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This study aoalyzes 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
dare from the 1955 and 1965 USDA household food consumption
sarveys.

The analysis of cross section date emphasized: (1) effecs of
grouping observations, (2) cholce between expenditures and quan-
tities a8 the dependent variable, (3) effects of household size on
income-consumption relationships, (4) shifts in the regression co-
efficients (intercepts and income elssticities) berween 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 direcr and cross
elasticities for commodities within a gronp were emimated di-
rectly, The cross elasticities corresponding to commodities outside
4 given group were estimated through assumptions of cardinal
separability. The synthesis of demand incerrelationships was
achieved by the use of restrictions on demand equations for an
individual consumer as suggested by Prisch (1959) and quantified
by Brandow (1961). Consideration also was given to the measure-
ment of time treads on consumption. Marketing marging 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 capits, 2nd continuation of past time
trends for certain commodicies.
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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 oF sTUDIES have estimated
demand charncteristics eand explained
the factors that influence consumer be-
havior. Individual farm commodities
gsuch as beef, corn, cotton, potatoes,
sugsr, and wheat have heen the subject
of investigation. Most of these studies
are partial anelyses without considering
the complete interdependent neture of
demand. A notable exeeption is Bran-
dow’s (1861} study of the demand inter-
relationships among all food commodi-
ties. One basic reason for the alisence of
a large number of studies in this erea
scems to be the gap between the theory
of demand and empirical analysis using
statistical procedures of cstimation.
Kuzneta (1963) oheerves, “. . . to obtain
confrontation between theory and fact,
large bodies of micro dale are needed
which refer directly to decision units
whose economic behavior is the vbject
of the study. Such date 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 thesr problems. The present study re-
views a few approaches to bridge the gap
between theory and empiricael analysis,

! Submitied for publication June 30, 1970.

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

A demand relationship obtained as &
result of maximizing consumer’s satis-
faction subject to a budget restraint, is
expressed as 8 function of prices of the
commadities and consumer income. To
analyze the effects of prices and income
an the quentity consumed, it is neces-
sary to isolate the effects of other non-,
economic elements such as psycholgg-’
ical, sociological, cultural, end regional
fectors that determine the level of con-
surnption of a given commodity.

Generally, prices remain unchanged
during a shert period of time and, there-
fore, detn obtained from eross-section,
surveys provide a basis for obtaining the
effects of income on consumption free
from price efects. However, within a
croas eection, 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 date. Unfortunately,
it is often difficult or even impossible to

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

The effect of a change in the price of
one commodity will influence the con-
sumption of sll commaodities in the con-
sumer’s choice relationship. Often policy
decisions require estimates of demand
interrelationships and estimates of the
probable level of consumer 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 interrelntionships. In partie-
ular, the assumptions of want indepen-
dence and neutral want association can
be used to separate the commodities in
the utility function to obtain separable
graups. The estimates obtained for par-
ticular groups ¢an be used to syntheasize
a demand interrelationship matrix show-
ing all the direct- and cross-price elas-
ticities corregponding to the commodities
entering the utility function.

Retail prices are determined as an
outcome of the decisions made at differ-
ent levels in the marketing system. In
many ceses, only a small percentage of
the retail prices go to the producers of
raw materials, and the dilference be-
tween prices realized at the retail level
and at the farm level ean be treated as
charges for the marketing services. Such
charges are often known as price spreads
of matketing 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 elastigities at the retail level
based on the relationship sssumed be-
tween price spreads and actual prices.

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

1. To estimate the effects of different
factors thet influence the consumption of
food items in the United States through
the use of eross-section data. In particu-
lar, attempts are made to estimate the
effects of income, household size, and
region ¢n quantities consumed. Also, the
income elasticities obtained from 1955
and 1985 cross-section data are com-
pared, considering the effects of income
redistribution during this period.

2. To estimate demand interrelation-
ships among the major items in the fam-
ily food budget at the retail level. Here,
the different commaodities are classified
imto separable groups and the demand
coefficients within a group are estimated
independently. The restrainta provided
by demand theory are imposed upon the
coefficients to synthesize the demand
interrelationship 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 specificetion incorporates the com-
monly assumed absolute spresd 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 are hased on the assump-
tion of prices held at the 1962-1966
level.

The overall objective of this study is
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o sunbribute toward the anderstanding
of durmwed charnoteristies for fond com-
wandities in the United Sistss and ia

estiimate the effest of varioos factors on
the sopsuephios of commeoditiss in.
chaded s the aaslyss,

{. BCONGMIC AND STATISTICAL FRAMEWORK
Basic Concepts in Demand Theory

The econemiz framework for the
study of consumer hebavior peneraliv i
shrough vhe theory of utilitpmaximizing
sndividuale (Btigler, 1685} while some
rogent slugcdies hove affempited to male
aertnin generadizgiions based o ob-
sorved  consumer hehavior {see Hou-
thelkkor, 18613, The purpoes of thiz sec-
tion 1% 1y emphasize thearetics] develop-
ments of imporiance for szanisical re-
search in the preeent conteyt. Therelore,
some aspeciz ave omnitied heve, sspeci-
afly those rednted to welfare seopornies
FEallowing the genera! practics in static
cotgapiion theory, the begimning point
witl he the cholee problems of an mdi-
vidual consumer with piven tastes,
asttemping to purchazse the most pre-
jerred combivation of commmodities sub.
izet io s bmdget restraint.?! We shall
trece ont the consamer theory from an
axicmstx point of view and show the
derivation of demand funciions and the
constisints wnpesed upan thems by the
assumptions made in orthodox aronomis
theory. This 15 foliowed by s brief de-
seription of the revealed prefersoce ap-
progach, to show the formal eguivalenve
of the bwo approaches

Preforence axiomnms

The statie theory of consumer be-
haviar beging with & choice problem
facing an individual consmer with given
ineome, prices, tastes, and proferences.
The consumer = confronted with 2 set

of goods leom whish he s supponed 4o
make 6 ohoice of Hans, His shoive will
be governed by terlein bebrvivrsl faer
torz, the mosl boporiact mneng them
heimg thet he is “msswined to chooss
BYHE Lhe niternatives avgilahie to bim
in auch a menner that the satigfaction
derived from consuming commodities
{in the brondest sense} b5 Ay lsrge s
posmibia”® {Henderson and Quands, 1858,
p. B}, The extant of satisfnciion dorived
from 8 given @of of goods b sopumed o
depand spor, the Individual's prefarence
refntiongdily. Eeonnmisiz often refer o
this preference relationship 55 o stibisy
indicstor. Because utility has been a
ceniral point of controversy in the theory
of comaurser behavior, we shell bricfly
deseribe bs eoneent.

Avearding to Chipman (1888, g 221
*Utihiy I s most genorn! form W
texizvgranhie ardering reprostuted by a
Znite oy infinite dimendonal vectoy wigh
reni ecompensits upigue only up o an
izotone (order preserving) homogeneos
trensformation, and these veetors {lexg-
cal nnnbor) are arered lexieographi-
cally ik decimal tumbers or words g
dictinnary.” However, the histork sig.
nificsnes sttashed o utilly & ne
gxaetly tha sume us the sbave definition.
For exarnple, Benthem, whe broaght tha
principle of uatility into a prominent
position, asmumed it fo be a eardingl
rwessure of pleasare. (Ses Btigher, 1985,
amd Dorfman, 1884). The founders of

* W maintan Arrow’s (3088, ¢ 13 distinotion befwuan “shoiec” and “docizion making”

“Treripion meking s neually spolied ouly wher “conerious reflitive chulos iv nvoived ™ Hovweres,
it & possitde io huve selection of compmedity bundics with uueonselous or aarsflsctive chidsee.
Fhetedine, the torm, “rheiven, ™ w5 be umd metend of decinjon maling,
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the wiilily theory {Jovops, Walrss, and
Menser) sovepied ihe oxistense of mil-
iy e 8 et of “compmon sxpericnee”
wnd they spoke of ubitity % 4n aheohde
magaiinde. (See Stizler, 1945, p. 85,
slso Samuelson, 1966, pp, b, The
early authors considered that the utility
derived from the congumption of a com-
moedity was 2 funetion of the quantily
tonsned slone. Thys, ¥, ga, <+ - 24
Hee o eomtunodities helonging 0 & fom-
mpafity bundle, the whiity Tunction i
expHeitly written as

&

U= Ehip) + Ualgg) 400 4 Ualga),

The carding] nature of the utbizy Dane-
tion wye relaxed by Fidher {1882) and
Pareto (1888). They realized thay, ¥ &
uiility funciion reaches s maximum with
& oerdain basket of eommodities, then
any order-preserving transfosnation of
thed funetion also reaches o maximum
ak that partienlar basket. In other words,
the shove mexirmum involves only ordie
nal properiies, In most of the recent
warks, this ordingl properiy of the
ulfiity indleator is used io avoid the
reatniotive assumotions of & cardinal uiil-
ity approach. Thersfore, here 14 & not
recpuired that the sonsumar sswigng unlis
or measurementa of uility associated
with the possession and wse of individual
conarnpdities. Howsver, 1t i required
that the preforence mslafionship of the
individus) setisly the follwing axioms
{D3abomy, 1965, Wold, 1952 and Uaaws,
305N

Azlom 1, Afnlity te vonky (artom of com-
parakility, see Newman 965, p, 10

This sxiom asserts that the consumer

fsping diffsrent commodity hundles i 2
given compendtly space® Is able 4o rank?
the bundles asecording fo his arder of
proferemven. Given bwa bundisn ¢® and
7', the jndividesl is cagable of making
o of the fotlowing thren rhojees:

() 4% g proferred to gf, o (¢¥p @),
(b ¢Pand ¢ areguaily sestisface (1)
fory, o 5 ¢, nud
e} &% s not preforeed b 4F, op
L E s

Thers is no specifeaticn as to tho extent
to which 4% is preferred 1o ¢ or other-
wist—uonly that cne is preferred to the
othar or that both sre equally preferred.

Axtmn 2. Antispmmsiry

Thiy axiom avoids sny smbigely ia
the prefevence sedering.

gt ¢!, it ie nof possthile that (20
a'p ¢ holde simnltaneousiy.

Amom 3. Consistency of Ranking (Troxe-
sifirity}

Sonpeme that thore are Phrwe handies
{65, 2 arad % and that the foflowing
sondiiions hold-

{(n} ¢'p ¢ and
3]
)y grd.

The aziem of rouastenvy ameris thal &
et of proferecee relntionsbipe ssibuly.
ing {8} wil assisfy she selntionship
25 ¢f. Newnfh (1985} paists ong bwe
chaes where Ehis nxiom may not boid:
First, thers are certain threshold effects
whare “the combination of two gaps

+ Folfowing Debrets {1065, 1 523, the lorm Soounodity” is used 1o denote Ya good or & ser-
¥iee completely spacificd phwsivally, temporaily aad spatislly,” The exmtence of sniv & Soit
nrpnber of tomamodities Iz aeswneid. The quandity of any oo of the commodities can be any resl
sombar. A svbeo of lanents bolonging i the colmmedily sones o wferred o ns o “goinmadity

pundis,”

A mven indhvidyn! does 9 reoed to raek ol Bems B st ke of relevasnoe do RS oxe

narishae
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each of whish i below the ndividuals
threshoid ol preferchee  porecntion),
might #mlf be shewe thet threshold.®
Second, the miovant buudies may con-
tain numeross canmadities whose prefe
prenice relationships are sueh the! com-
pansen emong the bhundles may not be
pEmble,

The axivms of comparabiiity, suti.
sytnsaeiry, and tmnsitivity sre necessery
ané suffisient conditions for & compleis
vedering of the eommoditios in the com-
rnadiity spaoe,

Axigm 4. Hanslonieiy

This sxiom agyures that the consumer
has not achieved satistion, In the prefs
erence  wrdering, # the comenodipy
bhandles are ranked in an inereasing
neder of preference, the sreference ree
wilnship remaine: monotonicslly  ine
creasing.

Arizen 5, {onverity

The consumplion sef is convex see
Darithan, po. 386677 if, for any two
tundies, 4° and ¢ belonging 1o the seb,
thelr weighted averpe 47 & (3 — Dy
whers b < & < 1, alse belongs to the
satne 6ot A fundamerntal property of the
{ardinal} p3Eiy Indieator is tha! the
indiference  ourves repressat  canvex
wts, and the mninimal property of ali
wtility indieators 15 quasi-coneavity. The
sssulnption of quasi.cencave wtility indi-
cators i imporiant, Avrow and Estho-
wen (1881, p T92) have shawn that if
the utiity function & quasi-coneays and
wonotonie, the usmal Yirkt-order condi-
tions are nevenmry and sqfhcest for
abtaising & selution for a soastrained
taaximization profden.

