable for these items.
{2) Commodities were included where
data were available on prices, quantities
consumed, snd an income-consumption
pattern. In general, time-series data on
prices were taken from 1. 8. Bureau of
Labor Statisties (1963) reports, quanti-
ties consumed from Hiemstra (1968},
and eross-section data on food consump-
tion was from 1955 and 1965 food con-
sumption survey reports (see Appendix
A}

Among the 49 selected commodities
we have five commodity groups—*“other
fresh fruit,” “other fresh vegetables,”
“other canned fruits and vegetables,”
“bread and other ceresl products,” and
“other beverages.” These groups were
included because it was difficult to ob-
tain individual eommodities within these
groups satisfying the above criteris,
while their combined effects were not
negligible,

Determination of expenditure
waights.—The expenditure proportions
of different items are derived from both
time-geries and cross-section data, Hiem-
stra (1968, p. 172) reports the expendi-
ture proportions on major commedity
groups in December of 1963 and 1966, Be-
cause these proportions included mesls
eaten away from home also, they were
adjusted to remove this effect and then
these two periods were averaged to ob-
tain proup expenditure proportions. To
obtain the budget proportions for individ-
ual commodities ineluded in this study,
the group proportions were caleulated &s
above and a breskdown, according to
the expenditure proportions, was ob-
tained from the 1965 household food-
consumption survey. For example, the
adjusted time-series estimate of the
hudget praportions for dairy preduets ac-
counted for 3.8277 per cent of total
expenditures. According to the 1985 faod
consumpticn survey, butter, fresh milk,
evaporated milk, cheese, and ice cream
accounted for 8.451, 58873, 2.817,
17.465, and 12.394 per cent, respectively,
of the total dairy products. Therefore,
the budget proportions for butter, fresh
milk, evaporated milk, cheese, and ice
crcam are obtained as 003235 (i,
038277 X .08451), .022535 (i.e., 038277
XK .5BR73), 001078, .006685, and 004744,
respectively. The expenditure propor-
tions for all the other commodities are
caleulated in the same manner {table 2),
To facilitate comparison with other
studies, table 2 also gives the budget
proportions used in Brandow's study.
(Brandow used weights for 1935-1957,
obtained by adjusting 1947-1949 data.)

Choice of regresaion equations.—The
demand for a commodity, expressed in
termas of all prices and income, is repre-

' Theae proportions were originaliy derived by the Buresu of Labor Statiatica. The quantity
weights used in the derivation of these figures were based on the spending pattern of wage earner
and clerical worker families as derived from the 1960-1961 Surveys of Consumer Expenditures.



36 George and Eing ! Consumer Demand for Feod Commoditics

Tapire 2

EXPENDITURE FROPORTIONS

This study’s p.ropnni.onn pxpressad an per-
centags of

Brandow proportions

Commodity end group* axpresssd g2 peToantags
, of nll expenditures
Food axpenditures All srpenditures
1L.555 28331 2,54
_850 a AR
13234 30144 2.1
_840 2008 1808
3818 3103 e
i ] 178 N1
& 701 _sigs Nl
35851 7.7158 T.831
Egga {greup 2) 3.876 5833 1,128
Fote and ovla (oroupe 3, 4, and &
Buthal, . ... iiieinancinn e s o e e e L.418 3a38 |
Fin| .0aal B
1. 315 3133 L0
£33 1204 158
1135 2588 a2
4, A8 1.0842 1,261
Dairy producly {mup-hnd ?}
Freah milk. . 'N..n} 22038 3 754
Evapurﬂ-od 4T3 4078 173
Chm ........... 3925 GREE 475
Lem DAL AT o
To'l.ul {ucludm; bButter]. . 1634 BT 2.0
Potstors (moup &)
BRI e e 122 s |
ATE e | L
1.401 3w ARG
Suwarlenary, sxcluding sencalorice (group 8)
Sugar 2.57% .
(| 2300
3.081 L8182 1.840
4. 845 1L1HE
AT B05
.78 1700
AT R
5152 1.5848
4.2088 T -3 I,
4.002 BR4E
LT L1700
373 .
B.368 14133 2.235
.Bg8 1333
1.039 <l
2.5560 4514
Carn roea]. . Je0 - L0
Eread and m:hsr blkw}' pmduutu 9. 748 2 Mk
Tota 14,833 a3y
Beyeroges and roup {groupa 18 11- ind 15]!
Colfes 2 445 .1 T
Nonslesholic bevm 1083 (4T
Soupe.. . ............. 1,484 ame | .l
Tetal. .o 4, 083 1.3584 1.0
TOTAL ALL FOOD. ... .. 104, 0 .78 23,17
TOTAL NONFOQOD-...... .. ... .cce e 7.2 76823

* Seo text for discumion of commodity groups. See table &, last row, for expenditure proportions for cartain individusl

ilpme in the fruit and vegetsble sategories,

1 Includes dry beans, peans, and nutas of (382,
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sented by
i = Qi(Pl, Doty Py y)- (81)
Taking total differentials of (81},
a4, o4
= = d ——
dl‘f am 1 pra dpz
aqs
o g Qg (82)
L]
ag
—+ 3y dy.
Dividing {82} by ¢,
L 1 dg;
- d II — —— d + ko4
LF i g5 9 Pt
L ogs
+ = a9y, 83
7. 00, %P (83)
1 ag,
Tew®
But.
d(log g.) _ 1
i gr',
therefore,
dg;
—q? = d(log g2,
1994 5, - i 0gidp,
@ dp; © qidp; ps
= ¢;d(log py).
Sirmlarly,

19, _ .
q: oy W = ewdllog y).

Bubstituting these results in (83), we
have

dilog ¢;) = ean d{log pr) + - -+

+ &:n dilog pa) (84)

+ ey d{log y).

When we take only finite differences, the
differentials in (B4} can be replaced by
first, differences and, therefore, equation
(84) can be written as

Aloggi=eandlogp +---

+ ¢ A log pa (85)

+ ey Alog a4,
While using time-series data,

Alog g = (log go 1 — log qu)

whereas, using equation {85) for eross-
section data, price changes vanish and,
therefore,

Alog ¢ = e Alog g {86)
The present study makes extensive use
of equations of type (85) and (%6). The
use of first differences may reduce the
effect of serial correlation if the serial
correlation coefficient is approximately
one, However, in some cases, 2 double
logarithmic function gave statistically
better estimates than the first difference
equation and, in such cases, we have
selected the estimates with better statis-
tical properties,

Grouping of commodities into sepata-
ble groups.—To obtaic & regression
equation similar to (85), it is necessary
to restrict the number of commodities
to be included in any piven equation.
Grouping of commodities according to
certain characteristics permits us to ob-
tain a consistent estimate through two-
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stage maximization. From the previous
section, we have g demand equatton for
the j* commodity belonging to group 7,
expressed as

q} = QJ[PL p:r "t P-: '
d (87)
¥ilpy, Pe o, P W)l
far

j‘_" 112: e Rgt=1,2, 00,8
where

2yl -+, P represent the individ-
ual eommodity prices,

Py, Py, +oo, P, represent group price
index, and

¥, is the expenditure on the i group.

Equation (87) can also be exprossed as

q; il q}l@;! p;l Tt pﬁ'..: PI.J
{(88)

Pil”'Pl: y)*
Tq use this two-stage maximization pro-
cedure, we had to classify our 49 com-
modities into & number of separable
groups. Instead of depending on arhi-
trary groupings, we adopted & grouping
developed by deJanvry {1966, p. 112).
DelJanvry took the price elastieities, in-
come elasticities, and budget shares
used in Brandow’s study and developed
the proportionality factors' represented
by

= Y fe

bi; = i Wiy +1
Using the proportionality factors, sepa-
rable groups were identified such that

the between group Ba's are maximally
equal for 8l ¢ e I and & e K. Eventually,
the following 15 groups were established:
1. Beef, veal, pork, lamb, chicken, tur-
key, fish
2. Eggs
3. Butter
4, Lard
5. Shortening, margarine, salad dress-
ing and cooking oil
6. Milk, evaporated milk
7. Cheese, ice cream
8. Putatoes, sweet potatoes
9. Sugar, corn syrup
[0. Apples, bananay, cranges, other fresh
fruits, canned peaches, canned
pineapple, frozen fruits
11. Lettuce, tomatoes, beans, onions,
carrots, other fresh wvegetables,
canned peas, canned corn, canned
tomatoes, dry vegetables, frozen
vegetables, other eanned fruits,
and vegetables
12. Rice, wheat Bour, breakfast cereals,
corn: meal, bread, and other cereals
13. Cofiee
14. Soup
15, Other beverages
The list of all 49 commodities are con-
tained m table 5 on page 46,

Estimation of the demand matrix

"Having grouped the 48 commedities
into 15 groups, & demand equation sini-
lar to (B8} was used for each commodity
in a given group. The functional form of
the demand equations, in many cases,
was similar to (85) se that we were using
the first difference of variables. In many
cases, the coeflicients of the group prices
turned out to be highly insignificant and,
therefore, in actual estimation, we have
omiticd a number of price indices. Adso,

¥ DeJunyry used the proportionality faetors to arrive at groupings based on factor analysia.
“The criteria for the sllocation of variables to composites will be that these reproduce for each
variable ite intercorrelations with the other varinbles. This corresponds to the building of cluster
of variables that bave maximal correlations in terse and maximslly oroporticnal correlations

with outside variables.” (1986, p. 57)
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bath annual and quarterly data were
used, where available, to estimate the
demand coefbicients. Thus, for many
commodities, there were a number of
equations uzing hoth annval and quar-
terly data and, also, using logarithmic
form and the first difference of loga-
rithms of variables. Demand eguations
were specified with quantities as depen-
dent variables and prices of all commod-
ities belonging to the same group, to-
gether with price indices of other groups
and income, as the independent vari-
ables. Therefore, i, was possible to
obtain the direct price elasticity and
cross-price clasticities with respect to all
the commodities in the same group from
a given demand equation.

A number of equations existed for the
same comumedity, and one coefficient
had ta be chosen. In most cases, the cri-
teria for selection of ccefficients were
based on the statistical properties such as
the fit of the equation (as determined by
the multiple correlation coefficient), the
gignificance of the individual coefficients
(determined by the {-statistic), and the
existence of serial correlation (deter-
mined by the Durbin-Watson test sta-
tistic). The theoretically anticipated
sign of the regression coefficient was also
considered when we had estimates satis-

fying more or less the same statistical
properties, All the estimates of direet
and cross-price elasticities for commod-
ities belonging to the same group are
obtained in this manner, However, the
cross-elasticity coefficients were adjusted
to satisfy the symmetry condition.
Quantity and price data on five eom-
modities {turkey, fish, frozen fruits, fro-
zen vegetables, and bread) were not
avsilable on a comparable basis. There-
fore, we used estimates cbtained from
other sources for the direct price elas-
ticities of these commadities.’?

Synthesis of demand interrelation-
ships.—We have seen how the direct snd
cross-price elasticities for all commodi-
ties belonging to each group are deter-
mined. The section on income and con-
surnption shows how various measures
of income elasticities are obtained. Using
these figures and the restrictions im-
posed upon an individual’s demand
coefficients by the theory of consumer
hehavior, we ean caleulate all the other
remaining coefficients. All nonfood items
are treated in one categery. The demand
mterrelationships are represented in
table 3.

We can summarize the restrictions on
dernand coefficients specified in table 1
as follows:

{a) Row Restraint (Homogeneity Condition)

3i1+ei‘2+"'+e|’dﬁ+efﬁﬂ+gir=0 (?:=132,"‘:50) (89}
{b) Bymmetry

€ = W, en — wiley — ey) ,j=12:--, 50) (30)
{e}) Cournct Aggregation

he; + Wetla; + -+ Wty + Wookpy; = —Hy (= 1,2 , 50} (91}
(d) Engel Aggregation

W161y+%+"'+wwm+wsaem= 1 (92)

" Brandow’s estimates were used for turkey, fish, and bread. The direct price elastisity

estimate for frozen vegetables wae based on sn un

of Agricultural Eeonomics at Davia.

published study of Ben C. French, Department
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Tapre 3
DEMAND INTERRELATIONSHIF MATRIX
Commoditiee
. Al Tood Notlood Income

1' 2l ---I w
.. L] LY 1.0 o 1.5 Ely
- i m e LL N EEe L1
A8 LF] EXR s cay LI .y
Allfosd. ... ... ara LT ef.a 1 LI LI
Noumford. ... a1 fu b LT 0.r 500 ty
Expanditure weight . w 1 o wy . ' 1

~orE : Subseripts 1-49 dsnote the 40 focd itams, 8" denctes nonfood, “5* denctes wil foad, and %" denotes incoma,

{e} Frisch Equations

1
i = — ——en8pW; —
-]
gy = —eéjil —

These restrictions were used in the
following manner to obtain all the ele-
ments in the demand interrelationship
matrix.

(a) Our starting point ia the estimates of
direct-price elasticity (e;;), income elas-
ticity (ei.), and expenditure proportions
fw,) for sll commodities. We have al-
ready expleined the estimation praced-
ure adopted in obifaining all these ele-
ments. Also, we have seen that the cross
elasticities for commuodities belonging to
the same fond group basically are ob-
tained through direct estimation process.
The particular coefficients used in this
analysis were chosen from a large num-
ber of estimates, using certain desirable
properties of the estimates and some
element of intuitive judgment.

{b) Income elasticity for all food (e;,) is
ohtained as a weighted average of the

e, w; for £ = §, and (93)

1 - Wt gy
- 94

% (94}
meome elasticities for individual com-
modities, the weights being the expen-
diture proportions, or

_ wey + weesy + - -+ witin
W w o T+ W

Ery

(95)
T + wees, + - - -+ Wekany
Wy

because the expenditure weight of all
food is the sum of expenditure weighis
for individual food iterns. The elasticity
obtained in this manner was 176265,
Although this estimate is lower than
Brandow’s (.25667), it compares favor-
ably with independent estimates of in-
come elasticities for all foed in other
studies. For example, Hiemstra {1968,
p. 2§) obtained the following equations
by fitting ernual data for the 19481966
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period through the use of the single
equetion least-square model.

@ = 2.227 — (0.1B2 &

{093)
(96)
+ 0.174 zs — 0.104 z,
(.060) {.125)
(R* = .733)

where

z1 = log per capita food consumption
index,

z: = log retail food price index,

z, = log per capite disposable per-
sonal income index, and

. = log consumer price index (all
items lesafood). All the indices
are with reference to the base
period, 1957-1959 == 100.

For the period 1548-1962, Waugh (1964,
p. 18) obtained a regression equation

where the variables gre as defined above
exeept that x; and z; are deflated by the
consumer price index to obtain z.* and
25*, respectively. Thus, the estimate,
176264 (obiained in this study) can be
compared with .174 in {96) and .14 in
(97). However, income elasticity ob-
tained from 1965 cross-section data
using expenditure as the dependent vari-
able was 277111 (see table 13). The
estimate of .176265 corresponds to quan-
tities and, therefore, it is consistent with
the general neotion that inceme elas-
ticity with expenditure &3 the dependent
variable is higher than the correspond-
ing estimate with quantity as the de-
pendent variable.

{c) Income elasticity of nonfood (esp,).
From eqguation (92}, we know that the
weighted sum of all the income elas-
ticities is unity. We heve already esti-
meted all the expenditure weights and
the income elasticities for commaodities

£ = 2.19 — 0.24 72 + 0.14.7; {97)  other than nonfood. Therefore, in equa-
{.15) {.50) tion {92), only s, is unknown,
esy = 1 — (wner, + wees, + - -+ 4 waokap,) (08)

Using equation (95), this can be written

a5

1 — weey
Weo :

epoy = (99)
Using (99}, the income elasticity of non-
food is estimatd as

1 — (.227918)(.176265)

772082 = 1.243165.

This estimate is feirly consistent with
Brandow’s estimate of 1.22426.
(d) Direct clasticity for all foods (e}
Using {84}, we can write g as

1 — wen

) (100)

Err = —EpUly —

Wso

On the right-hand side of {1003, all the
terms except the value of the money
flexibility coefficient (¢} are known.
Hinee the value for equation (99) approx-
imates that of Brandow, it seems to be
appropriate to use Brandow's estimate
of ¢ at —.86. Thus, from equation (100),
the value of e,y is —.236845, which com-
pares favorably with results obtained
independently. Using the resultz ob-
tained by Girshick and Haavelmo (1947),
Buchholz, et al., (1962) have calculated
the elasticity of food consumption with
respect to retail prices to be —.25. In
(971, Waugh had obtained the value of
esr as —.24. Considering the rounding of
decimals in Waugh's results, the figure
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chtained from our estimation procedure
iz consistent and we are justified n
taking the value of ¢ at —.86. Brandow
{1961, p. 18), himself, agrees that his
estimate of —.34137 “appears on the
basis of time-series analysis to be slight-
ly too high.”

fe} Direct elasticity for nonfood (egom)
is also obtgined in a procedure similar
to that of direet eiasticity of all food.

Ee b0 = —EpppWin — "l_—wsﬂ‘g
&
= —1.243165 z 818706
= — L1708,

This cstimate 18 consistent with
—1.02556 from Brandow's study.
() Cross elasticity of all food with re-

L

£ety =
/ Weo

227018
772082

= —.225266.

{h} Cross elasticitiez showing the effects
of nonfood prices on consumption of
individual foods {e;s) for¢ = 1, 2,.---,
49. From equation {93) we have

1
- agiﬂirw.f — e,

—Ef,w,-(l + %) .

Assuming 7 to be nonfcods, we have

iy =

e = -ei..-wao(l + e;ﬂ) .

Therefore,

Ere0 — Wrltne, — €y}

spect to nonfood prices (esq) is obtained
using the homogeneity restraint that

e + oegr + &5, = 0 {101)

From steps (b} and (d), we cbtained ey,
and e;; as 176265 and — 236845, respec-
tively. Therefore, from equation (101},

£raE — 236845 + 176285 = 0.

Thus, we obtain an estimate of ess as
080580, which is considerably lower
than Prandow’s corresponding figure
(.08470}. However, our estimate is
greater than at least one independent
estimate with the coefficient, 052, re-
ported in Brandow ({1961, p. 18}.

{g} Cross elasticity of nonfood with re-
spect to food prices (ese). Using the
symmetry relations in equation (90)

{(0B0580) — .227918 (1.243165 — 176265}

Ei50 _ e (1 + 3—;91) C102)

By

Here, it is implied that each food is want
independent of nonfood items. The right-
hand side of {102} is independent of ¢,
which implies that the ratio of cross
elasticities showing the effect of nonfocd
prices on consumption of an individual
food item and the income elasticity of
the same food do not vary from com-
modity to commodity. In particular, if
we consider the total food, using the
results from {f) and (b}, the ratio
emo/esy becomes .060580/.176265 =
.343687. We have assumed that the con-
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mon r&6io e/ ey, for all ¢ to be the same
a5 €0/ €. Therefore,
egn = 343687 ¢,

(103)
=12-.-..,49.
Thus, the cross elasticities showing the
effects of nonfood prices on the consump-
tion of individual foods is 34.3687 per
cent of the corresponding income elas-
ticities. Brandow obtained the corre-
sponding percentage as 33.

(i} Cross elasticities showing the effecta
of individual food prices on non<ood
quantity (ew for ¢ = I, 2,-.., 49,
Since we have obtained ey from (h), we
can use the symmeiry relationship in
(10) to Ubtﬂiﬂ Espp BR

iy
Bs07 = ——€i50 — Wiltsy, — €4 (104)
g

fori = 1,2 ---,49 ¥rom (a}, (c), and
{k}, all the coefficients on the right-hand
gside of (104) are known and, hence, the
values of e, can be caleulated.

() Cross clasticities showing the effect
of all food prices on the consumption of
individual foods fey), 7 = 1, 2,+--, 49,

From the homogencity restraint (89), we
hﬂ."i-"’E £i1 + Bin ‘|""'+ €8 + Ein +
e,y = 0. But the sum, e + e0 + - - +
¢ Tepresents ¢,r. Therefare,

eu-i-em-i"e,-,,: 0
G=12--,19)

or

gir = — (e, + eaa). (105)
Both terms on the right-hand side are
known from (g} and (h). Therefore, the
cross elasticities showing the effeet of all
food prices on the coneumption of a
given commodity is obtained as the neg-
ative of the sum of the income clasticity
and the cross elasticity showing the
effect of nonfood prices on the consump-
tion of that commodity,
(k) Cross elasticity showing the effect of
individual commodity prices on food
consumption {ey), ¢ = 1, 2,---, 49
From the Cournot aggregation in (81),
we have

Wer, + Wen + -+ Ween: +
(106)

Wealpny = — .

If we define ey as

wiery + ez + - - + Wielawi

€y =
! wtht+wr 4 - fwe

Wir1; + wWelry + - Wapeess

Subatituting {107) in (106)

erily + g g = —wy,
{108)
W 4 wWeosac
By = —————————,
wy
From (8) and {i}, all the terms on the
right-hand side of {108) are known.

=f{w +we+ - + w.m)ﬁ,rf (107)

= Wiy

(1) Cross elasticity showing the effect of
individual commedity prices on the com-
modities outside the group (e;;) ¢ = j,
1 el,and j¢J. Suppose that we are con-
sidering the {* commodity. We have
already estimated the direct elasticity,
cross elasticities with respeet to com-
modities in the same group, and income
elasticity, using (a). The nonfood cross
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elasticity is obtained from (h). Thus,
using the homogeneity restraint, we can
obtain the sum of the remaining un-
known coefficients in the same row. For
convenience, if we sssume that the first
% commaodities belong to a group, for any
commodity belonging to that group, ey,
@iz, 11+ Biky €0, ANd £, are known. Since
we have

(eil+ei!+"'+3|’k)+3ik+l+
'*'+8m+€m+€w=0.

the sum of the cross elasticities corre-
gponding to the commodities outside the
group is —{ea + «+ + + ¢u T w0 + €5},
which is the negative of the sum of all
known coefficients, Let us dencte this
sum by K: Having known the value of
R;, our next job is to see how this value
iz distributed over the individual com-
modities. In (#3}, we have seen that the
cross elasticities can be obtained as

iy = _'G{uwi(l + ‘;ﬁ)

Since all the values on the right-hand
gide are known, we can caleulate the
remaining (49-%) cross elasticities show-
ing the effects of their prices on the con-
sumption of the 7% commodity. It is
possible that the sum of the coefficients
abtained in this manner will not add to
Ri*So we will have to adjust the ndi-
vidual coefficients such that their sum
adds to R Thus, the cross elasticities
are taken only as proportional to
—e;w(l + e;/¢), without assuming
strict equality. By the time we complete
this step, all the coefficients in the ith
row are known.

In practice, we start with the first row
gnd obtain all the coefficients in that
row, then, using these figures and the
symmetry relationship, we can ealeulate
the remaining elements in the first

column. Now, we complete the second
row and obtain the remaining elements
of the second column, using symmetry
relationship. Thus, continuing a row and
column operation, we can obtain all the
unknown coefficients in the demand in-
terrelationship matrix (table 5). The
steps talken in obtaining the demand
interrelationship metrix are given in°
table 4,

Linear effects of time
on consumption

The specification of demand functions
in terms of prices and income excludes
any possible continuous systematic vari-
ations in the demand &s a result of fac-
tors other than those specificd. Often, in
demand analysis, such variations are
handled by incorporating time as a vari-
able with linear or nonlinear effects, If
the purpose of the analysia is only for
making projections, ineclusion of time
may result in more reliable projections
than when time is excluded. However, it
may he posgible that variables such as
income and prices are highly correlated
with titne so that introduction of time as
a varizble may result in estimation prob-
lems. An estimate of the coeficient asso-
ciated with time may often be an over-
cstimate because most unexplained vari-
ations might be absorbed by this coeffici-
ent in addition to the effect of time,
Further, it will be hard to provide an
interpretation for the coefficient associ-
ated with time. Considering these factors,
we hgve avoided the practice of using
time as a variable in our demand equs-
tions.

Use of the first difference of the
variables in the demand equations pro-
vides an opportunity to test the presence
of any linear effect of time. If we add &
constant to the demand equation in (853),
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TapLE 4
SYNTHESIE OF DEMAXND INTERRELATIONSHIFPS
{(SUMMARY}
Commidity Commodity group
All feod Nonfood Income
Group Ttem I, II, [N v
LR 1, 2, . M1 L2 --- nua (jk {h) n)
L
2 {n) (& £l &) G} {h} (m]
1 .
u I
L
2 L] (a} 1] i 15 h) (m}
i1 .
[
) £} (o) 3] i3 {h) ()
1
2 1] o2 4] In) LI}] b} )
4y - .
nu
All feod.. . {k} [k} {k} (k) (dy n (b}
Roufood .. .............. {i) ) 0] e}
Expenditure weight {al (e} {a) (W) () {a} 1

Norx: The leitern in the boxes represcnt the stepa mentioned jo the text.

specified in terms of the first difference
of the variables, it can be writien as

Alogg: = o + ea .é.log p; +_ éin

LD Kog pr +

+ eimAlogp. + e, A logy.

(109)

When the independent variables {prices
and income) do not change over the
years, (109) reduces 10 A log ¢; = .. If
the value of g is significantly different
from zero, it implies that some change
in consumption will take place from the
preceding year even ¥ there was no
change in prices and income. Thus, when
firat differences of variables are used in

the demand equation, the constant term
in the regression equation represents the
linear effect of time. We have used first
difference equations similar to {109) for
39 commodities and the constant term
was significantly different from zero at
the & per cent level for ten coramodities—
eggs, butter, lard, evaporated milk, ice
cream, sweet potatoes, beans, canned
peas, wheat flour, and soup. At the 19
per cent level, the coefficients of six more
commoedities—cheese, canned peaches,
dried fruit, carrots, corn meal, and cof-
fee—became significantly different from
zero (see Appendix table A-6).

Foote (1958, p. 43) suggesta that the
percentege effect of time in each year
can be obtained by taking the anti-
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] 10 11 12 13 14 16 18 17 18
0000030 0.000138 0, GOB4ED 0.000188 0, D052 0, 002TER 0.060189 0. 000765 O 0071 0,000301
0001813 0. D0D43E 0, (ikap1 0. 010D 0.001807 0. 018300 0,600030 0. 004330 0.002898 0, 002148
4000830 0, (002 0. 0OBA3E 0.000378 0. 000628 0.0058315 0.000323 0.00148% 0, D000 0, D00T48
0. 000982 0. 000344 0. GOEAST 0. 00500 0. 0006TH 0. MOBZAG 0, DO0K0M 0. (0a38s D.001404 0.001183
0. 000880 0.000187 0, DGR3 E 0. 00234 0. 000882 0. 0472 0. D002AT O 0013 0 (00 0, 000683
0. 000548 0.00atEG 0, (GEGE 0. D032y 2. 000635 0. 004587 0.000278 001252 {0 040768 0, 00087
QLT3 0, B00ps2 0, D042 0. 01428 0. aagh 0033536 0. 001387 0, 008301 . 003884 0, 003He
P0Gl 0,612y 0.00834 0.0018 0. 0034539 0. 020085 0. 001854 0008471 0., 05108 0. 004313
=0 BE2428 0.BOG302 0.601371 0, 160500 0_ D384 0, 007233 0.000438 Q.001897 0001338 R.omny
0002825 | —G. 400000 0.280000 0100479 0_0NE32 0.003613 0,0001T1 a0 . 00478 0. 000388
0, 002247 4, 0838333 | —1.0B430 0. 053285 0. 170090 0. 102340 0 006416 0. {38¥M 0,017 0.054378
0424534 0. DE8TER 0, 13304 | =0, 540001 0. 115538 0, 00004 0.00085T 0. 002500 0004834 o011
0006149 [ =0, 000241 0. 268168 0 054520 | —0.004401 0.002481 & 000156 000890 0, o7 0000348
Q. H4M | -0, 0000RR 0. 013882 0. 00043 0.000485 | —0. JasE48 D.010047 0.0006T3 000413 0, 000343
0 00Xp7 1, 00Ty 0.018735 &, 00845 0.001109 0.314683 | —0_ 219908 0. 00LZ3S 0, OGTH 0.000418
D016 | —0 000124 0.613563% 000083 0. O0G3EG 0001280 | —0,000088 | =0, 400143 0. Q0582 0, 002337
0.000783 | —0.606161 0010854 | —0.000010 0.000107 | ~0 000818 | —0 O0d015S 0007235 | —0. 52Ts08 0. 001484
0. 001820 | -0, 000009 0. 01542 ¢ 000414 0.00075 0. 004718 O LT 0. TS 0. =1, 30a551
0, (390 ], D000TR 0018720 0.000845 0. 001107 0. 007808 [t 0. e27s 0, (04485 [ %
0, 2254 0., (00083 0.0l M38 0.000619 @,001011 0. aeas LiNLLIr=E] 0. 007874 0, 04226 0. (00800
0.001853 | —0. BOGOSL 0.014423 0. 000304 . O00BRS 0003321 0, 00034 0, (2 0. 003073 3000138
0.001047 | —0.00D3E 0015283 000288 . 0035 O_ 004107 10 Ok 0008144 0, 003549 0. 00348
0000716 | —0,000038 0.015384 ©.0003T0 0, 000838 0.004127 0. D000SS 0.008135 0. 00335 4, 0G99
0. 001088 | —0.000140 0.z 0. D30L3D .000032 0. 000MT | =00 DOGAS 0. 004431 G.002388 | -4 D0014%
000083 | —D 000247 . 008813 | -0, DeMiiad D 0Odics | —0,00271F | —0, 00X2EL [ 0.001334 | —D.0005
B.OOOTAT | —0. 000150 2.000381 | =0 QEndys 0000080 | —0 001162 | —0 O0DleS 0, 003551 0.001714 | —{. 000501
000026 | —0, 006255 0007544 | —D.00(230 | -0, 000342 D.ODELLI | —0 D34S 0.00L77T G, 000848 | -{. 0TH
0.000BAS | —D. 000178 0. 910906 0. 0iEe 0000158 | —0.000800 | —0,00015& 0. 003454 G000 | —0 00dAiE
=0.000795 | —0. 000414 0002330 | -0.000887 | —0.000838 | —0.000874 | —0.00MME | —0.001364 | —0, 000804 | —0.00L43T
Q.00LBTE | =1, o0M4a 0. 6089 0. 000358 0, D0 . X2 0. oM7L 0. 00804 1 0, 003380 (000128
0.001BS | —0_ 000081 &, DLiS0D £ 000G0% 0 05SE 0008310 0, D0 1 0_OBTLE 0, 00310¢ 000533
0. (0ZIA5 0.000017 . 1BTA6 LR ] 0.00L110 0. D07TTE 0000581 4813l 0. 004487 0, (00838
0.0E3 T8 0. D074 0.018828 0. 000837 0. odLopT b 07843 0.000872 | 0.00807% 0. DG 0, QOCHRSS.
0.000508 | —0. 000191 G.0LI9EE | —0. 000335 0.000057 | —0.000800 | —0 000182 0.008Te2 0.G019E] | —0 000315
0000887 | =0 D4 T.015014 0001819 [ G608 0, 035 0. DO 0. 008000 0, 003258 0.000318
0. 002330 0 XM00EL &, oY 0. 000TET o_gLelLl 0. DEAE 1 0005345 O 86TAT4 0, D04t . 000690
0. 008178 0. DO0aSS 0018151 0, 000803 0,001037 0. 07180 O_00024T O 007735 0004294 0000023,
0 D0IB4E | —0. DOODG O 014439 0000302 0. DOOES O 002328 000034 0_D0BAT1 0, (b7 0. 000187
0000347 | —0. kg . 01285 0, 04 0. 000436 0. 003087 | —0., 0000ZS . D0B050 0003728 0_ 000001
0000878 | =0, Ot 0DREHE | 0, 000878 | —0 00078 | —0 068303 | —0. 00088 0.000635 1 -0, 0D0BAG 1 —0 D019
0. D0L42T | —0, O000EE 0012773 0. 0002 0. DOGEH 0. 002hs3 0, pOH000 0.00828 Q. 003389 0, 000083
0.002110 0. 000032 0. 017350 0. 000535 0. 000541 0. 005381 0. 00025 0.007348 0. 004008 0. 000512
0. 0018 0, 00019 0018474 0, 000481 0, O00g5T 0, 005808 .000183 0. 608544 O D0a8LL 0_ 00043
0003111 0. 00003} 0. 017308 40.000831 0. 000833 0, 008257 0000180 0.007312 004017 0, DOON1E
0. (A 108 0. D30 0017205 0, 000530 0.000634 0, D0GI7TE 0. 00031 0.00781 G, 004014 0.000518
b, 03350 0.0000T? 0 0IRT38 | O.000848 | O.00LI08 3 0. 007761 0. 5080 0. 008131 . 006458 0. 005G
0003182 [ L =] 0.0L 758 L {1 DO0O63 0. 00aZ41 0 bdodis 0, 0OTAES 4. poaing b, DO0S4T
0. 001281 0, 000114 0.012513 0. 000178 B D00es 0.00L581 | —0. D0OEL 0.0047T12 3.00250 | —0. 000004
0.001281 0. 000108 0, 013028 0.000191 O 00 14 0. 00LTdE | —{1 000043 0.D34543 0 DOASIS | —0, 000044
=, 05008 0.000138 | —0.0009% | —0.000380 | —O.004005 | —D 0887 | —0.000000 | —0.006325 | —O.00SAM | —0. 002080
=0 D0BE3 | —0. 000933 | —0 O03TH | —0.0005M | —0. M0FIA2 | —0,0RL58S | —0. 000540 | =0, 006008 | —0. 008638 | —0. 003000
0.00x3% | 0,000881 0.063183 2.001238 | 0.003588 D8RS | 0001078 0.008063 {r. DM 0. 0TS




TABLE &

Bweot
Commoditiss polatoes
Columan 10
Row
1 0., 000085
I . 030258
3 0 D301 24
4 0, 000123
-3 Chitken 0. 0L 10
a Turkey. 0.000L08
T Fish 0. o33
§ Eggn... 0000717
] Butier. 0.000160
1% Lard. ......... . .. ,..... LR ]
11 Shortening 0. M23TE
1d Margarioe . 3
13 Haled dreming
4 Freah milk
15 Evaporated milk
b1} Chooms........, .
17 o frmam
15 Polaboes, .. ..
19 Sweet potatiea
20 Bugar..........
3l Corn eyrup. .
o Apples...
=) Bananan.
5 Otlver I'mh fru.ll.u ......... —{, 000197
i Caoned pasches... .. . =0 Oaniey T
N Capned mmanppl.u. A R N R
8 Dried Mrudte.._........... — 0 (S
28 Frosen fruite,... . . ....| —0.000241
3 B
31
32
H
3t
38
3
3 B
EL .
3% Dry vegntablen, . ={p_ 000012
40 Frozsn w:gm.nblqn — 0. 000218
41 Other eanned fruits and
. . —11 00004
42 0, 000070
43 O 000088
14 0.000050
45 0, 00005
48 0000069
Lo 0 00078
% =0, 00003
% =0, G0Ip
5 —10, DMITL
51 —0, DN
5 Expenditure propoctions | 0000309

0.0004313
0, DOso2l
0.001745
0. QU2TI%
. 001550
0001453
0007481
b tHaTo
0002374
0. 000323
0. 033578

Corn : Other

syrun Applas Babapas | (ranges freah

Iruita

21 ) n 24 5

0. 000297 0 000325 [ ELIE b, B0 83 0. 000208
0. 001433 4, 000 7RE . 00D 0 003180 0_ 1846
o, Hinse T 0. DDBG20 . DOC3EL 0. 000750 0, 00571
0. DOCARL 0, )iET LRFEF. 0001170 O DiignL
0., DODECR 0 G0GAEL 0. 00321 0, 000657 O EWMGOR
0. 000484 1. D0EATD . D003 .00k 0. O BB
0.00243T 1 0.pa2847 ©.001551 0. 003224 D 002453
0, DLR3276 i 0. D13BRE 4. BO2MRK 0. 04335 O, 3208
O0.DGETTE + B, DOBELS . G EL 0. 001022 LU | id
0.000300 . 0,406 0, 00a0183 0387 0. 000ae
0 010628 06158 0, 005975 B.DL5T4L 0.Hivie
.00t O (T B 41392 0,000473
G, 0900183 (. OO0 7 0. 000N
0, &_ D016 0. 000375 0, 000262
a. 2000305 0. DoOEae 0, DO04E1
a. 0801134 0. DO2sER 0001 o0
0. o T 2 0. 001828 b.001137
0. 0 000158 0, 000353 0, 0G4 T
0000281 0. 00047 (1. a0
0.000813 LIRLHE- 001284
0,000 E LR ] 0. 03ez
B 0. 124820 0. 555814 0_0a0as
B —0, 814557 0. 00460 Q. DOB0AS
B B 0, 00000 | — [ 563184 0, 003035
= 0. 000280 0001358 LIRS D E%00 | —0. S00000
— 0 000080 4, 003842 0020451 & 030453 0, 0fg84
—{ Q0035 0. 122750 0, Opienie) . 000000 LR
={ DOINT 0, D000 0111785 ©, 000000 0.00TOTL
={1 01008 1, 003004 G081 78T 0. D0B284 0, 005ETL
0. DO GE 0. 000152 b_eatd 0. 00830 0, 0023a2
0. 000308 00018 0 DONELS 0004783 0002252
0. 00CRRE 0, 0G0ETE D002 b_D0R530 0003176
0. 000BT3 LR O, 000630 0003442 0. 003 18%
=0, (ODEER | —0. (00370 O 000241 0,003437 LRI ELY]
0. 5T 0. 000438 . 000401 L H O, D04
0, M7 0 DR 0, D00E2 0. D020 LY ]
0. 000818 0. 000511 0. 000RRT 0, Gt 0, 0044
LR 0. 001 0. 000HSE b 4783 0.002318
0000304 | —{ D000 0000337 0 0043 18 0.001972
=0, 000850 | —0.005131 [ —0.00MBS O.000E29 | —0, 000230
000313 6. 000040 1 D004 RE 0, D488 0. oty
0 KT 28 0, 00437 {4 000816 0. 00885 0. 002E8T
[l 0, 000383 $.000752 000587 0, 002715
0.DO0TEL 0. DO 0008 0005847 0 FIRES
0 D072 0. 00030 0. 000810 0, 0058 0, POZEDG
. DOCHAT 0., DOBTS 01, 000641 0. DDS5ER 003175
0.000781 0. Y 0. 000E34 0. 008654 0. 003hig
0, 000209 | —0. 000067 0, 000408 0004117 {1.001 588
0000227 | —0, 000D 0, 000450 O 004151 0_001901
=0, 002338 | —0.002084 | —0 001198 | —0.005608 | —0, 007358
=0, 3 | —0.002404 | —0 001457 | —0,000258 | —0, 002208
.01 0, 002398 0.0013¢3 O 00704 0, G458