To sum up, the preferenne axisins
mentioned i this seclinn enabls ug to
defice an ordet-preservisg, gussi-gon-
eavs ubinty Indicator which = mope-
tonie and continsns,

Concept of demand

The concepts of demsnd, as atated in
the middle of the asineteenth centory by
Cournot and Dupalt, were popularized
by Marshall See Hizhe 19691 Mare
shall's theory forusing oo the quantity.
price relatien for a single comnodity,
holding inerrme and all other vrizes son-
stant, provided s demand fesction un-
compensaiotd for insvmes eTecte The
work of Parets and Walms focased on
the more peaeral caze in which 27 prices
etsd income arg variable. However, the
basie theury was clarified by Hicks
(1885, m his Jamouz mathemstiosl
appendiz, which expliciey links wiility
theory with demisnd analysis. Hiz weork
deesw en the article written in 1915 by
Sintsky (1052) who digtinguiched be~
twesh meome snd substifution ofesss
due io s price chenge and botwsen a
compensatod and uncompensated de-
mend function,

Farlier, it wos shown that the sxioms
an the preference relationship of za ine
dividusl consarmer lesd o the ssistence
of a mopotonic orderpreserving utility
mdieator which, by sesumption, & s
fuaction of guantities of commoditien
helonging 1o ke commodity bundle
chomen. (See nlso Kalman  1988). The
behavioral axioms of the individus! coe-
samer are 2en thai be makes his choless
of the eommodity bondie in wrder 1o
ohitain the maximum satisfection subjest
Lty thiz budget Lmization,

Buppose that 8 consumer with s givan
neouws, ¥, mmakes s choice of gurntities,
Gie G2 7 fap (PO A COmmodity space
with n elemants. Thes the utility fune-
tHesy can b speaifisd g3

i {;(Ql* g0y, 525;‘ (4}
I pr poy v - -, pa ropessont Lhe unit peices
of these sommodities, gy + pu + - -



g Georar ond Wing » Donswmer Demand for ¥ood Commaiities

b puga wiit be the tolal 2xpenditare and
this should not exeesd the noome; or
Mt Patn T b Bethe S 8. Y
Ba the cholse problem raduces o Snding
& maximum of Uiy, ga,-++, ¢) subject
{a the resiriciion {3} Whan we miam
3ha insqualisy sign in restriction {3}, the
usial caleshes method of finding cos.
strained seaximaem  bestmez  complis
cated and, therefare, we have o resort
i prograraning Sechniquen {see Darng-
gig, 1983; Hadley, 194} (adraiis
utitity indicstors werz used in & fow
studies [Wegge, 1968} However, ior
expleining the thenrslical concepdy, it 3a
sufficient. to rebadn she sopality sys in
5y,

The consirper’s choive nf gy, 95 ---,
gn Wil correspond to the quaniitios son-
mstant with maximigstion of
U{m, By Qg}

6
REE YL IR W N
Diffsrentiating with nospect to 4, a

oo, geand b we get the following nor-

mal equelions:

Uil 9w =, @) — dpe = G,
i {é=1!dww’ﬂ} ?}

i?“ﬂl?l“;ﬁﬁsw”« oo Bodfe {;f
where
afi
U = 22
T by

The systerz {7} providea (n -+ 13 gqua-
vions i {n b 3 vatishles (g 0, 0n
and 3} when all the prices aad meame are
given. Thereltrve, under given prices ang
moome, we can sodee for the mantities
shat provide the individus! with the
highest passibie level on bis preferonce

refationadiip. The sclutons wili be of the
furen

gr # Gilpn, Ba ooy P H.
{i= 1,2, <, n} {8)
The quautity purchased of cach 2o
myElity 5 expressed 25 5 function of itg
price, price «f other commodities, and
incotne; hence, the relationships in (8)
represant a seb of demeand furclons,
The depmnd funetions (B) obtained
froan (T) showid saiisly the socond-order
aondition of wtliity maximizgiion, Here
the pusetconcsvity assumption of util-
ity imdisators pluys s rale. The cou
dition: sxpressed In (73 anly asaures ihet
the consymer is nedther an the uphili o
tha downhifl sids of the preference fupo-
tion; retier, i kmves hin sf g ststion-
ary poini, which may eormsspond fo
sithar o maximum 6 2 minaggn poing
of aatisfuction. The necessary onndi-
Hons, A2 expressad in (7} are sufficleng
M g, gp.- =, 0a) I8 8 twice diflepen.
tisble guasbconcave Tunction in the
neighborbood of the sptimum. This con-
dition can be <lahommied to ghow ihe
resttiotions on the warginel rate of sub-
stitution. Hars we shall us the proper
ties of coneave and quasi-costave fung.
tions. The Hesdisn matrix, ¥ of U, 2an
fm wridten ay

{;r;; {?32, Ny Iisn

He=1 + ., {9}
‘E'.ais - ¥ L’Tna
where
y @
U 2¢:4;

Wer » guasi-eonceve {unetion, the
bordrrad Hesstan mutrin {bordered with
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the margita! nitities 37784 wil have
aiternating princine! inoe giarimg
with segaiive, Therefors,

(1P 28 =52, (0
whers
Up « - - L
B, ow §10, - - - B
iy - - - 4.8
vad whers |
Upwfor G=100m

le particaiar, when n = 2,

Pl U I
Be Uy >0 {13
i3, 15, &

If we sonsider eny movement along a
given indifference curve, the following
st huadd o

g, + Uedg = 0,

and 3he slope of the Bue fangent o this
eurvs is dufinud ax

dg Uy
dtj"] L'T=' (12)

The change i the slope of (he indif

Tevenee cuyve & giver by

dg;

g

3 ¥
v

é(“"m:“%&) ({;’n b g éﬁ) Uy ~ (!{;‘&i 4 £y S .

sE3

U U U Uy rp Uy U Ve e U UF

Hers the numerator is e mime b the

t ot mateie 6 (133 Esing the relationship,

(113, the sge of (137 deponds o the
algn of Uy slone. The relationahip, (13),
ig posibive M Us > 0 and it s negative if
Iy < & Alse, when the mergival ntili-
fie2 are pomitive, from the relstionchins
{883, (3%, and 33, we have the ndi
forenics surves downward sloplng and
sonvex to the avigiv, This convexity of
indifforencs curves assumes dimdnihing
marginal mte of subatitution. Phe mar-
ginal rate of substitution is dirninishing
whee we have Giminishing marginul
utifity. Thersfore, concavity of usilily

rrr——

53

fancting {dimintshing marginal uhiliiy}
iz suthoient for diminishing marginal saie
of sabstitution. IHowever, thiz iz nat
necesanry, beeanss the sign of the rate
of change of the marginal ate of aybatis
indies depesds only on the sipn of Lyne
fong as condibon (11} helds. It i pos
sible for {11} to be true aven ¥y o
T3 or hoth may be positive. Thermfore
ordy disioiabing marginal mu of mb.
stitution B nwcemary far asmaing s
maxire of sGinkian in (8]

To swm up, quasi-concave functions
guarsnter that if the neeessury frst.
ordeyr condidices are antisfied 4t 2 sortadn

# Yolifference miilws, i madined anelysie, represenia the loems of poinis in ihe semmodiny

mpace whith provide the same jevel of wstislaction. Por our purpoes, 1 i= snough to sswame thet
Swg arnmmnahiby bubdles Fall o the mune Indiferenee curvr # ihe sonsuner in ndiferent lonmarde
thoas twe bunidio B an endinel sense, 6% 41, 1% i5 not pecsmary to mimdnes sny cerdingl wtillsy
meeymntion i thiv seelion.
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point, # corresponds to e poind of maxk-
mum salisfaction fooe prowfe . Aorow
aud Enthoven, 1881 Wald snd Jureen,
156G4), There wil be 5 manmom for 6
gussi-conaave function even i 1% ex-
hibits increasing margingl otility with-
cut violaling the properly of dimdinish-
ing marginal rate of sybstitution. Inci-
dengally, thiz proporly heips us 6o
relegss the preforenge wistionship from
& resirintive assymplion of dbwimshing
migrginal aldiiy,

Reserictions on demand functions

The demand fuuetions setisfy & num-
ber of importanl relaticnshine, Hicks
%625, Wald sad Jureen {1864}, Frizch
{19531, Brandow {19813, and TPearce
£38417% heve sammarized the properties
of the demsnd Tasetions Thes oo
sheions {oliow from differentistion of the
frsi-opder conditions.

Homogeneity Condition (row re-
atrgint) «The first-nrder ecnditione in
{73, from which demand functions are
durived, imply that if priess and inceme
wre changed by the same proportion, the
gusniity demanded remaing the same,
Fes the csee of two corenwdition, {he Gesi-
order canditions are

0

i’U; b )Lp;
{t, —pe =0 (14)
T A )

Thix leads 0o p conditing that

When ncnme snd prices ave changed by
the sarme propertion [say F3 the Frst

* Biasticities ars defined by m; = (200080 /800,

aud g, w (e HAE ByE.

exder condiions bevame
‘{;-; w hign = £,
iy e Mg — 6,

ky - kpgy = EDugy = ), OF

g - Puh - Dafir = 4,

Egmetions {18} alse ead fo the cundi
tinns

Uy oy
T ™ o and ¥ f?lfh - Py 2 O

Bisen the Brst order condiions essen-
tilly remain the wmme the opthmam
eommodity busdle i waBersd This
properiy 1z ¥nown as the homugenedy
eondition, hoplyimg thmi demand fose-
tiong sre komogeneons of depree mro in
prives and ineome. Consider the detnand
funetion for a gingle cammodity ¢
& = 405 Bs, -~ 2, W) {18}
Uking Buler's theorem for homogansous
tunctinng of degree ze7e, we bave

@4 oo 8% .
P:apl i P=6m+
a9

&
+ gx,s%:—? ¥y > By

Converiing (7Y inte slastiohies by
diviling throughont Ty 8%, we obisin

Ef '+' Y] N{N rr ~+' €in + Bpy 2 0» (IB}

Thin implisz that the dirent- sesd oroee
price sheiioitios and ineone einsticiies
add to gmrn.

ff= 13 - m
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Bozel aggregafion—The hudget - The effect of 5 rhange in ineone on con-

graind is denoted by

T A R S PU N {19}

_9_
1:65"% + -

Fid: gwg;_
¥ ez:éy"é"

It will b convenlent to exprams {21) in
termes of budpst preperfions and elas-
ticitits &4
W;é’ie + Wsl?sp
{22
= SRR ol I N

whers

W, w {p,0,)/y mepresents the share of

sumption ma be obisined by differsats-
ating {19 with mepoct fa y Lo ohisin

- 4 rn%g w ] or 30
L BB ¥R, {13
¥ g 8%

experciitutes tbadget preportings) oo
Fh o sommcadity,

Equation (22} implies that the meome
elasticities weighted by the respective

expeniliture proportisns add o ene,

Couynst sgpeegafion. —The effect of o
change In the price of  wommodity,
with nil prices rorsining the sime, ogn
e obteined by diflerentinting the hudget
restraint (165 wih respest o 9, or

P tmat a0 |
@
&g, . &
EN 53t 5 . 3_3.;_.3.... w,f.%a,,,__;_\
B rE gl T En g, T Y
Eapraming {23}, in terme of dlasticlties and budget grosottivns, ws hhve
P ps O Pal= 0 O, Lk a4
P 4 2P, ot I e ¥ @)
32523?"2'?3«2*%%. _.;.&%E;?.ﬁam.ﬁﬁ;ﬁm
¥ 42y oo Op ¥
851
l‘{?:ﬁu R ﬂfﬁa;‘ -+ -+ vﬁrxf«; wr o F L

Thus, the weighted sum of the elastivi-
ties in the §*% colump s equsl to the
negeiive of the exponditore proportin
on e I commadity,

Blulsky eondition.—The Hingsky
{1052 relpiionahip Incorpumgtesn funds-
mmmtal relationship between changes in

quentities and the marginal utitity of
invome, The effects of simolisnenus
changes i prives s income can be ob-
isined by taking tofal derivadives of the
Rrst-nrder sonditions in 7). Asdeveloped
in % iater sselion, a2 changs in the com-
spnpiion of ik £t commedity a2z 2
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result of & change in 3** commodity price
can be represented as

e () oll)
3 Py Unsorsr (20)
o 8
—k._; ‘}J'ay'

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

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

L e

9 4 (2 )-
+q ap: T I\ay

ap; oy

Converting (27) into elasticities,

W|
E:eh‘ + wilesn — €4l

(28

eij =

When the price changes of the aame
commodity are considered, the substi-
tution effect, ki = 9.,/ 8, + @(8:./9),
will be negalive.