{Continued )

Canned Canned Drisd Frogen Other

peaches pine- fruile fruila Lettuec | Tometoes Eeane Onioos Carrota frash
apples vegetablen

] 27 28 24 a0 3l a2 33 34 a5

1, a0 38 0. 000098 0, D00oaT g, DO0os4 00001 87 0000233 4000620 000097 0, 000041 Q. 000835
0. 00783 Q000482 0, M Ty 1. kg 0, BeTagL [+, (24 O, 0711 Q,000521 Q. 000384 4, 003326
0000251 PRl 0. 000186 LR el iy . 000 AR . 0048 4000247 {0001 84 0, 000LLE 4. 001158
0. 000515 0.000241 0. 00025 0. 000182 0. 00858 0000805 Q.0D0EAS 0. 0002687 0,000 41 4, 001801
0000235 . 000 &% {1, 000148 0, 000108 0.000318 [ B30 0, Iz 0. 000184 0000104 O 00t
L] a,000143 0. 000142 0. (104 0. 00020 . DOGa%D .000211 & D001 57 Q. 000039 0_000088
0001123 4.00072% 0. 000714 0, D025 000154 0001912 4001088 0. 000738 . Q000 0. 04t
0001522 4.000971 0, o0t 0, 00706 2063 () BO2ATA {, 001423 O, 001070 .000872 0. D0B6TE
0, Sy (v Ot 0000528 o 0001 86 000088 (. (K000 000636 & 0052 a, 0018 0. 00LETE
LX kL] . (00RE 0000045 0. 000085 0000182 . 000238 O 000130 0000035 1. 400062 0, K81
0 00E0BS 0. 00333k {. 003302 Q. 002339 0000508 . 008578 Q004755 Q. O0BEAT O 002250 0, tedhs
0, G004 50 0, DOGRG £ D00ESa . 000207 b, 000610 0000788 O DO 20 0, 000314 Q. DS 0_(0Le8T
10100 23 0. TS 0000077 0. 000087 [N 0. 000207 4.000115 0, 000088 . 000067 0. 535
0.000121 0.000077 #0007 0, (X005 00000 1, DM a,000113 Q. 000084 000058 (. D0l30
0. DDk 0, (00141 [N T 0_00010% 0. (3o b0 s &, OO0 {1, {H0EEE 000102 (. DODAT3
0. D00 T 0. 00534 0000531 0000280 002 . 001284 & 000173 000077 O KR 0, D03RIT
0000835 0000234 0.000331 0. DOg21 0. 000712 .000335 . 0004al Q. 000366 O 000243 0. 002207
0.000114 . 0007y b DOBTZ 0. DO0GEZ b_ 000155 [ 00GIR2 O, 00T 1, D000 ¢ 000053 0. 00
0, 0002123 0. 000135 0000134 0000007 0000280 0. DOCAET ¢.000199 0. 000145 . 000035 0. 00GOZA
0. 000583 0. 000378 0, 000373 0. 000ET3 0000504 0, (H 00 0, 00085 Q000414 O 000274 0, 02hs4
0, b00181 4, 000118 b bo0114 & D04 o OEKI2 45 £ 000205 & 000180 o, 00015 26 0, 000084 0.000T82
0062437 088418 0000149 0008045 £ 000118 O 0001 44 £ 000CAN 000000 b il 0,5
0520145 0. 000240 0.06E117 0. 003036 0000515 &, DOOTRY Q000427 0000318 4000311 0. 0 t0s
0. N11A21 . 00021% b 0004 7 . 0030ad 4. 001885 & 002108 @, 001183 0, 000872 0. OETS 0. 0057
000277 002222 0. 001886 0008932 . 000601 . 000747 000414 0, 000808 . D00R0S 0.001938
—0.TELE7 0. 125900 0, 054153 0,087 0. 000990 [}, (MpLEZL G, 0006a2 Q. 0005 £, 000837 0003183
0158845 | —0, 526200 T a0 b o011 B% (s 1, DO 0. 04 0, 000034 0, D000EY 0. 031
0106067 0. 000150 | —0_ 855307 0. 007020 O 000A 2% (. 00K D% 000227 0000188 O£ L% 0, p0ujsa
0013010 O_0005RE 0.003566 | —1. 0000D) 0. 002280 Q. 002070 0001847 0001229 O 000R1L4 0. Q07 TET
0001277 0, 00033 0, O3S 00037 | =0, 141400 {t. HATES 4. 731481 Q. 000000 0.00A7LE 0. 008107
0.001211 0. D0l3eE b B00EIT b NaG45 0036267 | — 0 584600 £, DO000G 0.000172 {00 v 0, 008531
0001601 0.0005T2 LR 0. 004420 0. D55288 0000308 | —4{, 265000 10,0000 4.003048 0. 000709
o, 0Ty 0, GODKER Rt 0_ 4600 0, 000190 . 000813 0 00000 | =0, ZEH 4. 033953 0004224
0. 000EIT 0.0001 88 0. 000840 0.002502 0. 02000 0 (ides 0 00aTa7 034141 | =0 407100 0, povET
0.001208 0.B00390 G.0QCT LR 02EE ¢.002828 0. (0005 400072 G4 001281 | =0 320000
4. 00188 0. 00533 0, QODDES 000442 | 0, 123530 (. 00248 [, (MO0 LT 0.000172 0. GODERE
£4.001835 600051 0.0004R2 0004462 b, 000172 0 Dd0ed O 0200 O 000000 | =), (M 0, sty
0.001203 G DDO3E2 0.00031+ 0.003530 | —0_ 2185 0 00000 0024408 0. (0442 O O0atrd 0. 00MTE
[t LD &, DiNrna 0, DOCZRE 0.003378 0.{028181 0, 000000 0000000 | =0 000127 0. 000081 0003116
—0.000H4 | —0.000005 | —0. 0M0IET 0.001071 0012408 0. 016062 b_ 007142 . 005384 0, K535 0. 404 R0
0001157 &, DONg20 0,00008 0003473 0,02 0,000440 | —0.000136 | —0.000011 0.000203 OB L=
0001835 0. 0005H 0000447 0004307 0, ML 0_0030s LR O tnininiy T D243 0, p00=30
ot pL4ET 0.00047L 0.000416 0004148 0. 000353 0. 000339 0. 00025 0. 000005 0 000228 0.000700
T 001 E5% . 000809 0. 000444 0. 0265 0. 000368 0, 000301 0. 000048 0, 000021 0. 000241 0. 000520
4001828 4.000501 0. 000444 0.0H29L 0.008307 . DOk 0. GO0MA 0. (21 . DEd 1 0, 006830
001002 . 000571 . 000552 0. 004523 0.000467 0. 000508 0.000101 . 300080 0. NIZE2 0.001129
{0, 001550 0, 000515 000454 0. 004358 0.000414 0.000412 0.000058 0, e 0. 000248 0, 00BE2
0.001025 . 000298 0000242 0003284 0. 0000RA 0, 000028 | —o0, 00115 | —0, Y 0000115 | =—0,(00072
41, 143 0.0002g4 0. 0802449 0. 003300 0.000097 G 000041 | —0. 000109 | —0. D0 0000120 | —0. 000040
=0, 005240 | —0. 002058 | —0.001260 | —0.008804 | —0,007000 | —0.00LEL4 | —0.000042 © —0, 000123 | —0. 001043 | —0 DML
—0. 0170 | —0.000758 | —0.000730 | —0.0004B8 | —0.001483 | —0.00I790 | —0.000603 | —0, 000740 | —0, 000488 | —0, 004048
4.001418 EOMI123 (. 000850 0.001700 ¢.001398 0001707 0. D00Tes 0.000528 0. e 0. 004320




TABLE &

Conmonodities Cauned Cannad Cenpsd D Froaan
pean coTn toan aboan vegetgal.u Tegatablon
Colump 38 : 37 38 L] 440
Row
] o (lpde] 0, 000178 LU LU 0000103 O DTS
2 012G 0. (78 0, D603 I OGS4 B 000426
3 0, 000422 LR LE L] o T [, Q)] £ D0O14E
t Lamb and mutten . . .| 0000858 0, 500530 L0006 | G.000R06 | 0000233
5 Chicken_. o LIRLLISY ] O, OK30E 0, O0LSH 0000174 4000133
] LU ed ] £ (EHD 0. 000 TS 0. 0AQIET & D0OLET
T O 01813 . [0 488 1. D00A4 ¢ 000845 0, DO0g40
3 0. DEI43E LR 1] 4,0 0.001134 0. DO0AAD
| 0, 000873 O 004 a2 0. 0.,000258 0. DO0RGE
10 [0, 0003 80 0.000110 0, 000104 0. 0000TS
1l 0 O0R111 £ D088%3 0, 0. D3TRE 0.002843
11 0. 0TIT 0 DOCSED 0 OM3ET 0, 000335 0. Do008L
13 O L35 0.0G0158 0. 000NT 0. (niniirg 2 0, 000063
1] O 000193 0, 000158 0, (000G 0 (mhixeG 0.H000BE
i3 [, O03:34 0. 00287 000178 0. 000185 000125
14 &.0318 0, 001086 0. G008 T 0. 000615 0. D0HE
17 & 000&3A 0. 0?7 0, 00417 [ <0 ] LN
1% 0. 0001 B2 [ ALLUEE (3. O 0, 00085 0. D008+
1 0. 000338 0, 000274 0 00368 [ TR 0.0M118
20 0. 000045 0000765 0. 000HTL [T kT
2 0. 00022 O 00025 01.000144 O, DOOLES 0 000102
i b 000137 b, EH D 0. 00002 0. DODOG4 0090048
= 0000757 | 0000368 | 0.ODOAE [ 0,000839 | O.0DO02ET
24 Cranges . 0001834 | 000181 | 0,000943 O.00dR30 | &, 000706
25 Cther fresh fruite. ... .. . O 000706 0. DOSTI 0, 000352 ], 600329 0. 00260
26 Canned peaches. 1, DOE184 0 000641 0. DOABS) 0, P00M3 Q000412
27 Canoed mnonpp!en 0. 0000TE 0, D003 0. 0BO3E 0. i3 0. 900028
28 Diried [ruita. 01, DOAgAT 0000313 0. 000193 0. 000151 0.000TsY
Fa Frozen {roita 4, D0IEDG 02371 01400 0001311 0, 00
30 Lattuce ................. —0. 125043 0000000 | —0, 13356H 0017200 0, 00552
-]} Tomatos. .............,, 0006000 0 Clnulnd 0000003 0. D0HD B OLERSA
a2 Beans... . . .........., 0, D00 & 0. D0S0ET 0_0GETTR 0000154 0.DI8H3
a3 Oojens._................. 0,04 0352 O DR 0005 (. OGN [T k=11
a4 Careota. ... ... .. 0000000 | =0 4100 0. Da4870 0_ 000000 O G18500
5 Othvar freah vegetables 0.000113 O, Q000 e OO O 0, Eiii{ 2 §. 018087
38 Coooed pesn.. ..., .. ~{1. 158000 0047200 . 033903 O 014885 0014187
ar Canned eorty. . ... 0.058001 | — 0. SE5M . 000157 0055132 00182402
34 Cuaned tomeloes, .. 0, 086376 0.000000 | —0. 1708000 . 000037 0.015398
% Dry vegetables.. ... 0024200 £ {72600 0.000000 { —0. 4680000 0_bIEATR
40 Froren vagetsblen. . 0.013858 ¢ 010187 0007897 0007007 | —1. 034400
i1 Other tanned fruita and
vagatablon. | . 0. DM14 0000430 0.000340 0. 000459 01500
LF] oL 0. DO0201L 0. 000146 0,001 0000194 003124
k-] Wheat flour. .. .. 0. 000183 0,000108 0.000119 0. 000185 0. 003002
L1 Breakfust caraals. 0000154 0.000143 0, 000143 0.000L6 0,014
L) Corn meal., 0. 000106 0. 000142 0.000142 0, 0001§2 0.003LI%
18 Bread and nther wmlu . DO02SS 0.000321 0.000185 4. 000255 0003468
47 Coffes ... ... ... O DOC21L 0000187 0. 000LES 0.000203 ©.0G3180
44 Soup...... = 000108 | —0.000L00 | —0_000019 0. D023 0.002538
49 Other beavearages =1 000047 | =0 00008 | —D. D0D0LI 0, 0003 0. 002356
] Allfoed.......... —G.00G4TL | —0. 000330 | —0 000TeE | —0, 000914 | —0,0084T7
51 Nonfood. ...... ......... —{ 001665 | —0.001370 | —0 0OORTE | —0 ODOEAL | —0, DXk
52 Expenditure proportions, 0.001416 B0l 0. 00085 0, 0008sd 0.00LT02

Ovbar
cannoed
Truits mogd

Rice

12

0, PO
0.oi10g
0. MaRE
0, 00000
4. 003
. 000329
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TarLE §
CLASSIFICATION OF COMMODITIES ACCORDING TO LINEARL TREND
Annnal decreans and ineresss of consumption in per sent
Ovar —E —-§to -3 —3to —1 ~Ltal Ttod dta b Over &
FEggn Veal Milk Pork Boef Margarine Beans
Lard Butter Ice aresm TLamb Sugar Balad and eook-
ing oil
Bweel potatoes Evaporsted milk| Coro eyrup Chicken Bananas Chees
Dried fruita Cranges Applan Bhortening Lattuoe
Canned peas Canned pasches Paotatoes Rica
‘Tomatoss Caoned pineapple | 3oup
Carrote Onioona
Canted sorn Breakiost cereals
Drisd vegatablen
Wheat four
Corts meal
Collen
TOTAL COMMODITIES:
1 | E 12 3 B H L

logarithm of the constant term plus 2,
if all varigbles in the first difference
analysis are converted to logarithms and
if the constant term differs significantly
from zero. For example, in the case of
cheese, 4, is equal t0 017222 and we to%k
the antilogarithm of 2,017222 as 104.20.
Bo we could say that time trend alone
would increase consurption of cheese by
4.20 per eent annually. For eggs, we have
a; equal to —0.025019 and, therefore, we
found the antilogarithm of 1.97498F as
94,40, which means that time trend alone
would decrease the consumption of eggs
by 5.60 per cent annually. Though some
of the commodities sppearing in Appen-
dix table A-6 showed coefficients not
significantly different from zero, we
tock these coefficients also to obtain the
percentage effects of time in each year
on the eonsuraption of these commodi-
ties. Summary table 6 is based on the
percentage changes given in Appendix
table A-6.

Seasonal effects on time trend

When quarterly rather than annual
data are used, considerable seasonal vari-

ation is possible, Therefore, it may not
be appropriate to assume that the effect
of season is the same for all the seasons.
To test the seasonal effects on time
trend, we specified two different types
of regression equaticns:

{a) The first type is the same as in (109),
cxcept that the first differences corre-
spond to differences in observations from
season to season, The constant term in
this equation can he interpreted as an
indication of the linear effect of seasons,
assuming that the trend during different
seasons does not vary.

{b) The second type assumed that the
time trend varied from season to season.
Inatead of putting a single constant, we
specified four constants corresponding to
four seasons (using dummy variables)
and all the other variables were retained
az in (109). In this case, the coefficients
corresponding to cach dummy variable
can be interpreted as the time trend
associated with that particular scason.
Having estimated both types of equa-
tions, we tested the significance of indi-
vidual coefficients, using f-values, and
the difference in the two specifications,
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using F-values. For this study, we have
confined this analysis to five commodi-
ties—hbutter, margarine, shortening,
salad and eonking oil, and lard. In table
7, column @, corresponds to the con-
stants oblained when no dummy vari-
able was introduced and s, 5., 8, and &
correspond to the eoefficients of the four
dummy variables, denoting four quar-
ters of the year. While the linear effect

of time was not significantly different
from zero in the case of all commodities
when season was not considered, these
coeflicients became significantly differ-
ent from zero in elght cases when season
was introduced. The F-test showed that
three out of five commodities showed
varistions in the constants according to
SEAS0N.

Analysis of the Farm-retail Price Spread

The retail market is only one link in
a chein of institutions or agencies affect-
ing the marketing process and the prices
at these levels are linked by marketing
charges (defined to inelude costs such as
tiransportation, processing, packaging,
and profits). Often public policy deci-
sions may be influenced by the behavior
of marketing margins and an economic
analysis of factors influencing prices will
not be complete without proper con-
sideration of this aspect. In many situ-
ations demand theory has overlooked
the spread between prices at the retail
level and at the farm level, and only a
limited number of studiez have treated
margins explicitly. The lack of under-
standing of the nature of margins and
their behavior on the market sericusly
limits our understanding of demand
theory. This seetion analyzes the nature
of price spreads between the retail and
farm levels, and explores the possibilitiea
of obtaining demand elasticities at one
level of the marketing system from a
knowledge of these measures at another
level.

Marketing margins and the
elasticity of demand

The Concept of the Farm-retail Price
Spread — A farm-retail price spread
{marketing margin or marketing charge)

#is the difference hetween the retail price
of a product and its farm value—the
payment ({adjusted for by-product val-
ues) to farmers for gn equivalent quen-
tity of farm products™ {U. 8. Depart-
ment of Agrieulfure, 1957, p. 1}. Gener-
ally the spread includes the costs in-
curred and profits enjoyed by all agen-
cies invelved in the transfer of products
from farmers te consumers. Often, these
charges include the payments for the
services such as assembly of raw mate-
rials from the fsrm, processing, storage,
transportation, wholesaling, and retail-
ing.

This study divides consumer expendi-
tures on food items into two parta: pay-
ments to the farmers as refurng for
production of raw food produets (far-
mer's share) and payments to the agen-
cies that assemble and process the raw
materials and distribute the final pro-
duet to consumers (farm-retail spread).
Both of these together equal the retail
price. For measurement purposes, if any
two of these factors are known, the
third cen be deduced. The practice of
the L. §. Depariment of Agriculture is
to obtain retail price and farmer's share
independently and to deduce the farm-
retail spread. Three measurements used
in obtaining estimates of farmer’s share
are discussed by Ogren (1956). These
measures, together with the retail prices
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published by the Bureau of Labor Hta-
tistics, provide us with date on fsrm-
retail apread.

The importance of marketing services
varies for different commeodities. In gen-
eral, the farmer’s share decresses as the
numher of intermediate operations in-
creases. Fox {1951, p. 68} points out that
marketing margins for food erops show
great variation. Grain products undergo
much processing between farms and
consumers. Meat products move through
the marketing system in a short time.
Fruits and vegetables, during the pro-
ducing seasons, may go directly from
the processor to the consumer without
much processing. In other crops, trans-
portation costs may account for a sub-
stantial portion of the marketing spread.
In the present study, we could obtain
data on marketing margins for 32 com-
modities; among them, the farmer’s
ghare varied widely, Table 8 shows that
the highest percentage of farmer’s share
is for butter {about 75 per cent) and the
lowest for breakfast cereals (about 10
per cent).

Pricing methods.— Because the basis
of caleulating farm-retail spread is the
retail prices paid by the consumers and
the payments received by farmers for
equivalent quantities of products, an
underatanding of pricing practices ia
necessary (see discussions in Ouenfeldt,
1966, Chs. 9 and 10 and Kotler, 1967,
Ch, 15), No single method of setting
price is applicable to all the products.
Oxenfeldt (1966, pp. 280-204) discusaes
two types of pricing methods—eomplete
and partial methods.

Complete pricing methods. The prices
at each level may he set, vsing any one
of the Isllowing methods:

(a) Cost-plus pricing and average-cost
pricing, calling for the addition of some
base cost as & margin to cover profit.

(b} Flexible mark-up method, calling for

TanLE B
FARMER’S SHARE OF RETAIL PRICE

Farm prion/retail prica
Commodity
CQuarteriy date* | Anoual datat
per conf
Mamt
Reef . ... .. .., Kp, 44
Pork. . 522
Lamb. .. . 8215
Chicken. ... ... ..., 52,48
Eags 85.16
Faza and ollx
Butter. .......... ..., Fi 4598
Shortening. .. ... .. 32,62 .05
Murgarine 2533
Salad dressing 20.T0
MUk products
Milk.._.............. 44 4
Evaporsted milk. .., 12 o 4,11
Chaase .. .. 43 82 [N ]
Iceeream............ 5718
Poldtods
Whita. _.............. A8
et ... 37 82
Supar a6.40 a7.90
Frutt
Apples ............. .22 32.08
Orangen,.  ........, 31,10
Cannad pached, 17.40
Dried fruit.......... 3505
Vepatalbles
Lattuce .......... -
Freeh tomntom. 84,80
Baahh, .00 43.41
Omicoa. .. 2.5
Cuarrots... 2883
Caiibed peas .17 14,17
Cenoed corm. ... .. 12.84 13. 74
Cannad toratoos. .1 18.91
Trind vageiables .03
Gther
Wheat flaur 35.38
Breakisot ceresl 0.7 14.82
Corn meal., arH
Bread. . ........... 18,14

* Dinte for (955 20 1967 obtained from USDA (108,
T ta Tar 1M to 1954 taken from UBDA (1068) and
wariogs

data for 1985 and 1988 obtained fron: DEDA () .
invuoa).

markup to be varied on the basis of
several possible consideraticns, includ-
ing demand conditions.
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{¢) Trial-and-error or experimental
pricing method, ealling for trying one or
reore prices that seem to be appropriate
and choosing the one which gives best
results.

{(d} Research method of pricing which
is based on actual market trials through
experimental markets.

{e) Intuitive method of pricing which is
based on the price setter’s intuitive
knowledge, It may not involve any sys-
terngtic techniques.

Pariigl pricing methods. The prices at
each level may be fixed through price
maintensnce or price followership. Price
meintenance implies that a constant
price that has been proven effective is
retsined for a long period. Price follower-
ship implies that prices charged by the
“followers” will, in some way, be related
to the price charged by a “leader.”

In addition to eomplete and partial
priclug methods, two other forms of
pricing are known as price-line pricing
snd multi-stage pricing. In price-line
pricing, the price charged for a com-
modity i= retained at the same level for
& long time but adjustments are made
in quality to offsct increased cost, Multi-
stage pricing is done in different stages
such s selection of market target, choice
of brand image, choice of marketing mix,
gelection of pricing policy, selection of
pricing strategy, and cholee of speeific
price,

Hoos (1954, pp. 123-141} classifies the
farm-retail spread as systematic and
nonsystematie. Systermatic methods of
setting marging include: (1) fixed abso-
lute margin, (2) fixed percentage mar-
gin, and {3) costs-per-pound margin
which varies with the store’s purchsse
price. Nonsystematic metheds include:
{1) following closely the price of near or
strong cormpetitors by “shading” under
or “padding” over the price =et by &

“leader” or & “competitor” and (2) short-
run profit maximization,

Typos of price spresd.—These pricing
practices provide guidelines to determine
the relationship between price spreads
and prices af different levels of the mar-
keiing system. In an analysis of this
nalure, it is possible to incorporate only
fgystematic” margin policies. In many
studies on price spreads (see Dalrymple,
1961, for a review), it is assumed that
price spreads are determined in one of
the following ways:

Constant  percentage spread assumes
that the margin is a percentage of prices
at the farm level or at the retail level
Although it is not neeessary to assume
that the percentage remains the same
for all kevels of volume, in many cases
it is assumed to be constant. Let o de-
note the retail price, p? the farm level
price, and M the margins, Under con-
stant percentage marging (3ay, k per-
centage of retail prices),

M = kpn
Therefore,

(110)

p'" = pf¥ & fptn {111}
or
pt = (1 — k)p®

Abgalute epreads add a specified amount
to the farm-level price to obtain the re-
tail price. In some cases, the amount to
be added may be a function of variables
like price and quantity. However, the
simplest case iz 10 assume a fixed quan-
tity &s the margin {M®).

pt = p 4+ MO (112}

Price spread and quanitily handied may
have certain relationship. In this case, it
is often assumed that the price spread
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is a linear function of the quantity
handled {g}.

M=a+ g (113)
Therefore, the relationship between farm
price and retail price can be written as

Pt = a + bg + pf. {114}
Though these three assumptions re-
garding the behavior of marketing mar-
gine mey be applicable to certain zitu-
ations, it seems sppropriate to assume
that the price spreads are determined as
a combination of percentage and abso-
lute margins. Dalrymple (1961, pp. 5-6)
points out that wholesalers appear to
use a constant pereentage markup and
retailers appear to make use of an abso-
lute margin so that when we consider
the market as a combination of whole-
salers and refailers, it may be appro-
priate to consider marging s a combina-
ticn of these two approaches. Also,
studies by Thomsen (1951, pp. 221-223},
Bhepherd (1955, pp. 253-254}, and
Rojko (1957, p. 157) reveal that margin
iz composed of elements of which about
50 per cent are absolute and 50 per cent
are percentages. Waugh (1964, p. 20)
reports that, #. . . many studies of this
matter {percentage and absolute spread)
in the {U.8.] Department of Agricul-
ture suggest that the price spreads are
neither constant percentages nor com-
stant absolute amounts, but somewhere
in between the two,” Here, the margins
are specified a5 a linear funection of
retail prices,

M;=o; + )" (115)

where

J stands for the j** commodity.

If p/ and p'* denote the retsail- and
farm-level prices,

R YR ()
From (1153} and (116)
= + o+ 807
Therefore,
2 = —a, + 01— g)pf” (117
= a; + bm‘(ir)
where
a; = —a;amd
(X — 8} =bs

Using the data reported by U. 8. Depart-
ment of Agriculture, we have fitted an
equafion of type (117} for 32 commedi-
ties and the results are presented in
tahle 9.

The table shows that 19 commodities
had both slope and intercept signifi-
cantly different from zeeo: becf, pork,
lamb, chicken, eggs, butter, shortening,
milk, cheese, ice cream, potatoes, sugar,
cranges, canned peaches, letiuce, heans,
ontons, carrots, and breakfast cereals.
In 31 commuodities the intercepts were
not significant but the slopes were: mar-
garine, salad dressing, sweet potatces,
apples, dried fruit, tomatoes, canned
peas, canned tomatoes, dry vegetables,
wheat four, and corn meal. The non-
significance of a; implies that «; also is
nonsignificant. Therefore, for these com-
modities, the hypothesis that margin is
a linear function of retail prices is not
different from & hypothesis that margin
is a fixed proportion of reteil prices.
Firally, in two commodities—evapo-
rated miik and canned corn—the inter-
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TABLE §
RELATIONSHIF BETWEEN FARM PRICE AS A FUNCTION OF RETAIL PRICE

CHL ML 1 £
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Ceppedcort.. ... ............. Q — 15 -~ 0ailg K
A 213 -2 ) K-

* Binjﬁﬂnt at t.ha E
t Qroartarly

cepte were aignificantly different from
z¢ro but not the slopes. Nonsignificance
of the slope (b; = 1 — #;} implies that
f; ia not significantly different from one,
implying that the farm level prices may
not change with a change in retail price.

The negative slope for cereals, given
in table 9, illustrates one problem in the
above analysis. The negative slope may

lnvel.
relate to TSB1987 pariod, snd anmusl dsts (A} to 1MT-1988 pariod.

be caused by {a) widening margins and
higher retail prices over time due to
more elaborate packaging, changes in
the producta themselves, the exercise of
market power, or similar factors; and
{b) a general downward trend in the
farm prices of cereal grains that may be
associated with 'markets other than
domestic use in cereals. If grain prices
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were to rise, holding prices of all other
marketing costs constant, cereal prices
would tend to rise in time, given the
expected positive relation hetween farm
and retail price. A limitation of the
above analysis is that & detsiled study
of marketing margins and costs was not
undertaken that would allow analysis of
the relation of farm and retail prices,
holding marketing costs constant.

Effect of marging on derived de-
mand.—In many empirical studies it may
be necessary to derive demand para-
meters al one level of the marketing
ayatem from a knowledge of correspond-
ing parameters at another level. When
we consider the intermediaries such as
procesaors, wholesalers, and retailers, it
iz possible to derive demand funections
for Bll these levels. The quantity de-
manded by processors, quantity con-
sumed, retail price, and farm-level price
can be determined simultaneously using
a simplified model consisting of the
following elements,

{a) Consumer demand.

flg, p7, ) =0 (118)

where

7. = quantity consumed,
p'"' = retail price, and
¥ = consumer income,

{b) Marketing group behavior. This
consists of the supply and demand for
the marieting group and can be reduced
{o a single equation of the form

Felge 7, 20, Vo) = 0

where

(119)

4, o, end y are defined &s in (118)
and ¥y represents all other variahles

influenciog marketing group behavior.
{e) Producer supply. Let g, be the
quantity supplied. The producer-supply
relationship can be expressed as

flge P, Vi) =0 {120)

where

¥: represents all other exogenous
variables influencing supply.

If equilibrium conditions are assumed,
% = § = g4 Using (118), {119}, and
(1203, it is possible to eliminate pt and
8 derived demand equation® can be
obtained of the form

filg. p 9 = 0. (121}
Thus, using the behavioral equations of
various marketing proups, we can obtein
derived demand equations for one level
from the corresponding demand equa-
tion for another level in the marketing
system.

Bearing this in mind, let us analyze
the implications of the behavioral as-
sumption of marging specified in (115)
on elasticities at the farm level and
elasticities at the retail level. Here, it is
assurmed that there are n commodities
g1, 4o+ - -, @= With retail price p;*, p,t?,
+e+, pat™. The elasticity at the retail
level is defined by

s tr
85 = —{:) . a’_
5;01. 4

(122)
(":rj =1,2, "‘,ﬂ)-
Let the corresponding farm-level prices

be g%, 2o, - -+ | p.", and the corre-
sponding margins be My, M, ---, M,.

0 This ie similar to the detived demand relstion specified in Hildreth and Jarcett (1055,p.
108}. Also see Foote {1968, pp. 100-102}. This formulation asstimes that farm price and process-
ing price are determined in the same tims period, which is not necesssrily the case. A more mal-
istie formulation might deal with expected, rather than equilibrium, pricea.
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If it is assumed that the margin is s
linear function of retail prices, using
(117), it is possible to specify a relation-
ship between farm-level prices and re-
tail prices a3

(1~ 8" =e;+ 0. (129

Therefore,

ir}

R SR
P = 1 = 8} {a; + p/°) {124)

The elasticitiea obtained from g derived
demand equation can be represented as

i)
Ei = oac

z 125
which, in this case, can be treated as the
farm-level elasticity. Now &,/ dp,% can
be expressed as

dgs _ 9g:  apt”

w0 = w2

From (124}, the value dp,'* can be ob-
tained as

il 1
T (1-g8)’

(127)

Substituting (126) and (127} in {325),

o = d 05 i’
LE) (] _ ﬁ:‘) apgr) qi T

D S [ 0¥ )
(=8 o ¢ p07
{128)
1
Sa—g) v
I A
Ay g

Again, we can express (128) in terms of o;
by substituting the value of {1 — §,)p ;=
from (123) as

i)
Pi

EU - gy .
'+ pf?

{129)

The relationship in (129} can be used to
derive conditions under which the elas-
ticity at retail is higher than the elas-
ticity at the farm level. Special cases of
this result are shown in Hildreth and
Jarrett {1955, p. 111) and Foote {1058,
p. 105). From (129), we have

Eij § L1 if o g 0

(130}

Specinl canes.—Constant percentage
spread. When the price is a constant
percentage of retail price, we can write

2’ = ki (131)
Comparing {131) with {123),
a; = 0and (1 ~ 8,) = k. (132}
From (129) and ({132),
By o= ey (133)

Therefore, the elasticities at the farm
level and at the retail level are the same.

Constant obsolule spread. IHere, we
have

M; = a;and 8; = 0. (134)

From {128) and (134) we ean write

L]
Pi
i

By =8y - (135)

The elasticity at the farm level is ob-
tained as a product of elasticity af the
retail ievel and the preportien of farm
price to retail price. Because in most
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cases retail prices are higher than the
farm price, the elasticity at the farm
level is lower than the elasticity ai the
retail level as discussed, for exaraple, by
Waugh {1964, p. 78}.

Elasticity of price transmission.—Elas-
ticity of price transmission is the ratio
of relative change in retail price to the
relative change in the farm-level price.
Tf we denote this elasticity for the j*
commodity as 5;,

{136)

When we assume that the marketing
margin i a linear function of retail
prices, from (127) w¢ have

(
; 1

ap? ~ (0 - By

Substituting thiz in (136}, #; is ohtained
as

e

;= O=F) po {137)

Using the average prices at the farm and
retail levels, we have calculated the
elasticity of price transmission for 32
commodities included in the present
analysis. In the majority of the cases,
the elasticity of price transmissicn was
less than one. Hildreth and Jarreti
{1955, p. 111} explain the implications
of an elasticity of price fransmission of
less than one as follows: %, , . if pro-
ducers’ price rises while quantity pro-
cessed and such other factors as prices
of inputs used hy processors remain
fixed, the relative change in consymer
price will not exceed the relative change
in producers’ price. This would cer-
tainly be truc if effective competition

existed in processing, and might be ex-
pected to be typical of other instances
as well.?

Detived farm level elasticities

As stated before, elasticities at one
level of the marketing system can be
derived from a knowledge of the elas-
ticities at another level; the direct and
cross elasticities for many commaodities
can also be obtained at the retail level.
This section shows how elasticity at the
farm level can be obtalned from clas-
tieity at the retail level and the elas-
ticity of price transmission. In {128}, it
was established that the relationship
between retail-level elasticities and farm-
level elasticities follows the pattern,

p?”
B = oo gy
Also, from {137},
1 p
T —8) pir

A combination of these two resylts

El’i = €' % (138}
showa that the elastiety at the farm
level is the product of elasticity at the
retail level and the elasticity of price
transmission. Since, for moest commodi-
ties, elasticity at the farm level is lower
than the elasticity at the retail level, the
elasticity of price transmission should be
less than one. Table 10 shows that the
elastivity of price transmission was less
than cne for 24 commodities. In two
commodities (corn meal and eanned
tomatoes) the margin behavior is such
that one of the apecial cases (percentage
margin) is applicable and when we have
constant percentage spread, the elas-
ticity of price transmission is one, Table
11 presents the elasticities &t the farm
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TasLe 10

ELABTICITY OF PRICE
TRANSMISSION, EXPRESSING THE
PERCENTAGE CHANGE IN RETAIL
PRICE T(Q A 1 PER CENT CEANGE

IN FAEM PRICE

Cammodity Elasticaty
Maly
Baaf, . ... ... sl
Pork. . 563224
Lamb.............ooovev o 530246
Chicken. CTI4EH
By CTOTETS
| T0R3G
1. 400023
ARG
EXTED
@aTe0p
Evaporated milk. ... ... .. .., 2581230
Toppremm. ... ... ..., ...l ... .m
Poaiztoey
White. . . AB4TER
Bweet, | R3BA
Augor 1. 804544
Pruit
Freahupples. .. .................. R0
Freah cracges. .. .. ... . ..., ... L ABATLE
Drined Iruita._.................... BE3TI0
Fopetadioea
Letiuem. ..... BTR210
Froah tormpboes. ... ... _........ RER2E0
Bombow..............ooo WiARd
Ondons. . .. L A60010
arrte. .. AT
Conpedpems. . ................... BB
Caanad sorn B, 155502
Cantwd tomatoss. .. ............, 1130774
Dried voastables LD
Dthar
Wheat flour. ... Bl4939
Brealrian coreily — .60a3v0
Coenmeml.................... L 1014740

level obtained as the product of retail-
level elasticities in table 5 and the elas-
ticities of price transmission correspond-
ing to 26 commodities. The eommodities
are retained ag at the retail level and ro
attempt ia made to convert them to the
equivalent commodities at the farm level.

Seasonal variation in
margin behavior

Seasonal variation of prices of many
agricultural products differ widely among
commodities amnd commedity groups,
For examptle, fresh fruits and vegetables
grown locally during the summer and
fall may move directly from farmers to
consumers while in winter transporta-
tion costs on fresh erops absorb a sub-
stantial portion of the consumer’s pay-
menta Gale (1961, p. 5) observes,

. seasonal changes (in prices and
price spreads) for most fruits and vege-
tables were relatively large, but those
for dairy products were smali, Eggs, fry-
ing chicken, and meat products tended
to fall inte an intermediate group in
magnitide of seasonal variation. Toma-
toes showed the widest seasonal fluctu-
ations in prices and spreads of those
products reported on, and fluid milk
showed the smallest fluctuaiions.” This
study uses & covariance analysis to test
the significance of the intercept and
glope of the relationship expressing priee
spreads as a linear function of retail
prices in different seascns.

Covarianee analysis.—Using the quar-
terly data for the pericd 1955-1967, we |
have specified the {ollowing three rela-
tionships:

First, all the four seasons are con-
sidered together to obtain a single regres-
sion equation without incorporating any
seasonal factors, or

{a) P = a + bp,
Becond, all the four seasons sre con-
sidered together and it 13 assumed that
the intercept is different in the four
seasona put the slope remains the same,
or

{b) pY = dybh + dally + duds
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+ d3y + & pin?

where

Dy, Iy, D3, and D, correspond te four
dummy variables such that

(1 in the j* quarier
D,‘ = {
:0 elsewhere.

Third, it is assumed that both slope and
intercept are different during the four
seasons, oT

" = a + Bipl”,

pi = a4, + bapl”,
{c
" = a3 + bps”, and

‘pf;” 22 + blpl(r]

where

P and p;*7 represent the farm-level
and retail-level prices, respectively,
in the #*® season {j = 1, 2, 3, 4).

If 5y, 5, and #; correspond to the sum
of squares of deviations corresponding
to these three different specificstions,
we can calculate F-values 2nd test the
significance of the differences in these
specifications, Only four commodities
{chicken, potatoes, apples, and carrots)
showed significant variations in margin
behavior in both slope and intercept
{table 12). In three commodities {pork,
shortening, and salad dressing), the in-
tercept did not vary from scason to
season but the slope did. Two commeodi-
ties (milk and tomatoes), showed sea-
sonal variation in intercept without any
varigtiocn in slopes. The remaining 18
commodities included in the covariance
anslysis showed no change in either slope
or intercept over the seasons.