The demand restrictions, expressed in
terms of elasticities, are summm"lzed in
teble 1.

Orher aspects of demand theory

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

Indirect utility indicator.—Many of
the classical properties of the demwund
funetions discussed can be derived from
a dual representation of the utility indi-
cator, often known as the indirect utility
indicator. The notion of duality has be-
come popular in recent years, especially
in the framework of linear program-

TanLi 1
MATRIX OF DEMAKD ELASTICITIES
e
W i
& 5

] m m ™y
& . . EL £ o Tt dm f1y
[+ [47] £21 1 b fin 1)
1. e #aL on [ Ein Fiy
[ LI Eny ony =1 e fan Fnp

Rme Restroing {Homogeneity Condition )
Teiter=o

f

(forée 1) en+tentezt -

Engrl Aggregahion
Do, =1
]

temteoy=0

ey = ey = Wpap 4= - - o Wakay = 1
Cournal Aggrepalign

T owiei; = s
:

{or f = 3 ot 4+ wreeee + wameas 4 =+
Sulaby

Eri = gy {wifwy) + emilany — egy)

(for 5 =3, i =21 ¢r = érzlvmS e} 4 trviesy — Eapl
Submiiufion Effscl

e <

eii + iy <0

+ Wafnr = —10t

ming. The utility indicator, as delined
earlier, 15 a funetion of quantities of com-
modities consumed. Also from (8), the
quantity consumed of a given commodity
is a funetion of its price, price of other
commodities, and income.

U= I‘r(qls L TR qﬂ)
¢ = 4Py Pz, P )
Theréfore,
U= I‘rtqltplr P, ey i),
q!(p.'ls Po oty Pa y): Ty
an(p1, Py -~ Py W]
= ¢(p1: Pr. """ Pny 3.-‘)

which is known ms 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},
Houthakker {1952), and Samuelson
{1960)}. The function ¢ is a dual repre-
sentation of {7, The properties of demand
functions can he obtained from ¢ by
obtaining the minimum level of expen-
ditures necessary to reach a given Jevel
of individual satisfaction, say & That s,
obtain

M;n. pin+ pegr + -+ pege

Ao(p1, pa, -
g = —x{8¢/8,,)

1 P, y:] —ﬂ
(i=1,2,---,n}

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

op
Pi= =A== - and
T ap.
= 2
gi = —h an,
Therefore,
& _ 9% [/oé
g; opif op;

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

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

Buppose that in & price situation
Pl p1° - -, pPa"), the consumer buys

a commodity bundle ¢°. The commodity
bundle ¢* is sald to be preferred to an
alternative bundle ¢' if, p%' 2 p%" In
the price situation p' in which ¢ is
bought, the ¢* basket must be &t least as
expensive. Therefore, »°%¢ = p%° im-
plies p'¢* = p'4" This is known as the
weak axiom of revealed preference.
Samuelson {1938) asseris that the postu-
lates of wesk axiom “is logically equiv-
slent to the reformulation {of consumer
theory} of Hicks and Allen.” Arrow
{195%) has demonstrated the complete
equivalence of the weak axiom of re-
vealed preferonee with the existence of
an ordering from which the choice fune-
fion can be derived,

The results of homogeneity of the
demand funetions of degree zerc and the
negativity of the subatitution term (k)
can be obiained from the weak axiom.
However, to prove the symmetry of the
substitution term (k;; = k;), the weak
axiom has to be extended to what is
known as the strong axiom of revealed
preference (Houthakker, 1950). In jact,
the weak axiom deals with only pair-
wise choices, while the sirong axiom
incorporates the consistency idea that if
¢'p ¢* and ¢'p ¢, then g% ¢%. This can be
extended {o any number of commodity
bundles. A consumer whose choices are
governed by these axioms will always
possess an indiflerence map. Further,
Debreu (1965) has shown that if the
preference ordering is reflexive, transi-
tive, and the “no worse than™ and “no
better than” sets are closed, & continu-
ous utility functicn exists. In faet,
Houthekker has established the formal
cquivalence of the revealed preference
asud utility funetion approaches to the
theary of consumer behavior by showing
that “#a theory based on semi-trensitive
revealed preference enlails the exjstence
of ordinal utility, while the property of
semi-trausitivity itself was derived from
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utility consideration.™ Theugh a few
‘aorrectiong are provided for Mouthake
ker's proof, his resuls is still valid,

Multipariad sonsumption facizions
The ehoice problems dissussed I the
prevismy sections were bassd on deei.
sions made for & siogle period of time,
For the comsumption of food Hans it
may be trus that the ameust demandad
ndjusts itsei{ within each perviod to ths
shgnges In prices, incomw, and other
varigbles aeciing demand o shat pard
od. However, for many darables adjust-
miends way not be complete during the
mrae perviod hecause of smeh fastors ss
artin, oxpestatises abont fytere prives
and incomne, snd the inBuence of past
mnorass {see Buone 19548, p. 372 Als,
I the framework of a statde nnalvels
savings are =i Hks any other ilem of
expenditure, whilea dynamic framework
requires the introduction of borrgwings
& Yondings which aliers ths individual’s
dighribution of meome over the differ.
ent periods. 1L s pessible to exiond the
static theery of consumer ohedess to
dynamis feamnework by Eiroducing a
multiperiod utility indev and budget
rasbeaint {Tietner, 1038), Inthis zase, &
multiperiod ording] vtility ndex can be
assumed 1o be depsmdent upon the
planngd sonsumption of cach commodity
aver the eniire planning horienn, With
A commExiities and [ tine periads, the
utility Function ean b wiitien s

Lo Digy * ey g o
cT f By o7 QH}.‘.

<

where

gir reprosegits the congumption of 79

- PR

The conmaner Maximises his asihty sub.
ect o a budget resiraing to oltain = de-
raand function {Handerson und Guands,
1958, pp. Z26-73):

FPTRIE PR VR R PR A
wlhape

i 1% the price of 2% commiodity dur-
ing perivd § snd
i 18 the interest rafe during peciod 1.

Choless undar wneartnindy, — The
stwice problems ducuseed se far are
bused on the assmunption thal priess and
ineonwe were knowr with  certamty.
However, when purchases of vmpy dar-
ables are based on yutilperiod desision
processes, % mey nob be possibls fo
kniw fulure prises and inecme with ser.
taingy, Consumir cheless wnder sto-
chagtic sivuations slss can be snslyzed
systemeticelly asieg the Ven Neumann
and Morgessiarn {1947) approash, (Alse,
see Fredonan and Ssesge (3368, Tuce
s Raifle (1957}, and Bamoelson {1982,
Here, we are interested in determining
the choine pattern of consmners ander
ungertain dtuations, I an individesl is
sonsisterd in his proforence srcering, #
s possible 10 nonstruet an index which
describes his sreference ramerioniy
Henderson and Querdt {1958, pp. 3
38 provide fre avioms that aflow com-
strgetiom of an ordimal wility index
whieh can also ba wad o predict choices
in uneeriais situations. The uwillity num-
hers ssvoristed with sach possble sto-
chasiic component & defermined g5
exparted valuos, However, thidees gader
uncertaingy involve some siements of
cardiga!l stiity, although strist cardi-

* tisaws (10B9) hes shown the equivalence of thes: two approaches, and shio that the siving
suiom of revealed peefemenoe oue by replaced by the weak armm ¥ the dennnd furmbion ssiisly
# pegulariny conditon. &6 Houthakker {1881 o 713} pointa out, “The seanomin masning of thin

{regularity} rendition has not hean speiled g™
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nality conld be aveided by taking ‘wo
arhitracy stariing poinds and sueces-
sively confronting tho consumer with
ather choion situations in order o ovii-
gute theoro on o rolotive hasie Ingieud of
the strict eardinal messare of utility,
this tnvelves onuly an operations) meas

ure of sutisfastlon associated  with
different risky sstuations. The margionl
gtitity thot omn be derived Trom the
atiity fmdex obtained in this manner is
simitar to the sargingd mie of mihatito.
tion.

Empirical Modets of Consumer Demand

Wiile the theory of consurney doymang
was helng duvelopad thraugh the nidity
anprrmct:, deand chirasteristivs bassd
on ohserved consurer bebavior were
analy 2, In certain cuses, this empirical
analysis way used to test the conelusious

“hames] on the uility approach snd io
others to obtain ocaningful theories of
cupminer behavior., Here am some alg-
milieant highlights of these studies,

The effects of ncoms snd wrices on
supwmgtion have heen saalyzed b
many studies, One of them, vsing family
budgets to analyse the differences in
eonswmption by peer sud rich familiss,
led Engel to his proposition thet “The
poorer 6 family, the greater the prapor-
tiom of i tofal expenditnre that must
be devetsd o ihe purchase of fond?
Bugler, 18, p, 203}, Lony before duta
on {ardity and prices were available on
markst perfarmance over time, data on
quantities harvested and priges prevail-
fug at harvesy, perod were usid to arrive
aé k5 inverse relaticoship helween thass
tws [gotare® However, statintivsl spaly-
gin of demung beonme popular only in
the purrent sontury after the pinneering
attsnpes of Moore (L917) and Labieidy
(19143, Meigier (1952, p. 1} soints out
that “Mathemstieal analysis became
inerensingly eommen after Walrag's first
adition . . . bat statistieal econammics, the
nasne wives by Henry Moo, i the one
hmporiant moedern devdlopment, Henry

Moare was ie foumder . . . Moore's bage
contristion was not to Invent thip faid,
el he made statistionl estragbion of
eeonomde functions an inisgral pert of
modern, ecanonios. ™ Warking's study of
potatoes (1922) prompted o aseries of
studies on individual commodipy  de-
mand funetions. Schidtz (1538 come
bined a review of sconomic theory with
8 large numbey of wmpirical stedies. The
shieotive of most siydies have bean {1}
te develep spuatives thet can be used
to forevast priees o quantities and (2]
to approximate the demand ewrves of
geonasie theory, Finpirical studies have
heen fasilitated by developments in
data nvsilabilisy, mproved data-prooes-
ging faeilities sad devolopmenis in eeoe
nomeatric theory.