Alternative specifications of
margin behavior

In the previous analysis, specifica-
tion of the marketing margins as g linegr
function of retail prices was based on the
hypothesiz that the pricing practices
followed by the marketing group was in
accordance with this specification. Al-
though, in many eases, this hypothesis
gave a ressonable explanation of margin
behavicr, there i3 no reason why all
commodities should follow the same
pattern. Another relationship may give
a better result. The approach used in
the previous sections to obtain the na-
ture of changes at different levels in the
market is still valid under alternate
specifications of margin relationship. For
example, if we have reason to believe
that the price spread 1s determined as a
combination of an absclute spread and
a percentage of farm-level price, we can
write the margin relationship as

= o+ G (89)
As before,
py’ + m; = . (140)

That, is,
Y + oy + B =17,
(14 g)pf = —a5+ 9", or

i) o i )

s - T4l
i e Ry LU

= o} + bp”.

Equation {I41) is similer to equation
(117). All the remaining relationships
can be developed similarly. Again, the
relationship assumed here is for aggre-
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TapLE

Commoditiea Tieaid Pork Larah Chicken Egeu
& mation
Cotumn 1 2 1 5
HMow
1 Bewb . . . ] —0 16485 045180 0. UEERaT 0.152356 T D06
2 Veul 0.23H & 1152R% B NG 0134454 1. D0S205
2 Pork. QMU | — D 240ETY I KIRITE 0.O2rIh 0 L8048
4 IAmel anul
mutlen  E3IN26 0 S19864 | — 1 G704 0. LBLE 0. 002414
5 Chieken, . [ 127496 070424 034387 | — 0 HOZIR QLGN
] Turkey. ... | 0 063026 . UBB0TE L HE2S . GiRRaSR 0501518
v Fish. . 0. 0132y 0 OrSEI 00, CHkA 20 5251 0, HATE
] Eggs . LR LR LRLIE ] 1. H 23 0, Me2s:7 | —0 225079
b} Hutter .. 0, 01258 00N DR LG 0. 44 €. DOBIRY
jE1] Lard. . 0 0BG 1. DORESR 0.001440 0003489 0 OI8O
11 Shoruening. 000702 0 TORS 001285 0. 002153 0 010563
1z Margarine. . .|  O.007H5] 0 DTG 0001542 0. 0E049 0011473
13 Sulad
dreasing. . 0 2252 L B3] 0. 00BT 0400735 ©.0A7T322
id Freah niilk O 148 0 (2412 LR L LY. R ] LRI 0.007STT
15 LEvapuruted
milk. .- LB I (7542 O15S O T B.611144
18 Cheese. . .. [+, BOZG5T [k P14 T 0 e T 0 CHMME] 1 B 7023
17 Icre crecm. .. 0+ GHEEY | — O DA (I =] 0. NS [l RE
1] Potntogs. ., 0. HIS3LG 4. 007(HD 0ol LIRLIZT) 1. 08z53
15 Sweat
potatoes. . 0.D0R2IT 0. L2e9l 0. 0070 0. 01358 0. DNL568
o Sugus. N_O0FHA LU [+ (M 270 . (2708 0010574
21 Corn syrup. O 002257 W AMIFGEG [, (A I (1507 LRLIETET
22 Apples ORI 0004137 0. s 0. (M1 505 0, D083
bk Balnnas. . .. 0 WHATD 0,004 415 0. DO O.0MRIZ T O BORTHR
4 Crunges 0. Do2Es? 001243 0.0007R0 0. 00632 | 0 DO5RSS
L Orlier freal
fruit . . 0 QA2 | —0.NLTES 0,007 | —0. DO0SES 0003802
26 Canned !
penches. .. 0 Okl | —0 WIS 0 Deuiar2 0. N2 {00308
I3 Cannerd
pineapyest | —0 001357 | —0. 2924 0.00HEY | = 0.000027 002602
25 Dried [raits (b, (W 293 LNLE ek 0. WTLS . G250 0 MB5I2E
ot Frozenfruide | - 0. (005644 | - -0 DORDEE 0 KMWET | — 0 NEA20 | — O i 10g
E Lettuce . . .. 0. T3 o s (1 (iH ensdd 4. 00326 L. (MR 2
ki Tooreatowe, | O.0H247 0. G716 0. O 5 0. H 51 0. [HIH212
jir's Iesns ... 0. O07Ea0 0.0077582 0. MH S O 03005 DR ELE ]
x] Oujone | DAL B 0. 7565 RN Fro R LNE 0.0LE472
4 Cureow. . 0701233 0 HKH 36 11 N0 [ (RMR20S 0. DO5F66
55 Crther fresh
vegetublea O [0 1.004083 1000 0. 721 & COBGOD
3t Cannel (eas DT O N2 0. aLzan 4. 0773 001687
a7 Cananed corn 0007814 LRL i 4. 001285 . 002438 0.01101%
318 Conned to-
WIRLOEA L ] LURE PR | O, Deaaan O Do 538 (. (NI
il Dy vegcia-
Eilus. T T30S 0. 02557 1S A1 I N2 U ke Y
b Frozen vege-
Lubles. = MTTE | —0 (MG Q000118 p —0. 002424 | =0 (KEZIG
41 Otaer I
cunned
frudts wed \
wegetAhles O 3G IE e 3000 LRV LR | LIRLITEHH 11, G50
i Rice.. ... . . (KRI550 DRLEE OONRE - OMESE ] D0nnEgs
43 Whent floue O W 2 0.O0STHE O0M1TE | DO0ILE: O D0nERS
4 Hrgukfast | .
coereuls . . 0EMERT LRV ] 0. 0132 LRk T i 4. DEUETE
45 Corn real [ D DOAEZ & N3 . L2E0 D054 - QOIL6R
45 Liread amd 5
alher i 1
cercaly, o 0, 0070 OM7T60 0001343 LERERT S IR EES
AT Coffes. .. LLDDGTAD O AMGEEY i {01250 0. 002515 LR |
43 Boup. ... 0002510 002132 0, 000573 0000553 0.HGELE
44 Other beve
Hged. 1. 03030 0. Q2283 U (B0ERS O 1G0T O 0TO0E
50 Al Toud —{1 027184 | —0.01GNE | —0 DGITON | —0 OGTERSA , —0 BOZTED
51 | Nonfood. . | --0.00404% ) - 0, DIB462 | -0, 000533 -, 0pEEd | —0 0ETETD

DEMAND INTERRELATIONSHIPS

HButer Murgarine Salud
|it‘|_-:s;i g

O VN i T R I 11§
U LS R VT 0 L7
K4S [ 0000310 U D005

[LRLLLGH | 0000483 0. g sz
[ (038 O 2TE 0. DOas3E
ELGAT 0 HAIREE 0. (s
0.0d1913 0133t 0251
0. 002571 0. MLTEG 0. 004158
— 0. 4A0A50 0.131504 1 W¥ELE
0.001aH 0082926 0 0003145
0. gy 0 H2E3S 0. 162055
0259578 | —~0 893572 | Q110354

O.00RES | o 0MATO | —0 ge1507
0000095 [ 0.0KM9B | 0 00A4T0

0_GDI 656 [, (IO52R 0. 1087
0.0D0R4 L NGOk LRI 3]
0.0H560 | —0 (0N LR ] T
& 1262 0. 00033 % . R 20

601645 0. 000528 0. 01055
& WL5Ta 0000125 U, OGS
0001047 [.DOOZAT . X556
IRCOREL [EREF R o DRSE
0 211 O s O N0GES
0. 000747 o WoLT 0307

O.DO03ZR [ —0 G0ty L DLt
0 NKRS2E | — (. O3 0. T

LG -0 GKOLEN | —O ()3T
0. DO3R14 [1_ (e & 0145
—0 00862 01 DOOS4Z | —10_(WDSIR
001185 00081 LGk
0001108 0000352 0. 000567
001855 LR LE NI LR i)
[k (WHGTR [ (K22 [-RET T
0000934 | —0. 000274 D.G001L50

0.0aneTd 0.001245 ' 0.000624
0001552 0, 000041 0. i
0.00LANT 0. O06R2 1, OOIES

LRENERH LINLL TR ) 00 CRMbEGE
0. 00051 0. D020 (1_ChddH34
O BWHMGR | — 0 000469 | -0, 000716

(. 01005 0,000203 0. A0
0 1447 0. 000138 0. 00097
0001405 0600354 0. 00HeT
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gate spreads. If we are interested to
study the breakdown of aggrepate
spreads to different elements i the mar-
keting system, we can specify appro-

priate behavioral assumptions for price
spreads at each of these stages and carry
out an anzlysis similar to that for the
aggregate spread,

Income-Consumption Relationships

This section illustrates different ap-
proaches to income-consumption relg-
tionships, uxing the 1955 and 1965
household food-vonsumption data ob-
tained from the USTIA (1956, 1568). In
particular, it analvzes the effects of in-
come, household size, and region in
determining the consumption pattern,
and explains the changes in demand co-
efficients as a result of using quantity
consumed or expenditures on different
items & the dependent variable,

Estimation of income elasticities

Cholee of data.—Often the effect of
ineome changes on consumption is meas-
ured by the clasticity of demand with
respect to income (income elasticity) de-
fined as the ratic of relative change in
the quantity eonsumed to the relative
change in income, holding other factors
influencing demand at a constant level.
Thus, the income elasticity for the it
commuodity is given by

_ 9y
ay i

iy
where

= I(Ph Be,~ "y Pny y]

§: = consumption of ** cominodity,
p; = price of % commadity, and
¥ = income.

Both itime-series data from market
statistics and cross-section data from

household food consumption surveys are
used to obtain ncome elasticities. For
time-series data, we specify a form of the
demand function in terms of prices and
income and obtain the coefficients
through a regression equation. From this
demand function, the income elasticity
can be obtained &s a partisl derivative
w.r.t. income when a double logarithmic
form js used. For cross-section data,
prices remain approximately the same
for all consurners and, therefore, we can
specify the demand relationship omjt-
ting prices.® However, it is possible to

TamLE 12
SEASONAL VARIATION IN THE
RELATION BETWEEN FARM-LEVEL
PRICE AND RETAIL-LEVEL PRICE

Commuodities with varstion Conmeditiss without
in siope sod/or intereapt variation in slope or
intersapt
Fulercept and slops Taef
Chitkmn} Lamb
Fotatoea® Epga
Apples® Tutter
Carrote} Margatiie
Evaporated mitk
frtercept anly Cheean
Miikt Ice tream
Tamatoes® Fugar
Oranges
Slope anly Canned peaches
Porkt Lettuce
Blottening* Oninna
Balad drassing* Caooed peas
Canned corn
Canned tomatoes
Wheat Aour
Erenkfaat otreal

* SignificaniL &t 6 per cont level.

1 Significant 19 per cont lovel.

3 Slgnificant at & par seat for intercept, 10 per cont for
plops.

i Btrictly speaking, in the cross-section data, apart from ineotne, we can expect influsnces of
variables like houschold size, edueation, social status, and similar other variables. Often class-
ification of data acecording to all these factora may be difficult. (See Clark i af. (1954} and Rock-

well (1959).
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give two different interpretations for the
demand elasticities obtained from these
two methods, In a static analysis, we
assume that the consumer makes a
change in consumption, if there is any,
as soon 2s there is a change In income.
A lag may exist in eonsumption adjust-
ments as a result of Income changes,
Generally, the items included in family
budgets have different durability and the
purchazes may represent a long-term
consumption pattern. On the other hand,
a short-term expansion in income may
lead the consumer to aequire poods for
immediate consumption. Wold and
Jureen (1964, pp. 227-228) point out
that, for the majority of consumers, the
income level is {airly stable. For & group
of families included in the cross-section
data, the changes in income over time
ere, on the whole, small and infrequent
compared with existing income differ-
ences between the families in the group.
Therefere, “the families have usually
adapted themselves to the income level
at which they have been recorded, so
that the budget datz primarily reflect
the demand pattern in the sense of long
ran ineome changes, In other words, the
ineorne elasticities derived {rom family
budget data ean most immediately be
interpreted as long run elasticities.”
From the point of view of practical
applications of demand analyms, these
long-term elastieities are more relevant
for many policy decisions than the short-
ferm elasticities obiained from time-
series data.?’ This is one reason why we
chose income elasticities obtained from
budget studies cver those from time-
series data. Other reasons were:

(1) Time-series data on prices and in-
come are highly correlated which makes
it difficult to obiain structural income
elasticities from time-series data.

{2) Estimates of income elasticities may
differ, depending on whether we usc
gquantity or expenditure as the measure
of demand. Comparing the estimates
obtained from these two measures of
demand, we can draw certain conclu-
sions regarding the quality conscious-
negs of eonsumers. It is often difficult to
obtaln consistent time-series data on
these two measures of demand because
of limitations in collecting and reporting
data while, in a budget study, it is easy
to incorporate thege two measures,

(3) Demand elasticity may shift over
time., When using time-seriez analysis,
often we assume fixed coefficients if
we do not include some shift variables.
It is difficult to estimate the coeffici-
ents, using an assumplion of varving
parameters. If we have data for differ-
ent cross sections, it may be possible to
estimete one sct of coefficients for each
cross section and, then, taking these
coefficients, we can estimate the trends
in the coefficients if they follow a sys
tematic patterns.

(4) To compare the elasticity measures
for different commodities, the data must
be comparable in other respects. If we
are using time-series dats to obtain in-
come elasticities for different commodi-
ties, it is difficult 1o assure consistency
in a number of other factors, Thereiore,
io obiain meaningful comparisona of in-
come elasticities that can be used to
assess the changes of different comuinodi-
ties due to an income change, it iz de-
sirable to keep a number of other vari-
ables constant. This is effectively han-
dled in cross-section analysis because it
provides a meesure of the reaction of
consumers’ demand to changes in in-
come without complications of changes
in distribution of income, family size,
and other social, economic, and demo-

# Wold and Jureen (1964, pp. 228-230) point out that irreversibility of demand functions
and continued introduction of new products tend to make the income elasticities of family budget
data amaller than the income elasticities obtained from time-series data.
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graphie factors which are present in the
time-series data.

We alse chose to use cross-scetion
data because detsiled data on consump-
tion and income were gvailable from at
least two nationwide surveys (in 1955
and 1985) on food eonsumption. The
1960 survey had s broad chjective and,
at the time of this analysis, only daia
relating to the spring quarter were avail-
able. Thercfore, the present analysis is
restricted to these data.

Choice of funetion.— To caleulate the
income elasticities, the first job is to
speeify a functional relationship of con-
gumption and ineome. Various fune-
tiona! forms may be appropriate as for
time-series anslysis. Assuming that the
effecl of all other variables are negligi-
ble, a linear relationship between demand
and ineome can be specified as

g =a+ by (142}

In particular, when the variables ¢ and
¥ are in logarithms, the coefficient b is
the income elasticity. If the data show
the presence of a unit serial correlation
coefficient, first differences of the vari-
ables will get rid of this senal correla-
tion. In this ease, i is convenient to use
a regression equation of the form

Ag=a+hbay (143)
where

4 gand A y represent the first differ-
ences of the variables s

Again, the income elasticities are ob-
tained directly if the variables are speci-
fied in logarithms as

Aflogg) =a+ba(logy). (144)

Ordinary versus weighted regres-
sion.—Published data on food eonsump-
tion from the cross-section surveys are
reported by income groups. The effects
of induced heteroskedasticity ecan be
eliminated by using a weighted regres-
sion. In the present study, we have eal-
culated the income elasticity for differ-
ent commodities, using both ordinary
and weighted regression procedures. We
have used the per-capita quantity con-
sumed and per-capita income® for ob-
taining & regression equation of the form

logg =a+ blogy. (145}
On the whole, the estimates of income
elasticity obtained from both ordinary
and weighted regressions were not. very
difierent, but in many ceses where the
elasticitics were positive, coeffeients
from weighted regressions were slightly
higher than those from ordinary regres-
slons, & result In conformity with that
of Iyengar (1964). Table 13 gives the
estimates obtained from these two meth-
ods. Further anslysis of these data, with
houschold size an added variable, indi-
cates somewhat different estimetes, as
is discussed later.

Consumption differentials.—Tu show
the relationship between the consump-
tion differences in the upper and lower-
income groups and the income elasticity,
a bivariate classifieation of commodities
was constructed as table 14. The income
elasticities used are the same as in rol-
umn 2 of table 13. The guantity index
js obtained by expressing the average
per-capita consumption as & pereentage
of the per-capita consumption of persons
in the lowest income-group (01,000

™ In time-geries dats, we define age = (g, — g..) while, using crozs-section data, we have
to take the differences between successive ebsorvations (samples) during the same pertod, If the
sutacorrelation coefficient is other than unity, other methods of estimation sre mare eppropriate.

¥ The per-capita income is obtained by dividing the family income by the number of peraone
in the family, The family income representa the family’s 1964 money income after deduetion of
state and federnl income taxes. See Appendix A for a description of the data and their sources.
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TagrLe 13

COMPARISON OF INCOME ELASTICITIES OBTAINED FROM ORDINARY AND
WEIGHTED REGRESSIONS BASEL ON HOUSEHOLD FOOID CONSUMPTION

SURVEY DATA, SPRING, 1965

Iteome elasticity
Cormrodity —_— - — .
Ordinary Tegresston Weighted regresajon Dovistiona®
Beal ....... ............. o] .20 i
Veal. e - i 4B
Pork . 004 L] B
Lamb and mutton. . . . .. . - -1 —
Chieken ... . ... L — 03 - v - 3
Fieh ... . o0 0L — 0 — {26 — .4
Turkey,...... e T . TER . 783 i
BRES - v o e e e e — 052 - 078 - 04
Butter. .. . . . . 2ED 1] it
Laed......... . . —1.297 ~1.437 - 140
BROFLEBIOR. ..o o e 128 — 00 - T
Margarine. ... . ..., L e — 6 — 022 — .m&
Saledd dresaing ... . . . ... L2 il b1
Freshmitk........ ... ..., 67 377 Rt
Evap milk........ . .. . — .8l — &M — Mt
Cheese... . . e 227 24¢ [
Too erenm e . a2 2 DO
Potatoen. ..........,. A [1) s — B
Sweet potaloss | e . — 5K ~ 887 - M3
Sugar, ... ] — . - 02
Corn myrup. ... P e e — .T08 - 75 — 080
Apples....... . e N JHD - .02
Qranges. .. . . ... . .. L B 240 : 032
Danapas. . ... ... _. e e 13E B i D04
Tanned peaches . . . L Az — ,Do2 - 014
Canned piveapplea.. ... . . . . a0 T o3
Drey fraie. ... . L - .3 — i — 012
Fromem frgie .., 0 . . A g1 a7
Fresh tornaboes. .. ........ . . ., ... - LeL 5 L0039
Fresh heann. ... . . . e — 45l - _4%E — 014
Coions... . . 005 — 003 - 08
Cwrrola. oo . G 319 L)
Lettues. ... .. ... e 424 446 Rir-]
Canned pedb.. ... . ... .. 3 3z - 01l
Canned coro.. . ...... T s 2 — 25
Crined tomatoes, , . L (168 A (008
Dy vegetables .. ... ... ... . — .Hlg — Bl - s
Frozen vegetebles. .. ... | . BT K50 .9
Wheat Aour . e — A3l - GRS —
Rice._.... ... ... P — 05 — 851 — A
Breakfnnat cereals. .. ... . . . 58 R 02
Curn meal. . e . —1.0%% =1.142 — 084
Coffer .., . e . — T M7 a4
Bowgp.o...o.o.o. 0 o 218 B35 et
All food. . P Ry 1] 7

" Dovistions are calculated by taking (he diference between weighted regrestions snd ortinary regressions.

dollars). Thus, a quantity index of less
than 100 mcans that the per-eapita con-
sumption in the lowest-income group is
higher than average consuraption levels,
The results in table 14 are useful to per-
sons e¢ngaged in marketing farm com-

medities becavse it provides a frame-
work to determine the nature of empha-
sis {0 be placed on different income
groups while designing & program for
promoting the sale of a particular
commodity.
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TaBLE 14
BIVARIATE CLASSIFICATION OF COMMODITIES ACCORDING TO INCOME
ELASTICITY ANI} CONSUMPTION INDEX*
Consympe- Income Klastisity
tion = d
Tades Negative et A-2 2—3 - > Total
050 Lard, evap.
milk, corn
gyrup, fresh
beans, dry
vegetahles,
wihent four,
rice, corn
meal
{4} &)
50O-100 .| Chieken, fisk,
2pge, sweet
polatocs,
Bugar,
rsrgariog,
dry fruits
Lo (1
100-150. ., Pork, ahorten- | Apples, bane- Buttar, cheese,
ing. odions, nes, capned QFRTges
canoed peas, tomatoes (3}
eaoued corn, {3
breakipst
cereals,
soffes, poLe-
toes, capned
peachos
19} 115
L 50-200 Trealy Beef, nalerd Tow crewn, Canped pine
toinatoes dressing, CATIOtA apple
1 BoUE (2 1)
{3} [n
H0-250. . . Fresh milk
[£4] ;
250-300 Letture, veal,
frozen vege-
taliles
53] 131
>200 ... Lamb, turkey,
frozen Eriita
)] 413
Total. ... . {15) )] L) L] {3} 4] [dd)

" The consymption index [ derive

ronsitined by the loweat intome group.

Quantity wersus guality elasticity.—
While diseussing the income elasticity,
we have deliberately defined income
elasticity as the ratio of relative change
in the quantity consumed and the rela-

d by expreseing the average quantity consumed ab & peroentage of the quentity

tive change in income. It is possible to
define demand in terms of expenditures
un 4 particular commodity or in terms of
quantitiez of the commodity consumed.
When we use these different variables as
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the dependent varigble in the demand
eguation, we get two different estimates
of income elzsticities, namely, “the clas-
ticity of expenditures with respect to
income” and the “clasticity of quantities
copsumed with respect to inecome.” The
difference between these two types of
clasticities can be interpreted as a meas-
ure of the quality consciousness of the
eonsumeers, because the quality of a
product and its price can be assumed to
he directly correlated. Quality here
nerely assumes that the eonsumer has
at leust a subjective reason to rank dif-
ferent varieties as superior and inferior.
Let z denote the expenditure on a
commodity which is the produet of the
quantity consumed {g) and its price {p).
T = pq. (1446)

The elasticity of expenditures with re-

spect to income {hereafter referred to as
expenditure elasticity) is defined as

=y
G = G {147)
From {148} and (147},
&r, = M ¥ {148}

8y pg
But

dlpg)

_ _9q ap
oy ~p@+q

dy

Substituting in {148)

Coy =

_{, % 9_1’)1
(”aﬁ‘fay Py

(149)
dq y
ay ¢

ap ¥
ayp

The first term on the right-hand side of
{149}, by definition, s the elasticity of
guantity consumed with respect to in-
come (quantity elasticity). The second
term gives the relative change of price
with respect to the relative change in
income. As we have assumed that the
quality of a commaodity and its prices
are directly correlated, the higher the
price, the higher the guality and there-
fore, the relative changes in prices can
be interpreted as relative changes in
qualities,® Thus, the second term on the
right-hand side of (149) can be taken as
the ratio between the relative vhange in
quality and relative change in income,
which can he referred to as the quality
elasticity. Bo we have split the expendi-
fLure elasticity a8 the sum of two terms—
one representing quantity elasticity and
the other represeniing quality elasticity
(Bee CGerra 1959, p. 149). The guality
elasticity can he taken as a mweasure of
consumers’ desire for improved quality,
given the present average or standard
quality. In general, it is expacted that
the quality elasticity is positive, because
higher-income groups tend to consume
more expensive or fancy grades and
varieties. Also, upgrading of diets, with
increases in income, is reflected in the
fact that changes in quantities consumed

¥ We bhave excluded the possibility that consumption of food commeoditica i influenced by
snob appeal or searcity. Although we recognize that, in reality, higher prices nced not necessarily
reflect higher quality, we aesume that, for the market as a whole, higher average prices imply
higher average quality. Scitoveky {1945, p. 100} supporis this view as, “Economists are wont to
minimize the importance of this factor (price) fearing the havoe it may wreak with the whole
theory of choice. But ‘mass observation’ of one's {riends and [their] wives showe thal more often
than ot peple judge quality by price. The word ‘chesp' usually means inferior quality nowadays;
and in the United States ‘expensive’ is in the provess of losing its original mesning sand becoming a

eynonym for superior qualily.”
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may not be 5o large as changes in expen-
ditures on food itemns. In the present
analysis, the majority of the commaodi-

ties met this expectation, though some
of them did not {sec table 15},

TaBLE 15
COMPARISON OF QUANTITY ANID} QUALITY ELASTICITIES BASEL ON

HOUSEHOQLD FOOD CONSUMPTION BURVEY DATA, 3PRING, 1965°

Commodity Expenditure Elgaticity | Quantity Elaaticity Quantity Elaaticity
I
Becf R 380 20 1o
Yeal ...... .. . . . 698 -5 47
Patk - 0 008 132
Lamb and mution e 576 -] — 05
Chigheen. ... . . . ... R - 034 i
Fish . . ... 140 — 0Ed 200
Turkey ... ... . . . .. ... ... _484 | i
Fege.. ............... .. . .. — M5 - 02 RV
Butiet. 7 260 .005
Lard........... L -L.22d —1. M7 0l
Shorening.. .. ... ... . ., — WO e — 050
Marghrine . .. . . ... L . R L — .G 05T
Balad dromsiog L K LE] 7
Frash milk. .. e I 367 H — .18
Evep, milk e S — D — .00 - .30
Cheesa. ... .. . .. . ... 241 7 RiE]
[ogoream. .. . ................ kL] . 2
Potatoes .. .. - . ... RIkh] Ruti] il
Eweet potatoss. .. ... .. .. e - M3 — .5H Rial )
Bugar.. . .. ... L L — _ITE - _1f — 0
Corts myzup ... . - . . R -~ 50 - 1 BET
Applea....... . . . . . ik 142 L
Omoges. .. . . . .. ... ez JREY ~ @5
Pananga.  ........... . REN Ak S
Caooed peaches. . ... e .. N M2 -- e
Canned pineapplea. ... ... . . ATE 408 L
ey fraits. ..o . .. — 037 - —
Fresh tomutoes, .. . . . .. ] 61 A1
Freshbeaos.... ... ... . .. — 430 — 431 050
Ooions. ... . 022 L) 7
Camrole .. ... 268 I3 — .45
Lettues. .. . .. ... ... .. 248 424 — 0B
Canned peas.. . . . . . L o 043 T
Canned eorn. . J 85 L0 17}
Capned tomatoes.. ... .. . . Lot 151 185 — s
Dry vegetablea.. ... ... .. ... L. — 1 - Bl& 177
Frozen vegelables .. . . . ... . .. 619 1 M2
Wheat flovr.............. L . — @11 a1 M)
W .. ... . ... .. R - 3g - .BO5 286
Breakfast vereals. ... . . . . .ol 195 .5k 1a¢
Corameal . . . .. ... L —~L.43 —i .05 Rl
Caffes .., ... . . . . ... ... RUN M7 — 0306
BOUP. ... .. i e e s 218 ; 012

*DBamed on ordinaty regrassion.

The two assumptions, that prices re-
fect quality, and that income and gual-
ity of the goods consumed are postively
correlated, lead to the conclusion that
persons in the higher-income group pey
more than those in lower-income groups
for the same quantity. To see whether

this is true, we took the 1965 consump-
tion data in terms of quantitics and ex-
penditures and assumed that their ratio
represents the price. Taking this esti-
mate of price, we obtained indices of
prices paid by different groups with the
lowest group price as the base. We found
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TaerLr 16

CLASSIFICATION OF COMMODITIES ACCORDING TO QUALITY ELASTICITY
ANTY DIFFFRENCE TN PRICES PAID BY UPPER AND LOWER INCOME GRUOUPS

Differential Quulity Elastieity _
I'riva Index*
Negativae 0= 05 0.051=.10 =10 Tuotal
MNegative . . Lamly, shortening, [ee crerm, enrn
Tresh milk, evap. trenl
milk, sugar, or- (2}
anged, dry fruits
carruta, letture,
canned domatges,
eoffen
in 1131
0-15 . .| Canned peaches Butter, theos, pa- Tgg4, mucgurise Turkey, OnNOnLA,
(48] tatnoes, baoenas, $4] corts Ay rup
fresh leans, [N
eanncd comn, whest
HAowr, sap
Jt.3) (4
130 Frozen vegetabien Apples, cunned peas | Pork
m (2 1] L}]
S50 Chichen, ¢anned Reel, veul, salod
vineapple dresdng, frcab to-
2 maroes, beeakfagt
cereale
5 7
oo Lard ' Figh, aweet putstoes,
[ dry vegetables, rice
| 14) t5)
Tatal. ..., . . {12 (1) (3] HEH 43

* Sea Lha text for the definition of diflerentisl price index.

t Frozen fruits exclnded.

large variations among these indices for
different commodities, Tahle 16 com-
pares the guality elasticiticos obtained
from table 15 and the calculated price
indices.

The price index in table 16 represents
the difference between the prices paid
by the upper income group and the
lower income group expressed as a per-
eentage of the prices paid by the lower
income proup. Thus, a negative price
differential implics that the price paid by
the higher income group is less then the
price paid by the lower income group.
Incidently, most of the commodities
with negetive quality elasticity are those

with a negative priee differential. Al-
though there iz an cxplanation for the
negative quality elasticity from this be-
hayior, it may not be proper to conclude
that high income groups pay lower unit
prices for these commaodities beeause of
lower quality. [t is possible that quality
may be only one faetor influencing
prices—the prices paid by consumers
may be a function of many other factors
like guantity purchased, nature of de-
mand for the commodity, the availabil-
ity of substitute products, and family
economies of seale. For example, if dis-
tributors offer quantity diseounts, per-
sons in the higher inceme group can buy
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in-bulk quantities to obtain o lower unit
cost comparad to persons in the lower
income group whe ean afford to buy only
small quantities. In other words, it is not
possible to ascertain whether the price
variation from one income group to the
next is due to such influences as diffor-
ences in quality of the products pur-
chased, extensive buying habits, or
heavy purchages from farms to avoid
regular marketing channels, Since the
effects of these different factors are not
the same for all commoditics, it would
be uscful to analyze each case separately
to explain the factors influencing the
negative price differential. However, be-
cause such detailed anslysis would re-
quire data collected specifieally for this
purpose, we have exeluded it from the
present. study.

Effect of household size

Bo far, the analysis is based on ihe
assumption that income is the only
variable influencing eonsumption in g
cross-section analysis, Although a num-
ber of ather factors may also influence
the level of consumption, the data avail-
able for this analysis contained only
information on quantity consumed, ex-
penditures, income, and household size,
In studies using earlier cross-section
data, it was found that there were coono-
mies of seale in food use in large house-
holds.  Analyzing 1955 consumption
survey data for individual households,
Rockwell (1959, p. v) observes, “total
household consumption of food in-
creases with increases in the number of
persons in the household, but consump-
tion per person declines as houschold

size increases.” Therefore, we included
the houschold size variable to test
whether the 1965 survey data show g
similar result, We used both expenditure
and quantity as dependent variables and
obtained a regression equsation of the
tyne

logg = a+blogy + ¢log s,
ﬂ.ﬂd
logz —a'"+b'logy + ¢ log s

(1500

where
q = per capita quantity consumed,
£ = per capita expenditure,
¥ = per capita income, and

household  size.  {messured in
terms of adult equivalent units,
with one unit equzl to 21 meals
ealen at home,)

S
I

For comparison, the results obtained
from the two different forms of Fegres-
sion equations are tabulated for quen-
tity and expenditure data in Appendix
tables A-1 and A-2,

fignificance of the coefficients.—
Talle 17 presents a summary of the re-
sults from Appendix tables A-1 and A-2.
A negative coefficient indicates that here
exist economies of scale in food use
assoeiated with houschold size while a
positive sign indicates the opposite ten-
deney. As expected, total food con-
sumption per capita has a nepative
coeflicient  associated with household
size: although the coefficient itself is not
significantly different from zero. When
using quantity as the dependent vari-
abie, 24 coefficients were pusitive and 20

# Buch economies can be attributed to a nymber of factars: () holding houzehold income
constant, income per person decreases ua Family size inereases with a higher nutnber of children in
such family units with different consumption patterns. For example, in table 17, milk has a posi-
tive coefficient associated with family size wherens coffee has o negative coefficient; thiy pattern
probably is associated with family somposition; (b) there may be savings in expenditures per
pereon associated with buying large quantitics at lower unit pricea; and (o) there may be a re-
duction in luftover food on a per-capita basia for large Family unite.
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EFFECT OF HOUSEHOLI) S1ZE ON CONSUMER PURCHASES, QUANTITY,

AND EXPENTINTURES

Sign of coefficient asanciated with houmehold siza wilh dapendent variable s quentity or
exponditura
Commodily group — = Ty - =-
i Quantity {4} Quantity {—} Cu
Both positive Expenditor (~) Expenditure {+; Both negative
Meata .. ... Beal Turkey Paork Lamb and muttan
Veal Chicken
Tinh
Eggn.. . ... . Egga
Fateand cils. ....... Lard FButter
Shoriening Margarine
Halal Jresaing
Malke . Freah milk Chocas
Evanarated milk
Tixr crearn
Polatoes. ... ... Whita potatose
Sweel polatoes
Bugat epd myrup. .. .. | Sogar I 1\ Corn ayeup
1
Fruit. .. ... Frozen fruit Oranges ! Applea
lquantity only) Ceoned peaches . DPananas
| Canred pineappla
! Dried fruit
Yegetables. . .| Carrota Canned Lomsloss Freal: toniatoes
Canned peas Dhied vegetahlea Freah beans
Cunped corn . Cnigna
- Lettuca
Freeh vegatables
1
Othee... . .| Wheat flour Tice
Houp Break{ast cereala
Caorn mesl
Cofles
All fond . .. . I A1l food
| (expanditute anly)

coefficients wera negative. Only five co-
efficients were significant at the 5 per
cent level and another six ecoefficients
were significant at the 10 per cent level
{see table 18).

Lxistence of economiss in consump-
tion was more revealing In the case of
consumption expenditures of different
food items—26 coefficients were nega-
tive with & of themn being significant.
Only three positive cocfficients were
significant.

Effects on quality elasticity. A com-
panson of tables 16, A-1, and A-2 shows
that, as a result of the introduction of
household size in the regression equa-
tion, the sign of quality elssticity hss
changed from negative to positive for
seven commadities (lamb, fresh milk,
SugaAr, COrn  Syrup, oranges, canned
peaches, and canced tomatoes.) How-
ever, six commexlities (shortening, evape-
rated mill, dried frut, carrots, lettuce,
and coffee) did not change the negative
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TaBLE 18
COMMOCDITIES WITH BIGNIFICANT COEFFICIENTS ABSOCIATED WITH
HOUSEHOLID? SLZE
Quanlily ms depondent variabla Expenditura me depenifent varinble
ooel :!iglnta Level of significance Eeval of significanss
= Total ——- - Tatal
LA 10% ; 578 10%
Poaitive.. .. [ Balad dreasing Yeal T Bnlad dressing Shortening 3
Frozen fruit Bhortening Canned gorn
Canned earn Fresh wnilk
Patatoes
Negative. .. ..., Drind fruit Lumnb 4 Lamb Chicken i
Coffes Dreakfaat néranl Coanned pineanple] Apples
Diried [ruit
Coffen
TOTAL. .._..... ] [ 1 5 | 9

quality clasticity reported in table 16,
and corn meal, which had 2 small posi-
tive quality. has changed its sign to
negative. Thus, when household size also
is included as & variable in the regression
equation, the number of commodities
with negative quality clasticity iz re-
duced from 13 to 7. Incidentally, this
suggests that the presence of negative
quality elasticity, in the case of these
commedities, can be explained in terms
of some other varigbles excluded from
the demand equations. Isclation of such
additignal variables influencing the de-
mand for these commadities may require
an exhaustive analysis of individual com-
modity demand.

Comparison of 1955 and 1965
consumprion

When data fromn different cross sec-
tions are compared, it is necessary to
take into account any differences in the
population characteristics, sampling pro-
cedures, and other structural changes
that have occurred during the interval
between the cross seetions. In the United
States, nationwide surveys on food con-
sumption of families were conducted in

1836 (U. 8. Burcau of Labor Statistics,
19490, and USDA, 1941a and 1941b},
1942 (USDA, 1944), 1948 {Clark, ¢! al.,
1954), 1955 ({USDA, 1956), and 1965
(UBDA, 1968). There are a number of
conceptual and rmethodological prob-
lems, diseussed in detail by Clark, et ai.,
1954, and Bush, 1961, such as ditferences
in the universe covered, sampling design,
and the type of information gathered
associated with eomparing the data from
these cross sections. In particular, it is
difficult to adjust the data from 1936,
1942, and 1948 to a comparable form
with those of 1955 and 1985. There are
a number of factors like the season,
universe, and size of sample that are in
common with the 1955 and 1965 spring
cross-section surveys. Therefore, we have
used only these {wo cross-section data
for eomparisen purposes.

Changes in the lavel of consump-
tion.—Using the per-capita consump-
tion of different eommeodities during this
perice]l (Appendix table A-3), table 19
shows the direction of change in con-
sumption of different commodities for
the aggrepate of all houscholds and by
low, medium, and high income groups.
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Fig. 1. Classification of shifts in regression coefficients,
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TasLE 19

CHANGE IN PER CAPITA
CONSUMPTION, 1955 TO 1965

Cnmmodities with conammption aver all househaoldes®

Increzeing Decrosring

All ineome growps; [16)
Yaul, lamb, turkey, cgge

Al intorme groups: (1]
Beef, chicken, finh

Margarine Butler, shortening
Apploa Milk, evaporated milk,
Canned coro, canned to- POLRLOR]

rantoes, frozen vegetulilea Oranged, canned Dire-

apple, frozen fruit
Toriatoss, GRIATs, oAf-
Tk
Wheat flour

Rice, cereals, soup

Twe sticame groups enfyp: (3 Tt income groups only: ()

Canrnrd prachea (L, M} Latd |L, H)
{hease (L., ) Sugar ‘L, I, coffes
lee erenm (L, H) M, H)
Bean= {L, H), canned
peas (L, M)

Bweet potutoes (M, H)

thne income group onfyr (3 fine Tneome proug only: (3)

Banpnpa {L] Fork (L}
Balmd dressing (H) Dried vegetables {H3,
Lettuce (1) dried fruit (1)

Corn  meal {L),
ayrup (T1)

Sorh

Total commedities (17 Totnl eoentnodities 27}

* Tnearae gTuups are desighated low (LY, mediom (M1,
and high (H), and atl houwscholds.