The devedopments in the foll of
statistios and econumetrics bave madle
substantl  contributions ta  demand
analysis. Correlalion and curve-ftting
teehnigues have made it possible to ssti-
mate the peramsters of 2 postalated
fanctional relasionship Among prices, 5o
some, gnd guantities. Btatistiest testing
procedurss provide the framewney for
iesting various byyotheses reparding the
behavior of these variablas Fady stud-
ies, hmsed on least-sguates estimation
procedures using time-series duin, were
handicapped by problems like auio-
correlation, mulifeoiliuensity, hetere-
skedasticity, sad smullansous equstion

¢ Phis lofivn recopnized as Gregary Kings Law that %, . . 5 deferh in harves) may ralse 1he

prive” fof sornd,
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biss, The demma of applyisg ordinery
fenstanmars snalysis to tineseries data
was wapresped by Working 11927} and
Hupvelmo (1843 bui hmprovements
have overpome &t sl soma of these
preblerss. (thers rerssin in spite af ad-
VanEes In econorasine metinds,

(Mten sfudies using maero date to
extimate she relaticoship among demand
yarinhlez (guantities, mice, ncome, and
wthar atfsthides) meks an  bapliell
assurepntion that deraand relationshipe,
spplicsbie tn a2 “representstive oon-
samert in a2 given sres sad Hee period,
Bre b frue representation of the sonsump-
tion pattern in that aren and for that
period, Doth time-series end croes-
sestion dats wik be nsed in this study
te annivae demsand chargoterstios,

Cross-soction anplysis

Crasmneetion data rolate to the con-
sinpiion behavier of 4 given rarmaple of
the popylation at & given packod of time.
Liarly studies, based an household food
gonsupsion  data from  epcas-seation
rarvays, were used Tor astisaging income
sinsficfties. In most oRses, pubiished
dats on sonspmptinn palteras give the
cuantitiee of food Itemas comwumed or
expenditeres an them items by certain
ncome clesses. Bazed on these grouped
dats, it is possible to oblein weighted
regressions to estimate the aggregate in-
corme elpsticlty.® A ayziemstic appli-
mtion of this procedurs i sysilahie |
Wild aud Jureen {1364, p. 218). They
md o famdly-gier grongs, snd ench
graup was divided indo four imeame
classes ancording te smnaal inoome per
cotsuener uart or the family st stan-
durdized according to size and age dis-
tribution. Assuming constant inocme
einetioity B, 2 regressien eguation of the

*For a disenseion on

fnerg, 4 =  gf was Bthed, {Hore, 4 =
quaniily sopsomed and ¥ o= Anigel
income. Tising & Hnear fogacithmis ro.
gression, the meome elssbivity for the
£ forpily-aize greup can be obigized as

21H ,{X — M.y,

Boee TRt ERE {2m

whare

BULX,

M=

Al smawsationz ren ever fowr Hcome
s,
N, = todal number of households in
¥ ineome olnss,
U, w porsurer unids der househeid,
. = N0, = total sumber of eone
suter units,
foparithm of ncome per sus-
sutmer unit, and
= Iogarithra of fopd expenditure
paYr consumer unit,
After ohtaining elasticity coefBicients for
the four gronps, ihe apgregate slasticity
was found, using the formzls

X,

. zKE
E= g

{3}
whese

Kbwe DH, 'yt and
ye @ oo expendifyre per ponmamey
314

Hiene's (1954) snalvsis of Deitish fanuly
budgsts wie based on the ssumnplion
that 5} insotne changes were i the sane
propertion. (See afse Praiz ssd Hou-
thakker, 1935} Ii ¢, represenis the
quantity of the % commadity eomsumed
by the »* individual and 2, the ncome

wiighiad regressions see Dhuper and foedth <16, pe. ¥V-B13 asmd

Fobpton (M8, pp. T-211Y. Husiend of weing welghled regsion, itwm&wwmﬁe
IRECANEIN. N PYOTUD SYOTEEE Yo obfxis an webissed (wfimage M%ymwwﬁim

fomr Malinwind, 1068 5y TD4E).
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of the k idividasl, and 1f the relaticen-
ship between the Jegarithens of g and
¢, = Lnont with slope &, market Hioome
sigsinzty i obdsined by

'""" E Fir _"EI E!’
VT Oy e
Maost of s;heasrw. stadies werp based on
ihe ssmumiption that the tlasticiky was
sonsiant over ihe whole maage of obser
vations and thal incomn aad guastities
were the only relevant vaciables Te
gwgeepns these deawhasks, 8 number of
modifications have been syggested. Tne
of these is Lo construch a geneeal model
ingorpuenting additional varisbles like
famity sive and composition, urbaniza-
tions, reglone, snd ather qualitadive vac
abiey, Hersrmane®s {1884} soalyss of
1955 U1 8. consumption dats shosws that
she most im;&oztm}t varishles o axpiain-
ing faod sxpenditire patferns in thelr
order of impotrtance are ioome, urbari-
zations, region, life-cyele stage, eduea-
tion of homenuker, and sorisl elass,
Ancther approgel do explain vard-
stivas of the 1ype meationed abova ln 1o
ohiain rggrassion equalione for sash anb-
gronn separsrely. iSee Soandel, 1802
and Vayilk, 1951 for uee of this pra-
cefure I estimeriing seasonal demand
funetions}, The equality of these regros-
gion eoefficients can be texted, azing
standard feste of sgnificancs. However,
I meany cates, when it 35 required o
tewt the egnality of regression coelfioh
erdz for fustops Hke regions, segsany, and
arbazizstiony, individual regression
wEsaons may not alwayz be sppropri-
ate haesuse of mnitiplieity of cqustions
ang small number of degrees of freedam
assoeinged with each equation. Avalysis
of covaringes leshmigues are asefud io
handle such problems.

Time sezies analysis
Pominnd theory sperifies thgt the

{4hY

Guankl ty consmed of & pardioular com-
mediiy i 8 funsbion of s prive, peioss
of other comenddiiies, snd lnvomae, This
statie thoory of dernand for $he Bndivid-
usl, with ail lncome spemt on oo
medities melnding sevings, waites privcey
and income as “given.” As will he dis.
cuaged in the gecond pert of thig ghudy,
the meve frons the ndivides) to markst
demand younirss siaplified assumptions
te mmindaln sssentially the Rome naexisd
for empiriesl vetimadion For sxsmpls,
the sssumption of prices az predefer
minged vasiablos mey be appropriste for
the ndividual but not for the market,
Blone {1984a) in the United Kinggdom
usilized s moede! paraileling the classis
model mentioned above, arguing that
prices ware supentinily determined o the
world mmarkeis On the other hand, some
modity auslyels in the United Stptes
heve grgued that, for meny agriouliared
pragdueis, auantities available at the and
of the harvesting season arc essentinlly
exagenous and that prices at farm and
retgil are funehinoally related fo quasn.
tisies mnd noomeedift varisbiss, Even
for ihe snalysi of & gingle rommodify,
it iz often nevosssry fo speeify malid
squation models o scvonnt for expont
demuand, domestic demsand, and sieehe.
The spprosch adopted by the analyat of
time-series data depends on 8 great vari-
ety of guestions relating te the scope of
lhe medsl snd problems of aatimatien.
Here are somw congiderstions of direst
importancs to the present study with g
enxphasis on estimation of geroand st the
ratad vl

Bingle eguation modelsCopsider
the estimation of demand fnnetion pa-
rasaeters for & simple moedel in whick one
sornruxiity vat be singled oud for analy-
sz, Theamtiegily, the faliowing model
wight be spontisd as & first approxs-
EaLion;
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Git = .fi(Pf:, Ziny Y Uiy (31e)

where

per capite consumption of the
ith pomnInodity,
P, = price of the {** commodity,

e

z;y = other factors affecting demand
{assumed exogenous),
y; = per capite dispesable income,

and
#;: = & random disturbance.

A number eof problems arise from the
estimetion of the desired parameters:

Error specification. Estimation by ordi-
nary least squares requires that ithe error
term 18 not correlated with prices and
income, the absence of autccorrelation,
constant variance over time, and, in
addition, sufficient obeservations in rela-
tion to the number of parameters to be
estimated. When these conditions ere
not met, more complex formulations are
required, as is discugsed in texts on
econometries such aa Johnston (1963),
(toldberger {1964}, or Malinvaud (1966).
- Multicollinearity. Often prices and in-
come move together aver time, resulting
in problems of multicollinearity which,
in the extreme case, results in & singular
matrix. In the case of income and prices,
writers heve suggested combining time-
series data with income slopes or elas-
ticitica estimated from cross-section
data. With high multicollinearity among
prices, problems exist &8s to the signifi-
cence of coefficients. Where the goal is to
approximste a complete demand matrix,
other methods must be introduced,

Relevant variables. In the more general
models, quantity consumed is related to
all commodity prices and income which
15 an impossible task, when time-series
date 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 priort guideline exists for the funetional
form of the relationship among quan-
tity, prices, and imcome that is appro-
priate in all cases. Time-series dats pro-
vide only samples from a limited mnge
of ohservations. Some of the commonly
used functions belong to one of the
following:

Linear:

g=c+ by +ep + u,
Aemi-logarithmic:

g=a+ blogy +eclogp + u,
Dwouble-logarithmic:

logg=ec+ blogy +clogp + u, or
Inverse-logarithmic:

logg =a+ by + cp + u

Static versus dynamic funclions. A static
model, as specified in equation (31e),
may be incorrect in several ways. Shifts
in consumers’ tastes may affect the
slope or position of the demand curve;
pest levels of eonsumption may sffect
consumption patterns; or levels of inven-
tory of consumer goods may be impor-
tant elthough this is probably of minor
importaence for foed commodities. The
analyst must choose smong alternative
approaches, realizing the limitations in-
herent in any given approgch,

Stmultaneows eguation models. In a
theory of general equilibrium, the quan- -
tities consumed arc equated to the quan-
tities produced. Similarly, the quantity
consumed of & given commaodity is func-
tionally related o sll commodity prices
and ineome {or factor prices). Concen-
tration on & demand matrix slone limits
a reafistic analysis of individual com-
modity markets. This is unfortunate but
necessery within the scope of this study.
However, even within the demand
maetrix, simultaneous relatlonships that
are recognized are difficult to estimate,

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

Diflerent estimation procedures, like
two-stage least squares, full information
maximum likelihood, limited informa-
tion maximum likelihood, aud three-
stage least squares, are awvailable for
handling sirnuitaneous estimation proh-
lems. Though o number of problems
agspciated with simultaneous estimation
procedure have been golved, there is still
sorne doubt regarding the advantages of
gimultaneous equations cver 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 identifiable model
{see Hood and Koopmeans 1953, Fisher
1966, and Wegge 1965). Bnppose that
there are n endogenous variables, ¥,
#1,' ", Ha ANd m exogenous variables,
2y, £g, -, 2. A structural equation can
be represented &z

BY + C& =17
The reduced form is given by

Y = ~B0Z + BU.

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

that the number of variables excluded
from cech equatiou must be at least as
great as the number of endogeneous vari-
ables in the model less one. Therefare, in
the prescnt example, the maximum nurm-
ber of variahles that can appeer in any
equation is

+m—(n-—-—1]=m+1

As far as the system of demand equa-
tions for all commodities are concerned,
it is difficult to meet this identification
criteria.

Dynamic modeis of demand

A number of attempts have been made

t0 medify the static formulation of de-
mand functions.!® Distributed lag models
and recursive systems have been especi-
ally useful to incorporate some of the
dynamic elements. A distributed lag
model may be estimated, using any of
the following three methods:
{1y Make no assumption as to the rela-
tionship among regression coefficients.
Tinbergen (1951} suggested the typical
form of the demand equation to be

g: = 2 + bop + bipea
+ -+ bpe (31b)
= a4+ fﬂ: b
where

¢: 15 the quantity demanded in
period ¢ and
P._; 15 the price in period {8 — <.

Here, we do not make any assumption

1 Bieri (1966) claseifies different approaches to incorporate time inlo demand analysis as:
(1) models introducing the lime dimension through dating of the variables in the utility function
tHenderson and Quandt, 1958; Medigliani and Brumberg, 1954, and Strotz, 1658; {2} models
introducing dynamiz wepecls inlo demand [unection (Houthakker and Taylor, 1966; Nerlove,
1958b; and Farrell, 1952; and (3) medels introdueing dynsmic aspects into the utility funciion
{Cramer, 1957; Stone, 1954; Slone, ¢t al., 1964; Basmann, 1956; and Tsujimurs and Sato, 1964},



1.3 Rearge and King : Congemay Boaand for Nood Commodition

regarding she relationship ameng 5. No
restristion 1 imposed en she diziribo-
tion «of the lag effect of past aricss on $he
cuuntity demsaded. In practice, lagged
prices will be added sucosmively to the
lapst-sganves vegrassion of quaniity on
price: unt the poeflicients beeome insip-
nificant or the signs becomie erratie. {3}
Sgsurae 4 generns fuem for the distribu-
tian of lng and estimaie the parsmetors
Fisher {31925 and Kovek (18347 have
auggestad that the form of the distribus
tior: of the lag rmay be approvimately
sysuened and iben the apeeific charac-
mirlstion of the dmieibution mey he
ootimated. I it & treated a3 3 con-
tinucusz werishie, the demand relntion-
shin ia

g & E{a}?{z — ujdu. £32)

Kovek exils the distrbution of &) the
“ime shape of B ecovomic reaction™
and sha cnrmsdstive distribution of 5{u}
“the adjustroent path.” The distribution
of b{u} can be assumed; for sxample,
Fisher sscumed o logsrithmic normal
distribution. (3) Ilevelep an exphimi
dynamic model whizh implies ihe dis
tributed lag wsily incidentally. This ap-
pronch iz baddeslly similar io Nedowa™
(148856} statie expeniation nuniel, The
surrgnt quaniily censumed will chenge
In proportion i the long-ruu egilibe
riam aquantity 2ud serrent quansity.