Of the 44 commaodities, consumption in-
ereased in all income groups for 11 and
decreased for 16.*% For the remaining 17
commodities, inercases or decreases were
shown for at lesst one income group.
Summarizing by income group, the low
income group had 20 increases and 24
decreases, the medium income group had
20 increases and 24 decreases, the high
income group had 18 increases and 20
decreases, and all households had 17
inereases and 27 decreases in per-capila
consumption in 1965 as compared with
1655,

We can further analyze these changes
by considering the relative changes given
in table A-3, summarized in table 20.
The shifts in consumption behavior were

not uniform; wide fluctuations existed in
the extent of varigtions in the consump-
tion of different commeadities. All ineome
groups reduced the per-capita consump-
tion of three commodities—veal, butter,
and frozen fruit—by more than 40 per
vent, If we consider that an arbitrary 5
per cent change may be due to reporting
errors in the data, 19 commodities
showed a reduction in consumption by
more than 5 per cent and 17 commodities
showed an increase by more than 5 per
cent in the low Income group. In the
medium and high irneome groups, 21 and
24 commaodities, respectively, showed a
reduction of more than 5 per cent while
15 and 13 commodities, respectively,
showed an increase of more than 5 per
cent.

Shiftz in slops and constant coeffici-
ents.—To compare the nature of shifts
in regression coefficients, we obtained
both ordinary and weighted regression
cquatinns of the type

logg =a +blogy

for the two periods. Looking at the size
of the coefficients, we classified the com-
mndities into four different groups shown
graphically in figure 1.

Group I (increase in the intercept and
decrease in the slope). The diagram shows
that the gap between the regression lines
corresponding to 1955 and 1965 de-
creases 88 income inereases up to y*.
Whether these two lines will meet at &
finite horizon will depend upon the rela-
tive size of changes. Lower income
groups experienced a relatively higher
percentage increase in consumption than
higher income groups. In [act, beyond
the point of intersection, people in the
higher income group reduced their con-
sumption of the commodity under con-
sideration.

# This ia conaistent with the time-series data on consumption reported in Hiernstra {1968}
except for the commoditice, apples, shorfening, and onions.
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TapLe 20

COMPARISON OF CHANGES IN PER CAPITA CONSUMPTION OF DIFFERLNT
COMMODITIES DURING SPRING 1855 AND 1965

Tarcentags Change in 1965 over 1955

Intoma !
Group
< =il =4l te =20 —2010 —£ —5t05 5ta20 | 0 1o 40 | =40
1
daollara per oo
<3000 | Yeal, byt- | Lumb, Lyrkey, Halad dressing, Eard, potk, Fisk, ¢hocsn, Becl, chicken, | Cenaed
ter, Iro- lacd, shosien- polatoss, sug- evap. milk, ice cream, FNATEATITA, THeRCHER,
ren ing, frash ar, tom atoes, sweet pota- COCT BYFUL, dry fruits, Irozan
fruits nujlk, pranges, teanm, tar— tocx, mpples, bananms, breakiank vegeta-
3} eanned pine- rota, lattoce DOIHIA, cannsd coro, oerenls hles, tice,
apple, wheat [£5] canned dry vege- (5 sup
fMour, corn peas, canoed tablea, coffee 1
meal tomatoei [EY)
) Jt:3]
3000 | Veul, Mitk. carrcles Turkey, shert- | Pork., eges, Heef, fish, lard, | Margarine, Chickan,
to lamkb, [#3] ening, evap. | ealad dress- COMR BYTEP, cutined dry
e hutter, milk, ica ing, clieesa, canood Loma- peaches, fruita,
CrIRAEes, CTEATT:, [MHtd- augar, apples, TR, Bl cand Tk,
canned L, wwest Bepus, froeen [} eorn, dry e0rn
pine- potatoes, ba vegetahlan vegetablea, meal
spples, L EEN AT ) Lk Enst {4y
frozen toes, onices, ceresls
Truits tetiuce, (K}
18y cannsd peay,
whest flour,
ooffes
(13
=500 | Lamhb, Lard, shorten- Egzs, milk, po- | Pork, cheese, | Saled dresaing, | Heef, chick- | Rice,
weal, Eng, 8VAQ. tatoea, mugar, e crchm, ba- wpples, lel ein, fish, braak-
turkey, milk, exnaned COro AYTU, nenas, canned tace, canned MBIEaTine, {aat
buttar, pineapples, dry [ruits, peaches, tomatoes, canoed cereals,
REal SArTOLR tormatoas, canned abup soTn coron
polatoss, 6.5 heana, opigns. peas, frozen {8} It mieal
oranges, whent flour, vegetables 3
frozen coffea (v}
fruits, [y
dry
vegata-
biles
8)
Lard, dey Yeal, Inmb, bul- | Turkey, eggs, | Pork, bananas, Fieb, saled Reaf, chick- | Hies
All fruita, ter, shertens imilk, eota- Lo atoes, dressing, en, MAr- n
Houne- Trozen ing, avap, Loeg, aLgAr, poffea choese, ive gariar, Tro-
bolds Truits, milk, beaon, COAT: EFTUD, 142 CTRATH, AP 180 Yogeis
dry awgel pola- GRiOILE, tar- pled, ceoned tables,
Ve Loes, orangen, rqba, eanned peaches, let- BOUD
tablea wheat four, i tuce, canned {5}
) GOME TaEM, m cebn, catined
canned pine- tomatoea,
apples bLireakinat
(11} cereals
{10}

Group II (decrease in the intercept and
tnerease n the slope). Here, the change
is exactly opposite to group 1. The dia-
gram shows a similar pattern exeept that

the lines corresponding to the two years
are interchanged. Here, the lower income
group experienced & reduction in the
quantitles consumed while the upper
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income groups might have experienced
an increase in eonsumption. Again, the
boundary between increase and decrease
in conaumnption (the point of interseec-
tion} depends upon the slopes and infer-
cepts of different commodities in these
two periods.

Group TIT (increase in both intercept
and slope). In this case, both upper and
lower incotae groups increased consump-

81

tion and the percentage of increase may
ke higher for the upper income group
compared to the lower income proup.

Group IV (decrease in both inlercepl
and siape). This group’s behavior is op-
posite to that of group TII. Here, boih
upper and lower income groups have
reduced consumption. The 1965 regres-
sion lines lic everywhere below the 1955
regression line,

TawLe 21
CLASSIFICATION OF COMMODITIES ACCORDING TO CHANGES IN

REGRESSION COEFFICIE

NTBS FROM 1955 TO 1965

Group 1 Change in intarcept positive Group II: Chnngfii: intercept neg- | Group II0: Chunﬁoviun intercept poai-
change in elope negative change in slope pasitive change io slope positive
Regresalon Regressjon Kegression
! o . e e e —————— e e e
Weighted i Nooweighted ! Weighted Nonweighted Welghted Monweighted
Beet eaf Veal Veal Chieese Fish
Chickan Chicken . Fork Pork COhnjons Chease
Eggr Eras Fish Luamb Rreakfagt Crniona
Lard Lard Turkay Turkey cerauls Breuklaat
Margarine Margarine Eutter Butiler Corn map] cereals
Evap. milk Evap. milk Salad dressing Bhortaning [ 43
Bweal potatnes Swett polaloes Freah milk Sulad dressing
Bugar Sugar Lee erean Fresh milk . -
Corn ayrup Cora syrup Totatoes Tee cream Group I¥: Chn:g:av:!n intercepl neg-
Oranges Bananze Apples Potatoes changs in slope negative
Bananas Canned pesehes | Conned  pineap-| Apples —_———- -
Canped pesches Diry fruitla ples Conoed pineap- Regreagion
Dry fruits Freah heans Fresh tomatoes nlea e e
Freah baana Cunned pena Fredh lettucs Frozen ftuits o i
Canned corn Diry vegetabics Carved peas Freah tomatoes Weighled Nonweighted
Diry vegetahlen Froren vegetables | Canned tometoes | Lettwes
Frozan vepotnbles Rice {151 Coanned tomstoes | Lamb {rangas
Wheat flour Culffen Corn mesal Shortening Carrcta
Rica Saup (17) Froren (ruits Wheat Aour
Coffee (1% Carrots k1]
Soup 4
{21}

Table 21 gives the classification of
commodities into these four groups.

Testing the equality of coeficients.—
Table 21 pives only & qualitative estimate
of the nature of the changes in regression
coeflicients. To meke a statistically sound
statement on the variability of regres-
sion coefficients obtained from these two
cress sectlons, i 13 necessary to epply
certain testing procedures. Here are two
such procedures: (i) T'o test the equalily

of cocfficients obtained from two cross
sections, we can pool the data from them
and obtein 2 covariance analysis to test
the significance of the difference in
incame elasticities during these two
periods.

{2} The second approach is similar to
that of Middelhock (L968) to test the
stability of input-output coeflicients over
two different periods. If &; and é&. are two
estimates, with standard deviations &,
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and #,, obtained from two cross sections 10 per cent level, three more commodi-
of size iy and ns, the difference between  ties, (sweet potatoes, lettuce, and soup)
these estimates is significant if |& — &| are added. Beef, eggs, sweet potatocs,
< hd, t fBs, where £ and & corres-  and soup decressed in income elastivity,
spand to the f-values oy and as, respee-  the others showed an increase.
tively, at the desired level of tolerance. The income clasticity of all foods re-
We used the second approach to test mained relatively stable during this
the equality of income elasticities ob- period. There is close similarity betwesn
tained from 1955 and 1965 survey data.  the coefficients of regression equations,
At the § per cent level, only four com-  using expenditures from 1955 and 1965
modities (beef, eggs, fresh milk, and ecrosssection surveys when the depen-
canned peaches) showed significant devi-  dent variable is the per-capita expendi-
ations in the incorne clasticities. At the ture on total food. The regression equa-
tions obtained for these two periods werc

1955; log x = .132 + 260 log y; E? = 92 and
{149y (3.00)

1965 log & = .132 4+ 277 log u; R? = 88,
(3.60) {3.43)

where tively. I'rom these five estimates and the
two estimates obisined in this study for

T = per-capita consumption expendi- 1955 and 1985, it appears that the in-
tire on all food 1tems, come clasticity for all food expenditures

¥ = per-capita income (the figures in  has stabilized in between 25 and .30.
the parentheses are f-values). Effect of a change in income distri-

bution.-—The comparison of income elas-

A comparison with some of the previ- ticities chtained from 1955 and 1965
ous cross-section cstimates shows that cross-section data is proper only if the
the income elasticity bas been falling structure of the populations was com-
over the last three deeades and has be-  parable in these two periods. A closer
come relatively stable. For example, look at the samples used in both surveys
using earlier cross-section data, Burk™ reveals that there was an improvement
(1951) estimated the income elasticities  in the distribution of families in different
in 1935-1936, 1941 (iwo), 1944, and income groups. In the 1955 sample, only
1947 a5 49, 49, .58, .33, and .31, respec- 32 per cent belonged to the group with

® Burk (1551} reports the following repression equations:
5]

19351935 loges = 884 49logy; R!m ¢
1941 log z, = 03 + .46 log 4:; R? = .99
1941 log z = .64 + .58 log y; R* = .09
1944 logz; = L.47 + 33 dogy; I = .05
1947 log z: = 1,61 + .31 log yo; R2 = .08

where

I = average expenditure per capita for food and alcoholic beverages, toial population;
¥ = average per capita disposable income, current dollars, total population;

%: = food expenditure per eapits, urban families; and

y: = disposable income per capita, urban families, current. dollars.
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household income greater than $5,000,
in the 1965 sample, 38 per cent. If the
samples during these two periods were
representative, this increase might have
been the result of two factors—a gencral
increase in the price level and a general
improvement in the income status of
families. To make meaningful compari-
sons of data from these two samples, we
isclated the price effect from the in-
creqses in general income, In other words,
we adjusted the 1965 income-size distri-
bution to a distribution among income
classes, in terms of 1855 dollars, without
a change in relative distributicn of in-
come. To schieve this, we used an
approach suggested by Burk (1981, p.
56). The proeedure is illustrated in figure
2 and involves the following steps:
{1) Take the distribution of samples in
1965 and plot the percentage cumulative
frequencies on the ordinary vertical axis
of a semilogarithmic paper against the
upper class limit of each income class
taken along the logarithmie horizontal
axis.
{2) To adjust the distribution [rom the
1665 price level, move the curve obtained
above to the left by the ratio of eonsumer
price index in 1955 to that in 1965
{86.586 per cent).
(3} Read off the cumulative frequencies
for the adjusted curve at the class limits
and calculate the frequencies for each
class by subtraction. The adjusted fre-
quencies are shown as in table 22, Com-
paring the distribution of samples in
1955 and in 1965 adjusted at 1935 price
levels, it appears that the movement was
mainly from the middle income group to
the high income group with only minor
changes in the low income group.
Implications of the redistribution of
Bample size on aggragation.—llere, we
shall demonstrate the implications of the
redistribution of sample proportions on
income elasticities obtained as an agare-

TanLr 22

THE TRANSFORMATION OF 1965
SAMPLES T 1955 PRICE LEVELS

. 1965 Survey
Ineome 1958 Burvey | 1965 Suevey (edjusted
Eroup (uctunl [actyunl} to 1965
prine levels)
- I —_—
dollary per rend
< 3000 . . L. o8 2.2 l 27
3.0 4,859 s 9.8 L)
o 5,000 32.3 580 ‘ 4
Tame 23

TOTAL FOGD EXFENDITURES I[N
1935 AND (055

Weekily per-capile total food expenditures

Incotne
Ethup 1955 1965 1985 [nt 1055
{aetunlt (aatunl) price lavel]
doflaes
< 3000 .. 6.11 Y50 B.45
(18, 85} {2 85)
3,000, 50 3.0 B0 7.0
{8.52) = (a1
= 5000 10,08 1 % 10,30
(8.67) —{&.m
|

Move: The figures in the purentheses repressnt per-
oentage changes over the cxpenditure levels in 1055,

gate of subgroups within a cross section
with reference to total food expendi-
tures. Comparing the total food expen-
ditures in 1955 and 1963, the low income
group has registered the highest per-
ceutage increase in food consumption
expenditurcs—about 18 per cent —com-
pared to sbout 8§ per cent in other
groups [see table 233,

To estimate the aggregate elastieity
for all groups with known income elgs-
ticities (E\), the aggregate elasticity E
can be writien as

EhE,

£ = sk,

(161}
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where
k= neE,,
a; = number of observations in group

Z, and

g; = per-capita food expenditure in
group i (in the present case,
i=1,23).

Since k; for g given proup is defined as
the produet of the number of observa-
tions and the per-capita food expendi-
ture, the effeet of & unilateral reduction
in the sample size in & group Is to reduce
k: while the effect of a unilateral increase
in per-capits expenditure 15 {o increase
ki Therefore, the changes in the value

Tasre 24
WEIGHTS ASBQOCIATED WITH INCOME GROUP

(VALUES OF & FOR 1855 AND 1565)

1065 195 (distrilution and | 1048 {distribution at
Ineome group 1955* metualt expetsen ot 1955 U 168K lavels and ex-
leveldd . pamsen 6t 1985 prica)y
dollars

L T [E-NC] FLEW.H 175.23 202. 60
{22, DB} (18.12) (382 {0.3%
3,000, 30406 17422 192 50 222,50
(26.35) (1700 (22 340 (2% 33)
> 5000 155 48 690, 20 94 40 ETL.20
(41 53} (64 53) (5T 45§ (67 .35}
TOTAL.. . kb1 6% 1,082 42 582,13 158 20
=17} I (100 0 {10 Br [N 00 {100 0

*Columa 2 in table 22 muyleiplied by coluran 2 in table 23,

t Column 3 in table 22 mualtiplied By colunn 3 in wable 23,

I Cotlumn 4 in table 22 multiplied by eoluan 4 in table 23,
| Column 4 in tahle 22 multiplied by eulumn & in table I3, )
Nare: The figures in the pnrent beacs Tepreaetd pereentuges of Lotal weight,

of & for each year iz determined as an
outcome of these twa opposite effects.
The values of k; for each group in 1935
and 1985 are presented in table 24.
The combined effects of the redistri-
bution of the samples and the changes
in per capita expenditures during the
periad, 19551965, 1s to reduce the value
of k; for low and medium groups and to
inerease it for the high ineome group.
In the c¢ase where the lower income
group has higher incoms alasticities, the
changes in &, described above reduce the
weight given to higher income elastici-
ties (and jncrease the weight given to
lower income clasticitics), resulting in an
agpregate income elagticity which s
lower in the latter period than in the
original period so long as the income

elasticities within different groups re-
main unchenged during the pericd.
Therefare, when comparing the income
elasticities ohtained as the agpregates of
subproups in fwo cross-section surveys,
the effects of the following factors are
important:
(1) Distribution of samples into suh-
groups in both eross sections after re-
moving the effects of price changes.
{2} Changes in per-capita consumption
among subgroups belonging to the two
cross sections.
{3) Changes in income elasticities in each
subgroup during the interval between
the survey.

In comparing any of the above factors
the effect of changes o other factors
mnust be removed. Further, it is possible
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TapLE 25
REGIONAL CONSUMPTION INDEX (U, 5. AVERACE = 100
Gluantity
Index | 0-50 5075 76-05 §5-105 105 125 125150 | >150
Hegion
Pearth- Corn Lard, Fork, eeqy, murga- | Beef, chicken, fish, | Oranges, otions, Butiez, Veal,
ASE ¥ TUD, abort- rine, aalpd dregs- milk, cheesa, ica rice, aoup oanned lamb,
Ri) dry ERing, ing, evap. milk, CTERTIL PULA]Cm 4 toema- tur.
vege- . beang AWEAL pOLALOES, epples bananas Lovea, key
tobles, 3 BUEAT, CATIREE catety, letioce, frozen 11
wheat peaches, cannad canned pehs, vogela-
Aour, pinespples. dry breakfaat Llen
corn fryita, irozen cereals, IEY]
meal fruits, tomatoes, cofes
41 catned corn [i4)
{13}
West Lard, Veal, Fork, fiske, Lutter, Chicken, eggs, Beel, tutkey, marga- | Canned Lamb.
lxarna, aweet, shorlening, ice roilk, evap, rine, salad Jfroas- pinesap- dry
(53] farn pola- creatn, potatoes, milk, 10g, cheees, apples, ples, frnits,
meal LA, FllEAr, caficd peas, bapanas, tomp- cranges, canted carrota, k4]
[13] eorn dry vegetables, Lora, Gnicoa, peaches, fconen lattuce,
Arrup wheat floue, rice onffee [ruits, canned frozen
4] [#83] {8y eorn, canned - vegeta-
matoer, hreaklast blua
terenla, monp 141
HED
Narth Lamly, Yenl, Chieken, turbey, Fogga, margarine, | Geal, pork, cheess, Butter
Central Iard, sweel Fish, ahoctening mugar, dry frujts, oA cTeatn, pota- 1)
{Ra avum. pota- saled dremsing, e e Jaan toee, apples, or-
milk, toes, milk, tomatoes, {8} ' Abges, hananan,
rice, corn benne, oniona, anned paaches,
COMR sxtup, canned tomatoes, canned Dineapile,
rmea | dry frozen vegetahlen, frozen fruits. car-
£ . wheat flour rots, lettuca,
toables 2 canned gorn,
N breakfast pereals,
coffes, soUp
| {an
South Lamb Veial, Heel, milk, jca Bhnanas, ohjons Pork, chicken, eggs, | Fish Lerd,
(R} [H tur- ¢ream, potatoes, i3 rmargaring, salsd fi) phori-
key, Epples, canded Gressing, eUgar, EOing,
butter,| peaches, canned freah {ometoes, eYRD.
chiea, pitespples, dry canned peas Tl
or- fruita, frozan B sweel
LOEes fruits, lattuee, pota-
CAT- tanned corn, toca,
rota, eunmed Lomatnis, corn
Boup breakfaai cerenly, ¥R,
itk eofler, lrozan heana,
vegetables ! dry
(184 : TORE-
tabieg,
whaat
Arur,
ries,
[ery ]
Frat:h]
(tn

ta chtain the same income elasticity
from two sets of cross-section data as a
result of compensating adjustments in
the above factors,

Regional variations

When we discuss the 1. 8, food con-
surnption pattern, it would be useful to

se¢ tho exctent of variation among regions.
Unfortunately, detailed data on con-
sumption levels by regicos are not avail-
ahle for extended periods. The 1965 con-
sumption survey data 1s tabulated for
four regions—XNortheast, West, Noarth
Central, and South. From the average
consumption and size of the household
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&7

TapLe 26
VARIABILITY IN REGIOXNAL CONSUMIPTION INBRICES

Commodity Outsideﬁfshnberml Cutaide t[:eg}snuan-al Oumidugthau'am.erval Range
Beal .. . ... .... vy 26, 2
Vesnl v i 148,168
Fork A .38
Lainly v ' 3 81,81
Chicken ... W L7358
Turkey .. .. & ' 118,24
Fieh . .. [V " A0 Gl
Eggm o v 21 fd
Buylter.... .. . . . ..., W v ' ot
Lard . . [V (v W 150 BR
Bhortening. . ... e W i v 0329
Margarine . . ' 25 .60
Balad dresving. .. R v 6. 52
Fresh milk. . . . . . . . i AT
Evaporated milk. W v ' 100 .47
Cheese . . . . . 2 v 5 64
Tee cream.. .. .. L L 1864
Polatoes ... . e 21.19
Bweat potitoes [ ' A 3¢
Sugar..._.... ... Lo 3024
Cornosyrup . W 160 .89
Appiles . iy 8 5t
Oranges ... . . . ..... i 45 BT
Bangnns. . ... . . . L W §.23
Cantied peaches. 2 3E M
Canned pinespplea. v v .40
Doy fruits .. W v ¥ 7780
T'roren fruite W 37,08
Tomatoes..... .. " 3867
Benns 3 % 5 146, 55
{niona. .. . . v 26 A4
Carrats.. .. . " % V2.8
Laltuec. .. ... 1% ¥ 53,48
Canned peas . b 047
Canned 0ot . ....... i 3048
Conncd lomatova. | W & a1l
Diry vegetablen. . e ' 141.73
Fraozen vegetables ... . | W LY 44.58
Wheal flcar. .. ... vy [ W 114,54
Rice.. ... Vv W + 115.18
Breakfast coreals .. ... .. " A1)
Corn meal. .. 4 1% + 230,08
Coffee.. . .. ... ' 16 88
Boup .. ... ... " W 49 60
Total... ... ..., 15 ' n 4

i

NoTr: A + mark iodicates that coneumgption index in st least ote region falt outside the specified interval.

given in the regional dats, the average
per-capita consumption of the commod-
ities were derived for each region. Using
the per-capita consumption obtained in
this manner and the per-czpita consump-
tion for the United States as a whole, we
derived 2 consumption index for each
region by expressing the per-capita con-
sumption in regions as a percentage of

the per-capite consumption for the
United States (Appendix table A-4, sum-
marized in table 25).

Table 25 shows that the importance
given to different food items in the four
regions differs considerably. The con-
sumption pattern in the Northeast is
closest, and that of the southern regions
farthest from the U. &, average {sce table
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Tapre 27
REGIONAL INDRICES OF PRICES PAID (I, §. AVERAGE [
Frice
fedexr | 0-50 | s0-7% 75-06 05-0% 105126 125150 | >150
Regione
MNartheaat| Tuz- Canned pineapnics, Lamby, bulter, malad Heef, veal. pork, Frozen
key dey fruits, canoed dressing, ovap. milk, chinken, fish, engn, VEgE-
(R m S0rn, frozen vege= Dokaloes, dugar, corn lard, shortening, inbles
tablex, corn ment z¥rup, apples, or- milk, raargarine, 3]
5y anges, heang, boma- ¢heese, ine cream,
1ocx, onione, casrold, v et peolalnes i
lettoce, cannnd peda. nanas, caoned peach-
sup ©g, CANOED LODELHS,
(1R} Lrecak[wat cercals, dry
vrgetahles, wheat
floalr, tite. coffea
21
Weal Vewl, lemby, carrots, DBeel, pork, chicken, Turkey, fisk, lard, sal. Buttet, [ Sweet
levtuce, canned to- egER, shortening, od drearing, evap. dry pota-
(R Mmatoss, freten taargarine, milk, milk, upples, or- tahilcs, toca,
vegelatdes cheese, iee cream, po- urges, bananas, rive eorn
[L3] tatnes, SURsr, torh canned penches, (3 ineal
E¥rup, canned pine- canned peas o
apples, dry Friita, 1A
toraxdocs, frozen
Iruits, beans, pnipoa,
canned corn. wheat
four, beeakflast cere
als, coffee, roup
23}
MNarth Soup | Beel, voal, turkey, Lamb, salad dresing, Swaet Frowon
Centes] [ §] egge, lard, chovse, Fork, ehiciesn, figh, fresh milk, earn ayT- [ Vege-
apples, BaRARRS, butter, shortening, vy, heans, njong toex, tahler
3] tanned peaches, margatine, Evap, GhITots, lettuss, fronen 48]
canned pinsapples, mijlk, itc ireem, po- caoned tomatoes, fruits
canned peas, tatowes, sugar, or- rice, corn mes| ¥l
canned corn, dry anges, Ay friis, to- (11)
vegetuhles, enffe mutacy, wheat fiour,
(14 hreakfant cerealz
115}
Bouth Beaane,| Beel, veal, pork, Lamb, turkey, egga, Tregl milk, cvap, Carrata, | Froren
dry chicken, fich, fep butler, Jard, short- tulk, cheese. poba- lat- fruits
(R4 VERE= crearn, sadad drem- £ning, margarine, toes, canne cirn, tuce, HL)
ta- iDg. coro AyTup. AWERL TWILBLO, Sl frozam vegeiables, cannad
hlea apples, ctanges, ar, canoed peacher, wheat Hour totou-
1] baoanaa, dry froit, ecanned paReapples, {7} toea
tomatoes, canned oni0Te, breakfast {3
pena, riee cereals, carn meal,
15} coffee, 30UL
{16}

26). Of the 44 commodities considered
in the analysis, 15 had a consumption
index falling outside the range {60-130)
in 2t least one region, 24 foll autside the
range (75-123), and all the 44 commaodi-
ties hed at least one index falling outside
the range {95-105). Thus, aven after we
make sllowances for a 5 per cent devi-
ation from the [7. 8, average consumption

pattern due to variations in reporting
data, all the commaodities showed some
regional variations in their consumption
pattern. The range of consumption index
(difference between the highest and low-
est regional index) varied from 8.23 for
bananas to 240.08 for corn meal. Thir-
teen commodities (veal, lamb, turkey,
butter, lard, shortening, evaporated
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milk, corn syrup, beans, dry vegetables,
wheat flour, rice, and corn meal] had s
range of more than 100,

The presance of such wide variations
in the quantity eonsumed in differcnt
regions eould be explained in terms of
{1} diffcrences in prices, {2) differonices in
income—consumption relationship, and
{3) nther regional factors. We attempted
to anglyze the influence of prices and in-
eome in regional consumption behavior.

Differences in prices paid.—The ex-
penditure and quantity data published
in the survey reports were used to find
the prices paid by consumers in different
regions, and these were expressed as a
percentage of averape U. 8, figures to
obtain the index of prices paid. Using
these indices (Appendix table A-3) we
have prepared table 27 corresponding to
table 25 for quantity indices. The spread
ar price indices in different regions Is not
so wide as the spread of quantity indices.

Althoygh the cross-seetion data do not
provide mformation to study the effects
of priee changes on quantity consumed,
it denotes one point on the demand cyrve
for each commodity. For each com-
modity, the quantity index in Appendix
table A~4 and the price index in Appen-
dix table A-5 previde four observations
—one for each region—on price-quan-
tity relationships. These points can be
located on a two-dimensional space and,
if the demand curve is assumed to be
downward sloping, there will he an in-
verse relationship between the price
index and the quantity index. Since it
was gssumed thet the average T 8
quantities and prices form & basis of eom-
parison, this point will be represented by
{100, 100). We can locate the points cor-
responding to the price-consumption re-
lationship in the four regions with refer-
ence to the basis, and if the demand
relationship follows the conventional

shape, & positive deviation of price index
from 100 will be associated with a nega-
tive deviation of quantity index and vice
versa. Therefore, if the deviations of
price index and quantity index from 100
are opposite in sign, it can be concluded
that a high or low ronsumption index in
& particular region is effected as a result
of low or high price in that region. Also,
if the deviations of price and quantity
indices follow the same sign, it could
mean either that the demand curve is
not downward sloping or that the re-
gional difference in consumption is not
influenced by some factors other than
prices. In table 28, deviations of price
indices and quantity indices in different
regions are expressed in terms of their
#igns —a positive sign denoting an index
greater than 100 and a negative sign
denoting an mdex less than 100,

Asguming that the demand curves for
all these commodities are downward
sloping, a positive sign can be expected
to be associated with a negative sign if
the consumption difference is influenced
by price differences alone. However, this
was not true for 16 commodities in the
Northeast, 14 commodities in the West,
17 eommedities in the North Central,
and 13 commodities in the Scuth.

Table 29 shows that the regional dif-
ference in consumption ean be explained,
at lesst partly, in terms of prices for
seven commodities—pork, shortening,
margarine, sweet potatoes, ecorn syrup,
beans, and frozen vegetables. Consump-
tion in all other commodities was influ-
enced by factors other than prices in at
least one region. Therefore, it is not
possible to reject a hypothesis that cer-
tain regional factors influence consump-
tion of various cornmedities in different
regions,

To analyze the second aspect (vari-
ations in income-consumption relation-
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TapiE 28
DBEVIATIONS OF PRICE ANT QUANTITY INDICES FROM BASE IN DIFFERENT
REGIONE

Mortheast Weat MNaorth Centrsl Sowth
Commodity _— ] - - -
P Q sl

P Q 3 Q

fa]

Leed.

Yeal ... . ...
Pork .. .
Lutnakbs A
Chicken ...._.... . R
Turkey.. . ., . .. ..
Fish, . ... ..
Figgs . .. e
Buter . e
Tard. .. . o
Rhortening ....... o
Margurine L )
Sulnd Jressing
Fresh malk. ...

+ 1

i
+
|
I+ 1+
1
|

|
1

T+r+ 1+
|

I = I

|
|
[ S DR S B |

AL
L+l ++++1 441+

I+ 44 4+
|

LE+ 0+

T

P44+
P14t +4 41

|
1+

Corn ayrup ...

Applea. .. .. C e . ..
COrangan .., . . e
Hamapss . .. ... . ......
Canned peaches.. . .

Cunney] pineapples. . .

Dy fruita o
Frozen feuils. ... . e
TOMALGEE . ... e

I +++1

f

I +++ 1+

R I R A ek i kT o
LI o | |

|
|
|
1

FT++++++1 4+

1
+ 1

T +44+4+1 ++
|
IS
i
|

F++4 1

|
L+ 41
[T}

o
&
2
o
I

-

T+4+++1+4+1
|
|
441

Coaoned pess . .

Canned corm. .. .... ..ol N
Catoed 1pmatge,, ... . .
Dry vegotableaw. . . . .,
Frozen vegotables..... ..., L
Wheat flour ... .
Eiee e
Breakiast cereals. ... . .
Cornmeal. . ...

Cofiee,

Boup. .

P+ 14+ 1+
|

P+ 1 ++++1
-+
|
P+ 1+

+
|

L+ ++ 1+
R
11 1
+r4+1+ 1+

1

T+l ++1+0 1+

++ 1
A4
b

+

1

HMore: P etapda for prices and @ for quantities. A + indicatee that the index is greater than 100 (ag thnt the devistion
ie positivel and & — indiralas that tha index in Joss than 100,

ship over the regions), we have used 4 where
covarignee anzlysis.
Covariance analysis for testing re- q:; = consuniption of ¢ econumnodity

gional variation.—Using the conswnp- in the j* region and

tion data from four regions, we specified #; = ineome in the j* region.

three types of repression equations as

follows: Here, for a given commodity, the data
Model 1 from the four regions are pooled to ob-

log gy = a;¢ + bi log u; {152) tain a single regression equation. With



Gignnint Foundation Monograph - Neo. 56 « Mareh, 19771 9]

11 income groups, we have 44 observa-
tiong to it the regression equatinon m
(152).

Model 2
log g.; = b log y; + ¢, log d; (153)

where

the variables ¢;; and y, are as in the
previous model and d; s a dummy
varigble associated with the 79 region
such that leg &, = 1 in region §

0 elsewhere.

An slternative way to express couation
(153} i1s to specify three dummy wvari-
ables associated with three regions and
to retain the constant in the regression
equation. The difference between model
1 and model 2 is that the latter incerpo-
rates different intercepts for different
regions while the former assumes the
same intereepts for all the regions.

Model 3

1ng g = (154}

@i+ B log
where

the variables are defined as above.

While models 1 and 2 used zll the 44
observations of & commedity to cbtain
a single regression equation, model 3
provides four regression equations cor-
responding to four regions. Therefore
maodel 3 incorporates variations in both
the intercepts and slopes of regression
equations for a commodity in different
regions,

Thus, model 1 assumed that the inter-
cept and slope of the demand equation
remained the same over the four regions;
model 2 assumed that the intercept was
different in different regions, but the
slopes remained the sare; and model 3

TaprLe 24
COMMODITIES WITH REGIONAL
PRICE-CONSUMPTION
RELATIONEHIP NOT CONSISTERT
WITH EXPECTION

Raortheost Wegt Narth South
Central
1
Feul ¥eal Yeul Yenl
Laral Beef
Chicken Chicken
Turker Turkey
Fial Fivh
Lggs
Butter
Earrd Lard
Salnd e
ing
Fresh anilk ' !
Evaperatad Fruporate:d
milk milk
Clieps
Tee Crewr Toe Crenm Tee Cream
Fotubony
Sugar Sugar
Apples Apples Applea
Orunges Orunges Oranges Crungas
Heananps
Cpongd Canned
peaches peachen
Coanned Canned | Canned
pineapples Macapple pinenpples
Diry fruils Diry fruita
Frozen fruits
Tainaloes
Ornjamny
Carrota
Tattuee Lattuee
Canncd paas
Canned earn
Diry wege-
tulslea
Whest flonr | Whent Pour
Rice
Drerkiast Vreakfaat
oitenls oereale
Corn meal
Colfea Cofle:
Houm
L 14 s 3

assumed that both intercept and slope
varied over the regions. Let s, s, and
g3 be the sum of squares of residuals
associated with models 1, 2, snd 3, re-
spectively, and ny, ng, ny, respectively,
be the degress of freedom. Beeause the
number of restrictions are least in the
case of the third model, s; will be the
smallest, Similarly, it can be shown that
& > $: > sz For testing the hypothesis
that variztions exist in intercepts alone,
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we use the sum of squares from the first
end second models and define an Foratio
given by

(S: — Sa)flmy — ?’le:l

Fonicnin, = 82/
{153)

_ _(f‘)‘_[_: S:)ﬂz

T — na)Sy

If the caleulated F is higher than the
table value of F at the desired level of
significance, we reject the hypothesix of
zero variability in the intereepts over the
different regions and conclude that there
exists significant variation at least in
two of the intercepts in different reglons.

similarly, for testing the significance
of variation in slopes alone, we can use
the second and third models and define
an F-test given by

P » iy — Ss),fr(ﬂz — ﬂ:t)
{Ha—ratne T _T*

{156)
As before, if the F-values obtained in
fiaf) are higher than the tabled value
of F, we reject the hypothesis of non-
difierences in the slopes (in this case,
incormne  elasticities) of the regression
equetions in the four regions. In other
words, & rejection of the hypothesis that
income elasticities are not difierent in
the four regions makes it necessary to
use different income elasticity reasures
for different, regions.

Combining the {wo tests, i a par-
ticular commodity shows significance in
both cases, variations exist in both inter-
cept and slope. Also, It 1s possible to
repeat the whole analysis, using expéen-
ditures on commoditics in different re-
gions instead of quantities consumed. In
the present analysis, w¢ have used both

quantities and expendifures as depen-
dent variables to test the regional vari-
ations. In mest cases, the intercepts
showed significant regional differences.
Only three commodities (bananas,
canned pegs, and breakfast cereals) pro-
vided nonsignificant differences in inter-
eepts when quantity was the dependent
variahle, while the intercepts were nnn-
significant for five commodities {(bananas,
canned peas, sweet patatoes, canned
peaches, aud frozen fruits) when oxpen-
diture was the dependent variable, When
using guantity as the dependent vari-
able, the income elasticities were sig-
nificantly diffierent for 31 commodities
(23 at the 5 per cent level of significance
and 6 at the 10 per cent level) and non-
signifieant for 13 commodities, However,
the number of commodities with non-
significant regional differences in income
elasticities rose to 20 when expenditure
was used as the dependent variable. Tt
may be possible to attribute this change
to the influenes of prices, that is, a sig-
nificant regiomal difference in income
elasticities, with quantity as the depen-
dent. variable, might have been offset by
price differences within the regions to
show a nonsignificant regional difference
in income elasticities, with expenditure
a3 the dependent variable. These factors
are revealed in table 30 where we have
adopted a cross classification according
to the significance of the slopes and
intercepts of income-consumption rela-
tionships in different regions.

When quantities were the dependent
variables, 28 eommoditics showed sig-
nificant regional variations in both in-
tercept and slope, 13 commodities
showed sigmficant variation in intercept
but nensignificant variation in slope, and
the remaining 3 commoditics showed

Z When we are inferested in testing the significance of a few dummy variables, o {-teat on
individual coeflicients will suffice. However, here an F-test is used to test the significance of the

coeflicients eimultaneously.
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Taure 30

B3

CLASSIFICATION OF COMMODITIES ACCORDING TO REGIONAL VARIATIONS
IN INTERCEPTS AND SLOPES OF 1NCOME CONSUMPTION

Snterent and slpa sgoifeungs | TReeps goifiantsope son | Totereesnoraignite | SRR
, . . N oo | Expendi- | ¥ | pypengi-
Qupmlily Expenditure Duantity Expenditura Duentity Ttk tity ClLTE
dependent dependent dependent dlependent dependent dependent dﬂﬁ:- dependent,
BHeef Ireef H Chicken
Veal Veal : Bunanas | Ranunas
Porlk Fork Turker
Latreh Lamb Canned Canned
paar £
Chicken Fish Fish
Turkey Butter Tiutter
Lgee Figps
. Lard Lurd
Bhottening Shortening
1 Selad dressing
Margaring Murgnring Mtk Milk
Balad drassing
Cheess Chesse Evapurated Evapornted
milk milk
Ice cresm Tex cream Sweat potatoca Hweet
potaboss
Patbities Potatoss Corn evrup
Sugsr Sugar
Oranges Orunges
Cotnomyrup
Applea Apples Canned peaches {anned
preathen
Cenned pinesp- Canned  pinear-
nlea plea
Diry fruita Dy Eruits
Freah tomatoes (BT Frozen fruite Frozen
Iruits
[ieana Beans Omnicne Oniong
Carrots Currata Frozan vegeta-|
bilea i
Lattuos Lettuce Wheat flour Whesat Aour
Croned corn Canned porn Ttice Liee
Canned tometoes| Oenned tomatoss| Corn meal Corn meat
Diry vegelables Diry vegetahles
Frozen vegetahles) Breskfast ectcals PEreakiaal
cefeala
Caoffee Calles
Soup Buup
126) 122) (13 (17 [T ¢ ¥ | 0 | 3}

* Significant eategory includes significance at 59 and (05 levels,

nonsignificant variation in intercept bub
significant varistion in slope. There was
no comiodity with both intercept and
slope showing nonsignificant regional

variation. However, thcre were some
modifications when expenditure was the
dependent variable. Here, 22 commodi-
ties had significant, regional variation in
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both slope and intercept, 17 had sig-
nifieant variations in intercept but non-
sipnificant variation in slope, 2 com-
modities had nonsignificant variation in
intercept but significant variation in
slope, and the remaining 3 commeoedities
had nonsignificant variation in both
intercapt. and slope.

Seasonal variations

Seasonality in food ronsumption origi-
nates from faetors like crop produoction,
climetic factors, and similar other reg-
gons. Though modern processing, trans-
portation, and refrigeration facilities
have reduced the incidence of seasonality

in food consumption, many food items,
cspecially  froits and vegetables, still
show seasonal eonsumption patterns.
Since the 1965 consumption survey was
spread over the four seasons, it was
originally planned to analyze the income-
conswmpiion pattern during the four
stakons, using an approach similar to the
ore used for analyzing regional varia-
tions. Later on, it was revealed that these
data will be available only after some
time and, therefure, it was not possible
to incorporate this aspect in the present
analysis. For the same reason, it became
necezsery to exclude a diseussion on the
interaction of regions and seasons,

Demand Projections for 1980

This section reviews alternative ap-
proaches to detnand projections and also
projects consumption by commeodity to
1980 on the assumption of constant real
prices, time trends, and a particular
inerease in real income. To facilitate
cxposition, the commodities are dis-
cussedt under ten groups—meat, eggs,
fats and oils, dairy products, potatoes,
sugar, fruits, vegetables, cereal and
hakery products, and other commodities.

Alternative approaches to
demand projections

Presented are possible uses of the de-
mand interrelationship matrix for pro-
jecting future levels of demand.

Long-run changes in per-capita con-
sumnption of different food commoditios
ceeur as a result of individusl and joint
effects of many factors such as changes
im relative prices and income, changes in
tastes and preferences, introduction of
new products, changes in occupsation and
urbanization, and changes in the age
composition of the population. In the
short run, it is convenient to assume that
socioeconomic factors other than prices

and income reingin constant. Therefore
short-run changes in per-capita con-
sumption will be influenced by price and
income changes. Price changes result
mainly from supply conditions such as
production cycles, seasonal variations,
weather conditions, and technological
changes. 1t may be possible to obtain
forecasts of these variables for short-run
periods, These forecasts of supply con-
ditions can be used to project the price
levels in the immediate future and, thus,
changes in consumption levels for the
immediate future can be projected. How-
ever, projections for longer periods of
time cannot be handled in the same
manner, because we may not assuine
that all the other factors remain the
same. The following discussion indicstes
several alternative possibilities as to the
use of the demand interrelationships
for projecting consumption levels to
1080,

Projections with constand demand
matrix plus time trend.-—The demand
interrelationship matrix was developed
under conditions of static equilibrium.
The only dynamic element introduced



Giannini Feundetion Monegrapk - No. 26 - March, 1072 95

into the anzlysis is the measurement of
the time trend of consumption for cer-
tain commaodities ebtained from the con-
stant coeflicient of the first difference of
logarithmic estimating equation. One
approach to projecting consumption in
a future period is to use the demand
matrix plus the time trend.

If the demand matrix is denoted by
M, we have

g =M . P

mx 1t tnwet1} mtlwn

(157)

where

0 =

i

vector of quantities, expressed
in logs;

M = matrix of price and income glasg-
ticities; and
P = vector of prices and income,

expressed in logs.

When estimates of P are available for &
future period, an estimate of ¢ can he

Alog qi = geuﬁlogm+ewdlogﬂ (G5 =1,2, -, n)

where

g = quantity of the ' commodity
demanded,

p; = price of j* commodity, and

§ = & measure of real income.

Let y denote the incomme at current

W:Alog g =
-3
=1
where
'.T.';' = W.‘Bi,‘ and
ﬂl't.l = Wieiy-

If & regression equation of the type (161}

i, Alogp; + o Alog§

obtained from {157) under the assump-
tion of constant demand elasticities. Tet
this estimate for the {*" commodity he
f:. Also, let the annual time trend for
the " commodity be 3, expressad as a
percentage change per year. If the pro-
jection is for K periods ahead of the
present period, the time trend aleng will
introduce a multiplier of {1 + 8;)%. This
muitiplier, together with the projected
static level {§,), provides the following
equation for consumption for K periods
as:
dix = §:(1 + 5% (138}

Projections with changing demand
matrix.— Another method of incarpo-
reting dynamic elements into the pro-
jection framework is by assuming a
varying demand interrelationship matrix.
Here, it is possible to assume that the
elements in the matrix M vary over time
in & cerisin manner. For example, con-
sider the demand equations

(159)

prices. Then the expenditure proportion
on the 7 commeodity is given by

W, = Ef (160}

Multiplying (159) by (160) we ocbtain:

Z% We,Alogp, + We Alog §
i=

(161)

is fitted, using time-series data on quan-
tities, prices, income, and expenditure
proportions, it is implied shat Y.; and
9. remsain the same over the years
whereas, in {159), it was assumed that
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TasrLE 31

ELASTICITIES IN DIFFERENT YLEARS

Direct Elusticities (eg)in
Commgdity Yaluvaof Yu | - T e = e e —— ]
1955 1480 1963 1970
Deel.. .. . -4 i — I 64268 = 0. 50235 ~ 0 B30LS — . 63945
Veal .. ... —2 2339 —3 TERRS —&. 19138 —2.70244 — 2 4E21T
Fark . —3. 18309 =0 44844 —0. 40820 —0 43028 —§.42452
Lamb and mutton . - 1.07650 - T8 =1. 79467 — 2. rhe0 3. 1506
Chicken . . . . ... . .. —1, 3745 — 0 41764 —b S804 —0 87430 —10 59928
Lurd —{. 07850 —0. 19628 —{). 2BA6T —0 26667 — (1. 26667
Toecremin... ........... o =1, 85074 = b G0 =0, 6074 =0, 55074 ~ M. BE074
Fotatopr .. ... L —0,3qm2 —Ir BRTTY — 21788 — 0 M8 —I[ 28779
Crunges.. .. . . ., o —~1. 2242 ~0. 87173 —{). TL¥ES —10. 6453 —0. 63021
Coffes e .. | ={. 94738 = 22HEE =0 34T = (0. 364062 = 3T

* Bypotheticsl.

gi; and e, remain the same over the
years. But 9., and 7., are obtained from
e;; and g;, by multiplying with W, Since
the budget proportion W, varies over
time, as a result of changes in the prices
and consumption pattern, e;; and ey
also vary over time. Thus, if expenditure
proportions are known for different
years, it is possible to obtain an estimate
of the demand matrix M for the different
periods. For projection of future eon-
sumption levels, two different approaches
could be used.

Estimation of changing demand coeffi-
cients. Using the values corresponding
to each element of Af, obtain a time
trend for the coefficient and use this
trend to project the value of the coefli-
cient for & future period. That is, if 3,
corresponds to the (7)™ element of the
interrelationship matrix for the period
i, j=1,2-+" . n:t=12-+. 8,
the s values of My could be used to
establish a trend equation for M and
this could be used to obtain M +F
where K i3 the desired number of years
for which projeciion is required. Having
obtzined the value of M;+¥ for all £ and
1, equation {157) can be used to project
the value of € if the price and income
levels are known. For practical reasons,
it is impossible to isolate trend values

from price effects from every element
of M.,

Estimation of expendilure proportions.
Instead of cbtalning & projection for
M ¥ directly, 1t s possible to estimate
the expenditure proportions and to de-
rive the value of M,7*¥ From the esti-
mation procedure used, T,; is assumed
to be the same for all time periods or

I £
1 = WMy,
Therefore,

o T
MY =

1

(162)

To illustrate this procedure, ¥, was cal-
culated for & few commodities using a
regression equation similar to (161).
Takle 31 shows the value of Y. and
the direct price elasticities {e,;) for 1955,
1460, and 1963. These are obtained by
dividing Y. with the expenditure pro-
portions corresponding to these com-
maodities during 1955, 1960, and 1963,
respectively. The last column (5) gives
a projected value of the direct elastici-
ties, assuming hypothetical values of the
expenditure proportions in 1970. The
saine procedure could be used to obtain
projected values of M,#t¥ for all < and
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J and, once these values are known, as
before, equation (158) cvan be used to
project the consumption levels for K
periods ghead.

To use (157) for projection of prices,
it can be rewritten as

P = M0 {163}

When the objective of the study is to
predict prices, it 1s more appropriate to
fit demand equations with prices as de-
pendent varigbles and to obtain a price
flexibility matrix corresponding to ML
Most of the restrictions in deriving the
dermmand interrelationships in terms of
elasticities can be derived in terms of
price flexibilities (see, for example,
Houck, 1966). However, the inverse of
the elasticity matrix, &, can be taken
ag & rough approximation to the price
flexibility matrix and can be used for
projecting future prices if the quantities
consumed and income are known. For
agricultural commodities, however, price
prediction equations gencrally require
specification of alternative outlets (fresh,
processed), stock changes, and exports.

The ahove discussion indicates that
projections of per-capita consumption
levels in 1980 could be obtained either
by using a projected demand inter-
relationship matrix for 1980 or by using
projected expenditure proportions for
1980. Both these methods require that
prices and income levels are available for
1980, In the abscnce of projections of
future price levels, we have obtained
projections of demand assuming con-
stant retmil prices, inereasing income
levels, and & time trend factor.

Demand projections by
commodity group
These demand projections are hased on

{a) a particularassumption astoinereased
reel income by 1980, (b) the income

elasticitics used in the demand matrix,
and (c} the time-trend coefficients ob-
tained from Lime-serics analyses of indi-
vidual commodities. In particular, per-
capita consumption levels for individual
commodities sre projected for 1980,
assuming constant real prices {1962-
1966 average); real income per capita
will incregse from $2,298 (the 1962-1966
average} to 33,261 in 1980 as reported
by Daly and Egbert (1966); and the
estimated time trend, where statisti-
cally significant, will continue to 1980,
The average annusl per-capita consump-
tion during 1962-1966 was taken as the
base period. The cumulative effect of the
time trend on this base consumption
level was obiained as a product of the
base consumption leve] and the multi-
plier (1 + 8,}% where 8, is the snnnal
percentage change in consumption due
ta trend and K is the number of years
to 1980. For many commodities, the
time trend wes not statisticslly signfi-
cant and projections are based only on
the income elasticity. Results are pre-
gented by commodity group, given esti-
mates of consumption and expenditures
per capita for 1962-1966 and 1980

Meat, poultry, and fish,—These com-
modities aceounted for sbout one-third
of the 1962--1966 average food expend:-
tures. Detailed anslyses of time-series
data were made for only five Hems—
beef, veal, pork, lamb and mutton, and
chicken, Other items, such as turkey,
fish, and edible meat offals are included
for completeness but time-trend eoeffi-
cients are not availaeble for these ¢om-
modities. Data on per-capita consump-
tion are shown in table 32 for the base
period (1962-1966) and for 1980, and are
in terms of retail weight. For purposes
of comparison, estimates by Daly and
Fgbert (1966) were converted to retail
weight and also are given in the table.
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TaBLE 22
MEAT, POULTRY, AND FISH: CONSUMPTION, PRICES, AND EXPEVDITURES,
1962-1966 AVERAGE AND PROJECTEL 1980

Conauniption per capita
. Expendituren per copiti,
Commodity Estiranted 1150 haaaf one };:-:;:3 (1M62-1568 doflurs)
121040 K2~ 1646
Tneatne Doly-
elpslicity TFghort 92— LY04 1850
reunds fretacl weeghe) conie dollara
Meat | T T T T
Eeel ... ... 72.08 B B4 B 6% 74.10 §3.41 50 80
Veal 1.20 3. 7. 65 358 2.5
Pork....... .. . 7. 76 L] 5.9 75,60 43 .67 4598
Lambk and 1nutton 3.00 1.47 3.1 50,00 3.24 T2
Edible offals L 10. 244 11.16 B1.%0 B34 £, 81
Tota] masl . . 148 18 16025 100, 44 1307
Poultry
Chicken. . .. 22 33 29.92 4090 13.18 1.4
Turkey 7.24 9 g2 B4 10 B9 5.20
Total raultey 39 46 16,84 185 TR LA
Fiah
Freah and frozen 3 A% L L 1.13
Canned.. . . P 424 75.45 3.22
Cured ... B 340 a7
Total fish [UR=T 1085 7.72 7.2
TOTAL..... L. 193.10 219 .78 134.26 E Fil 3

*Includes veal.

t Increaee ealimated ut § par cent correpponding Lo projected increass in beef plus pork consumption.

The income elasticities for beef, veal,
larab and mutton, and turkeys are
weighted regression coefficients hased on
the 1965 survey data. Those for pork,
chicken, and fish are based on the 1955
survey data, with estimates from the
1865 dats negative in sign and not
statistically significant for chicken and
fish. Income elasticity cocfficients and
annual time-trend factors are aum-
merized in table 33. Because none of the
time-trend variables were statistically
gignificant, projections are based on the
income elasticity coefficient,

Data on expenditures per capita,
given in table 32, are in terms of eon-
stant (1962-1966) dollars. Expenditures
are projected to increase by 9.5 per eent
im real terms. The level of beef consump-
tion in recent vears would sugpest that

the projected 1980 level may be too low.
{See Appendix A figures A-1 to A-{4 for
postwar trends in actual prices and con-
sumption per capita.)

Bges zecount for about 3 per cent of
consmer food expenditures. The income
elasticity is close to zero. The estimate,
based on the 1960 survey data {using
weighted regression), was — .076 but the
log difference equation result of .055 was
used in this study {see table 33). There
was 8 statistically significant nepative
time trend of more than 5 per cent per
yesr but consumption appears to have
leveled off st about 40 pounds per capita.
Thus, the estimates of consumption and
expenditures for 1980 are hased on the
inecoine effect only. The estimate is eon-
sidered as an upper limit and is some-
what higher than that reported by Daly
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Tasur 33
RETAIL INCOME LELASTICITIES AND TIME TRENDS FOR MAJOR FOOL
COMMODITIES
Income Annua] tire | In i
Ttean elartjcity trend} Item elmot?;‘i?y ﬁnmldt?me
Per cent per cent
Meat, pouliry, and firk Cannad
Beel .. ............. . 200 .80 Peaches. .......... R 1 =2, 55"
Veal, .. K11 —4. 82 Pineapple.............. A7 —~0.84
Pork..... 132 - =0.02 Other................... L]
Iamb wnd muiton . AT1 H —0.5 Dried pritoem, .. .. . 15 - & 80"
Chicken ..., 178 0.5 rozen. ... .. .BEI e
Turkey. ... .. . i A
Fish....... . B Fepetaddes
Freak
Egga 055 ~ 5 B Letiuce, . 147 110
Tomatoes, . . . . ..., A —-1.5
Fotr and mils Beans (anap and Jjma) .. 0.4 571"
Butter_ . 1L —3.2zv Dnioes, ... L] oo
Lard .. ... ......... ... — 0 —Bb.0g** Carrots. . R=bl] -G _4ue
Shortenming ... ... ... {124 =0.16 Other. . .............. %1 D
Meargarine. ., . 1.4 3T
Mayoonaise and sajad Canned
deesaiog.... ... (285 3.20 Fras. .. ... .. ..., Ki-3] —¢.00
Com .. 03 =112
Digiry produris Tametoss and products. AT .t
Milk [ 0 —1.42 Other ..ooooeeene 2w | ..
Evaporated milk .. ... 0.0 ~3. 68" Ty edible bespn_ .. ... .. 7 =1.30
Cheesa, .. . ... .. . .24e 4,20 Frozen vegetables. ... ... .. 610 e
Tew crvwn .. . a1 -2, 1"
Cereals and bakery products
Potelors Rice (milled) ., . R 1.40
Potatona (fremh) ... (14T =071 Wheat flour (whiie anrd
Sweet patatoes (frash). .. . [N 1) -t 44" whols wheaty ... ..., G -1, 25
Breakiast cereals.. ... 088 —0.11
Sugar ond nceeleners Caro mesl and hominy. - _0ht =1, B&"
Hugar.. < 1.50 Eread and other products. L1
Commasyrup. . . . ... ... A —o 12
Beverngey and aoup
Fruit Coffes.. ... 0. T —%. 14
Froah Boup.... ... L 234 2.7
Apples, . A 140 —1.02 Crther beverages. ...... .., B | Ll
Bananes ........... . RE L .00
Ombges........... .. . 200 —.m
her . ... ... A0 | L

t Ineroe etraticities are hased on croas-saction data and time trende oo tire. meries soalyeia (soo Appandix table A-17.
I Figures withont aubscript indicate coeffieient not statistically significant.

" Significent at the 5 per ceat level
** Signifient at the 10 per cont lavel.

and Eghert (1966) 25 shown in table 34.

Fats and ofls account for about 4 per
cent of consumer food expenditures. In-
come elasticities, derived mainly from
the 1965 survey data, are relatively low
except for butter (.318) and mayonnaise
and salad dressing (285}, The trend
coefficients were negative and statisti-
cally significant for butter and lard (zee
table 33). Projections for 1980 for butier
and lard are based on income and trend
effects which result in consumption
levels below those for 1962-1966.

The consumption of margarine is pra-

jected at ourrent levels if 19621966
average price relationships hold, This
estimate may be low, however, if the
current. trend in prices and consumer
preferences continues. The eonsumption
catimate for all fats and oils of 47 pounds
per capita is below that of Daly and
Eghert (1966) of 44.5 pounds, as shown
in table 35.

Dairy prodnets {exciuding butter) ac-
count for about 15 per ¢cent of consumer
food expendtures. In this study, only
major dairy products were analyzed, in-
cluding flyid whole milk, American
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Tane 34
EGGE; CONSUMPTION, PRICE, ANT) EXPENDITURES 1962-1066 AVERAGK
ANTD 1880
Conagmption per cepita |
: -— Exp-en.iit;ugrm :im?lampim L1962~
. . - L] ]
Cotnmodity 1960 cst.:m?te basal on: | Rfﬂt;ﬂl_l.llé:i?c cllars
1962 - 1968 R
Incoma Daly-
elunticity Egtert 19621966 | 1080
pounds (relail weiphs) cenly dolfara
Eggs 40 3 437 38,857 5.0 14 12 | 14.44

' Borhes: Daly-Eghert (1080) estimate of conaumption ia K per cent of the 18571959 level,

cheese, evaporated whole milk, and jce
crean.

The income clasticity for milk ob-
tained from 1965 survey data is .20
which compares favorably with that re-
ported by Rojko (1957). Further, Rojke
reports the percentage efleet of time per
yvear 85 —1.32 as compared with — 1.42
in this study. Although our coefficient
is not statistically significant, a negative
time trend appears consistent with ob-
served trends and with Rojko's study.
Thus, the combined income and trend
efiects are used in projecting consump-
tion to 1980 {as indicated in table 36).

For American cheese, Rojko reports a
positive trend of 4.27 per cent which

compares with 4.20 in this study., How-
ever, our inceme elasticity from cross-
section data of 240 differs markedly
from Roko's time-geries estimate of
—.0%, an estimate that was not statisti-
eally significant. I'or projections to 1980,
the estimated level, based on the income
elasticity snd significant time-trend
effect, was 12.04 pounds and only 6.78
pounds based on income effect alone.
These estimates were averaged to chtain
the 1980 consumption level given in
table (.

Estimated consumption of evaporated
milk is based on a statistically significant
negative time trend obtained from time-
series analysis. The income elasticity

TapLE 35
FATS AND OILS: CONBSUMPTION, PRICE, AND EXPENDITURES, 1962-1966

AVERAGE AND 1850

Conmumiption per capita
- E::Dunditumdoar cupita
Carmnodity 105D entimate haswad oo {1962-1966 dullara)
R —_| Retail price
15631965 IofE-1968 | 000000 .
Tncome Tneorme Daly-

elasticiey | and tread Egbert, 1962 1956 1380

poreids (retenl weight) conds dollazs
Butter. .. . BEZ | . 82 T7. 65 514 3.B3
Lerd .. ... . ... L1 T I Rits .15 1.28 61
Shortening 14,19 15.27 540 £ 15 4.20
Margarine.. . . ..., . .50 9. 8¢ 2% RS 288 2 B3
Other . 13.40* 15 00 4B, 36 514 575
TOTAL .. . .. 5028 i7.H 408 15 54 17.22

" Tocludes all other fats and cils of which mayonnaise and smisd dressing equal 3,5 pounids,
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TanLe #6
DAIRY PROLUCTS EXCLUIMNG BUTTER: CONSUMPTION, PRICES, AND

EXPENDITURES,

1962-1068 AND 1930

Conauraption per capita
— Expenditures por capita
[19BZ- b OGG ﬁ]au}
Commodity 1980 rstimate bused on: | Retail price
| 162114
106211166 — —_——
Income anil Ty
tranil Eghert 1962-1966 1850
pounda (retdil weght) cengs dollora
Fluid milk and cream
Fhaid whole milk [(4). .. . 271 .40 242 1§ 11,4 {32. 30
Other . . . o 40 9§ L L A
TOTAL Auid milk equivalent. . . (3026 1.8 3613 3z,24
Chesss
Americea (Bl . . . 4.4 0441 34,10 -3 1] 7.91
Other ... . . T.BK 12.083 36,451 4 4.40
Evaporated and condeneed
Evaporated whole rmilk () . 5.0 5.0 17.5 1.68 _89
Other . . . 712 4045 22 4| 1,58 52
Yoz crgams (IF. ... ... ... 14.14 1755+ 5.0 6.51 45.30
Dy milk products
Wonfabk dry milk ... . . 5.48
Other e 1.0
[+ 7.t 49,01 339 343
Tokal — —_— ——
Frodust weight ..., . 36748 57 2§ L
Sumolitine A, B, C Do HH B8 w0
Milk equivalent: iat conient Lazis.. .. it i)

" Percentage intrease wasinmed equal to that for milk,

t Aversge of eatitates based oo tocome (8,73} snd ineome aod tremd {12, 045,
: Percenlage ihcresse swcumed equsl to that for Anericen cheese,

9 Extiraute [or coltage cheese

§ Percenlage increnss wsomed equal to tlut for evaporated milk.

li Estirmeke [or eondensed milk.

** Average of sstimutes based on incorme (H.80) und income and trend (14430,

11 Estitnated at about [062-1080 lave],
1t Estimata for nonfat dey rmojlk,

(shown in table 38) was set at zero
although the cross-section data for 1955
provided & negative income elasticity of
—.674. It is expected that consumption
will continue to decline in the future.
Estimated consumption of jce eream,
based on an income coefficient, was 20.66
pounds and that for ineome and a statis-
tically significant time trend was 14.44
pounds. These estirnates were averaged
in making projections for 1980,
Potatoes.—Por capita consumption of
potatoes and swect potatoes showed a

declining trend during the postwar
pericd (see Appendix figure A-5). The
decline in fresh potatoes were somewhast
offset by increases in the comsumption
of processed potato products, especially
chips (included with fresh) and frozen
french fries. Retail prices for fresh pota-
toes and sweet potatoes increased over
the period, eontributing to the down-
trend in consumption.

The income elasticity coefficients are
from 1953 survey data. The elasticity
coeflicients, based on the 1965 survey
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TasLE 37
POTATOES: CONSUMPTION, PRICES, AND EXPEN DITURES, 1982-1966 AND
1980
Conpuniption per capita
| S
. 1980 estimate basad on: Retoil price ' 1 ollar
Cotnmodity 10821666
1942-1966 — -
locotne Inenme and Draly- |
elanlicity trand Eghert LO62- 1966 | 1980
pounds (reteil weiphe) CenIy dollary
Potatoes
Freah...... . 9240 9 a2 " T.R0 . B.R3
Canned .. ,. . . 42
Frogem . ... ... 5.18 9 on* 3005 1.61 2.
TOTAL, preduct
weight. ... .. 1% 14 .50 B.B2 .53
fresh equivalant. 105, 20 106
Sweet polulves
Frweh. .. .. .. 4.40 1.4 1.8 15.30 87 L4
Canned 1.5 1.1% 22 25 T8
TOTAL, produet
weight A 55 2.70 .3 5
feesh cquivalent. .. 5.1
TOTAL, produdt weight a4 5329 .75 10,403

* Rongh estimate based on tronds in consvrsption.

data, were 008 for potatoes and — 587
for sweet potatces. For projections to
1980, the combined effect of income and
time trend is vsed for fresh potatoes and
sweet potatoes (table 37). The estimates
far potato producis are rough estimates

based on recent trends in consumption

Sweeteners (excluding noncalorica).—
Sugar is the major item in this group
that accounts for more than 3 per cent
of consumer food expenditures. Con-
sumption per capita has remained rela-

TapLe 28
SUGAR AN BWEETENERS: CONSUMPTION, PRICES, AND EXFENDITURES,
1362-1986 AND 1980

Conduinption per capita
Emenditi‘g?ﬁ'rﬁ ca;;it.a {1962~
' . OLIBTS,
Commodity 188D estimate Lased on: Rf;;# 1'?""'““
15821968 P —— .
OCome
elasticity Daly-Eghert 1962-1558 1984
pounds (retail weiphi) cenda dollars
- 7 - PR
Bugar, retinad. a5 g32° 93,12 T 2t 13.50 12,10 1227
Corn ayrup 15 .08 13,08 2125 =78 .80
Crher wwmeten-
L= 1 I 854 &84t 270y 1.K) 1.0
TOTAL. ., .. 116,46 16 55 17,08

t Convertad to refived irom raw =s raporied by Daly-
1 Amulied equal to 1962-1084 average.

* Intludes £.3 pounds in proceased fruits and vegeEashh:_u. (1965), wsing factor 763.5
et , uing fac o

1 Priea of other pweeleners (1871950} ndjuated to 1962-1085 level (Hiematra 1098).



Gignnind Fourdaiion Monograph - No. 26 - Mareh, 1971 103
TarLE 30
FRUITS: CONBUMPTION, PRICE, AND EXPEN NITURES, 1562-1%36 AND 1980
Copruinption per capita
- Expoadit: i
Ttem 1990 estimata based on: Retail pricn |~ 1983-1308 dotiarey
. | 1321983
1962- 1964 . -
Toeoine noame
Pl antd Daly- 19621984 T0ED
elasticity | yrepd | Eghert
pounds (retail weight) cenly dellara

Fresh ‘

Apples .. 17.20 18,21 17.38 288 | 318
Fanenaa . . 14,96 17956 1580 2.0 : 2.ES
Oranges 14 46 1684 I8 10 342 1 2.0
Other. .. . 28,15 M, 14~ 2,05 6.42 8,43

TOTAL . 71.TH BI 48 14 73 1524

Canned frait
Peaches .42 5.8 18. 58 113 R}
Fincapples . 3.068 3.6 27.20 Ju 1.00
Chiher. . 13,4 13.45¢ 2000 2 64 2,69

TOTAL . 1288 22.38 §.72 4.47

Other itema
Canned juico.. . 1184 1188 14 401 215 215
Chilted frait and joica. .., 199 [.oa® 268 30t K] R ]
Chilled sitras segmants . k1) A 22101 .0d !
Frouzeo fruit... ... 3.1 4.72 & 0 2. 2.5
Frozen citrus juice. .. ., . + 62 5.1 63 40 .21 4.00

TOTAL. 2.3 Hu : 808 3

Dried fruits ;

Pruoes. . . .. . ... ! K B 42 4% 28 RL
Other .. 234 2021 19 501 03 .80
TOTAL.. . ... .. 20 225 119 R

TOTAL, Retail . . . 28. 64 a4l
Prodiuot wejght.. . 194 (4 13084
Fresh equivalent 11164 205 |

* Assuned equal to 19821868 level,
1 Bamed on income elasticity
{ Weightad avernge
Y Burod oo income

tively constant at about 97 pounds per
capita. The income elasticity for sugar
(end alo for com syrup) iz based on
1865 survey data with the ecoeffieient
obtained by a log difference equaiion.
The gnnual time trend obtained from
the time-series data analysis was not
statistically significant. Projections,
therefore, are based on the income clas-
ticity coefficient and the projected in-

uf ~ 002 from 1985 survey dats weighied regression ooslves,
ric..e fclr 19567 1556 (Hiemmra, 1083, @, &0
asticity of — (M3 from 1909 eurvey data weighted regression atulyeie,

crease in per capita disposable income
{table 38}. The same approach was used
for corn syrup. The exclusion of non-
ealoric sweeteners, the demand for which
has been Increasing, is an important
limitation on the possible accuracy of
these projections.

Fruits include a large number of com-
modities, but statistical analyses were
made on only a few of the important
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TagLE 40
VEGETABRLES: CONSUMPTION, PRICE, ANDD EXPENDITURES, 19621966 AND
1980
Conaumaptian per dapls
-— —— - Ixpenditures per rapits
: (1882 -1765 dollara)
198 eatimate basad on: T .
Commodity antggllfé:;:a.“
1952- 1966
Tncoe | and g 1962~ 1966 1960
elustivily trend poer
paunda [retgil eedghty Lenin deflara
Vegetahles
Freah
Lettuce......... . . . . 19,4 20 21 16 4 112 3.3t
Tomuatoes S 10,44 11.18 32.M 443 3B
Tienres, angp and Jnne a0 1.67 2440 B8 A1
LU 1T R 10 02 10.94 1% 00 1.4 3
Cerrota.. .. . .. . B B T.31 1525 10 1.15
Ceher .. 12 a1 45.10 18.00 T k12
TOTAL . 9174 98 .42 H 17w 17 #E
Canned
Peas. . 4,12 2.00 14.70 77 .}
Corn. . 548 .4 19 50 1.0 104
Tomutoes. wl:alo 4.8 197 15.%0 83 aa
Tomato products.. 14,10 1510 26 o0 3.7 4.6
(rher 1765 19_24 2695 4 41 5.2
TOTAL... . . . . 46 06 16 4% 11,07 1142
Frozem . . .. . . ... .. B.1E 1027 3650 240 3.76
TOTAL, Proafuel Weight.,
Retail. . ........ 14402 155. 68 313 3315
Freah 1’-qu:\ alond, Ilctaul 1™M.08 .. 2081
Diry beana. ........ ... 7.0 0] A A7 RE]
TOTAL. . al.q0 33.28

* Entimuted ol .25 an mmpnred tn 17 Enr canined uhole toma s,

t Converted from ferm to retail esing factor of 08 2

fruits. About 8 per cont of consumer food
expenditures are for fruits in fresh,
canned, dricd, and frozen form. The
existence of many commodities and
multi-ouilets prohibited a detziled ana-
Iysis of each em with the adopted ap-
proach to demand analysis. The fresh
fruits studied include apples, bansnas,
oranges, and sl others. The demand for
prunes was selected as an important
dried fruit and frozen fruit was taken as
an aggregate.

All items showed positive income co-
efficients based on weighted regressions

of the 1965 survey data except for
canned peaches {—.002) and dried fruit
(—.043) for which alternative estimates
were used.

Projected consumption levels for in-
cluded items are based on income elas-
ficity estimates except where trend co-
efficients also were statistieally signifi-
cant (canned peaches and prones).
Other items were assumed equal to
1962-1966 per capita consumption levels
{tahle 39)}.

Vegatables account for more than 8
per cent of consumer food expendityres,
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TapLE 41
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CEREAL AND BAKERY PRODUCTS: CONBUMPTION AND EXPENDITURES,

1962-1968 ANT) 18580

Conaunplion per capita ! Expenditures per capita
Commodity LeE0 P‘ﬁme Tz Average
1952 10EG 1563 and 1938+
Income Inoorme and ey il
elsticily trend |
pounda dollars
Rice, milled. . .. T.IB T35 2.4 2,40
Wheat flour, white anl whole
wheat, ... . . . . 108, 20 9% 35 416 a.50
Breaklsatl eereals, ... . 0 . V.58 T4 il .45 11.84
Carn meal and hominy 0.7 782 1 56 132
Bread nnd other prodacta. . . 3003 3.0z
TOTAL. . 54 .53 .7

* Fused oo the relalive importance of cxpenditures oo cerzale and bnker;frﬁmducts in the BLE consumaer surveys of

1583 aund 1586 (Hiemetrm, 1868, p. 172) of 2. 4% per cent of tolel expenditures,

im percentage was applied to the averags

of diapoaable income in 1963 and 1968 of §2,380. The distnbution of expenditures by item is based on data from the 198

AUCVEy.

1 With conetant prices, the change in expenditures is proportionzal 15 the change in per-capita sonsurption,

As with fruit, vegetables are sold in
many varieties and forms but only a
limited number of commodities were
analyzed separately. Fresh vegelables in-
clude lettuce, tomatoes, snap and lima
beans, onions, carrots, and “all other
fresh vegetables.” Canned vegelalles in-
elude peas, corn, canned whole tomatoes
and tomato products {product weight),
and “sll other eanned vegetables.” Iy

edible beans and frozen vegelables are con-
sidered also.

Income clasticities show considerable
variation, with frozen wvegetables esti-
mated at 610 as compared with neg-
ligible income effect, for example, for
canned pess. Several vegetable items
have statistically significant negative
time trends—such as canned peas, fresh
beans, and carrots (table 40).

TabLE 42
BEVERAGES AND SO0P: CONSCMPTION AND EXPENDITURLE, 1362-1966
ANTD 1980
Congumption per cipita I Expenditures per capita
: e 1 -
Commodity 1960 eutinake bassd on: |
: Average
182~ 1064 i 1643 and 1950*
Income Dhaly- ' 1866
elaslicity Fgbert
peunds dellars
Coffee, green hean equivalent... 1524 14 44 14,00 o g2 10.01
Boup.... . . . . 16 16 17,78 T80 B 4T
Other baverages., .. . & .00
TOTAL. ... 23 145 24,85+

* ¥With constant prices, the chenges in expenditures i@ proportionsl to the c!aan.ﬁe in per-capits consumption,
t Based on relativa im}aorl.anee of expenditures on nonalcoholic heverages in t

1966 (Helnnatrn, 17488, p. 172

a BLS poneumer survers of 1485 and
of 1015 pet eent of total expenditures. This percentage was applied to the avernge of disposable
intoie pet capits in 1968 and 1966 of $2,380. The distribution ol exye nditures by itent ja based on data from the 1965 survey,
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Tanne 43
PER CAPITA FOOD EXPENDITURES, 1962-1984 AND PROJEOTED 18980,

ABBUMING COMMODITY PRICES REMAIN AT 1962 1962 LEVELS

Food expenditures per cayjta
1480
Caormmedily group . —_
1962-1564 | w
e 0lage of
Entirmnted Chla.gll E?g%?m all fﬂ Bxpen-
| uTes
dollary per cent
Meat, poultry, fish . ... .. 134,26 Hura + 8.5 33.0
Eggn M1z 14.44 + 2z .2
Fata A 185 17 22 -l Y]
Drairy producta (exctuding bulter] 7. 71 5408 — 20 12.5
Polatoes............ F .75 10,403 + 24 2.2
Eweeteners fexcluding non-caloric). 14,55 17.m + 2.9 ]
Fruita . . 8 Bd B0 41 + 4.4 B8
Yegelablas .. ... .. T, 31.40 31318 + &6 TH
Cereal and bakery producta 5454 5.7 - 1.3 &
Beversges and soup . .. 73 9% 25 68 +11 4 6.0
TOTAL ingluded {teme . ............ 362 73 409 B + 4.4 920
Exeluded food expenditiures 3427 5. 75t + 44 a0
Expenditurea
Food. . . ... 0 . 427 444 1.4 100
Bonfood.. .. . ... ... . ....... 1, 6846 2,472 {626
TOTAL..... . ... ... 2,113 3,018 ¢ +i28 i
Disposable persoual ingome_ .. . R 2,298 331 9 1.0

* Intludeas undereatimation of e:?nditurm for menals away from home sinea coteumption is evalusted ot retail pcriuga'

Alsa, the following expenditures (195
and eoconuta (32.30), and (rozen deeserta (§2_46).

1089) are oot ingluded: inalons ($2.07), baby food (51 58), peanuts (42 214, treenyts

I Extimated at 104. 4 per cent of 1862- 1568 Level, equal £ the intrease for included itetas,

1 Estimated at 92 per cent of disposable
A Expressed in 1964 dollaks, an given by

Consumnption levels in 1980, assuming
constant prices al 1962-1966 levels, are
projected to increase for most vegetable
products-—especially for frozen vegeta-
ble items. Decreases are expected in con-
sumption per capita of dried, edible
beans and items such as canned peas,
where frozen produets will replace mar-
ket demand for the produet. FExpendi-
tures in 1980 are projected to incregse by
6.48 per cent.

Cereals and bakery products account
for about 15 per cent of consumer food
expenditures. This group posed diffieul-
ties for analysis because certain items
such as wheat flour are purchased as

ROt IneGine, £quel to that for 1962-19d44,
aly-Fgoerd (194663,

sich by the consumer it also is used in
processed products such as bread and
bakery products. We analyzed four
items -milled rice, white and whole
wheat flour, breakfast cereals {taking the
price of corn flakes as representative of
all items), and corn mesl and hominy
(using eorn meal prices). Bread and
other bakery products were included by
using the direct elasticity of —.150 for
cereals and bzkery products used in
Brandow (1961).

The income elasticity related to cross-
section data for wheat flour purchased
as such. The time-trend cocfficients, oh-
tained from time-geries analyses of each
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commodity using log first difference
equations, are negative except for milled
rice. Although nof statistically signifi-
cant, these time-trend coefficients plus
income clastieities are used to adjust
base period expenditure levels to 1980
expenditures. This appesred reasonzble
because of consumption trends in recent
vears. These cstimates are given in
table 41.