G = Gooi = e~ gad BF)

whert

¢¢ i the guantity sonsutmed in period 4,

§: 18 the quantity demanded @ jong-
ran sguilibrivm, aad

¥ is & tongtent of proportionality.

Nerlove (15580, p. 308} corogeres thess
iheee approaches ax fallows:

*Because of Lhe fnite fongth of, and degre of
auto-portelstion I aeet seongrde (Bne series,
the first spewosel where nething & assumed
% wol siways foasible, O the ofher band, the
gorsnd appeoanh must nerewmsmedy eonlain
srnawhal arbitrary fissymplion conotining the
fnemn of the distribstion of g, The shird ap-
propeh lepds o o diseed interpeetstios of e
dlptribatiem of lag in terms of prodaser or
congumwy hehiavier and, thesefore, in terma of
the &feromer botwesn shord szd  long-ron
sissiieition of aapply ar demand”

Meadels combamng eross-section
and time-series dam

Beonyse both time-series wmi oross-
seckion snalyeia heve cortaly inhoront dig.
sdeantages, sitempts have boen made 10
supplement ane method with the shher.
The “eondiiong! regression asalysis”
usedd by Wold and Jureen {1564 andThe
Yestmmneous estitnators™ used hy $ione
{1954a) are based on ihe utilizetion of
iteome oissticities shrained from budgst
studies in conjunction with time-serizy
dafa." Gegreuxs (LUG0E: ansbvsia of con-
symiption behavior, based on dulz de-
rived from househald snrveye and 9me
serigg of mational gverages, congizted of
three kinds of compprisons: {17 hooge-
hold  survsys, sonsompiion of house
helde ab o piven porindg; {2) infer
satiorul comparissas, Bversge consimp-
tion in diflerent countries ot 5 given
peviod ; sid £33 simw asries, changs in the
sverage consemption ever the last de
eacde. Ta estimate repicns) and sectoml
demand choraciensiies, analysis of pom
yuriguce can bs wwed efectively. Hosh
£1962), Mandisk {1061 and 1883}, and
Pariz and Hooh {1066 have wsed this
approach for estimaeding production-
funetion parameters. Balestra nnd N
ipve {1068) and Ben-David snd Temak

" Phurbin (39831 expising a provedurs for handling extrasecys informalion. Kok sod Mayer
(2387 warn against giviep undun imperiance o exbeanegue sotimation proccdures. Al wee Xuh

{19995 .
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(1965} have applied similar approaches
for estimating demand functions.

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

9" = By + BPY + .-
+ B8P + B YT
+ CR' + erf 34
where

1

1

quantity demanded in region
r during period ¢,

price of commodity, ¢, in re-
gion » during period ¢,

R'= regionsa! effect in region »,

{r
Te

(-
Dz

(commodity) s = 1,2,--. F,
(region}» = 1,2, -++, m, and
{pericd) t = 1,2,---, 1.

The usual procedure in cross-secticn
data iv to fit & regression to date col-
lected for regions ni a period of time,
ignoring the contribution of regioual
factors, CR'. When we are interested in
regional variations also, we ohtain the
estimates by minimizing the sum of
SQUATEs

3= E; (Q‘ﬁy} — By

- B/P{Y - BLPLY (35)
- B }r(l'}l - A("J)ﬂ
¥
where
A(r) - GR{I'J‘

If the demand function is compleie,

-7 19

o =1- Eﬁj Therefore, . = A“’fﬁ,
-

which gives an estimate of regional effect.

Bon-David and Tomek model—If the
regression coefficients take different val-
ues for different regions, the following

madel can be used:

¢ = a0+ I a0 + boP”
-
(36)
+ E bJ'S::';J + [f"irj

F=1

where
=j=1,2-
= 1} 2,000,
endogenous varialle,
= exogenous variable,
= intereept-shifting variable
with
1, when v = 3,
and
0, when + # j,
8, = slope containing dummy vari-
ables, with

|1mr

P'ﬁ-::-:-.u.
[

( .
P whenr = j
[ry (ripir?
Si¢ = Di/Py =

0, whenr = j

The shove equation can be estimated,
using certain assumptions, and the
equsality of regression coeflicients can be
tested. Also, these models ean be gen-
eralized to handle varimtions in both
slopes and intercepts of demand over
different. regions.

Shifts over time

The time-series snalysis assumes that
the structure of demand and the values
of coeflicients remain stable over the
period under consideration. It is possi-
ble that the structure over time may
gradually change. The effect of such
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shifts on demand coefficients have been
recognized (see Daly, 1956). If the
change in structure is clearly identifiable,
& ghift variable can be introduced 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 vari-
ables whose values are one and zero,
depending upon the period of observa-
tion. According to Rojko {1901, p. 44},
another way to handle changes in struc-
ture i3 to break the period into sub-
periods during which no change in strue-
ture has oceurred. One difficulty with
this approach is that the number of
observations per subperiod may be small
for statistical analysis.

Tutroducing time as an explicit vari-
able in the demand eguation is another
feasible approach. The coefficient of time
mey absorb most of the unexplained
variations and an interpretation of the
coefficient may become difficult. Some-
times, time-series and cross-section data
may be combined to analyze the secular
and cyclical changes of demand. (For
example, see Douglas, 1967.)

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
i3 easentinlly the same as Atting separate
demand functions for each period and

George ond King : Consuiner Demand for Foed Commodifies

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

Py=a+ b+ bw@, + (C+ Cuwlby,

+ (d + dw)Qios

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

£} = quantity sold, and
D) = consumner income.

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

Though the ahove approaches can be

*iused to study the shifts over time of a
single commodity, they may not be suf-
ficient. to analyze stochastic elements in
consumner behavior. Barten (1366) has
specified 8 model which takes into ac-
count the shifts in utility function over
time. Rosenberg (1968) provides differ-
ent approeches to incorporate stochastic
variations among parameters during the
period of observation. However, certain
coneeptual and empirical problems are
vet to be solved befcre such procedures
can be applied to a [erge number of
commodities,

The Gap Between Demand Theory and Empirical Analysis

In theoretical development, we specify
certgin postulates and deduce the be-
havior of the variables through logic. In
contrast, empirical studies deal with
quantifable phenomena. (Mten theoreti-
eal developments and empirical analysis
complement each other—empirical anal-
ysis can be used to verily the validity
of certmin theories. Sometimes certain

theories are reached by starting from an
empirical analysis. In the feld of de-
mand analysiz, econometricians have
often built emnpirical models based on
the significance of eronomiv variables
like prices and quantities, and justified
their indings through econemic theory.
On the other hanud, sonie models in eon-
sumption thenry ar not subject to
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empirical verification because of defici-
encies in data or in statistical procedures.
As & result of this, we are faced with a
situation of “. . . insufficient predictive
power, inappropriate basis for empirical
analysis, and difficultics in esteblishing
empirical confrontation . . " (deJanvry,
1068, p. 4) which is often referred to as
“the gap between theory and empirical
analysis.” This section describes at-
tempts to bridge this gap and, alag,
points out certain difficulties encoun-
tered in the process. The discussion of
concepts of separability owes much {o
the excellent treatment in deJanvry’s
{1968} award-winning theais.

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 thet the demand for ell com-
modities are interrelated and that any
empirice]l study should consider the de-
mand for all commodities simultane-
ously, If there are n» commodities, this
involves (n X n) price elasticities and »
income elasticities for a total of n{n + 1)
parameters to be eatimated. For the
model to be estimable by known tech-
niques, the mnumber of observations
should be &t least equel to the number
of parameters to be estimated which, in
this case, is n{n + 1). When a large
number of commodities ere considered,
this condition cannot be satisfied and
we run Into the se-called “problem of
degreez of freedom.” (For further dis-
cussion, sce defanvry and Bieri, 1968;
Clarkson, 1963 ; Mishan, 1961 ; and Bout-
well and Simmons, 1968.} If we impose
the restrictions on consumer demand,
the number of parameters to be esti-
mated directly can be reduced. The sym-
metry condition provides =[{n — 1)/2]
restrictions, the homogeneity condition
provides n restrictions, and the Engel
aggregation provides one restriction for

a total of alfn — 13/2] +n + 1 =
(r* + n + 2)/2 restrictions. Therefore,
the number of parameters to be esti-
mated independently is reduced to

n +n+ 2
2

=36’ +n - 2

ar + 1) —

which still remains to be & big number
to permit direct estitnation of a system
of equations involving large numbers of
commoadities, Realizing this diffienlty,
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
commodity to estimate the direet price
and a few other eross-price elasticities.
The effect of all other omitted variables
is implied to be zero. The choice of other
prices to 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 number of degrees of free-
dom which can be increased either
through increasing the number of obser-
vations or through decresasing the num-
ber of parameters in the equation. The
number of cbeervetions can be increased
by extending the period of observation
or reducing the interval between sue-
cesgive observations in the case of time
series data, and enlarging the sample
space in the case of cross-section data.
In general, the effect of using enlarged
time-series and cross-section data is to
inercase the varability in the data and
it may be important to test whether any
struetural change or heterogeneity has
occurred in the process of enlargement.
The number of parameters in the model
can be reduced by defining composile
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commoditivs. Althaugh the estimation
nrabidermn oan be solved by sggrogating
somnecities, this praesdyre iraduces
o nuteber of “sgpregstion poblems”
Ao, for poltey anelysls, oftsn informe-
tion on individeal eesseedities o re-
guired and an aggregate derived from
heterogencons itenx gy not reflect the
chargeteristios of isdividoal eommed-
s balongliag to the sed

The "iategrationisr's approach”
Fhe njegrationist’s approach roeap-
mizes the interrelsiicnships smong all
commoditims, To overcome the prob-
ierns of degrees of freedam and identifica-
tiom, & runber of assompiions regarding
the internetion of comoditien and the
watwe of atility funelions are infro
dused. Alws, attempls are msde o i
earpocate the theorpties: resttistions
into the stasiationd model. Breats’ (1657,
16958 ufliity tree angd Houthekker's
(1960 additive preferences and various
forme of separability idess belong Lo this
group. Friseh (1550 in 4 plossering
srifcie. preposed fhai the demand re
jatinpahips devived from utilily theory
souid be used in eomputing si divest
Bries and sross elasticlies gnder sn
ssstmotion of want ndopendencea.
Frineh model-~Frisch considers the
implicationa for estimation of & matrix

L e, e, v -, ML)
i ot
L%

For income elasticities, the conven-
el Tow restmrint, or ShuiskySehuaite
comdition, is ihat the elasticitiss for
priees and income xuw Lo g, o

gy 2 8
¥
i -
¥2,

&G

= {7 -, #}

Tt

of demgnd eoeficients for the case in
which ihs unity of somw o ol rom-
voclitin mre indenendent of the qumme
ity of others The dos of wast inde
pendeiee B expiained by Frisgsh {1959
p. 1787 by referring to eommodiiios
whete, for example, ¥ . | the marginal
wtility of using more electrivity in the
hmse oan safely be repardod ae lnde-
perdent of the cuaniity of Bwis cheess
consuinest.” Bloalarly, he diensses the
case where commodily groufs ey be
want independeni. but dopendence Ix
pesumed among commobiites within a
group, The major argument i for the
ongse of wani-independent commodities
and ean be compared with the sissgieal
zase in whirh the Binzeky relstion &
given ay

’ ¥ .

i gyt b whthy - Pyk (38}
The Friseh slatement of this relation
expresses price elastieities (¢.,) 68 & fube-
fies of want sassleity [=:), budeed pro-
surtions ), Income shstioliies f.),
and the Bexibality of the masging] wtiity
of jueomee with respert bo Hsome {$L

{39)

) i
diy wogy — L@y — g«t’a“—’nﬁw

shre

< {wmr elasticity) and

'ge

{monay Sexibilityl

The Irisei statement in tervs of want
elusticities &itd the money fexibility co-
cHivient &
£ ™ @ E Fis e {.‘ﬁ}
F

Conmder the vase whery s gowd i wasl
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independent of all other goods, or where
oi; = Ofor 8ll i » j, The cross-price and

mcome  clasticities may then be ex-
pressed as

g = — Wy — ;w,-e;-,e.-,,, (42)
= _gi_,‘wj(i + Zﬁ) , {cross-price elasticity}), and
(43)
€, = ¢o; [(ineome elasticity).