Beverages and soup.—Only two com-
modities, coffee and soup, were ana-
Iyzed based on survey and time-series
data. Another item, “other nonaleoholic
beverages,” was included since expendi-
tures are important as based on the T, 8.
Bureau of Labor Stalistics consumer
expenditure surveys of 1963 and 1966
{zee table 42). In projecting expenditures
to 1980, the income elasticity coefficient
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alone was used for coffee and soup, al-
though the time-trend coefficients were
statistically significant. This judgment
factor was based on inspection of recent
trends for these commodities (see Appen-
dix figure A-15).

The summary of per-capila expendi-
tures for 1980 is given in table 43, The
distribution of expenditures changes
slightly with the majer doliar increase in
cxpenditures {in 1%62-1966 dollars) for
meat. In 1962-1%66, foed expenditures
aceounted for 18.6 per cent of disposable
personal income. This proportion is ex-
pected to decline to 13.5 per cent in 1980,
assuming real income per capits in-
ereases 42.8 per cent and real food ex-
penditures per capita increaze by only
4.4 per cent,

Conclusions and Implications

Conclusions

‘The major conclusions, based on the
results of thiz study, are listed balow in
the arder in which they are discussed in
the text.
{1} Tt iy possible to obtain a demand
iterrelationship matrix  incorporating
the ideas of neutral want association and
want independence.
(2) For most commoditics included in
this study, the behavier of marketing
margins appeared te be 4 linear function
of the retail prices. Une advantage of
this specification is that it includes both
the constant absolute spread and the
constant percentage spread as special
cases,
{3) Both the intercept and slope in the
relationship expressing price spread as a
linear function of refail price did not
show significant variations over seasons
for most ecommodities. Only four com-
modities shewed seascnal variations in
both intercepts and slopes.

{4} In general, higher income groups
tended to consume high-quality products
as far as quality can be messured in
terms of prices. In the eases where qual-
ity elasticity was negative, the prices
paid by the upper incoine group was less
than the prices paid by the lower income
group. This may indicate that quality is
ontly one of the factors that mfluence
average prices paid; other factors are
ability to obtain guantity discounts,
facilities to shop from low priced areas,
and direct bulk purchases from farms.

(4} With per-capita quantity consumed
as the dependent variable, econcmies of
food use were revealed for four com-
modities and disecononies of geale were
revealed for seven eommodities. How-
aver, when per-capitg expenditure was
the dependent variabie, the number of
commodities with economies and dis-
economies was six and three, respec-
tively. Economies in food use were more
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predominant in per-capits expenditures
than in per-capite quantities.

{(8) For most commodities, income elas-
ticities did not change significantly be-
tween 1955 and 1965, Though there were
some readjustments in the quantities
conaured by persons in different inecome
groups over this period, a redistribution
of population in the income groups offset
some of this effect and the net result was
that only seven commodities showed sig-
nificantly different income elasticities
for these two years.

{7) For most of the commodities, a
relationship, linear in logarithms, be-
tween congumption and income showed
gignificant regional variation in the inter-
cept over the four regions, When guan-
tities were the dependent wvarizble, 31
commodities showed significant regional
varations in ineome elasticities, while
the corresponding number was redueed
to 24 when expenditure was the depen-
dent varigble. The existence of such
wide variations in the coefficients of
income-consumption relationship over
the different regions makes it necessary
to place emphasis on regional estimates
rather than an approximation to national
estimates when a study is intended 1o
analyze regional demand characteristios.
{(8) Projections of per-capita consump-
tion levels and expendifures are de-
veloped for all major food items. The
gssumption of constant prices at the
1962-1966 level allowed estimation of
consumption and expenditures in 1980,
If further research on supply response
at farm, processing, and retail were avail-
able, the constant price assumption
could be relaxed to allow more realistic
price consumption and expenditure esti-
mates,

Implications of the Results

Implications on methodology.—The
implicaticns on the methodology of de-
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mand analvsizs presented here are not
based on theoretical considerations alone,
rather, they provide empirical support
to some of the existing theoretical
analysis,

{1} It was coneluded that grouping of
households according to inceme groups
does not constitute serinns loss of preei-
icn on the estimates. As Malinvaud
(19606, pp. 24248} points out, the loss of
precision will be small if the exogenous
variables are homogeneous within g
group and if there are at least ten groups,
The resulls indicate that the classifica-
tion of households, secording to family
income, into twelve income groups in the
1965 household food consumption sur-
vey is appropriste. For such cross-sec-
tion studies, if the objective is only to
obtain the iIncome-consumption relation-
ship, it is enough to retain dats accord-
ing to income groups.

{2) Although it can be argued that in-
come elasticities obtained from time-
series data may be more appropriate for
projection purposes for most of the com-
modities included in this analysis, in-
come and prices were highly rorrelated
and, therefore, estitnates of income elas-
ticities obtained from the fime-series
data seemed to be inappropriate. Also,
the income elasticities obtained from
time-series data refleet short-run elas-
ticities. Cross-section data provide esti-
mates of income clasticities that are
generzlly congidered more accurate than
those obtained from time-series data.
This indicates that it may be eppropri-
ate to use & combinsation of cross-section
and time-series data for estimating de-
mand interrelationships. In other words,
estimates of ingome elasticities can be
obtained from cross-section data and it
can be used as an extranecus estimate
for time-series analysis,

{3} Comparison of Income elasticities
obtained from different eross-section sur-
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veys requires that the effcets of changes
in general price levels and the effects of
a redistribution of income over the cross
sectinns should be removed before shifts
in income elasticities can be analysed,
The estimated income elasticitios will be
infuenced by the level of prices and
reletive proportion of individuals in dif-
ferent income classes. In this analysis, a
graphic approach was used to convert
the 1963 distribution of samples into the
1955 price levels and an illustration was
provided to show the implieations of
redistribution of income on apgregate
income elasticity.

{4) Analysis of covarlance was used 1o
test the variations in income elasticities
over the regions and to tesl the seasonal
varigtions in margin relationships. Ag-
gregate income elasticities can bhe ob-
tained as a weighted sum of income
elasticities for different regions. How-
ever, given an aggregate income elas-
ticity, if there is reason to believe that
regional variastions exist in income elas-
ticities, there is no method 1o disaggre-
gate for regional elasticities. In such
circumstances, for regional demeand anal-
vsis, it may be necessary to obiain
regional estimates instead of approxi-
mating it from the aggregate cslimate.
In this case, disaggregation of an aggre-
gate ineome elasticity into regional
elasticities is a more important and seri-
ous problem than the generally recog-
nized aggregation problems.

{5) Use of the first differences of the
varichles sometimes may improve the
reliability of the coeflicients appearing
in the demand functiens. In the present
study, the demand functions were speci-
fied as linear in logarithms of the vari-
ables and linear in the first differences
of the logarithms of the variables In a
number of cases, the first difference
specification gave demand equations
satisfying a prieri expectations of signs
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and significant. cocffilents. In most cases,
a higher B? was obtained when the vari-
ables were in logarithms rather than in
log differences, However, the higher R,
in the case of some cquations with
logarithms of original variables, eould
be partially explamed by the high inter-
correlation amang some varizbles ap-
pearing in the cquations, Also, In some
cases, when the logarithms of the origi-
nal variables were used, the Durbin-
Watson statistic showed either the pres-
ence of serial correlation or it fell in an
inconclusive range. When the first dif-
ference of the logarithms of the original
variables were used in the repression
equations, bath the intercorrelations and
gerial correlations were reduced. Thus,
gpecification of the repression equations
with the first differences of the logs-
rithins of the original variables improved
the statistical properties of the estimates.
This result 12 in conformity with Parks’
{1968) empirical comparison of alterna-
tive functional forms of demand where
he concluded that the specification
with variables in the first differences of
logarithms (referred io as the Rotter-
dam model of Theil and Barten) gave
the best statistical properties among the
models compared.

{6) Frisch’s procedure for calculating
gll the direet and cross elasticities im-
plies that the utility function is addi-
live in 2 esrdinal sense. Although this
assumplion may hold for commodity
groups, it may not be true for all the
individusl items of feod. Therefore,
when the goal 15 to obtain 2 demand
interrelationship matrix of the type dis-
cussed in this study, Trisch’s approach
alone is not satisfactory. It was demon-
strated here that concepts of ordinal
separability can be utilized to identify
separable groups and, among the sepa-
rable groups, an assumption of strong
separability permits the use of Irisch’s
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approach. Btill, the approach used here
does not handle the simultareous nature
of demand relationships sinee the pro-
cedure used in the present study is based
on a single equation approach. The solu-
tion of demand equations incorporating
the simultaneous nature of demand
characteristics and the theorctical re-
strictions on demand parameters may
often lead to the solution of 4 nonlinear
system of equations. When the number
of cominodities included in the study 1s
large, a8 in the present case, the iters-
tive procedures used for the solution of
the nonlinear system will often become
cumbersome though not impossible, In
such cases, often it may become neces-
sary to determine a trade-ofl between
including more commodity details and
estimating demand parameters through
simultanecus relationships.
Implications on demand parameters.—
In addition to the factors pointed out in
the text, here are some aspects of the
results which ean be generalized:
(1} Although the income elasticity for
total food is small, wide variztions exist
emong different food items. For eom-
modities such as lard, margarine, eva-
porated milk, sweet potatoes, beans, and
bread, the income elastiticities were very
close to zero, while frozen fruits and
frozen vegetables had income elastici-
ties of more than 0.6. The classification
of income elasticities, according to their
magnitude, presented in table 14 may
be useful for marketing managers in
terms of planving their marketing strat-
egy although more detailed znalyses
may be needed. Similarly, the regiocnnl
characteristics of income consumption
relationship will help marketing means-
gers to determine the nature of emphasis
to be placed upon different regions in the
overall marketing program. Also, for
those commeodities showing econamies or
diseconomies in consumption pattern,

George and Hing : Consumesr Demand for Food Commoditios

changes in family structure also will be
an important censideration.

(2) An estimate of demand interrelation-
ships s required for many policy deei-
sions, especially in the areas of supply
control and demand adjustments, Our
demand interrelationship matrix is for
the United States as & whole and, as
such, it is applicable only as an aggre-
gate relationship. Variations among re-
gions and problems of disaggregation
make it difficult to derive similar de-
mand interrclationships for different
regions direetly from the estimates far
the United States as a whole, Thercfore,
when policy decisions are restricted to a
state or to a region, it may be necessary
to obtain separate regional estimates of
demand interrelationships. Another as-
peet to be kept in mind is that the
process of synthesis adopted in obtaining
the individual coefficients appearing in
the interrelationship matrix is such that
the estimates cannot be considered as
precise. Alsg, it is not possible to obtain
& measurc of accuracy sssociated with
many cocflicients. However, these limi-
tations may not reduee the usefulness
of the results as they are intended to be
only approximate relationships. The as-
sumpfions used in obtaining a static
demand interrelationship as in table 4
could be modified to incorporate dy-
namic elements and these modified esti-
mates could be used for projecting the
demand interrelationships in a future
period.

(3) The nonrejection of the hypothesis
that farm retail spreads can be expressed
as & linear function of retail prices opens
& number of interesting aspeets. Demand
theory has often emphasized only retail
markets and, therefore, most theories
arc based on retail prices and quantities
consurmed by the final eonsumers. The
retail market is only one link in the
pipeline joining producers and con-
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sumers, and a theory of markets will be
complete only if all the different links
are considercd. Inm particular, it would
be cenvenient if the demand character-
istics at one level of the market could be
estimated from a knowledge of corres-
ponding characteristics at another level
of the market. It was in this connection
that the farm level elasticities were de-
rived from retail level elasticities using
the elasticity of price transmission.
Since margin data were not available for
all the commodities included in the
present. study, farm level elasticities
were derived for only a few commaodities.
However, with margin data for all com-
modities, it is possible to obtain a com-
plete demand interrelationship matrix at
the furm level similar to table 4.

Suggrestions for further research

This study has drawn heavily from
ather demand studies and it is hoped to
serve a8 a basis for further studies. Con-
sidering the large number of commodities
ineluded in the present analysis, it was
possible only to analyze some broad
characteristics of demaud which are
applicable to all commodities. However,
individual commodities may often pos-
sess oceriain special characteristics of
demand which cannot be brought into
the framework of a general study of this
nature. Limitations of data and other
facilities restricted the scope of this
study to certain aspects of demand anal-
ysis, Here are some of the factors
omitted from the present study which
offer great potential for further research.
(1) While defining the guality elasticity,
it was assumed that it represented the
difference between expenditure elas-
ticity and quantity elasticity. The impli-
cations of the assumption that quality
factors account for the difference in these
two kinds of elasticities are discussed in
the texi, Since the estimates of quality
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elastieity are derived estimates, the refi-
ability of these estimates will depend
upon the reliability of expenditure elas-
ticity and quantity elasticity. Existence
of omitted variables will affect both ex-
penditure and quentity elasticity. For
example, incluston of houschold size in
the regression equations has explained
some of the negative quality elastieity.
If data were available, it would be pos-
sible to identify other significant vari-
ables. Thus, it may be useful to study
the effect of other varizbles influencing
demand relationships on quality elas-
tieity.

Apart from the problem of refining
the estimates of quality elasticity from
cross-section data, it may be important
to study consumer behavior in terms of
regetions to quality changes for indi-
vidual products. Food processing firms
and marketing organizations often face
the problem of determining the charac-
teristics of their final products. To make
effective decisions on the ultimate qual-
ity of the product offered in the market,
it i1s important to observe how consum-
ers in different income and soeial classes
react to products with different quali-
ties, It is, therefore, necessary to handle
each product separately. For a given
commodity, different varieties (quali-
ties) can be identificd and specific stud-
ies can be undertaken to isolate the
salient features influencing buyer deei-
sions. Most ¢xisting time-series data are
not suited for this type of detailed anal-
ysis and, therefore, it is necessary to
devise speeial surveys of buying habits
and consuiner reactions towards quality.
Also, it 15 important te obtein proper
measyres of guality which can be quan-
tified.

(2) The eflcets of income, household size,
and reglon on guantities consumed were
analyzed in detail. It was also pointed
out that some other variables such as
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geason, age distribution, and education
alsc influence consumption. Although it
may be difficult to obtain data on all
these factors, some of them ean be ob-
tained. For example, the 1965 consump-
tion survey obfained data for the four
seasons and the complete set of data may
be available in the next few years. These
data will provide an exeellent source of
materials for analyzing the seasonal vari-
ations in demand and the interactions of
seasons and regions on consumption
behavior. Izolation of similar other fac-
tors will contribute towards betier un-
derstanding of consumption behavior.

(3) Another area of theoretical and em-
pirical relevance 15 the application of
separability concepts in obtaining de-
mand interrelationships. Our analysis
combined cardinal separability and ordi-
nal separability. The major problem in
using ordinal separability assumption
alone in estimating & simultaneous sys-
tem of demand equations is that when
the number of eommoditics is large, the
resulting nonlinear system is difficuit to
solve. Also, it is important to obtain
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suitable criteria to group the commedi-
ties into separable groups. Thus, identi-
fication of proper separable groups and
estimation criteria are two promising
areas of applied statistical resesrch.
Comparison of results obtained from
such different methods to determine
their relative acouracy may be & related
topic,

(4) Ample opportunities exist for re-
search in the ares of price spreads. Qur
analysis was based on one partieylar be-
havioral relationship between farm lovel
prices end retgil prices. It is possible to
extend this analysis to inelude a number
of other intermediaries speeifying their
behavioral characteristics. Also, it may
be possible to try other forms of behavi-
oral relatienships and to compare these
forms with the results obtained from
this study. Possible generalizations from
these hehavioral relationships would be
a valuable addition to the present under-
standing of behavior of different mar-
keting groups and the mechanisin of
setting prices in the rnarket.

APPENDIX A
Source of Data

Cross-section data

In the present study, we have made
extensive use of data from the houschold
consumption surveys in 1955 and 1965,
These two surveys were eondueted in a
systematic manner and they have many
aspects in comman.

The 1955 survey. (USDXA, 1956) pro-
vides data on food consumption by all
houeeholds during the spring of 1855,
The objective of the survey was listed
as “to obtain eurrent infermation on
patterns of food consumption, expendi-
tures, dietary levels, and household food
practices. The households were grouped

(1) by region—Northeast, North Cen-
tral, South, and West, . . . ; (2) by
urbanization—rural farm, rural non-
farm, and vrban within each region; and
(3) by several family income classes
within region-urbanization ecategories.”
A description of the survey, procedures
for working with the data, and examples
of use of the data in economie analysiz
are available in Burk and TLanshan
{1958).

The sample included 8,060 house-
holds, selected from a housekeeping
population of about 153 million civili-
ans. (Out of a total of 162 millien, 9 mil-
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lion people were excluded because they
lived in a household not having at least
one person who ate ten or more meals
from the household during the survey
week or because they lived in rouming
houses, hotels, or institutions.) The
6,060 sample houscholds were elassifed
into two groups: the first, containing
4,605 households, was selected on a per-
centage-probability basis and served as
the basie survey group; the second group
of 1,456 farn households were taken as
B supplementary sample to assure reli-
able date on farmm-consumption patterns.

Data collection.—The survey was con-
ducted by a private marketing research
firm under the direction of statisticians
and economists from the U, 8. Depart-
ment of Agriculture. Actual data collee-
ticn was done in personal interviews by
trained interviewers.

Period of observation. —Earlier studies
had indicated that the spring season was
the most representative period for the
cousumption of many food items. There-
fore, the interviews were conducted in
the April-June period and the data col-
lected related to food consumption in
the week preceding the interview.

Types of information.—The question-
haires used in the survey were designed
to cover information about family mem-
bership and heusehold composition,
money income in 1954, use of individual
food items at home in the seven days
preceding the interview, and expendi-
tures for meals and snacks away from
home by members of the family. A num-
ber of reports have been published, nsing
the basic data collected. Reports 1 to 5
contain infermation on income, house-
hold size, expenditures on food items,
quantity consumed, and percentage of
households consuming the particular
itern. These five reports correspond to
five areas—the entire United States, and
the Northeast, North Central, South,

and West; for cach region, details are
available according to urbanization and
income classes, Reports 6 to 10 contain
information om (&) less detailed tables
on the quantities of foods used than
contained in reports 1 to 5, (b) on nutri-
tive value of foods used, and (o) distri-
bution of persons into age and sex group-
ings. Report 11 provides data on home
canning and freezing, Report 12 pro-
vides data on home production in 1954,
and Report 13 is on home-baking prac-
tices. In the present study, we were
mainly interested in the structure of the
consumption of food commaodities and,
thercfore, we have used the guantities
of individusl foods used from all sources.
Bince the present study has emphasized
demand interrelationships and shifts in
consumption patterns, we considered
per-capita gquantities of fouds to be more
appropriate to calculate income elastici-
ties and other measures than expendi-
ture data. However, we have used ex-
penditure data when we were consider-
ing the gquality aspects.

The 1965 survey was similar Lo that
in 1935, As the report {USDA, 1968, p.
3) points out, “The chief difference ba-
tween the 1965-66 nationwide survey
and the earlier surveys is that the
1965-66 survey is the only one which
covered all the four seasons of the year.”

The sample for the 1965 survey con-
sisted of 15,101 households of one or
maore metabars, As before, it was selected
from all househclds excluding fa) about
5 per cent of the population who were
not housekeeping; (b} about 1.5 per
cent who were living in group querters
such as rooming houses, hospitals, and
prisons; and {e) about, 3 to 4 per cent of
the population who lived in households
in which no member ate at least ten
meals from the home supplies. Half the
sample (7,532) was collected in the
spring of 1985 and the other half was
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distributed equally among the other sea-
sons {(summer and fall, 1965 and winter,
1966). “The sample design provided for
a national self-weighting basic sample
plus a supplementary farm sample which
overweights the number of farm house-
holds in the approximate proportion of
H: 1. (USDA, 1968, p. 204)

The households to be interviewed were
sclected in accordance with 8 multistape
area sample design with added control
by season. For the basic sample, 144
first-stage units of expected size of 10,000
households were selected at random.
Within each first-stage unit, second-
stage units of 30 expected housing units
were selected at random. Each of the
second-stage units was visited and & list
of housing units was prepared. By syste-
matic selection, housing units were
chosen for interview in the spring in
sufficient numbers to yicld an average
of three households per second-stage
unit after allowing for vaecancies and
other omissions. The lists were updated
in summer, {all, and winter, and a suf-
ficient number of households were chosen
to yield an average of one schedule per
second-stage unit in each of these seasons.
Belection of housing units from the
second-stage units was independent for
each season and no substitutes were pro-
vided for households unable or unwilling
to participate in the survey.

The data collection was by means of
personal interview with members of the
household conducted by expericnced in-
terviewers who were speeialiy trained for
this survey. A detailed list of food items
was uszed to help the respondentis to
recall the items consumed during the
seven days preceding the interview,

Poried of observation.—Interviews
for collecting data were conducted in all
regions during the period, April 3, 1965
to April 2, 1966, Since no substitutions
were made in the samples, interviewers
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were instructed to call as many as three
times if pecessary to make the original
contact in rural areas, four times in the
urhan sreas, and six times in 281 sccond-
stage sample units in 15 large cities
where colleetion difficulties were antici-
pated.

Types of information.— As before, the
data contained the kinds, quantities, and
costs of food iterns used at home during
the seven days preceding the interview.
Fxpenditures for meals and snacks away
from home paid by the family members
were also outlined. In addition to family
income, data were collected on age, edu-
cation, and employment of the home-
maker. Food consumption was measurod
at the level at which the foods eame
into the kitehen and, therefare, the data
correspond  to economie rather than
physical eonsumption. Althongh the sur-
vey covered all the four seasons, at the
time of the present study, only five
reports relating to spring, 1965 were
released. These five reports gave data on
household size and eonsumption of dif-
ferent food items in terms of quantities
and values for the United States and the
four regions—Northeast, North Central,
South, and West.

Comparison with the 1955 survey.—
One of the objectives of the 1965 survey
was to obtain comparasble data with
those obtained in the 1955 survey,
Therefore, the survey methods had a
number of similaritics. Here, we shall
point out some differences that might
affect comparability (this is taken from
Report 1 [USDA, 1968, pp. 202-04)),

Modification of schedule. () To facili-
tate machine computation, the design
of the 1965 schedule was different from
that of 1945,

(b} In 1955, a figure for income was
derived from a set of questions asked by
the interviewer. For the 1965 survey, s
“global” figure for income was obtained
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by asking the respondent to estimate
1964 rmoney income after first asking
about specific sources of income.

{e) Separate informetion on donated
food issued to low-income families was
not obtsined in 1955, In 1965, this was
obtained separately.

{d) The 1955 questionnaire coutained
a seetion on home baking. This was not
included in the 1965 questionnaire. On
the other hand, the 1965 survey obtained
data on the food intake of individuals—
a section which was not included in the
1955 survey.

Treatment of kouscholds of single indi-
siduals. The 1955 data by income were
for households of two or more persons,
In addition, data on one-person house-
holds were shown separately on each
teble. In 1968, the income classification
included all househalds regardless of
size.

Exclusion of money value of food used
by boarders and help. In 1933, the mongy
value of food used at home was adjusted
tn exclude the wvalue of food used by
boarders and farm help. In 1965, this
adjustment was not made because the
effect had been found to be alight.

Difference in the handling of homemade
mirtures. Homemade mixtures on hand
at the beginning of the seven-day period
and used during the survey week in 1965
are included in prepared form wherens,
in 1955, such mixtures were included as
individual ingredients.

Change in grouping of food dfems,
“Hali and hali” and ¥baby cereals”
were treated differently m the two cross
sections.

Time-series data

Length of time interval.—Published
data on consumption and prices are
generally on an anpual basis. If demand
conditions are fairly homogensous dur-
ing the year, it is enough to use annusal
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data to estimate the demand equations.
If demand conditiocns vary widely within
a year, it is necessary to use data with
shorter intervals. QJuarterly data cn con-
sumption and prices are available for a
few commodities. The choice between
annuzal and quarterly data depends upon
the homogeneity in the demand relation-
ship and the purpose for which the model
is built. Hiemstra (1967, p. 9) points out
that “use of anmual data appears most
useful for the immediate fuiure, that is,
for the next two or three yesrs. Bhort-
terrn outlook up to and including one
year ahead, probably should be based on
quatrterly dats to account for near term
variations such as the effects of stock
changes." In the present study, we have
used both quarterly and annual data to
estimate demand equations and s choice
of coefficlents was made based on the
properties of the cstimates,

Years considered.—It iz geperally
believed that, for most commodities, the
consumption pattern before and after
World War II has changed. If we have
to handle data from different structures
in one regression equation, special de-
vices such as the inclusion of dummy
variables have to be adopted. During
tha immediate period following the war
years, enough time-series data were not
svailable to use only the postwar years.
Now enouph data have been accumu-
lated since the War to permit analysis
of the postwar period alone and, there-
fore, we have used data starting from
1940,

Consumption data.—Often eonsump-
tion of feod items iz expressed in terms
of three different measures—(1) weight
of food items consumed, (2} expenditure
on different food items, and (3) nutritive
value of food items expressed in terms
of calories, proteing, fata, and other vita-
mins and minerals. When we are inter-
ested in the demand for an individual
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commaodity, the most appropriate meas-
ure of demand would be the quantity of
the commodity being used. However,
when we deal with aggregates of indi-
vidual commeodities, it is diffieult to
aggrepate different commodities if they
are expressed in terms of physical units
and, therefore, we have to convert them
into comparable units. In this siteation,
it becomes convenient to messure de-
mand in terms of expenditure or nutri-
tive values. Also, when consumption is
mezsured in terms of quantitics, aggre-
gadien can be made using index mess-
ures of consumption of individual foods.
While eomparing the trend in the con-
sumption of commodities, it is possible
to obtain different directions of trend
from measures of consumption in terms
of quantities and expenditures on ae-
counl of the influence of price move-
ments. So long as the demand curve is
downward sloping, a decrease in the
price will cause an increase in quantity
consumed, resulting in its upward trend.
Whether or not the trend in expenditure
also shows the same direction depends
upon the elasticity of the commodity.
Using the elasticity theorems (Bawimol,
1963, p. 179), “if a demand curve has
elasticily less than unity (it is inslastic),
a rise in price will increasce consumer ex-
penditure and vice versa.” Also, “if the
curve has an elasticity greater than
unity (it is elastic}, a fall in price will
increase consumer expenditure and vice
versa.” In the present analysis, our
choice of the quantities messured in
terms of physical units as the messure
of demand was based on the following
considerations: (1) in most caszes, we
were interested in the demand for a
single commodity and, as sueh, aggre-
gation problems were not important;
{2} for many policy decisions regarding
supply edjustments in agriculture, we
are interested in the nature of changes
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in quantities demanded rather than re-
allocation of family food budget aceord-
ing to the changes in priees of different
commoditics; (3) demand theory speci-
fies quantity consumed as 8 function of
prices and other variables; and (4) since
the expenditure on a commodity is the
product of its price and quantity con-
sumed, inclusion of both expenditure
and prices in the same cquation may
creile some statistical problems of esti-
mation,

Quantity data is available at different
levels of the marketing system. Quan-
tity produced and quantity consumed
domestically are available in separate
tabulations. In our study, we were only
interested in domestic consumption and,
therefore, we have used date corres-
ponding to doroestic food consumption
alone. Most of the per-capite consump-
tion figures vsed in this study are taken
from Hiemstra (1968).

Trends in commeodity consumption.—
Trends in per-cepits food consumption
is available in Hiemstrs (1968, pp. 7-15)
and only a brief diseussion is given here,
Consumption of beef and poultry have
increased considerably during the post-
war period while pork and veal consump-
tion have declined. Lamb consumption
has remained fairly stable. Per-capita
consumplion of eges and total dairy
products have deelined; those of pro-
cessed fruits and vegetables have in-
cressed at the expense of fresh fruits and
vegetables. Consuraplion of total fats
and oils have remained [airly stable and
the consumption of total cereal products
has dropped. Increases in consumption
of instant coffee has offset the deeline in
the consumption of regular coffee. These
trends are shown in figures A-1 to A-14.
Figure A-15 pives trends in actual per-
eapita food expenditures {undeflated)
and expendifures expressed as a per-
centage of personal disposable income.
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Appendix figures A-1 to A-14 illustrate 1946—1968 prices for selected
commodities, and their pet-capita consumption with projection to 1980.
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Conmumption Fer Capita

20

12 +

léy

[

12 f

1ar

Pounds

oy Frozen cltrua juice
{single strength)

4 Frozen fruit

! ’a
] . ra
Il P Y

; - »m " Chilled citrus julee

U N T N W S N

PR S [ T TR SN T TR S W N S T N |

1855 1960 1965 1980

Year

1370 1575

Fig. A-?, Driad fruit (prunes}, frozen fruit, and fruit juicas.
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Retall Price
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£ 1t iy
0 N /'-.__f' “wlarrots
lﬂhf T
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1
MY VYT T B BN T SR S T B T TN B B B S R B 1
1950 1955 1560 1965 1970
Year

Congumpticon Per Capita

&0
55
50
45 N
w 40 L
k-
F ¥
&z20f —_
Letfuece
15 Fale
Onicns
10 Ny T T YT
i, To:uatoea"‘
o S e “Carrots
Beang .+ TTT T T o= m— el
PR l-lllallaluul|||:1_.__;,;l;1h.--l-
1950 1955 1960 1965 1870 1975 1949
Year

Fig. A-10. Frash vegetables.
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Retail Price

26
24F
Canned peras
22P
20} ~.

A mned I:O‘.I.'l',__,f. e S
s PN RA -
o 13 l"\ ."Ir' \ pJ £ J-
[ 1 PN e
[ ) i \ h
™16 / R R
g ! g 7T
[ 4 “» Canned tomatces
g ! r
PR D U SRR S T B TN B R T T B SR Y
1950 1955 1350 1965 1970
Coneumption Year
22
201
18}
16 g
¥ - Canned tomatoes
14 and tomato producte
_g 13
2
"I i
I SR | [ B R I T R T S A BRI T T YU T L
1950 1955 19460 1965 1970 1575
Year

1980

Fig. A-11. Canred vegetakles.
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Part A: Frozen Vegetables {Price series from French [1969] relates to
pracessor level).

Price Index: 1957-59 = 100 Congumption Per Capita
in Pounds
120 y 16
.l“ b
i L]
usre o 114
I [ "
Price
110 | b | et 112
1
' a‘/‘ Iy,
105 ¢ ot \1 !.f \.‘ ; {10
100 | -8
asr 16
Consunpticon
9o [ 1 4
B5 .2 4 2
D%‘. U U S T TR N TR T SN T (N TR RN N NN TR T S T R T U TP I S S T | 0
1350 1955 1960 1965 1970 1975 1350
Year
Part B: Dty Edible Beans Consumption Per Capita
Retail Price in Pounds
22 T 11
P
L 15
2LF 1
I
20k 49
- Consumption
= 4
g 8
2
- 7
Lt
o N
" 416
o
4
U - 5
] 8
il
04 L U EPUIT S SR B S S PR R S | —a 0
1950 1955 1960 1965 1970 1935 1980

Year

Fig, A-12. Frozan vagetoblas ond dry edible beans.
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Retall Price
45
&0
Breakfast cereals .~
a5k -
= i0r -
c
%
& 25¢ Rice
H
[ N
200 4 7
m I.' T
£ P e Bread p
8 15 Ve Cozrn mealiim____f
T E—t
L, - wheat flour‘f/w!
5-
[ 1) MRS N NP R U T S S T T N R T N T T T
19548 1955 1960 1965 19470
Year
Cemgumption Per Caplita
150
140
130
120
110
"‘-.._____‘-
Breakfast cereals
#gufﬁorn neal
“Rice
G1--|lx-l*llxl]axuall||=||||-.f|1_1.
1950 1955 1960 1865 1970 1573 1980
Year

Fig. A-13. Selected cereal ond bokery products.
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Part A: Coffee Consumption
Retall Price Fer Capita
110 22
100 129

30 41B
9 80r 116
3
“ 70 {14
[
2 1
o 60 | {12
o F
g P
wos0F L 710
;
aoy 168
305 i
O% PR TR [ TL T T TR (T SR T TR TR SN SE TR SR U N SN S T VY DU TN M T T N S T | 4 Q
1550 1955 1960 1965 1970 1975 1980
Yoar
Part B: 5Soup Consumption
Retail Price Per Capita
24 20
ar —Price Consumption — 18
20p 116
H
& 15 114
[N
& 18 112
]
&
2 14 110

o
1%’ 'Z g

R W W IR T R AT R S N T T W T WP RN Y W T | R R R S T T T 1 0
1950 1855 1950 1965 1970 1975 1380
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Fig. A-14. Ccffes and soup.
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Percent of Food
Disposable Expenditures
Persgnal Income Par Capita
in Dellars
26 520
,.-‘I\
24} \\\ Percent of Income 4 a0
Vs
aat W . Food expenditures lago
5446
{in terma of {420
b 1962-1966
§ dollars} -
ar
[N
{340
"~-‘__1 300
13.5%
12} ;?60
of P R TR T T N S TN ST S N T T S SN SN S T TN TR T R T SN T R S o]
1950 1855 1960 1965 1970 1975 1980
Year

Fig. A-15. Food expanditures: Actual percopita expanditures 1945-1758 and expenditures as
percentage of persenzl disposable income. (Sources U. 5. Department of Commarce as reported by

Hlemstro, 1968, p. 181.)
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Prices.—We bave used retail prices
{annual and quarierly) for obtaining the
demand relationships, and prices at the
farm level {aonual and quarterly) for
obtaining the relationship befween re-
tail prices and farm level prices. Annugl
data on retail prices were derived from
various reports of the U, 8. Bureau of
Labor Statistics {1963), and annual data
on farm level prices from the USDA
report on farm-retail spreeds (USDA,
1965). Quarterly data on both retail
prices and farm-level prices were derived
from various issues of marketing and
transportation situation {USDA, 1935).

Trends it retail prices. -In genersl,
prices of most commodities have in-
creased. However, there was substantasl
reduction in the price of poultry. Also,
prices of ice eream and bananas bsve
declined. Prices of coffer, margarineg, and
eges remained fairly stable. The highest
inerease of retail prices was experienced
by fresh fruits and vegetables. The
trends in prices for major commodities
arc shown in fipures A-1 to A-14. These
prices are in actual rather than deflated
values.

Defiation of prices.—Time-scrics data
on prices represent the actual prices in
each year. The price level in 2 given
year s influenced by supply 2nd demand
factors along with changes in general
price levels. Different approaches have
heen suggested to remove the effects of
inflation &nd deflation in the economy
from the prices reported:

(1) A general approach to remove the
effect of changes in price level is to de-
flate the observed data using the con-
sumer price index. (For problems associ-
ated with defation, sce Toote (1958) and
Shepherd (1963, pp. 121-31).

{2) A second approach is to inelude the
general price level as & separate variable
in the regression eguation. Kuh and
Meyer {1935) ruggest different eriteria

to determine whether the data should be
deflated or the deflstor should he in-
cluded us a separate variable in the
analysis,

(3) Waugh (1964, p. 11) suggests that
when the analysis concerns only two
variables (the quantity consumed and
some kind of deflated prices), “it may
often be convenient to deflate by divid-
ing prices by consuner income.”

As Bhepherd (1963) poiets out, ne
standard technique of deflation is applie-
able te all problems. Considering the
merits of all the above three approaches,
while using time-series data, we have
followed the practice of deflating prices
and income by the consumer price index.

Price-quantity relationships are statie
in nature since we have assumed that the
various coeflicients rerain the same over
the different years. Stochastic elements
in the coefficients and other dynamie
fuctors can be inrorperated only with a
number of estimation problems and the
large number of commoditics ineluded
in our analysis prevented us from intry-
ducing any dynamic considerations, We
could only tsolate the shown eflects of
linear trends,

Marketing margins

For the purpose of this study, we have
defined marketing margin as the differ-
cnee between the prices paid by con-
sumers and the prices received by the
producers. Thus, the data correspond
to aggregate price spreads in the sense
producers. Thus, the data eorrespond to
sppregate price spreads in the scense
that they include processing charges,
handling charges, and profits earncd by
different marketing agencies.

A staristical nete on grouped-data
regressions

Consider a general linear model in
whieh the dependent variable y is & fune-
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tion of & predetermined varighles X; and
an error term wu. There are n observa-
tiong. In matrix notation, the model is
expressed as:

Y = X5+ w. (164)
The assumptions required for estimation
are the well-known conditions, ©, that:

Eluy =10

E(un" = ot

X is a set of fixed numbers
X hasrank k < »n.

{165)

The estimate of # is given by § =
(XX Xy

In the case of two variables, the re-
gression equation can be written as

=« + 38X, + U, {166)
and the estimate of § is given by
> (X — Xy — )
= ] (157)

2 X — X

1]
Often, in cross-section analysis, the size
of the sample is large, and it is difficult
to calculate the sum of squares and sum
of cross products of the deviations in
{167} for all observations. Also, most of
the published date give the averapes of
a number of observations after grouping
the observations sccording to certain
characteristics, Therefore, it is impor-
tant 1o examine whether the grouping of
the observations introduces any bias in
the estimates.

Grouped data.®*—Now sssumc that

the n observations are grouped into &

groups with ny, e, - - -, ne Observations in
each group {ny + 2 + -+ + ng = nh
Also, let X, and y,; be defined as

X = i observation of X belonging
to 7% group snd

Y = ith observation of ¥ belonging
to §** proup.