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

Cu

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

o=t Wiksy = Wik i f44)
= — eqwi — lq___;%’_*‘i*_v '* {own price elasticily).
Under want illdependerjee,- we may solve for ¢, or
¢ = % (money Aexibility). {45)

If a value of 4 is known, equation (42)
may be used to oblain estimabes of cross
elasticities under the assumption 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 vori-
ous commoditics or commodity gronps
should provide stmilar 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 be
derived.

The assumption of want independence
for gl commodities implies complete
additivity of the direcet utility function,
or

‘b‘.l:(]'l, L' TR G‘n) = !h(';'l)
{46)

+ wolge) + -+ walga)

Houthakker {1960} refers to this case of
independent utilitics as “direct addi-
tivity” and shows that the cross derive-
tives of demand arc proporticnal to the
derivatives with respect to mcome.
Thus, under independent utilities, the
commodities are still related through the
budget restruint but with demand inter-
relationships of & much less complex
form than with econveniional theory
when complete dependence is allowed.
Barten {1964, 1967) suggests a model
incorporating & wenker assumption on
the utility function, with complete addi-
tivity replaced by conditions of “almost
additive preferences.” For a detniled

comparison of the Hicks, the Frisch, and

the Barten models, see Appendix B.

Barten model.—The esscntial contri-
bution of Barten's mode! is to develop
methods of estimating demand functions
with somewhai less restrictive conditions
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teing dvposed on the preforense fune-
sizn, Congider the Hesslan maieix U in
which glemenis are Y, — &1 /{3q4s.
For the Frisch cuse of wani iudepen-
denice for all comieodities, the Hesstan
sty has zeros except for diagonal ele-
ments, The Hicks matrix would allow
valyes in all sells, HBarden would limif
valyes to disgonal elemants phis eorfain
sovdlingonnl clements of & aatare that
ihe consumer's preferenses sre "almest
sdditive® The femm for & orpsaphice
elagtisity for Rarten s of the forma

€ip o %ﬁ AR ;ff,a‘e,(i adn %&), {473
For Frinh, the frst term o the right of
the egusiity s o,,; otherwiss, the 2qua-
Loty fre wlenticed. Berten’s forsmulation
ioorporates u term {UF) thet i3 i
varinnt under transformations wheress
the Felaeh berm: {o;,) is not, For peartiesal
sonsferations, these twe dedvaiions san
e sonsidered o equivalent s poinied
out by Ayanian (1986

Foreatiznaties purposes, Barten speci-
fies & reprossion equation of the famy

{8 ol .
Alog g = ay 4 2 (c.—; - é’ﬁiyﬁjﬁwj b e;#w;) A log p;t“

Sk

(48}

b ¢y & Tog 38 4 udi}

wheove Bhi constant tarse represents trend
2ye 15 changea in tastes o uther fngiors,
2 vepresents that part of the mubetitu-
tion efiact that is directly reinted to the
interaetion of commedities in the utility
functign, the sempound term {money
Hexihifity, budget propostios, and in-
some sigsticities? reproscuds the remeis-
ing subsifution offocis, e the income
slastivisy, sed w8 mndom error term.
The first differesce of ioparithmic speei-
hoation i justified on pregmatie grounds.
Details of the cstimation procedures are
available iu Barten £1964),

A different approssh ta the camnplete
aaditivity seenmption ased o Frisek's
furpmiaiion sod o the slnost ndditiviey
sasutnpiion weed iv Havies's formels-
Hon s obiained by introducing different
aonoepts of separability, developed from
the *utility teee” concept discussed by
Btrotz (1057, 1959%,

Fhe role of separabihty m
depand snslysis
Ths zonowpt of & wEOHY tree—The

bigsie jies in that Lhe clements helomging
to b snmreoriity bundls eke be pa-
gitioned into different groups (shmdlay 1o
ghe branches of a tree). It i3 sssomed
that copsumers follow & budget ailocs-
fin process in sach 6 way thae, in the
first sisge, the tofel espendBure &
divided indo different sabgveups and
then, st the serond stage, Wi smoud
ailnited o oack subgroup 45 slictied o
individua] commodities helonging 1o Hat
subgroup. In ather words, consgmers
follow a two-stage budgeting process by
which tota} expenditure i= 8rab split inta
group expendsyres g1 the fissl etage aud
then eneh group expenditure & split inko
individusl commodity oxpendilures of
the svoand stagn. According to this pro-
vedare, # i pasdible do clmdate all the
paramelers involved ih the systern of
dempad equations from 4 knowledge of
certain parietors,

To permit the e o the two-stage
allopation process, the gty fupetion
myusl saiisly corialn properties. Birots
atariz with Bhe rlassieal uiility fAmetion
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TG, ga, o, @) and asumey thet it @ we can arrive at 1 demand function of
separsble in the branches 1, 2, -+, s the form,
i ean be writtec a3
EE) ifk EL 3]
g FIEME + T 4+ 7 =tk 2 AP
{44} {80
+ )] + TP+ %

where

o YRR : where
{’I {f}’} w7 {‘?l: e, t 0 Q';I'}
#; ~ powmiber of commagiios
i group such thes
By b me £ o oo

n the gi9 = i eommodity belonging to the
#* somomadity group,
f= L& -, nand

As usnni, mexinizing this wtility fune- i= 18,8

tiom enbijeot to jhe budged rewtriciion

w Taking two commaodities belonging to
2 v =y, the same group, the rolationship can be
Fam )

Written nE

il el b LELP 4 BT e

ity
{813
I L i 133 ’
g7 = a4 LBIP A DAL+ oy
0 My

for any sueh fwe commodities belonging  braach { Straty hag shown thet the retio
to & group, the coefficients gtf wnid g3 of sush price slopea is eauel L the rati

oy 1 - T & 3 E
wilt be in fixed proportios for B not B of lncormw slopes, 39407 | Therelupe,
L) ff} {3 1
& 1k ﬁ 3 K Fis 5]
~ o RhE e T (Bs, Sn o, 27} {525
i ik i{
gi ;i ne  TH

Usiug the retatgnship (32}, a number of
parsmctors o the sysiem of derand
eqpumtinns can be esloninind with the
knowledge of wrame seefinents and at
ioast o ather ioterbraneh coefficdens,

Consesda of saphrability.To sope
rae eothgnadities in the wiility function,
the maio of narginal m:iiitirasi of & prir

of commeaditics ¢ and § is assumezd o be
anaffestnd by the lovel of consumption
of & third coponcdity £ Te other words,
% ean be azmmned they

F: vy

S {m{)l{ﬂ’k?fi,j,

5‘ ) {B3)

= Thin e the “strong” &ﬁﬁat%lﬁn of o sepacabile utiity lunetion, Blrete admided that, in kis
ariginsl Teamalstion, he Iud deBned s wenk forms of soparshls wibty fusetion, though hig Fenlte

wors deptved hased on this strang form of separablity Jaze Sy, 189580

Iﬁxpremmg 1he gty

Inmetion In ki menner Tmpiel addivBEy smong groups.
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hoidg for st leasr sorme of the goods,
While the concept of sompiete ndditivity
weed by Frieh ascomes shat the mwr
gmal utliities of 1 and § s unafferted,
ths caneapt of separability sseumes that
the marginal utilities are ehanged equally
beeayee of a change in the consumption
of the k% commodily. Depending on the
ngrepiions, four fypas of seprrabifity
vt be debned,

Weak wepavability, This conospl im-
plies that the uiility funotion crn be
divided inte subgroups sush that the
marglonl rete of substitution between
two commaodities £ and 7 from the same
group (g} iz independent of the quan-
i of commadities not helonging to
group g Thaet is

{};{gi} i &d{*}’fr Q“:‘_: T g’:.:: I P
O n, = .

Hy 4 g 4 -

Weuk homageneous separabitity, Green
{1964) wdde one property to the weak
sepeainlity eoooegit--that vash  sub-
groug ¥ homorenecus of degree one, In

. oihat words,

(‘:{?1‘;: @;; ] ?': }

¥

it hornogenecus of degree one tor all 1.

Blrang separvabiily implies that the
utdlity funelion can be pariitioned inio
mbgronps such that the marging ste
of sulmtilution between [wo conunodities
f Bind § from fwo differens subeety does
agt depend upen the guantities of com-
sirditiens that do mot belang Lo the same
grouns 8y £ and 7.

}!'.ff

H_‘i_.! = ) {583

S5 R
for ail b o group 7; ¢ from group m, sud
# Fronms grouy s,

3%%{
— = z
2 0 4
for sl ¢, 7 < group g and & g group @
Gotdman and Uzawa (19945 have shown
that the utility function Uy, o« ¢} is
weskly separable with respest 14 2
grouping of ke u vommndities o a
clazn of 5 mwteally exchusive and exbaus-
tive subgroups Dwith my s, -, W, (08
meafitien in sieh of the 2 groups respec-
tivelyl ¥, sod aely 4 the uiillty fune-
tiar i of the non-additive fare

Llgre o gn) = PLDVgY,
(35)
D3, -, D)
whore

~-, & ang

Stroug separability is applicable oniy o
those uilily Tunciions whinh are addi-
five araeng groups,

{_?’{% srv gk m F HECS
: {573
R PG 4 ]

Earlier it was shown that strong separa-
bility was required for the patablishment
of ihe consept of & 2filisy tree,

Faaroe separability. Pearse introduced
the pongept of neutral sasneinrion which
tay bean fater neferred to s *Pearce
Separahility® by Goldmar, and Vesws,
{1864}, Pearce defined the existence of
reugral want association between goods
t aird § wnd good & 5T the macging! rate
af sghstitusiog beiwsen two sommedie
ties £ mnd 7 from the sams subset B inde-
peadest of the quantities of all siher
segprttnltieos
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A
am = 0 {58)

[

s,

i, 7 egroup g and & # ¢, 7.

This implies that any two commodities
from the same group should be in neu-
tral want assceiation with all cther com-
modities in that group. Under Pearce
separability, the utility function U(g
- ++ g,) shouid be separated into a form

Ulgy -+ g = ULU'LAGGD + -+ + SAlg)) + <

(59}

+ ULfilg) + -+ + falaa]}-

From the description of Pearce separa-
bility, it is evident that it includes both
weak separgbility and strong separp-
ability.

The two-stage maximieation pro-
coss.—Imposition of the assumption of
separability reduces the number of pa-
rameters to be estimated directly. Bup-
pose that there are n commodities be-
longing to ¢ separable groups. In the first,
slage, the total expenditure ¥ hes to be
alloted smong the ¢ commodity groups.
Let g1, o, - -+, e Tepresent the emounts
apent on different groups (¢ = 1 + ¥ +
«++ + 1.). Therofore, the first stage is to
determine 31, #s '+, ¥ such that the
utility i1s maximized. That is,

U(ylr Yz, 0y Ie‘-) - P‘(‘z-:ly' - y)

should be & maximum. As usual, the
first order conditions are

Ey——)«=0 and

F (60)

Dyi—-y=0

G=1,2

Equations (60) presumably can be
solved {0 ohtain the group expenditures
§1, ¥, ° ', ¥ Dut expenditures for a
particular group is a function of the
group price indices P, Py -0, P

Therefore, the solutions obtained from
(60) ean be writfen as n function of
group price indices and income

yizyi(PleQ)'.':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

Dﬂ.(g;—i ql‘r n

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

U‘I(ql{! q;, tr Q:J + A'{;’::l P;q: - Y:‘)

should be maximized. Taking the first
prder conditions erd solving for the
guantities,

Q: = Q;[P;rP':': '“,P:.-‘-,

(62)
yi(‘ph Pll "'JPJJ y:’]
forallj =1,2-+, %
i=1,2.-, 5

¥

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-
riurmn solytions as direet maximization.
Gormen (1959) and Green (1964, p. 22)
heve provided the conditions under
which two-stage maximization is con-
sistent. Accordingly, two-stege maxi-
mization of a utility function will be con-
sistent if the weak scparability ron-
ditions are satisfied together with any
ane of the following conditions: {1) only
two groups exist, (2) strong separability
exists, (3) weak homogeueity conditions
are satisfied, (4) all functions U except
one (say the first) are homogenecus and
[’ can be written as

U= UL, oL I .. U] and
{5} the functions IF beyond m are homo-
genecus and [ ean be written ay

U=Ul0+ 0+ + Un
+ HU, - U],

When the two-siage maximization is
consiatent, the maximum levels of util-
ity reached by direct and two-stage
maximization should be the some. Tt 15
possible to extend the conecept of two-
stege maximizations to 2 number of
stages, if necessary.