The group averages of X and y are given
by

EL]

Xy
X,=
Gg=1,2 -,k {168)
Z} Yis
¥i = n,

When a regression equation of the type
{164) is speeified for the group means as
variables, we have

g = = + 8%, + V¥, (169)

If (166) satisfes the Q@ assumptions given
in (165), 7, will equal

E(V)) = 0and
{170}

k)
V(V) =

H

Using the least-square estimation pro-
cedure, from (169} an estimate of 8 can
be obtained as

& -
; E {XJ' - X.:.}(g.! - '."j:)

5 {171}
(X - Xy

el

# This section is partly based on Malinvaud (1966, pp. 242-48).
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where

.(.‘?,: Zf; and
J

> g

I:'J' =

Hl— -

The expected value of b will be the sams
as § and, hence, b is an unbiased lincar
estimator of f. However, the variance
of the estimates will be different, in both
cases (ie., using original data and
grouped data). The extent that group-
ing causes loss of precision will depend
upon the variability within groups. It is
possible to group the observations in
such a manner that the loss in precision
is brought to a minimum. For example,
the loss in precision is zero when all the
¥ values within a given group are the
same. However, this may be difficult to
achicve in practice and, therefore, the
next best thing is to obtain groups such
that values of i within a group are elose
together. If the sample is designed to
have the same number of observations
in each group, the observation of ¥ can
he arranged in an ascending or deseend-
ing order and then make the first {n/k)
observations to fall in the first group,
the next {»/k) observations to fall in the
second group, ---, and the last (»/k)
observations to fall in the last (&)
group. If it is not necessary to have an
equal nurmber of observations in each
group, and if the total number of desired
groups is given, it is possible to form
class intervals of y and to obtain a fre-
queney distribution of observations be-
longing to each group to derive at group
AVErages,

From (170}, it can be seen that we
have introduced heteroskedasticity as a
consequence of grouping the data.
Though the criginal data were assumed
to have homoskedasticity, grouping has
induced heteroskedasticity. To estimate
the parameters under such induced hete-

George and King : Congumecr Domaend for Food Commodities

roskedasticity, it is possible to use Ait-
ken's generalized least-squares method,
Bince the variances are changed by a
multiple of the number of observations
in each group, this procedure reduces to
a weighted regression (Draper and
Smith, 1968, pp. 77-81).

Weighted regression.—In the use of
Aitken’s generalized least squares, the
estimates of 8 from a model ¥ = X8+
U where £(U) = 0 and E(ULY = 2%
is given by

g = (X’Z- X1 X'2Y.

In the case of grouped data, using (170)

_l -
L]
1
T = i (172)
L
| My

Thereiore,

LY

g

3 = :

T

Since X! i3 known, the estimates can be
obtained as

8 = (X'ZX)X'EY,
In particular, if there are only two vari-

ables having a relationship of the type
{188, the estimate of § is given by
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S.oadX; — X5 — ¥

=

JZ n;’(fi - -fj

{173)

which is of the same form as (171} except.

that each term inside the sum is weighted
according to the number of observations
from which the group average was
formed.

The tables A-1 to A-6 on the pages
following present certain statistical re-
sults of interest.

Statistical Tables

TapLE A-1

COMPARISON OF REGRESBION COEFFICIENTE OBTAINED FROM TWO
SPECIFICATIONS WHEN QUANTITY I8 THE DEPENDENT VARIABLE

logeg = a & &lagy

Commodity

4 |3

Beef.. — .65 _ETD
(=7 (9.10}

Veal. —&. 15 .651
(—11.30) (7.4

Pork. . . ... - 273 D0
(—4. 46} (.41

Lamb and mutton —3.2H .50
{—15.54) (4.8

Chicken, ., il — 034
¢ 18 (=08

Fish. .. ... ... .. - 247 — .
(—1.M} (—1.24

Turkey..... —3 AE3 . TBE
(—7.83) (5.00)

Fgen ... ... ~ 27 R ]
[— .48 {=4.01)

Butler.. .. ... =174 (26l
[—%.3%) {906

Lard . ., 2. B2 —I1.47
4,85 {—B. 70

Shortening —1.088 L]
[—5.71) (.31

Matgarize . . . . - _5UR —
[—&. 60 {i— 2

Baled dressing. ... —1.70 Rt
{—18.27} {8.47)

Frogh milk.. ..., — . TB 3487
—8.45) (13, 98)

Evaporated mille., 1.166 - _}la
{&.148) {—5870

Cheese...... . —t 183 287
(—8. M} (6.8}

Tea crenm. ... .. ~1.484 323
{—23.15) (1% 88)

Potatoes ... ... B i) _Mma
(1.1 {.59)

Bweet potatoes, ... 074 - 604
¢.18) (—1.82)
Sugar... ... .58% — 100
310 (=137

Corn eyrup. .. 934 - 706
(2.15} (=571

Apples .........., — BT 142
(—8.78) .7

Orangea ... ... —1.0092 297
[(=8.711 (4.34)

Pananas - . 136
[—8. M) {4.88)

Cannad peachen — .81 1
(—8.59} (.36}

.EB

38
b
i

lcpg=a' + 8 logy+c locs
a b z R
— .60 225 219 Al
{—6.09) 13.45) (.18)
-2 05% B2 I. 0BG 2
[—14.4T) (2. 52} (1,981
— .l i - . 2B
{—3.1F) (1.7} (—1.70
—3.412 B84 —1. 468 B
{14.17) 15.85) (=2.20)
] L) R | 41
(= .17 {—. 21) — .80
— 3B ] ~ B8Y gz
(—2.32) {.48) [—1.7%)
—~3.808 757 , DO T
(—B.521 [2.17) {00
— M8 - .07 AN0E (B4
(= .41) {—1.1 .02}
—1.778 1) - M3 fd
(—7.29 (1.78) [~ .63)
2.040 —1.4%8 912 B4
{# 31 (—3.42) {.49)
— an - 208 1.531 .38
(=38 (—1.7T1 (2. 20)
— 578 — 4 186 i
(—3.78) {= .70 .58
~1.601 122 AL 47
[—25.08) (3.01} (4503
— .73 24 419 a7
{=5.30) (5. T4} fL, 96}
1,907 — 47 a8 ™
(321} {—2.82) .50
-1 7 504 — 334 7%
{—HB.57} 2. 23) (= B3}
—1.48% 30 i H .08
(=20.23) (662} (.08)
13 - a2 27 M
HR {—1.38] £1.99}
207 — M BE4 65
[.45) (—2.43) (.78
Abb - 2 518 L)
5. T8 f—3.56) (1.5}
734 — 558 - 728 i)
{1, 70} =202 {— .82)
— . B% e - _131 a2
{—T.95) 2,51} (— A8}
—-1.02% 122 508 12
{=5.84) (1093 (1.07)
- 144 —~ 03¢ T2
{—=7.97) (2.26) [(— .14
- — 05 127 [1%]
{—T.44) {— 1% {.58)
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TapLe A-1—Continued

{maned pineapples —-2.724 Als AT —2.8%6 34 -t .72
{=19. 05} (4.4} (=915 219 {—1,2%

Dey fruite, .. ... —1.424 — 03] R —1.658 A6 —1.022 2
{—4. 63} (= 32} {—7.00) {2.30) [—2.M)

Frozen fruita. .. .. —3 883 624 N+ —31.%a7 .185 ] .42
(—12 5M (8,3} (=15.63) {1.33) (3. 32

Fresh tomatoes. . .. -1.{ 161 .67 —1.078 .21 — 43 T
(=549 {4270 {—%.56) {3.) {—.1m

Frosh beang. .., . [il} — A9 a1 .39 — _3EH — Al .92
§4.19) = {3 [3.51) [—3.43) {—b, 02y

Onions ...... ... - .1 DS 003 — TS} .o2d - 115 o2
(=755 (.15 (=898 ) (.41} (— .

Carrote............ - L.52% 313 .8 —1.508 2R RE] 55
[—13.50) (7. 48} =1z L 3 08) .31

Letluea. . .,..... . —1.772 AN a1 —1. 798 AR — 195 92
[—13.08) (D50} {—11.75) {4.78) {— 4%

Caphed poan. ... —1.7 R 4 — i 005 — .o L 306 NE
Lo (H [.84) [=05.32) (= .20 {.T1

Canned eqrn. ... — T it _m — BEM — .25 .25 5
(=472 '] {—4.68 [—1.K3} 12.61)

Canned tomatoes. —1.%0% 165 .83 —1.30% 14 BLH k|
[—17.541 (6. B0 {—15. 57} {Z.29) {.3)

Dry vegeslebles. . .. 1.5860 — 818 37 1,650 - 234 I
{5.39) (—5.501) 2.99) [=2_86) {15

Frozen vegetahles. =2 B0l Rrrd K -5 B39 Rt — i 91
(=13 36] {0,203 {—12.01) {4.54) (— .46

Wheat Aour........ 1.1 — BT 1.641 — .3l L ] &7
[8.44) [—7.76) (5.63) [—3.41) .0

Rise..oooov o o . ] — 805 &0 1,723 — .bdB - o &
[3.44) [—5_963 (2. E3) (=281 {— I

Breakinst ¢ereals. . - _H6E K] 48 — M R1L] — 3 G5
{~=10.88) {2,870y {—12.82) (3.32) (=2

Cornraeal......... 2.521 —1.059 E:n 2.453 ~ DS — BB (BT
(5.92) [=7.81) (6.08) [—3.13} {— 8%

Colfee...... ..... — _7OB MHT .3b . J144 — ARG . 75
{=il.75) (2.19) {—~17.80) (4. 68 {—3 )

Eoup. . =1.247 218 13 —1.208 i) b72 il
(—5.98) {4.93) {—8.78 {1.18 (.52
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COMPARISON OF REGRESSION COKEFFICIENTS OBTAINED FIROM TWO

Tapir A2

BPECIFICATIONS WHEN LXPLENDITTIRE B THLE DEPENDEXNT VARIABRLE

lger=o04 Flugy

Commaodity

o [ fr

Brol. . —1.153 L R
{-9.03) {9.34)

Yeul. -5 615 698 Rt
t—14. TR} (3 34

Park. .. — & 30 A3
[—10.6R) (T 4]

Lamb ard mution —3 b6 AT .7
[—1m,.51) {6 8%}

Chicken. . gt A AT
[—11.3%) 12.82)

Fiah.. . —1. 108 140 46
(= o6 {2.75)

Turckey . .. —4.42 EBfiy .85
—11 f2 {710

Fggs.......... .. .. 543 — % iz
(=121 (=1 11}

Daytigr. . —1,514 ] B3
(=& &1 {1.4)

Lard. ... . 1. 558 —1. 238 i
(2. 55} [—5.05)

Shortenjng —1.443 [111]] 2
[—5.4%) (— 4N

Margaving —1.32% 5] Al
{=120.55} (2. 4R)

Salad dressing. .... —2. 585 Kt 495
{—27.62} (13.73)

Fresh milk. ... —F 35l e L
£--17.78) (1447

Forgporated milk. . 48R — .Bid Al
(1.5 [ =i 20

Cherae. .. 1. 493 241 .79
=140 15.758)

e orenn —1 983 _334 _ol
{—i7_A0) (8. 56]

Potatoes.. .. ... — 1 034 18
(—11 B i1.42)

Bweet poLatoRs. . -1.325 - 283 .23
[—2.1%) (=105

Bugar.. ..., — 5z — 174 72
(—4.42) {—4.B2)

Corh syrap. .. L. | — 5 il
[ .50 {—5.74)

Apples.. ... =1.841 207 -
[— 200103} [7 7y

Oranges —1 883 192 .51
(9. 63; (2.03)

Boouncea. .. —1.6i74 NEL] .70
[—17 .10} 4. 86)

Canned peacher —1.807 i)
(=g 26) .18

Canned yineanpples! —31.482 175 L]
(—13.72) (566}

Liry fruita .. 1.E0@ — T 02
[(~8.18) v {— 40

Frash tomnatoes. .., —1. 7 27 53
{=14.55) (6 523

Froal benns — 0GB — 43 \BE
(— .M [—8,13)

Onioan 1651 B3 04
{—15. 50} {.64)

Carrats. ... .. —2.514 264 -
{=BF 98} (B.01)

Lettune —3.207 w8 .85
t—14,48) 715

Canned peas. .. . —1 42 bRLL .32
(—11.72) {2,083

Canned corn. L ... —1.742 iy
(=B. 52 .0

g r=a "+ Blogy+ v hgs

rl i
Wi al
.o
Rl i
il 16}
D66 &7
38 141]
-1.813 .
-2 50
— a2z 45
{—E {04}
— .BST 55
(—1 313
— A b
{— 21
— a7 15
[— 49
— R BE
[— .13
et ) i
{.1B}
1444 40
12.25)
— .03 41
— .
ol %
(277
a1 AT
[L.26)
NE 81
[
- 259 Bl
(— b
S a4l
[.18)
e 2B
5,07}
771 M
(.16
473 75
(1.5
— T B0
{— .78
— A R
(=2 LR
— K|
(= .0
— 175 71
[— &)
- b3l 2
(—1.405)
~1.4R5 .B?
1-2.47)
—1.821 .51
{—2.62)
- .94 R~
(— .60}
- .3 &Y
— .El}
M7 D
(- .14
il B
1] :
- AN | 87
[l P 1
x 1] I 34
1.45]
1007 A3
{216
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TavLe A-Z—Continued

Cannad tomatoes. -2 015 R 75 —I.048 181 — 14 .7
{=21.03) 5,17 (—19.69) (2. 78} (= 51}
Dy vegetables. ... ¥+ ] - G4l AT 258 — 544 — 463 R
{.87) {—=5.41 } {.61) —2.4) (— A
Frozen vegetablas -3.101 L] ) —3.28% | O - .70 Az
£—15.08} (9,173 {=14. 80} {4400 (—1.am !
Wheat Aour. .. .._.. B0 — 8 B8 R — Al5 021 R
{2.5%) {—E.0TM N {2.22) {=3.57) {0
Riom....... ......, — .53 - 3lg Bl — 535 — 247 — 548 82
{—3.30) (=t 13) (=324} (—2,18 (= .M
Breakfust pareals, | —1._489 BT BT —1 533 L] — 250 BB
{—18.50; {7 68) {=1IT7,02} {45 {—1.08)
Carn menl..... .. 1,398 —1.013 ki 1.508 —1.012 — 0BT BT
{343 {—T. B 3,50 (=3.43) {— [}
Coffen. ... ... ., — .70 01 ! — 783 _ 1 — A#n ]
{—11.54} .50 {—22 42) (4.52) (=456}
Soup............. . —1.933 224 7T —1.870 132 464 8
(—15.04) (5.4T) (=13 96} (1.58) {1.28)
Allfood. ... ... 132 217 BB B ] - I3 BB
4. 863 {341 {.an 4.01) [~ 4%
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Tame A3
COMPARIBOXN OF WEEKLY PER-CAPITA CONSUMPTION 1IN 1955 ANIY 1065
(QUANTITY}
Tocome Group
< 000 — 4387 = S0
Cammodity 1

1255 15985 Changs 1958 1588 Cha e 1955 185 Changn

paundy per cend potnda pereent pournds ¥ eent

.43z 1.1802 35.42 1205 1.437% 18.49 14485 1.B301 20 4B

0582 020 —42. 0783 13 —45,81 O D576 2.1

1._1061 1. 0625 —1.23 1.0818 1,1167 228 L 0735 10778 0.44

Ln,mb und mut.Lon 38 T —21 84 LGTE ic] % —dT 1313 it — 53 4
Chicken. . . BN &l32 36.95 . SBTR (B25G 15,40 JHT1 et | N7l
Fish. ... .. . 38ed 4053 13.1 AL ekl ] 7.81 aleg L2650 20 gD
Turkey............. Q228 075 -03.22 J051S 88 — &¥ 1054 55D =44 38
Pgga. ....... ... 6028 JBR23 — .08 B3R 505 — 57 JBT1 BH48 —10.43
Butter . s 1E1% a5 — 150, 30 a2 N —ah i% -l RETY —41.91
Loard . .. . ..... 3252 2200 ~32 35 02 _1198 16. % (0428 0284 ~33.18
Shortening. ........ 14 D52 =23 47 REL1 L1284 =13_33 N FH (M —03 32
Margarine. . . 1742 L2436 A28 TS 2570 23.54 B ETH .23 3039
Salad dressing. .. 1205 1103 - B8 15N L I52E — &7 1648 1754 855
Fresh milk.........] Z.5184 16843 —a6, 5 3. 2,2042 =27 50 3, 0095 2_8a32 — 4.8
BEvep.milk. . ..., .35 3375 — 4,60 .32 Ev3E . —12.58 1638 B L] —4.20
Cheese ,. .. . .. .. VENR LET20 1% .44 A AT — 4 _3472 3887 243
Ice crean . .. ... 2087 Eang 14,26 L3 L2053 - B.&% R 1)) e 3.88
Potatloes. . ..| 1.A885 1,367 . =19.1F 1.7764 I.E65L . —11.8D 1,547 1,4225 — B.08
Bwreat potetoes.. L3500 Nk 3. 04T Ay — T3 35 o3 =il 85
Hugar.. R .oi0g (B2 —12.78 4032 B3EE {.12 BETD D425 — B.43
Cuotn u:rrup (AT g0 w53 0532 o5z ! 11.28 Riv] AT — B.5Y
Apples .. ... . L 3805 JOES .M _B697 JATIE 1.1 (4311 4b41 34
Orangea........ .., 5185 AT 0 3558 6359 373 =15.41 (B AB2T —42.49
Bananas. . Bl43 1 [ I 19,28 4405 4163 - 5,72 4035 A0 ]
Canned pmches L0725 L1250 M Ny 1350 21,88 L 140h 1367 - 3.07
Canned pmespp]es 392 0281 —dd (%G 051 —b7.17 L) U] —37.30
Dry frubt....... 0265 JUEZE] 31,70 GG 0266 &) 25 G2 0G0 T — BT
Fraozen frmt e - _H LDOR3 —41.12 _[¥a3 JO11E —50.73 el 087 . — 2 4T
Fresh tomatoes . . , . 324 2755 -7 29d (ZART —18.58 L BT | — 787
Fresh besne. . ... .. L2082 TR —10. 81 N 1567 1.5 2 1071 —11.05
Qriona. . P 1p3R RloL) - 114 Rt 2000 |~ T.28 24T 1885 -12, 20
Carrnta ... ... 1105 L1067 =1i.55 1855 BEIN) —27.52 2248 1870 —5.34
Leltuce 2189 2311 — 7.5 R ExH MBS ~ T.58 A5 LARTY T.268
Canned pags . L. 1158 REki — L.a4 1387 L12v0 — 6.42 1258 _ 1258 M
Canned cora._ ... ... L1111 _1308 17.78 (1410 (142 s I 4 kL] _L464 2.
Canned tomatoes_ . 1054 o 465 84 A3 10,98 L1258 ,1433 M
Dry vogetables, . . 20l L2383 1B.685 ., .IMT . 1850 35 .20 LML 0581 =48 75
Frozen vegetables.. JHET .0 B1.51 IO F T SR b 309 2348 3182 .5
Wheat dour . .| 1.5064 G163 —39.17 83 R ~ 7,38 3925 L3188 —13.83
Pica_, . _1 568 oY 53 Ry KLY BEEN 146. 53 (30 _ CRIK i3
Breakfact pereala. . , 2287 3oan 35.11 2471 &g 25 94 2ala 3591 474
Corn meal....... .. _BhGg 5171 —I2 dh 1600 (2574 59.93 ,9E3E 0840 5739
Coffee, . . N Y] 2RO .50 .26l J2eey - E.03 L2480 L2314 - 740
Houp. . gl L1830 62, 08 2MT 4T 1. 82 L2510 (2755 9.68
Food e::pendmunes i. 5128 T.5013 18.581 9. 1940 . 3042 B.&Y 1o, 9527 118955 A.62
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TabBLE A4
REGI(YNAL C()"‘JbLMI"’I [OX I“JI'JL},. (l AVERAGE = 10

Per-capits conaumnptinn Conagmpdion itues
Commodity [
Fod Ky & K. (LA : Fif) Tt i) Rs
Beef.......... . .... 18310 1.%626 16106 14308 1. 65H I 8, R2 112 55 10%.70 a6 A3
Yeal., R TS NisLh] Rz L5112 JMRE 1 WAL 5 44 Tl 62 44
'Pork 9547 ,afi52 1.1M5 11768 1.0042 - EOH.HY 4729 107 .33 197 .51
Lamb and muttcm . LI (gt Rt B2 0547 0 2005 180 1% 4314 A8
Chicken o aME L THOY Tt L] JTREZ , 101.08 a5.47 7.7 109.11
TIWRREY . e L DRR4 L7 D443 T4 e 171 117 .65 45 45 5510
Tish. . e 3RO ge2 CZB10 A3 JERTT 109 0 5.9 .42 126 02
Egga. R ARTR N1k Lo BT &0l LT’ 1009 96 ] 108 .0
Butter .. . . . qar RILE] Inl? LG40 R 136.12 4761 254 .21 5015
Lerd.. ...... ..... G194 0247 K1tz 1824 A, 5012 36 32 K] 192 §1
Shortaning . . (058 0520 09T (1538 03g 50,14 .34 04 .45 153 .43
Margarine.. ........, 2012 L 2R3 2166 2652 L2431 &2.Th 100346 97.52 10Ky O
Balad dreesing. . ..., L (-] 1757 T 1829 B L1l ET.OR 100,13 a1.36 113 60
Fresk milk. . ... . et 36321 4511 2 2621 I, 705l JLLIR L} a7 a2 08 ar 62
Evnp, milk...... ., 1646 1943 IRET _2as7 15851 BT 46 106 .30 7 M 15 5
Cheepe. .. . . ... BALR 4376 4053 S2801 3528 102 92 124 14 14 %7 fel-
Ioe érenm .. J3R2E 3B58 TR 3140 a8 1.7 0 10924 ul_f2
Potatoes . . ... 1. 475 L.2H4 1. BEOE 1,34 1.4118 10407 5512 115 .31 a1
Bweet potatoes. .. .. M NP DA% 0518 034 2,04 i, 76 065 155 34
Bugnr. o RS = TWRH e | vaR2 LIk 43 45 96 .07 122 58
Cornayrap. ... ., 0152 ,0314 i 84 RitLH] 3340 70.19 58 .46 §94 29
Teeah epplea ... . Ad 4568 AM4 _ 35 allig 103 .21 108 11 12 16 A3 .54
Orbges. L 5000 R Al 3170 4140 115 11951 106 54 72.94
Bannows. ... . 4350 L4281 AR 4298 L4407 95,91 ¥4 10537 ar. 52
Cunned peaches..... BLi k) (165 . 1B3B L1250 87 L= 117,05 1508 o7 49
Cunned pmzl:lplcs. G35 L0511 A4 O30 , 0308 Bl Bl 129 .34 T2 15 6 4G
Tiry Fenig.. .. .. , 03 H7Y 0295 43 0303 LRt 15804 47 .35 B 19
Frozen frull!. A e ALY NUH] s 013 105 29 17 .21 B0 13
Fresh tomatoes. ... 4100 L3226 2TRL 3963 313 82.- 87.37 83.94 114,61
Ureah beans ... .. 0701 5N 1094 L2560 , 1398 50.14 2655 78.25 183, It
Oniona. ......... ... L2285 1853 1715 1920 1914 116.24 g6 31 A9. AQ .31
CurTeie L. L. . _1815 VRRRE C1EM LT ,18R0 102 21 141 51 LW Fa il 4%
Loltuee .. ... . LADES iy ALTL 309 JAERL 143 39 13138 105 54 7792
Canned peas. .. ... L 1E50 13 1813 J13) (1245 100,32 8715 9735 7. 62
Cunbed eorn. . . . Jan 1507 1B 134! 18t BE. 2K 105.13 18 i §5._29
Canned tomatees, , L1540 L1533 . BB (1067 1337 141.36 114 .65 79 .65 79,80
Diry vegetables. . ... LB51K 026 L DB28 1920 Y] 16,08 82,38 7366 370 81
Frozen vegotables. .. L2478 (2064 1538 L1585 , EBE4 126,22 16 §7 ar.G3 B4 12
Wheat flour. .. . .. L2 LEHEH ALE 7560 4TI 45 43 . | a7.02 B 47
Riec.... . .. ... .. J1544 118 L0802 242 BEin 113 .98 2601 T I52.72
Breskfast coread.. .. 301 3Ty L3450 i ] 321 8B.3T 1170 1021 8515
Cornmeal, . . ..., 0335 Moty 0532 4785 1554 3 1E.06 2.7 23 .69 o853 .14
Coffee. ..., . (53EG 2234 _2455 i) L2248 10, %42 109.15 o217
Boup. ... . Aty 2971 , 2ARg 1B L2533 1158.20 11502 .07 §9_60

Tatal fod exp. ... .| 1L.8ATK 11415 10. 3668 . 5618 10,6418 112,75 197 45 7 42 B9_76
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TasLE A-5
REGIONAL INDICES OF PRICES PAID (U. 8. AVERAGE = 100)
Average prices puid Index of nrices prid
Commedity T T o
R & Fa i u.s el L2 R #y
L7 430 U JBOI2 ERd4 il 115 i n4.31 LEE) 83 K
Veal. .. i) L5 8462 , BDOC 375 0468 0375 9_24 BS 33
Fork., ....... .... JTRTG L BRES (G438 (5033 AT 112 42 ELL o9, 62 B61.67
Lamiby and mutilon. A4l RV &5 BT i <hx3 103 33 39,03 105, 0 e B
Chicken... . ...... 4127 3RRG el | 4 AT40 12129 109,36 03_50 a0
Torkey. . . . . .. . ... H5 TR 488 N 5L . HGE LERLES 1
Fish. .. . b i Rl 512 L6033 115.38 i17.1% 00 45 B5.06
Eges . .54 L ALGE AT L4380 AGLA 11630 w5 17 91 04 9850
Ratter . ... I .TaRE it Bl .T143 RiTH 103,15 140,01 9673 100,01
Lard. ........ .l (E222 1ME L L 1023 126 02 115. M d91.7% 104, O
Shortening.. . . 111 _igwm? arar L 2R92 bRy L1114 HLONEL] bl F 10 1 1]
Margarine. ......... . Lo .a0g0 2987 BI1H .27 2RTS 105,35 99 37 10000 05_98
Salasl dressing. . .... . . . L adnd (AR ik =L 103 12 106. 52 104 . i H2 .09
Fresh milk. .. IR T Jfii I5LE 2530 J23A 114,88 10144 LIr-1 107,22
Benp, milk. ... 4 L1067 ha03 1887 1153 1612 g 41 1138 169 .41 104,74
Cihepas . . r LWED aH0d AETI N H VB3 1138 95 60 L 73 1066
Top greite. oo oaeenns A5 JA728 BETZ 305 .3RED 115.41 Wi 5 95.15 056
Potatoes.. . . . .. ..., At 1034 Rt LMk CHH0 95 35 .42 45,20 105 57
Bwreat potatoens. | o1 28487 VRSO I 1BIB 132.22 157.15 137.51 T ]
BugsT. . 1312 RILY] 1174 1155 -l 10091 .00 07,75 9 41
Cormgymp. ........... (2000 2000 L2222 ATH L R00G 100,00 10000 110,10 ¢ A0
Fresh applea ... .. L1540 174 1508 15 L1594 57.17 10%. b6 .66 9272
Dranges. . S 1280 V411 1274 1055 1258 101,74 11216 10027 ' B0
Henanea. . ....... 460 L1493 CEETL Bkers BB 100, 52 10R, 26 82,38 | BR.BD
Canned peaches. . LBl 25 W [1p] (1951 (25 108, B4 W 77 | M0E 3640
Cutined pm:app]e,n avar i ] (2667 AHDD 075 BB 05 1B - EETOO T 52
Dry fruits. .. . ... 3780 AN _SEKHD ATH 400 3. 75 100,00 . 10000 B31.75
Frozen F:rmm ..... .| s00d ADDD ) 50D L0 125.00 W00 125,00 125,00
Fresl, toToatoes. .. ... 30 VE5TO R L2307 2530 107,33 1 1048 770 £1.51
Fresh besna. . .. 2609 2500 2T REOL 2301 5.1 W8 1 1A oM
Onions., . ... . e 1207 137¢ 1ing 1260 yy 16 .11 108,88 100 . 60
Carrota. . 150 (148 - 163% et 1538 98,11 211 | 10658 4447
Letiuce 2164 1963 L2109 JIGTE 2076 10 23 o E5 1054 129 75
Canmed pers ... ... 2198 53 i85 i TH hgs 100,00 107,19 58,85 +  93.16
Canned corn. .. .. . J2H5 riLy NE] 25 (2200 92 9% 10000 41,45 113.£3
Ceoned tomatoes, . .. .| (2S84 ) o4 L2571 2045 10041 gl.ol 108,65 125,72
Diry vegetables. ... ... ... 3383 L2l LThE 11 BE: 124 43 12765 o4 bE_T5
Frozen vegetables... . . . ..} 02534 T A5G 038 0322 7950 B3.BS | 17B.BB 11%.25
Wheut flour . . e 1074 R\ 1084 ,10az 10820 .06 | o859 10842
Rice. ... o o el . Bi05A Z363 1L i | 107 57 149,43 115.75 8757
Breakfast cereal. ... . 4478 4322 A0RE NG ALK 107 &5 10414 9E.24 L
Cormmenl, . ... Ory 1574 111 55 A3 Z .47 160 62 ng,me 07156
Coffee. ... ... 28T La143 Bi3E TR s 167,01 05,24 81,14 10415
Spup.... . Lo B4TE 2473 (1546 2m42? 2470 10030 100612 G259 0261




142 George and King: Conswmer Demand for Food Commoditics

TanLE A-G
LINEAR EFFECT OF TIME ON CONSUMPTION
Commedity Comnatant® df Bignifi- Cofwetast = 2 Antilog. Chenge
civeeat
per cent
Beaf ... ... . ... . JEvd 12 - N5 2012741 10%, 00 +2.90
¢ ARG
Yeal ................ . L — . 02H46 12 o] 5078584 o5 18 -4.82
[—1.4388)
Pork . N — . D0DT5S : 12 IS 1Re02E .82 —0.02
{— 0947
Lateh and mutton. .. ... . ., — . DIERT 12 N& 1 a2 .17 —0.8x
(= 2062
Chickan........... . . A 12 NS 2.0H106 100.#0 .90
{.7213)
Eggn ..o, . o - (26015 11 a* 1874081 #4460 —5.60)
{—2 238
Buteer (Model 13 ... .. .. .. . — 3T 14 N5 1.0867%3 o8, 78 —a.22
(=1 550K
Butter (Model 2).. ... . . . — (21554 12 g 1.978411 I 1] —4 A8
(with ®ils) . ... ... {—2. 5228)
Lard (Modael 1).. .......... L — [22T1S 1% 3 1. 417255 H Bl =5
(—2. 75615}
Shortening.. ... ... — D005 12 N& 1988341 - —0.1§
(= .G381)
Margarine........ ........ . . RiE ) 12 Ng ! 2. 015680 103.70 3.7
(1. 200
Halad dresmng......... . . ... ... 3032 12 N3 ; 2.013092 103, 20 3.20
{1.7704)
MOk . . — . [HELEY Id NG 1893301 e 58 —1.,42
{= 4809
Evaporated mitk......... ... .. — 018334 14 s 1982881 98.31 —4.40
{—3 3554
Cheesa. ... ... .. FE Mv22e 12 L] & oeraes 4 20 4.20
18207}
Joecream. . . ... =, 012468 12 B 1 987535 %726 e ]
(=2 58401
Potatoea. ................... .o — 003074 14 N8 1. 33028 0. 28 -7l
L = BEE
Sweet, potatoss, . . L ~ 25058 14 8 1.971H4 03, 54 —d.4d
{—Z.0493)
Bugar. ... . ... . ... LDOTTES 12 N% 2 007745 101 80 1,80
£ 979n)
COTMAYTUR. . oo ieis o — 0241 I - 1.0 oY, B8 —2.12
(— B55)
Applea. .. . ... . P —~ 4455 12 NS 195548 98.98 —1.0%
{— 6005
Banenaa.. ... . L. . OB B ’ 12 N& 2, (08464 e m 2. o
{.65%)
Orabges.................... I —_DI33Ee 12 N& 1. 086441 #6068 -3
{—1. M1y
Catoed peaches.. .. — 011277 12 ] 1.96E772 97.45 —2 85
(—1 BLTOY
Cenned pineapples._.......... .. . = . DQFETE 12 N5 L 906324 LN ] . B4
(= 4870
Dy fruite ... — (35 12 & 1. 680940 o140 —5.40
{—1.0752)
Lattuce. ... . ...... . .. ...... AT 9 NB 2 DHTED 101, 10 110
{1 _1108)
Tomatoes. .. ... . ..., . . — ., DOae21 4 HE I.50307R GB.41 =1.59
P {13420
Reans .. .. .. ... ... .. ... .. — D25 a & 1 #4438 o 3 5.7
=2, Dong)
Qnisoa. ... . L. . 0LAS ] I 2. 0185 104, 04 0
{0310
Carenta ... ... L - Q11666 ] K] 1993334 87,58 —2.42
(=1.4218)
Cenned posa. e — 2lTH a9 5" 1978226 8510 —~4.80
[=3.6389)
Canmed 0oz, ...l L . — M1 g N& 1. 965080 48, BB =111
{— 2208}
Dy vegetables...... . ..... . ... — 00507 4 N3 1, 904301 BB.T0 —1.30
(— | BBHEY -
Wheat flour. ... ... .. —. DOe4 52 13 ar L#HHE 8275 125
{ =2, BGH]
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Takre Ab—Continued

Rite. ..o 05452 13 ek 2 008452 101 .39 1.30
[.2568)

BreakTast oerenls, S — XM 68 12 N3 1. 999534 #2359 =11
(— JRl2l)

Cormmeal, _............ . .. ... -~ DOELIE [F] 5 L.991882 08, 14 =185
(—2 0037

Coffes. ... R — 000 12 3 150591 97 .55 ~2,14
| (=1 8676)

Soup. ... L 011282 12 B 201282 102,70 2.7
(2. 8233;

" Figutes in the parentheses correapond Lo 't values, o
t NS = non-sigmticont, 5 = sigpificunt st 10 per cent level, 8* = pignificunt at 5 per cent level,

APPENDIX B
Mathematical Proofs

Here, we shall introduce a proof for some of the results presented in this mono-
graph. We shall first derive the conditiens en demand funeticns in the classical
theory, followed hy the modifieations introduced by IFrisch and by Barten.

Classical model

Conditions for a maximum.—The first order eonditions for & maximum for the
n commaodity case arc given by

U; —ap; =0
(j= l,."',ﬂ) (174}
y—ap; =0
where

{f; is the marginal utility of commedity 7, p and g are vectors of commeodity
prices and quantities, ¥ is consumer inceme, and X is the marginal utility of
incame.

The second order eonditions for a constrained maximum are that the Hessiau
matrix bordered with prices has prineipal minors alternaiing in sign starting with
negative (that is, the bordered matrix is negative definite). The Hessian matrix is
designated as 4 with typical elements [7;; = 3*//8g:9¢;,. This is & symmetric matrix.

Effect of changes in prices and income.,—The goal of demand analysis is to
determine the effect on quantities consumed of changes in prices and income.
Small departures from equilibrium may be evaluated by differentiating the first
order conditions given in (174). The total differential is given in matrix form as
follows:

N O S (175)

where

€. is & matzix of price slepes where a typical element is d4,/3p,, g, is a vector
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of income slopes such as dg/dy, and [ is an identity matrix. A typical element
in the A matrix is Uy, = 8717/ 8qidg;.

This system is solved for price and income slopes by cbtaining the inverse of the
bordered A matrix or

_ | - | . | _
Qs [ 4 A | —p b | ¢
| = ! | (176)
L An RV I I ol L¢ [—1 ]
- | o e | 4 - | -
Q» | ¢ B ;b A | 0
| = | | (177}
Y | » 1 LV | 1 L¢ |—1
where the inverted hordered A matrix is designated as a bordered B mafrix.
We may evaluate an income change from {176} for a typical element as
agi — _A.
o b (178)
Similarly, for a price change, we have
d¢;
T = B+ b (179)

ap;

Substituting (178} in {179), we have the Slutsky equation in which the first term
is the substitution effect and the second s the income effect or

dg.

o _ 9g:
=R oy

180
3, (180)

Gho— g
The symmetry of the substifution effect may be proven as follows, The bordered

A matrix is symmetric or
A= A (181}

Any element in the bordered B matrix, obtained by inverting the bordered A
matrix, &lso is symmetric or

I\B"_,' = }*4:'3,'.' or (182)
K,‘,‘ = Kﬁ' (18-3)
where
- agn- ) iﬁl’_‘
K= oy + g, 3y or {184;
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d¢i |, d¢: _ 9¢; ,  9g; 5
ap, TP ay Tap T ey (185)

Converting (185} into elasticities, the relation between any two cross-price elas-
tieities is given by

W,

W, + wiley — eal (186)

Caip = €4

The mwon substiiuizon effect always is negative as can be seen directly. The mar-
ginal utility of ineome, X, is always positive. Consider the term, K. = Bk, The
value of B, is obtained by dividing the cofactor of the bordered Hesslan matrix
{4.,.) by the determinant D. The sign of cofactor A,, must be uppogite to that of
D sinee £ is of order # 4 1 and the cofactor 1s of order n.

The Engel aggregation may be seen from the condition that the inverse of a matrix
multiplied by a matrix equals on identity matrix or A7'4 = T or

= f (187)

b | 0 —p | 0 0 I

FEngel aggregation states the price-weighted sum of income slopes equals one or
Bl{—p) =1 or

g,

i

x o
where

b’ is the vector of income slopes,

The Cournot aggregation states that the price-weighted sum of a given eolumn of
price slopes equals the negative of the budget proportion or

B{=p)y =10 or
{188)
ZokKy =0
where
the clements of the B matrix are eompensated price slopes.
Using the Slutsky eondition {184}
'a [ a ]
Ki=32 4 g, 50 (189)

; Ay’
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we may express equation (188) as

9g: 5
Epitt + 2L

The second term is the Engel sggregation or

P T
Epigy = 1.
50 we rewrite (190) as
4y,
Zn; = —q, (191
Pigp = 4 )

Ftrisch model

Frisch starts with the first order conditions of utility maximization specified in
equations (174).