Identifying separable groups.— 3o far
it was assumed that it will be possible
to identify separable groups. In actuel
practice, it will not be possible to
look vpon the margingl utilities to de-
termine the nature of separability;
deJanvry hes demonstrated the use of
factor end cluster analysis to identify
homogeneous groups. However, the
grouping obtained through factor anal-
¥sis may not be unique because the cri-
teria for obtaining the groupings are, to
some extent, based on value judguents.

Practical considerations

Attempts to bridge the gap between
demand theory and empirical work heve
often rur into difficulties because of the
resirictive assumptions used in the
theory and the inadequate nature of the
date, More specifically, we run into dif-
ficulties regarding the concept of de-
mand, its time dimension and agerega-
tion problems, merketing marging, and
the nature of recorded data, all of which
are discusaad below.

Concept of demand—4As Baumal
(1965, p. 210) points out, “Demand func-
tions, &5 they gre defined in economie
analysis are queer creatures, somewhat
abstract, containing genercus elements
of the hypothetical and, in general,
marked by an aura of unreality.” Al-
though the Walras-Pareto-Hicks con-
cept of demend serves ss 8 basis for
defining demand in pure economic the-
ory, it is not adapted to the measure-
ment of demend for statistical analysis.

The reletionship between price and
quantity through demand funetions pro-
vides answers to questions like, “What
would conaumers do if price were difler-
ent from the present level?” In static
analysis, & demand relationship is speci-
fied for & particular period of time. In
practice, each time an observation is
made, we get one point on & demand
curve and, by the time another cbhserva-
tion is made, the curve might have
shifted because consumer tastes have
chanped or for other reasons influencing
demand. These shifts may influence the
nature of funetions cbtained from time-
series analysis and, at times, it will be
difficult to isolate the eflects of such
shift veriables from purely economic
variables such as prices and income.
Sometimes this difficulty may lead to
the conclusion that economic varisbles
may not be significant factors in explein-
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ing demnnd. AR example of this type i
oitained in Trost’s (1049 anslvels of
conspmption pabemz in the inied
Hangdem for IR70-1938 where naly 1
per vent of the vermnce of the sctsm-
tior: of 265 snd lobacco was explatned by
incotne antd price. Farrell (195%) ex-
pleing Prest’s msults in terme of irrever
gible dermand feetinns. He fsgnmies,
*Thal g maen whe has been intduesd by
2 rive in tnevme or & fall in the prige of
tobason by take up sracking, of W wncks
heavity, will form a hebly, srdd w38 Dot
when priots of ineorme veltins to iis
former level, eut his consumption to the
former level,” Often irreversibility will
tead {0 be o matter of diferential lags.
Far sxampia, Goedwin, & of {1568}
derive revermble dernand fupetions for
wef with different lagged-respanse oo
sFoients for the Invreasing und decrena-
ity phases of & consumphion ryele.

Aggregation.—According te Cireen
(1964, p. 1}, “Aggregation is & process
wharehy 3 part of the information syails
able for the salation of 4 prabiem is s
rificed Tor the purpese of making the
probless more eadily mansgeabie ® Most
of the demasnd relationships speoified
eariier sppiy o an ndividual sohsumet
with g giver: Inenne facing given murket
conditions. But, in empirieal work, the
behavior of # single consumer {in a pee-
fectly competitive market) is Dot inter-
esting; we study the behavior of the
market which is an aggregation of all
individusl consumers. Thersfore, wo are
faced with the question of deriving
theories on aggregate {macro) relation-
ships baged on individual (micrs) mls-
tianshipe. In particular, it is necessary
b speedfy & consistent procedure Jor
aggregntion and then determins the na-
tiire of the sgpeegation hias mvelved in
the proseduce adopied, Green {1584, 3.
1} defines sypvegation to be cotmistent,

Ho. L owhen the gse of Informagion more
detailed than that contsined in the se-
gregries would make no difference to tha
resufts of the analyeis of the projblem a3
hand.® On sgpregstion biss, (ranfeld
and Criliches (1880, p. 1) argae that
aggregation may sometimes redyee the
specification ervor nad thue bring some
gein in aspurecy. According o fher,
... im practice we de not Mnow ansngh about
waizrn hehaviny fo bo abie 40 dpecify micr soange
Hiane perfemly, Honton emplrioslly eotimazed mi-
arG retntiteng, whether those of ndividual ton-
sumers v of {ndividual produsese should not
be aseumed o be perfectly specified elther in
an eeongmis gense o in a siebistical sense,
Aggregation of eottiomic varinblea oan, and
in fach, frecuently dose, reduce these apecifi-
aiagﬁg:ém; B man #ain,™ ’ hd

Theil’s (1884 wark on Hnepr sgpre-
gation s ane of the early systersdic
Approaches adopeed. Allec (19684, Ch
20} discossen the eanc of €13 aggregsiion
over individusla, (¥} sgeregaiion over
comimodities, and {3) aggroegation over .
dividunls and commoditics. Thei! {1859,
o 14} peinis sob thsl, . . . beoadiy
speaking, ¥ Unear micro elations awe
aggregniad 6 fevma of Hnear sggregstes
o & Bnenr mmere relation, the resufting
mactn parérasters are weighted same of
all mdeve parsmeters.” Here, we shall
illustrete this problem using some simpla
axatnpphes,

Aggregntion cver tpdividucls, Earlier i&
was dedueed that an ndividual's de-
mand for & sormodily 15 & function of
the pries of the commodiuy, price of
other aomimenditives, and Income. Assur.
ing a linesr relationsbkip, the demand o
B commuidity for the 5 individusl cun
be written as

Gii ™ By 2;, bo: + eal; 8]

wherg
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Gz v quantify of i coramodity de-
manded hy 7 dividesl,

g = price of $ commodity, sad

¥; = mceme of 7 individual.

In o given misrket situation, it «an be
aoamed that the priee is the same for
all individugrlz 8nd that only bwome iy
vasinble, Under shissimplfying assump-
tion, (B3} san be written 83

TR T I 2 )]
1 we sperily an sggregate relation of the
e
g o= o T ooy (H5)
betwern spgregate demand g and oggre-
gate income 3, the probiem of aggregs-
Hon s to find & ootsistent method of
reieding (54 and (B&1
Summing B4 over all individuals,

:L: Fi = z e ¥ z‘ﬁ.#?l.é- (Gt}

T psiaplzh a relationshiy etween g
and individuzt incomes, let us defise the
seean yalue of smiers slopes {margmal
propensity 1o ronsuine) &=

€ o E'R.» {6}

ti

Wew lot us deline the sggrogate income
% 6 the sum of individual sarginal pro-
pergity to consnme multiplied by irsli-
vidusl fnpome, divided by the mean
value of the micrn slopey, or

. .
pow o 2 e (7}
;

§

Froms {851 and (88), we obtgln

g -
g = By b 7 za,y,-, €9
Comparing {88) and (69}, we get a con-
sixtent apgregation

"
gy % gig

@, = 3 @, and {703
ki

From {2Y, s olegr that the pgpregals
guantity is the sum of individus? guan-
tities, the mtereept of the ageregate
relationship 2 the son of individusi
isberoepts, aud the aggregste marginel
propensity to consiime s the average of
ndividual marginel prapensities. Aggre-
gate income iz defined as & weighted
average of individusl ineomes, ibe
weights heing proporsicust 26 the indi-
vidual marginel propensities pad, there-
fore, the aggregele meome, s defined
hree, wilt differ from commodity ta com-
madity. However, this is only one
of sggpregation—other approaches wre
availabie in Allen (19643, Beone (1954),
ans Wold sl Jureen (1064,

Agurepation oper comefities, Often
will e yequired o aggregate individual
eammorlities {o commudity geoups or &
Tmay be thit 8 given somemodity appears
in different forms or varieties and 1§ will
e difSenlt 1o handis sl varlelies sepa-
radely. In such enses, 3 32 nectgoary 10
aggregsie over commesdities. Ta coh-
sider & simple exsmple, suppose that
there is only sne individusl in the mer-
kat facing & varieties of a given com-
wuwiity. The demssd relationship, wnor-
ing othar prices Tor smplhifiention, can
he writlen as

g: = @+ By t71)

whore
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g; = quantity of & varicty demended
and
p; = price of 7 vanety,

When different varieties of the same
commaodity are considered, quantity and
prices are in comparable units and they
can be aggregated, s in the case of dif-
ferent individuals in the previous exam-
ple. The cnly difference is that, instead
of summing over individuals, here, sum-
mation is over varieties,

When it is necessary to add up s
mixed bag of commodities, the homo-
geneity property is no longer valid and
it 13 not. possible to add up the quantities
ot prices. In this case, s standard ap-
proach is to construct index numbers of
quantitics and prices with respect to
some beste quantities and prices (say ¢4;
and pi). With reference to the base
value, {71} can b formulated as

L= o, + 3, BL (72)
P

4 70

Uring a transformation of variables ap-
plicable when using Laspeyres index
hurnbers,

- Wi ;
L i q; B]ld

T = oo e

Zwo g0

by = W Pi
T Zwn ph
where
Wi = Ppfdjo
{72) can be written a5

Tawjs

. .iju'.
e g5 = o; + b,

—_—
Wi

Dividing by

E!B)'g
Wia

. 00
P Zwg

g + bipy (73)
- L
= a; + b;p;
where
Wi
E‘I.L'J'n

L]
a; =

If ab 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 aggregntes an

k -
Z qis

Juml

u wWa g5
=1 Zwg gp
E‘iﬂjn 'E""

= o

ijo !

(75)

and

_ Ipigs
Zpingi

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

k .
P =3, Ibp;

k_ gy, 2n Pi

76
Eb:’ d Ew:‘ﬂ' I’;‘o' { :'

zb[ﬂrﬂi
Zpjoqi

As before, it is posaible to modily these
ageregation procedures by using other
assumptions.

_ &
—Eb_f
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Aggregation ousr individuale and com-
modites. In this case, the shople treat-
ment presentsd in the previous two ceses
#2 na longer apphicable. The presence of
orosy oflacts meke i diffiaglt to obinin
{he aggregmte mlatinmido a5 a sum of
individual relationehips. Aflen {1064, pp.
114155 shows that it ia not permissible
to write the asiended Kevnesian con-
sumption furetion of the form ¢ = ay -+
By 4 ¢ a3 the result of simple aggrops-
sl over individuaie snd commoditise
frem e similar micro form. He suggests
that “the siternatives open are to ignore
micro theory, taking the esnmmption
funption {g = gy + bp <4 £) as the bagic
semmtraction o, on the other hasd to
geiok 1o miiero theory sud to avold msere
relgiions ke (¢ = gy -+ bp -+ ¢) expept
a5 B rough spproximalion or ag appro-
orinte &6 paetioular circwmstasnss in
pazticular iiree periods.”

Masrketlng marging —The choics of
price and quantitios suienng demand re-
lstionshipsis an impottant consideraiion.
Though often consumera make their pur-
chaging deiisdona based o giriess at the
sl Jevel, the product has fo go
theough & pumber of channels befers it
ragohes the consurger. In fact, mewiers
mackete are undergeing ranid changes
frn & perind when the seomimer used
to baks $5e brsad for homs sansumntion
to now when & number of ixtermediaries
exit between the preducer and the witi-
mats consurner. Normally, congmmer
renciions at bhe retad lovel will be trans-
mitted fa the prodosers through the
intermsdisries, 1 The prices st the farm
level and st the mtall lewsl w#l he
zeparated through marketing mergin,

the magnitude of which will be depend-
ent upen the nature of the product, the
npwster of indermediariss, sad other ree
lated farters. Az Waugh 3984, u». 200
points out, & somplete theory of demand
wauld have to expizin the fartore that
inftancs rutail prices and price spresds
betwean farmers fproduesrz] and cone
sugrery, For the anke of suposition, the
term *marketing group™ is used here to
dencte ali the intormedinries’® In this
ease, 1t e poasible to Identify four types
af behuviors) relationships: (1} the con-
sumer demand, {2 msrieting group’s
supply, {3; markeling group’s demand,
und {4} producer supply. To provide an
peonormic madel of these behaviora? re-
lationships, we el wse the folvwing
syrabals:

& = quantity consaned af the retail
myel,

¢ = gusntity produced at the farm
feyel,

o = priog st yeiail level,

= price Bt fmrm level,

M = p° ~ ¢, chazges realized by the
marketing grong, and

Y = PODEVITED Income,

Ignonng s ofher factors influencing
the behavior of differest groups involved,
the fallowing implicit relations ean be
specified:

Fg, ¢, 4} = 1 57
{ronmsmer dernand),

g pt. Mi= & {78
fmarRebing growp™s supply),

Hig gt M) = (74

{mprkating grovgy's demand),
ant

#* Producers will use this information & mudify their produet. This & why moders thoutise

of marketing mensgeroest gve great im)

1o conmaimers, B somteast to the ofd heliaf thas

Yazpoly zrenien ita own demaad.” See Kotler {1987, k. 1Y or & discossios of this “new conoept

of markeiing,”

e vy of stages ideniifing &xgiici‘l.{y will paridy depend upea the purpose of the avaly-
HITE

sia (gee Piidreth and Jarrett, 1955, 5,
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iy, ph =10
{produccer supply—supply at
farm level).