D'f{qlaqzr"':qﬂ)_"\pi=n (jll’ﬂr---,n} (192)
wheore
141
U, = ag; and
b — g~ — g = Q. {193)

The demand functions ecan be represented as

a0 = ‘I-’(Plr B2yttt Py y) (]94:]

As before, the demand elasticities w.r.t. price (e;,) and income elasticities {e:) are
defined as

. = 30 B

and
’ OB g
(193)
=99 =
iy o, £, j=1,2, ) Lh,
The proportion of expenditure on the i*h commodity is denoted hy
w, = B {196)
Y
The marginal utility of money, X, iz defined as the common ratio
vy Us Uy
= 55 = T = r: = — 17
)‘ Pl P2 pn { g :]
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Since utility, by definition, is a function of quantities consumed, we have
Us= Ui, @ -+, g0}, (198}
and the inverse function can be written as
gi = qi(lh, Uy, - -+, U} {£=1,2.. n. (199

Now Frisch defines utility accelerators, want elasticities, and money flexibility as

F,= '3—&&%-&—-—9") . —{%-'— (utility accelerator}, (200)
oy = 220 U Ui ryang elasticity), and (201)
al/; G
& = a’; : i {money flexibility), (202)
From (175), we have
@ y
[A —p | Ci= M 07, (203)
or
200 w90 o000 0]
oo _ ém dp,. Ay
Ui i — OXN0 - -0
O OB _ | . | 204
ap op. dy . (204
Uin < v Un — ak oA A
220 o Aol
_'3?3'1 ap. oy ]

Writing the firat equation in full,

8y O By _
Uy Ew. + + Uia F yell ap; X

ar
U 3¢y L 80 9 _ O\
B{h 6;01+ +6Q‘ apl—;m &pl“!‘:\., qQr
{205)

oty g Ui dq . L3 g Ui 3G _ 0
don U @ a‘Pl+ +ag.. O g 8m plf’ﬁu—lh)‘L
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Using (195), (197), and (200), (205) can be expressed in terms of price elasticities
and utility accelerators as

Foen oo+ Fiogin =1+ A (208)

Similarly, expressing all the other cquations in {(304) in terms of price elasticities,
income elasticities, and utility accelerators, (204) can be rewritten as

1+ 2 M IR I
Fy---F, g o - finry
: = M 14+ 2X-- ky o {207)
Fnl"'an Eal * ¢ ¢ Ean€ny
Moo P+ e o
where
= 9 p;
:\'—-:':'lp.-?\’
From (207)
LT T Fu - FoMyl4+Mnn k R V-
=| - Mol x o X @ (208)
€ui ' ' ' EBnnfny Foi v -+ Fan A v oee e e 1+ x.0

Now Frisch shows that
[Fiilnm 2 [0idnem = 1

therefore
[5i]nem = [Fijlim (209)
From (208} and (200}
e vt Bl i - ot o Ols 14X A - - A ¢-—|
' _|. M L4+ A ¢
€al * ° * EnnBay e:;-nl SR . X ko A B qﬁJ
Thervefore,
iy = ¢ Z,‘ 7y; and {210
e = NZog+ o 211

Further, Frisch shows that
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Summing over J

wy Z Ty = Z wryy  or
H 1

Ty = = 3w,
i Wi
From (210} and (212},
&y = wi, Ej-w,—a-,—.— and
ey = ¢ Z, Wil ;4
Summing (213) over i,
Z Wy = ¢ ZEJ W3 55
Using the Engel aggregation,
Z Wy = 1.

therefore, {214) can be wriften as

L 1
?- ZIZJ. Wi,y B Z'{w. Ejdﬁ).

From (211) and (212), we have

1

Aj wy
£y = — wiri + — o4
if W, E} Wiy w. T

From the Cournot. aggregation, we heve

Z WEG = —iy.

From (211) and (216),

E_ wild; Z g+ o) = —w,; and

Aj E {1, Z Tis) + Z T =
£ ¥ [

—U'y.

148

(212)

{213)

(214)

(215)

216

(217}
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From (215) and (217),
i
?'U; + Z wwi; = —uw, and
A = _(w:' + Z widi;'}(b'
Frisch also shows that

€y = ¢ Z-:rij
I

= ¢ ;L—I ZJ: we;  [using (212)]
we, = ¢ Z,: e i
Interchanging ¢ and j,
Wy = ¢ Z Wil g5
From (218} and (220},
A= —wuwpp — we, and

= —up + en)

Using (211 and (218)

g3 = —(w,- + E w.-cr.-,-) & Z oi; + o
¥ 7

= @y = W 2 oy — @ z Wig 3f E i and
H 1 ¥

= gy — Wity — w,e,—,% Ifrom {219) and (220)].

Therefore,

é
iy = i — w;“eiv(l + f)+

In perticular, when i = j,

€y = i — w.em(l + %") ~

(218)

(219)

(220)

{221)

(222

(223)
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A good 1 is defined as want independent of good j if U,; = 0. Since wy; is the (5}t
element of the inverse of matrix (U7}, it follows that #;; = 0 for want independent
commodities. Therefore, (222) can be written as

£ = —w,e{.,(l -+ ef) . {224)

Alsa, if a good ¢ is want independent of all other goods,

o= Cw
Ull ¢
and, therefore, from (223),
gi¢ = %’-’ — Wy — Wy 1—"
(225)
I A !_%)
€4 e:p('uh Py .
Bolving for 4, from (2253,
6 = ol — wey) (226)

-1 + w:el'y )

Having obtained a value of ¢ from {226}, (224} can be used tc obtain any cross
elasticity e;; without making any assumption beyond e, = 0 for that particular
(27) combination. To obtain a reliable estimate of ¢, we need only the direct price
elasticity of a single good and income elasticities of all goods. Thus, knowing all
meome elasticities, expenditure weights and the direct price elasticity of a single
commodity, all the remaining parameters can be obtained.

The assumption of want independence imposes complete additivity of the utility
function as noted by Barten (1964, 1967). Barten also shows the 't are not
invariant for 8 transformation of the utility function. Because of these properties,
the procedure for computing the complete set of elasticities, using this approach,
restricts us to a certain class of utility indicators. Barten suggests an approach
which incerporates & wesker assurmption on the utility funetion—the assumption
of complete additivity is replaced by an assumption of an almost additive utility
indicator.

The Barten approach

Barten also begins his analysis with the classical model where a given consumer
maximizes his utility subject to a budget restraint. He expresses (175) as

(Ui || & Q, 0 Y|

= (227)
ry 0 - hr - }lp 1 —-q
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From (227),

[ o @] [wy  pTe Al
D I I

. [pw.-,-rlplw.-,-)* - BT r:u,-f)-'p*] [0’ u]
UBET e »

! —g¢

Wo)p }—’:; W™ — %(Uu}_]ﬁlﬁ({ﬁj)_l - (Ua7p'p

= )\#
—! MUY + g
Therefore,
g = 3(U:)7'p' and (228)
_ X
Q= MU — (JT,) Gy — Nl (229)

Converting (229) into elasticities, a typical element can be written in the form,

ipe—l 1
£ij = % U5 — S eatpw; — eqwy;
)

&

whera
U} is the (i) * element of ()"

This can also be written as

€i; = %i Uil - wje"u(1 + %’) (230)

Equation (230) is identical with (222) except for the first term on the right-hand
side. Earlier, it was pointed out that o In (222) was not invariant under trans-
formations but that (U/;;)~! is invariant under transformations. Thus, from a theo-
retical point of view, Barten’s formulation incorporates less restrictive assumptions
than Frisch’s formulation.



-

Giantind Foundalion Monograph « No. £8 « March, 1871

ACKNOWLEDGMENTS

The authors wish to express their deep
appreciation to Ben C. French and
Kenneth R. Tarrell of the Giennini
Foundation and te George E. Brandow
of The Pennsylvania State University
for their construetive and penetrating
comments on an earlier draft of this
maonograph. The discussion of separs-
bility in this monograph owes much fo

Alsin Choppin de Janvry both from his
thesis and from seminars presented at
Davis. Any errors are, of course, the
responsibility of the suthors. Also, we
wish to thank Mrs. Barbara Huffine for
her exeellent and painstaking work in
typing the final manuseript and Joseph
Fabry for his most helpful editorial
assistance.

LITERATURE CITED

Aveex, R. G. D)., and J. R, Hicxs

1934.
AutEn, R.G. I
1964
Axperson, R. L.
1942.
13:1-13.
Axpenrscn, T. W.
1958
Arrow, K L
1953,
1959,

Arnow, K. J, and A. C. ENTHOVEN
1961. Quunsi-Concave Programming,
Avaniax, RoOBERT

Eeonomtetrica,

A reconsideration of the theory of value, II, Economica, N5, 1:196- 219,
Mathematical Economics, (sacond edition), Londen: Macmillan and Company.

Thatribution of the serial correlation eccefficient, Annals of Mathematical Statistics,

An Frireduction to Multivariate Statiatical Analysis, New York: John Wiley & Sone, Inc.

Utilities, attitudes, cheices: A review note, Kconometrica, 26{1):1-23,
Tational choice functions and orderings, Economica, N.8., 26:121-127.

29(4):7T9-800,

1969, A comparison of Barten's estimated demand eluslicities with those obtainad using
Friech's method, Ecenometrica, 37(1):79-94.
BALESTRA, PIeTRO, snd Makrc NERLOVE
1966, Pooling crosa eection and time serics data in the estimation of a dynamic modei: The
demand for natursl gas, Eeonomeirice, 34(3):585-612.
BarreEN, A. P
1964, Consumer demsnd funetions under condilions of almest additive preferences, Econe-
melrica, 32(1}:1-38.

1967. Fwidence of Slutsky conditions for demand equations, Rev. of Feonontics and Staligiics,
48{1%:77-84.
1968, Estimating demand equations, Feonemelrica, 36(2):213-51.

BagTeEN, A. P, und 8. J. Turvovsky
1966. Some aspects of the aggregation problem for composite demand equations, [nfern.
Fegnomic Rev., T(3): 231--59.
Basuann, R, L.
1956. A theory of demand with variable consumer preferences, Econgmetrice, 24(1}:47-58.
Baumon, WL

1965. Economic Theory and (lperations Anelysis, (second edition], Englewood Cliffat Pren-
tice-Hull, Ine.
Biert JURG
1966. Dynamic aspeets of demand projections, unpubl. paper, University of California,

Berkelay,
Ber-Davip, B, and W. {3. Tomex
1965. Aflowing for slope and infercept changes in regression analysis, Dept. of Agric. Eeon,,
Cornell University, Ithacs, AE. 179
HoyrweLs, Jr, W. K.
1965, Estimation of consumer demend from erdinaily separable ulilily functions, unpubl. Ph.Th
thesis, North Carolina State University, Raleigh.
Bourwgry, Jr., W. K and R. I.. Biusoxns
1068, Estimation of demand for fond and other products assuming ordinally reparable utility,
Amer. Jour, of Agriculiurel Economics, 50{2):306-78. . ~° :

or



154 Grorge and King : Consumer Demand for Food Commoditics

Braupow, G. E.
1961,  Inierrelotions omong demands for farm producls and implications for confrol of markel
supply, Pennsylvania Apric. Exp. Sta. Bul 880, University Park.
Buchnovz, H. E., 4. (. JupGe, and V. [. West
182, A summary of eefecled estimated behavior relationships for agriculfural produels in the
Uniled States, Illincis Agric. Exp. 8ta. AERR-BT.
Buek, MaraveriTa C,
1951. Changes in the demand for food from 1941 to 1950, Jeur. of Farm Ecottomics, 33(3):
2R1-94.
1958,  Some analyses of income-food relationships, Jour. of the Amer, Shaftstreal Asgoc., D3{284):
205-27.
1961,  Measures and procedures for analysis of US. food congumption, UB. DA, Agrie. Hand-
book 206, Wash.,, D.C.
Burg, Marcuermta C., and T. J, Lanasax, Jr.
1858, Use of 1955 food sorvey data for research in agricultural economics, Agric. Econ. Fe-
search, 10(3}: 7908,
Cuameerun, E. H.
1957. Towerds o More General Theory of Volue, New York: (Oxford University Press.
Cuaprmax, Jo, W. F., and M. R. Gopwin
1963,  Use of condrolled exrperiments fo cotimale demand, T.8.D.A., Econ. Research Serv,
Waah,, D.C.
Curpnan, J 8.
1660, The foundations of utility, Econometrica, 28{2):193-221,
Cunist, L.
1963,  Simultaneous agquation estitation, any verdiet yet? Feonometrica, 28(4) 183545,
Crark, F., J. Murray, G. 5. Werss, end E. Grosamax
1954,  Food conrumption of urban fomities in the United Stafes . with an appraisal of methods
of enalysis, US.I2 A, Agric. Inf. Bul 132
Cuarkeox, G. P.
1963. The Theory of Consumer Demand; A Critical Approaisaf, Englewood Cliffs: Prentice-
Hsll, Ine.
Cocuraxg, D, and G. H. Orevrr
1949,  Applieations of least squares regressions to relationships containing auto-correlated
error terms, Jour. of the Amer. Slatisticol Assor., 44{245): 32-61.
Conterr, W. I, and P. K. NEwmMax
1953, A note on revenled preference and the transitivity condition, Rep. of Econamic Studies,
20(2) :156-58.
Court, L. M.
1941, Entrepreneurial and consumer demand theories for commodity speetra, Econvmelrica,
B{2): 13562
Cramtr, H.
1966. The Elements of Probability Theory and Some of fis Applicafions, New York: lohn
Wiley & Scne, Inc.
CraMER, J. 8.
1957. A dynamic approach to the theory of consumer demand, Ren, of Econemic Studies,
24:73-B6.
Daveymre, D, G,
1961. On the noture of markeling margine, Michigan Agrie. Exp. Sta., Agrie. Econ. Rept.
a4,

Davy, REx
1956, The long run demand for farm products, Agric. Economics Research, 83):73-91.0
Davwy, R. F.,, and A. C. EGBERT
1966. A look ahead for food and agriculture, Agric. Economics Resenrch, 18{1):1-9.
Davtzia, (3. B.
1863, Linear Programming and Extensions, Princeton: Princeton University Prass,
DeEREU, G.
1954. ‘Representation of a Preference Ordering by a Numerical Funetion, Decision Processes
{ed. by R. M. Thrall), New York: John Wiley & Sons, Ine., pp. 159-165.
1965. Theory of malue, an axiomalic analysiz of ecanomic equilibrivan, Cowles Found. Mano-
graphn 17, Third Printing, New York: John Wiley & Souns, Ine.
DeJanvay, A. C.
1966.  Mensurement of demand paramelers under separadilily, unpubl. Ph.D. thesis, University
of Celifornia, Berkeley.



friannint Foundation Monograpk « Xo 26 » March, 1571 155

DEelanvay, A. ., and J. BiERL
1868, On the problem of degrees of Freedom in the analysis of consumer behavior, Amer.
Jour. gf Agriculiural Economics, B0{5):1720-38.
DorFMAN, ROBERT
1964, The Price System, Englewood Cliffa: Prentice-Hall, Ine.
Dorrmar, R, P. A Bamversoxs, and R. M. Sorow
1958. Linear Pregramming end Ecoromic Analyss, New Yorlk: MeGraw-Hill Book Company,
Enc,
Douglas, Enxa
1967. Sceular and eyvelical changes in ihe demand for components of & product cluster, Hev.
of Economics and Stalistics, 48{1}:63-76.
Drearen, . R., snd H. Smrte
10686, Apphied Regression Analpsis, New York: John Wiley & Sons, Ine.
Duneix, J.
i953. A note on regression when there is extrateous information about one of the coefficients,
Jour, of the Amer. Statistical Assoc., $8(264):700-808,
Dugeix, J., and . 5. Watson
1950, ‘Testing for serial correlation in least squeres regression 1, Bromelrike, 37:400-28.
1951. Testing for serinl correlation in lesst squares regression E1, Biomeirika, 38:159-78
Ezexier, M., and K. A, Fox
1059, Moethods of Corrolation and Regresstont Anaiysis, Linear and Cwrvilinear, Third Edition,
New York: John Wiley & 8ons, lne.
Farurnt, M. J.
1952. Irreversible demand functions, Fronomeiricz, B20{23:171-86.
1954, Some aggregation problems in demand analyais, Rev. of Economic Studies, 21(3):183-

203.

Frseew, F. M,
1066. The Identification Prablem in Economelrice, New York: MceGraw-Hill Book Company,

Ing.

FiseeR, 1.
1892, Mathematical investigations in the theory of value and prices, Transaction of Connecti-
ewl Acedemy of Aris ond Science, 9(1):1-124.
1925, Qur nnstabie dollar and so-called business cyele, Jour. of the Amer. Slatistival Assoc,
2 170202,
Foote, R. J.
1958,  Analytical fools for studying demand ond prive siructure, U8 DA Agric. Handbook
148.
Fox, I{. A,
1951. Factors affecting farm income, farm prices, and food comeumption, Agrie. Economics
Research, 3(3):65-82.
1953,  The anolysis of demand for ferm produets, U8, A,, Techn, Bul. 108,
Fortik, J.
1951, Chsracteristics of demand for California plums, Hilgardio, 20(20):407-527.
Fraser, L. M.
1932, How do we want economists to behave? Ecenomic Jour., 42:555-70.
FrencH, BEx C.
1969, Estimales of demand for frozen vegetables {unpubl), University of California, Iiept.
of Agric. Econorics, Davia.
Freuxo, I. E.
1062 Mathemotice! Statisties, Englewnod Cliffs: Preatice-Hall, Lne.
Frienman, M.
1053,  Faseys in Posilive Economies, Chicago: University of Chicage Press,
1957. A Theory of the Consumption Funclion, Princeton: Princeton University Presa,
Fareodax, M., and L. J. Bavace
1048 The utibity analysis of choices involving risk, Jour. of Folitical Economy, b6:275-304.
Friscn, R.
1050, A complete echema for computing ull direct and cross-demand elssticities in s medel
with many sectors, Keonometrica, 2T(2): 177 96,
Gag, H F.
1961, Seqsonal verigtion sm form food prices and price spreads, U.S.D.A., Miscell. Publ. 840,
(eorce, P. 5.
1969 . Measurement of demand for food commoditios in the ('nited States, unpubl. Ph.D. thesis,
Dept. of Agriculturnl Economics, University of {alifornia, Davis.



156 fFeorage and King : Congumer Domand for Food Dommoditics

GERra, M. J.
1050, The demand, supply, and price struciure for eggs, U.8. 1 A, Techn. Bul. 1204,
Girsics M. A, and T. HasvELMO
1947. Htatisticnl anslysis of the demand for food; examples of simultzneous equations in
ptructural egualions, Eeonomefricn, 16(2):709-110
GOLDBERGER, A. B
1564. Econometric Thesry, New York: John Wiley & Sons, Inc.
Govrpxan, 5. M., and H. Uzawa
1964, A nole on separability in demand analysis, Economefrica, 32(3):337-08,
Gooowiw, J. W, . Avpogn, and J. E. MarTin
1968, The irreversible demand function for beef, Oklahoma Agric. Fxp. 8ta. Techn, Bul, T-127.
Goneux, L. M.
1960, Tucome and food consumption, F.A.G. Monthiy Bul. of Agricultural Erconomics anrd
Stetistics, 90107 :1-13. F.A.0., Rome.
Gomryan, W. M.
1958n. Separable utility and aggregation, Fronometrica, 27(3):469-81.
1859b. The empirical implicationa of a utility tree: a further comment, Econmmetrics, 27(3): 489,
GRAaYBILL, F. A,
1961, An [ntredunciion fo Linear Statfstical Models, Volurae t, New York: MeGraw-Hill Book
Company, Inz,

Green, H. A.J
1964, An Aggregoiion in Economic Analysis; An Introduciory Survey, Princeton: University
Preas,

GrRuUNFELD, Y., and Z. (GRILICREE
1960, Ie aggregation necessarily bad? Rev. of Economics and Statisiics, 42(1):1-12,
HaaveEowmo, T.
1943, The statiatienl implications of a set of simultaneous equatione, Feonometrion, 11(1):1-12,
Haprey, G.
1964, Nonlinear end Dynamic Programming, Reading: Addison-Wealey Publishing Company.
Hairesre, M. C.
1968. Discussion: estimetion of demznd for food and other products assuming ordinally
geparable utility, Amer. Jour. of Agricultural Ecenomics, BH2):375-80.
Hexpersox, J. M., and B. E. Quaxor
1958,  Micreeconomie Theory, New York: MeGraw-Hill Boek Company, Ine
Hennrmanxy, R 0.
1064, Household secio-economic and demogrophic characleristics as delerminants of food expen-
diture bekarior, unpubl. Ph.D. thesis, Michigan State University, Iast Lansing.
Hiexs, J. R
1934, A reconsideration of the theory of value 1, Economics, NS, 1:52-73.
1939, Value and Capitgl, Oxford: Clarendon Press.
1956 A Rewsion of Demand Theory, Oxford: Clarendon Press,
IMEMsTRA, 5. .
1067 Resoarch needs in analysis of U. 2. food demand, paper presented at the Assoc. of South-
ern Agric. Werkers' Conf., New Orleane, l'-(:-ulsiana Junuary 30,
1967L. Book review: “Consumer dcmand in the Umtc-:l Sta.tcs * (by Houthakker and Ta.ylor)
Agric. Economics Research, 19(2):63-G4, .
1968 Food coneumplion, prices, expend:turcs, U.5.13. A, Agric. Econ. Rept. 138, .
HiLnreTH, C., and F. G. JARRETT
1955. A siotistical study of (fvestack production end wmarketing, Cowles Commission Monograph
18, New York: John Wiley & Sons, Inc.
Hoow, Inving
1962. Eatimation of production function parameters combining time-series and cross-section
data, Feanometriea, 3Q01):34-53.
Hovprexn, B. K.
195%. The behavior of margins in wholesale and retail food distribution firms, in A Repori on
Demand for Farm Products, Center for Agricultural Adjustment, Ames, lows, TAA
Rept. 2, pp. 109-22,
Houues, K. A,
1966, Eatimation of demand glasticities for substitute foods, Agric. Economics Research Caoneil
‘of Canada, Ottawa.
1908, <Combining cross-scetion and time-series informetion on demand relationshipa for
eubstitute goods, Amer. Jour. of Agricultural Econemics, B0(1):56-65.



triannint Foundation Monograpk + No 26 « March, 1371 157

Hoan, W. C., and T. C. KoorMans (editors)
1953.  Studies in econometric method, Cowles Commission Menograph 14, New York: John
Wiley & Bons, Inc.
Hoaos, S1oNEY
1654, Weekiy prices and refoil morgins—small, medium, and large atores, oranges, lemons, and
grapefruil, Calif. Agrie. Fxp. SBta., Giannini Foundation Report 170, Berkeley. Mimeo.
Horeruneg, H.
1932. TEdgeworth'a taxation peradox and the nature of demand and supply function, Jeur.
af Politicn!  Economy, 40(5):577—816.
Houex, J. I,
1966. A look at Rexibilities nnd elnsaticities, Jouwr. af Farm Eeonowmics, 48(1):225-32.
HourHaxker, H. 8.
1950. Revealed preference pnd the utility function, Eeonsmice, N.8., 17115974,
1952, Compensated changes in quantities and gualities consumad, Rev. of Economic Studtes,
19:155 (064,
1980,  Additive preferences, Foonomelrica, 28(2):244-37
1661. The present state of consumption theory, Econometrica, 29(4):704-40.
Houtnarxer, H. 8., and 1. T} Tavion
1966,  Corswner Demgnd in the [Tntled States, 1329-70, Anelyses ond FProjections, Cambridge:
Harvard Uiniversity Press.
Iyencaw, N. 8.
1964, A congistent method of estimating the Engel curve from grouped survey dats, Ecero-
rmefrice, 32(4):531-618.
Jouwsran, J.
1863. Ecomometric Methods, New York; MeGraw-Hill Book Company, Ine,
Kauman, P J.
1968. Theory of consumer behavior when prices enter the utility function, Economelrica,
38{3—4):497-510.
Kremy, L. R,
1962, Ar Introduction to Fconometrics, Englewood Cliffs: Prentice-Hall, Inc.
Koormans, T. C.
1957,  Three Essays on the Stele of Eronomie Science, New York: MeGraw-Hill Book Company,
lne., pp. 129-58.
KortLER, PHILLIP
1967 Marketing Manegemené: Analysis, Planning, end Control, Englewood Cliffa: Prentice
Hsll, Inc.
Kover, L. M.
1954,  Diatributed Lags ond Investment A nofysis, Amaterdam: North-Holland Publishing Com-
pany.
Krveswg, R. E.
1068 Microcconomic Theory of the Market Mechunism: A General Eguitibrinm Approoch,
New York: The Mscmillan Company,
Kuh, Epwix
1959, The validity of cross-scctipnally estimated behavior equations in time-series applica-
tions, Econometrica, 27:197-214.
Kvu, Epwix, and Jouw R. MEYER
1955, Correlations and regression estimontes when the data are ratios, Economelrica, 23(4):
10016,
1957, How extrapeous are exiraneous estimates? Ree. of Fronomics end Stalistics, 39(4):
380-93.
Kuvzwers, G. M.
1953, ' Mesaurement of market demand with particular reference to consumer demand for food,
Jour. of Farm FEronemics, 3B6(5):878-65.
1963. Theory and quantitative rescurch, Jonr of Farm Economics, 48(5):1393-1400
Lapp, G. W,
1963, The estimation of regional derand functions, Interregional Compelition Research Aelh-
ods, {ed. by R. A. King), North Carolina State University, Raleigh, pp. 147-60.
Lawee, O,
1946. The scope snd method of economica, Rev. sf Feonomic Studies, 13:19-32,
LeEnrFeLDT, B. A.
1914. The elasticity of demand for wheat, Feonomic Jowr., 24:212-17,
Lioyn, CLirr
1967, Microeconomic Analysis, Homewood: Richard I}, Irwin, Inec.



158 Guarge amd King : Consuwmer 1 mand for Food Commoditics

LoGaw, 8. H,, and J. N. BoLes
1962.  Quarterly fluctuations in retail prives of meat, Jour, of Farm Eeonomics, 44(4):1050 0.
Luce, R. DD, and H. Rarrra
1957.  Games end Decisions; Iniroduction and Criticat Suryey, New York: John Wiley & Sons,
Ing.
Mavriwvavp, E.
1966 Sfalistical Methods of Feonometrics, Chieago: Hand MeNally and Company.
McKENzZIE, L.
1857,  Demand theory without & utility index, Bev. of Economie Studies, 24:185-89.
MippELROEXK, A. 1.

1968 Tests of marginal stability of input-output coefficients and 1970 projections of o coeffi-
cient matrix, paper presented at the Fourth Intern, Conf. of Input-Output Technigue,
Coneva, Janmary 8-12,

Mirsnax, E. L
1961. Thepries of consumer behavior: a cynical review, Kconomica, N5, 28:1-11,
Movicriaxy, F.

1966.  The life eyele hypothesis of saving, the demand for wealth, and the supply of capital,

Social Heseerch, Bummer, pp. 160-208.
Moniariaxt, F_, and B, Brusmpere

1954.  Utility analysis and the consumption function, and interpretation of eross-section data,
in Post Keymesian Economics, {ed. by K. XK. Kuriharz), New Brunawick: Rutgers
Tlniversity Presa.

Moore, HExny L.
1017, Forecasting the Yield and the Price of Coton, New York: The Macmillan Company.,
Muwniak, Yur

1961. Empirical production funetion frec of management bias, Jeur. of Ferm Feanemics,
43(1):44-56,

1963. Estimation of production and behavioral funetion from a combination of eross-section
and time-series data, in M ecsurement in Economics {Carl F. Christ, e al.), Stunford:
Tniversity Press, pp. 138-66.

NaceL, E,
1963.  Assumptions in economie theory, Amer. Economic Review, 53(2):1211-19,
NERLOYE, Mane

1958a. Distributed lags and demend enaiysis Jor agricuftural and other eommodities, U810 A,
Hondbook 141,

1958b. Distributed lags and estimation of long-run supply and demand elasticities: theoretical
considerations, Jour. of Furm Feonorics, 4002):302-11.

NEwWMaY, PETER

1985. The Theory of Exchange, Englewood Cliffs: Prentice-Hall, Tne.
Qceex, K. E,

1956. The farmer's share: three mensurements, Agrie. Economics Ressarch, 8(2):45-50.
OxENFELLT, A, R.

1966.  Erecutive Action in Marketing, Belmont, Calif.: Wadsworth Publishing Company.
Pamrks, R, W,

1968,  Systems of demand eguelions: an empirical comparison of alternative functional forms,
Center for Mathematical Studies in Business and Economies, University of Chicago,
Rept. 6808.

Pearce, L F.
1961.  An exect method of consumer demand analysis, Econemetrice, 23{1):499-518.
1964. A Condribution to Demand 4nalysts, Oxford: Clarendon Press.

Pamis, ., and I. Bocu

1966. Combinations of time-series and cross-section data in dairvy production funetion analy-
gis, Preceedings, Western Form Ecomomics Aasoc., pp. 247-58,

Prats, 8. 1., and H. 5. HOUTHAKKER

1958.  The analysis of family budgets, University of Cambridge, Depl. of Applied Economice,

Monograph 4, Cambridge, England.
Press, 8 J.
1968, On gerind rorvelation, venler for Mathemstical studies in Business and Economics,
University of Chicego, Rept. 6841,
FPrest, A R,
& 194?3. RSomc experiments in demand analysis, Rev. of Economics and Sialisfics, 31{1):33-49,
0, C R,
1965. Linear Statisfical Inference and [tz Applications, New York: John Wiley & Soos, Inc.



fignnind Foundation Munogragh « No. 28 « Muarch, 18%1 159

Horpixs, L. C.
1946, An Essay on the Nalure and Significence of Feonomic Seiences, London: Mecmillan and
Company, pp. 1-45.
Rocewen, Jr, G, R.
1959,  [freome and household size: their effects on food consumplion, UB DA, Agric. Market-
ing Service Res. Rept. 340, Wash | [M.CC.
Rorxo, A. B.
1057. The demand and price struclure for dairy products, TL.E. DA, Techn. Bul. 1168,
1061, Time-series analysis in messurement of demand, Agric. Economics Research, 13(2):
37 54,
RosENBERG, B.
1968, Regression in the Presence of Stechasticelly Varying Paramelers, Eeonomelriea 36(5):
B4 84,
SamuElLsoN, LA
1938. A note on the pure theory of consumer’a behavier, Keonomice, N.5., 6:61-71 and
5:353-54.
1952. Probability, utility, and the independence axiom, Eronametrica, 2004):670-T8.
1980 . Structure of 3 mintmum equilibrium system, in Essays in Eeonomics und Economelrics,
(cd. by R. W. Pfouta}, Chapel Hill: Universily of North Carolina Press,
Bamunison, P. A,
1965. Using full duslity to show that simultaneously additive direct and indirecl utilities
implies unitary price elasticity of demand, Feonomelrica, 33(4):781-90.
1966. Fouadations of Economic Analysis, eighth printing, Cambridge: Harvard University
Press.
ScxereE, Ho
1987 . The Anelymz of Variance, New York: John Wiley & Bona, Ine.
Scuierer, L.
1964. Congumer Discrelionary Behavior, A Comparalive Study in Alernative Methods of Em-
pirical Regearch, Amsterdam: North-Holland Publishing Company.
Scavirz, Hekry
1038. The Theory and Measuremenl of Demand, Chicago: University of Chicago Press.
Berrovsey, T.
1945. Some consequences of the habit of judging quality by price, Rev. of Economic Studies,
12:100-05.
SuerHerp, G. 8,
1955. Marketing Farm Products, Economic Anelysis, Third Ed., Amea: lown State University
Preas.
1983, Agricullural Price Analysis, Fifth Ed., Ames: Towa Btate University Presa.
Scursky, E E,
1952. (On the theory of the budget of the consumer, in Readings én Price Theory {ed. by G. L.
Stigler and K. E. Boulding), Homewood: Richard D. Irwin, Ine.
Swrre, V. L.
1662.  An experimental study of competitive market behavior, Jour. of Political Economy, T0
(2):111-37 and TO{3):322-23.
SKEDECOR, (r. W,
1056,  Siatistics! Methods, Fifth Ed., Ames; Jows State College Press.
Soswsick, 8. H.
1962 Orderly Marketing of Califormia Avoesdos, Hilgardie, 33(14):707-72.
SricLER, GEORGE J.
1962. Henry L. Moore and statistical cconomics, Ecoromefrica, 30{1):1-21.
1965. Fysays in the History of Econemies, Chicage: University of Chicago Press.
SronE, RICHARD
1954a. The Mensurement of Consumers’ Erpeaditure and Behavisr tn the United Kingdom,
1920-1958, Vol. 1, London: Cambridge University Presa.
1954k . Linear expenditure aystems and demand analysis, an application to the pattern of
British demaand, Ecenemic Jour,, 64:511-27,
Srong, I, R. A. Brown, and D. A, Rowe
1964. Demsnd anslysis and projection for Britian 1900-1970, in Furope's Future Consump-
tion, (ed. by J. Sandee), Amsterdam: North-Holland Publishing Company.
SrroTz, R. H.
1956, Myopia and incongistency in dynamic utility maximization, Hev. of Economic Studies,
23:165 -80.



140 George and King: Consumer Demand for Food Commeditics

1957. The empirical implieations of & utility tree, Feonometrica, 25(2):260-80.
1950 The utility tree: a correction and further appraisal, Eronomefrice, 27(3):482-88,
THeiL, H.
1954. Linegr Aggregution of Ecomomic Felations, Amsterdam: North-Holland Fublishing
Company.
105%. The sggrogation implications of identifisble struetural macrorelations, Economelrica,
27:14-29
1967. Economics and Information Theory, Amsterdam: North-Holland Publishing Company.
Tuen, H., and A L. Nacen
1961. ‘Testing the independence of regression disturbances, Jour. of the American Stalistical
Aszsoc., BB[206):793-B06.
TroMaE, J. J.
1964. Notes on the theory of multiple regression analysis, Center of Economic Research, Athens,
Greore, Training Beminar Series 4.
Trousen, F. L.
1951,  Agricultural Muarkefing, New York: MceGraw-Hill Book Company, 1lne.
Trurstong, L. 1.
1947. Multiple Factor Analysis, Chicago: Universily of Chicago Press.
TIKBERGEN, JAN
1951. Econemeirics, Philadelphia: The Blakiston Company.
TisTHeR, G.
1338, The Maximization of utility over time, FEesnomeirica, G:154-58.
1965. FEconomeirics, Wew York: John Wiley & Sons, Ine.
Tryox, B. C.
1984, Theory of the BC TRY system: sialisfical theories, University of California, Dept. of
Payehology, Mimeo,
TsusmMuza, Koraro, and Tamorsy 3aTto
1964. Ilrreversibility of consumer behevior in terme of numerical prefergnce fields, Rew. of
Eeonmomics and Stotistics, 46(3):305-19,
U. 5. Buaeav or Lapon StaTisrics
1040, Fawmily expendilures vn selected cities, 1936-36, Vel Il, Food, Bul. 848
1963 Retas!l prices of food (1961-63) indezes and average prices, Bul. 1448 (ulso previous issues).
11, 8. DEPARTMENT OF AGRICULTURE
1941a. Family food consumption and dietary levels, miscell. publ, 408 (Farm Seriea).
1941b. Family food consumption and divtary levels, miscell publ. 462, (Urban and Yillage
Beriea).
1044 Fawmily and fosd consumption in the Uniled Stafes, Spring 1942, miscell. publ. 560.
1056. Food consumplion of households in ihe I'nifed States, Household Food Consumption
Burvey 1955, Rept. 1, Washington, D.C,
1957. Farmrelail spreads for food products, Agric. Marketing Serv, Miscell. Publ. 741
19685, Farm-retail spreads for food products, 1847-64, Econ. Research Berv., Rept. 226,
1968a. Food cansumplion of households in the Uniled Stoles, Spring 1965, Household Food
Consumption Repts. 1-5, Washington, D.C.
1068b . Marketing and transportation situation, Econ. Research Berv,, publ, quarterly, (various
iasnes).
Uzawa, H.
1953, Preference and rational choice in the theory of consumption, in Mathematical 3 ethods
in Social Sciences, (ed. by Arrow, Kalpin, and Suppes), Btanford: University Presa,
pp. 12948,
Von Neumany, J., and Q. McoRGEKETERN
1947. Theory of Games and Eronomic Behavior, Princeton: Princeton University Press.
WaucH, F. V.
1964, Demand and price anolysis, U. S, Department of Agriculiure, Econ. Research Serv,,
Techn. Bul. 1318,
WeaGGE, L.

1965.' Identifisbility criteria for a system of equations as a whole, Austrakion Jour. of Statistics,
T(33:67-77.
1068. The demand curvea from & quadratic ntility indicator, Rev, of Economic Studies, 35:
200-24,
WiLks, 3. 5.

1062, Mathematical Statistics, New York: John Wiley & Sons, Inc.



fFiannini Foundation Monograph + No. 26 « Marek, 1871 161

WoLn, H.
1852, Ordinsl preferences or cardinal utility? Econometrica, 2004):661-64,
Worp, H., and L. JUREEN
1084. Demand Analysis; A Study in Econometrics, Third Printing, New York: John Wiley
& Hong, Ine.
Working, E. J.
1927. What do statistical demand eurves show? Quarterly Jour. of Economics, 41:212-35,
Workmve, Horrrook
1922, Faclors delermining price af poleloes in S, Pawl and Minneapolis, University of Minne-
eota, Agric. Exp. Sta., Techn. Bul. 10.

1250-3,"71(PO38) LF, e



GIANNINI FOUNDATION MONOGRAPH SERIES
Whatitis
The Giannini Foundation Monograph Series is comprised of technical
research reports relating to the economics of agriculture. The series,
- introduced in 1967, is published by the California Agricultural Ex- -
periment Station. Similar technical economic research studies formerly
were published in Hilgardia.

Each Monograph is a separate report of research undertaken in the
California Experiment Station by staff members of the Department of
Agricultural Economics and the Giannini Foundation of Agricultural
Economics in the University of California. Topics covered range from
analyses of farm and processing firms to broader problems of inter-
regional resource use and public policy.

The Monographs are written in technical terms with professional
economists as the intended audience. No attenipt is made to reduce the
writing to terms understandable to the layman. Each Monograph car-
ries an abstract on the inside front cover.

Monographs are published at irregular intervals as research is com-
pleted and reported.

How to obtain copies

In general, copies will be sent free on request to individuals or organ-
izations. The limit to California residents is 20 titles; the limit to non-
residents is 10, There is no distribution through agencies or stores.

A list of available Monographs in the series is published annually
and may be obtained by writing to Agricultural Publications (address
below) . The list also explains how some out-of-print issues, inclnding '
reports that formerly appeared in Hilgardia, may be obtained on micro-
film or as record prints. To obtain the Giannini Foundation Monograph
Series regularly, certain minimum qualifications must be met:

As a gift. Some libraries, educational institutions, or agricultural
experiment stations may receive Monographs as issued where there is
a definite need for the material and it will be made available to a con-
siderable number of interested economists. Address requests to Agri-
cultural Publications, Please give particulars.

As an exchange for similar research material. Address requests to
Librarian, Giannini Foundation of Agricultural Economics, University
of California, Berkeley, California 94720.

With the exception of communications about exchange agreements
(see above), address all correspondence concerning the Giannini
Foundation Monograph Series to:

Agricultural Publications
University Hall

University of California
Berkeley, California 94720