(80}

Because M is a funetion of p~ and ¢, it
i8 possible o eliminate M from (78) and
{79) and weite these relationships as

Fg(qf, pr' pj} = 0 and
FS{qfl prl p.f) = 0

Some of the variables defined above can
be adjusted to eliminate certain vari-
ables and to arrive at what is known as
derived demand relationships. Also, it is
possible to make certain 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
Smith (1962) have shown that the sup-
ply and demand do no more than place
bounds on quantity and price. Accord-
ing to the Cournot-Walras theory of gen-
eral equilibrium, there exists a tendency
that the tota! quantity purchazed by the
consumers {market demand) is equal to
the total quarntity produced by entre-
preneurs (market supply). Often con-
sumption and production 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 tc quantities pur-
chased. When consnmption data are not
available, adjustments have to be made
in production data to Incorporale 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 commeodity
groups) in the United States. Also, ay
attermpt is made to obtain estimates of
the linear effects of time on consumption
of a number of commodities.

Relation to the Brandow study.—
Brandow {1961) took 24 [ood items and
obtained the complete structure of de-
mend relationships in terms of direct
sod cross-price elasticities and income
elasticities in a synthesized model. Fo
construct the reiail demand model,
Brandow used the direct elasticities ob-
tained from a number of studies and
invoked maost. of the theoretical restric-

tiong on demand coefhcients. Although
the estimates obtained from Brandow's
study are not claimed to be precise, he
hag demonstrated the use of Frisch's
{1959) procedure to obtain all the direct
and cross-price elasticities. However, the
estimetes can be modified in a number
of respects; .

(1) Brandow derived most of his direc
elasticities from “statistical estimates
obtained from other studies” and, as
such, they do not follow a consistent
pattern of estimation procedures. Differ-
ent studies may have used daia belong-
ing to different pericds aod cbiained
from various sources. Also, the estima-
tion procedures used may vary. Thus, it
iz diffieult to obtain consistency in dif-
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faromi studies whish &5 also reflected in
tha saihnates,

{7 With 22 commaoditiee or commodity
groups, itois necessary f¢ heve 5 coa-
siderabie denes of aggregaiion. Because
wide wariations exist among commoedi-
thew of & group and we raay be interested,
fer poliny putposes, in o alngle sommod-
ity raihor than in & commuxiily groop,
it i& desirable to obiais s detailed hreak-
e of enmrnndity groups secarding $o
tBividas! commodities helonging tn &
group, Variations thai exist for & given
commidity a8 to geade, size, and other
characteristics are of recognized impor-
tance, but are not congidered in thix
astudy.

{3y Dempnd coeffownts of wuny oome
munbitioy toay have ohanged betwesn the
postwar and the prewar parid. ARkhough
inelusion of the prewar peviod nmy pro-
vide more variztion in the data com-
pared to the relatively stable tonsump-
tion pattern during the postwar pericd,
it in doubifal whether the esthioates ab-
taismd frarm o long Hoe owics, withoud
considering stractum! changes bn the
varinbies, 12 useful for polley analysis W
6 future verind. At presest, we have
more than 20 observaticos of annual
data for the postwar period, and thus
ean oblain estimates from the postwar
detnnad strustame alone,

In the present study, the coeffialents
were chiained asiig & wnifars sotima-
tion proeadors; the dats of the 48 come
moditize relate o the posbwsr period;
ani egtiznates lrom other studies, especi-
aily Brondow's, were med only when
dats were not avaitable for estimating
the roefficients independently.

Kisturs of assomoptiong.—As men-
tigned, the assumptims of Frisek asnd
Bartes imply cerdinal uhilty sud thoss
of Stredz and Pearer ordina! uhility, 4
Hauliberg {1988, pp. 370-79; sfates © |
i #he proper combination f somenodi-

tios sre mvelved, either of thes pro-
pesitigny (neutssl-want assesisiion of
Perreeanid wans-independense of Frissh)
will probghiy be acceplable ag reazon-
abie approximations o astund sonsumer
hehavior.” Algo, Pearce [1861) points
out. that, ynder certain conditions, it is
posaibie to derire the copelusions oh-
iaimed by Friwh from both nevtrad-
want sssscintion and the wanbdindepen-
deat ssumptions. For an smpisieal aoul-
yoig of the type eonsidered hore, Sdentis
Rention of proper commodity groups and
eatimption  procedures requirss  more
abtention than ehoosing between neuteal-
want sssopistion end waot indepon-
denee, While ndng the sssgmphion of
srdimally separsbls ubiity  feddloators
fpsnbral-want ssseetation}, it may often
rmme meessary o estimalie param-
eteig from a soclinesr system bnd the
taetheds availabie for their sstimation
may become very complicated when
eommoditice ares numerous, Therefore,
for prasiial sonsiderationg, we had 1o
adopt & procedure which fmnlied el
matits of want ndependones sad ne-
iral-want aswwiation as Fallows:

{3} Besagse of their forge suinder, wa
prouped ihe eommeditisg into different
sepatable pommodily groups,

£ Following the principle of two-stage
makirgisgsion, the demand egustion for
& sivigle commaodity withis & group wus
specified gz 5 function of prizes of gl
wanmndities within the group, prices
mdices for other groaps, sad nvome.
{3 It waz assumed thal commuxdibies
bedonging 0 o parboular gronp wore
want independent of sommodities be-
tonging to snather group so we eould use
the procsdure suggested by Frisch to
obiain ihe cross elastioiios eorrespond-
ing to af soremodities culside & given
group. Conaidering the cardiniiity ae-
mmptions iavelved in want jndepen-
Renve, wa would have prefurred to avoid
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# 40 sk we could deml with ordinal
smmptions plone, Howewsr the oabh-
mation problems assorinted with hand-
Lng Jarge sumbers af commuodidiog was
sueh that we bad te inpose the asmmmg-
tieng of want independence for all com-
mieedities oniside a given group,

Chaite of sommodities - {r choies

of covnudities was based on twe maior
cansrleratinns:
{1} The commmadily neludad shonid ao.
vaund. for ab lrast. .3 per veni of the food
budget, based on 11 8. Buresy of Labar
Btatistics (1963]. Since total food expens
ditures aceount, for 22,79 per cant of all
expenditores, incloded commodities
showid ocoupy o6 least A8 por osat of
total axpentriores. Howaver, wo made
sxepptions for onions, carrais, and swoet
potaioen, which aceounted for only 263,
203, arad 175 por cent, roapectivaly, be-
seuse dats wers availabls for these ilems,
(2} Commuditics were included where
data were evailable on prices, auantities
consumed, and &i incpme-consnmiption
pattern, In geveral {imessries dais en
prices were faken from 11 X, Poresy of
Labor Staticties {1963) reports, quantl
twy sonsmmed frar Uemebrs {168,
snfl erogs-seotion data on fasd consimp-
tian wes from 1955 and 1955 food con-
sumption survey reports {see Appendix
A}

Among the 48 selected cormmoditios
we have five commodity groups-—“othor
Breeh fruit” “other fresh vepeishles”
“oiher vanned [ruits and vegeishies ™
“bread and othar cerest products,” and
“oiber beversges” These groups wero
incinded bemuse it was diffieult to ob-
tain individual eommodities within these
geingps satislying the shove oriteris,
while their combined effects ware not

negligible

#* Thew

Laisrminstion of espanditurs
waighis ~ The ewpendifure preporiions
of diffevsni Hetes sre derived fron: both
time-sotios and sraissection data. Fimn.
stra {3958, p. 172 reports the expandi.
ture proportions™ en major commoadity
groups in December of 1963 and 1944, Po.
cause these proportions inchuded mesls
eaten pway from home aleo, they wors
adiusted 1o rersove this ofect and then
these twa periods were averaged o ob-
tain grouy sxpenditure proporiions, Ta
abtain the budget proporticesfor individ-
ual comamoditiss included in this study,
the group proportions were calewlated us
shove and & breakdown, acearding to
the expenditore proportious, was ob-
talned from the 1965 household food-
consanplion survey. For exaraply, the
adjusted timeweries estimate of the
budget proporpions for dairy products ao-
counted for J.82¥7? per eent of total
expenditnres. Accoeding to the 1965 food
consurnption survey, butter, fresh milk,
evaporated mille, cheese, and fve erenm
secounted  for 8453 W8S, 2Wi7,
17488, and 12 394 per cenf, respuntively,
of the fotsl dalry products. Therelsre,
the budpet pyonortions for butier, Tresh
milk, evaporated milk, cheese, and o
creatn are obisined as (08235 (G,
OARITT MO 08451, 022535 (Le., 0BT
> B8ETR), O01078, D0BERS, and 004744,
respectivaly, The expendifure propor
tions for all the nther commoditics are
calenlatod i the ssme manuer {Table 21
To facibtaie comparison wilh othet
sudics, table ¥ also mves the budget
proporiions used in Brandow's study,
{(Brandow used weights for 19551957,
obtained by adjustiog 1947-194% data.)

Choize of regrowion sqoations, —The
demand for o commodity, expressed in
termas of Al prices and income, is repre-

proportions sare ofiginelly detdved by the Bureay of Tabor Stardsties. Tha quaniily

wetghis wmd i the derivation of chose fgpuren were based 00 {he sponding pattern of wage saney
atie chrioal warver TamiTies an derived from she 19601007 Bueveps of Conaunmer Tapesativmm,
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TapLr 2
EXPENDITURE PROPORTIONS
This study's p.ropuni.onn pxpressad B2 per-
centags of Bzasdow proportions
Canmodity end group® expressed s petoantage
) of nll expenditures
Food axpenditures All srpenditures
1L.338 2.3y 2 R
_850 2003 AR
13 338 BN Y] 2184
_850 i) 180
3818 _A0a k]
_TRY 17 -]
& 70l ol ] L]
33,851 T.7184 7.4
Egga {group 2) 3.575 _BR13 1.128
Fote and sl {eroupe 3, 4, snd &
Butbal, . ... viieinancian e s o o e e L.418 o] A
i Al k]
1.316 2133 m
1244 188
L.135 _2BAA 420
4,48 1.08ad 1,381
u.Bay a.mak 5. 754
473 By 173
2. N1 875
2081 AT K.
16374 3 52 R <)
1, m84 Bt .
ATE G . .
1.401 3 Ay
2,50 B
(| T30
3.4081 3182 1.4
4. M5 L1HE
AT L
JTa8 1T
e L
1112 1.6ME 1,834
4,138 _BTE1
4.00m -
LT 17 .
37 B T
B.388 191153 7.088
B Jdaa
.58 4314
gﬂmmdaﬁ ther bukery rod ' 9748 it -
and other bal u.cLu . -5k
Tota "}' 14. 6851 a.aaig 1.418
Bevcrages and roup {groupa 13, 14, and 15
Coffes ... 00 00 . L. 2 445 g
1. s (TR
1, AAA 53 .
5,063 13583 1
100, 0¢ 2.5 2.1
TOTAL NONFOOD-...._.. .. ... ... ........... .21 7888

* Bee Lext for diseumion of sommadily gzoupe. See table &, Last row, for expenditure proportions for cartain individusl
ilpra jm the fruit and vagaln'hlu OATERUrLES,
1 Inclodes dry beana, pean, and ouls of 202,
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sented by

# ™ gdgh, Pt P U {313
Taking toial difforendials of {813,

¢ iy
d&“-‘*"“gj!@w{"'q

= d
i 23 7

coep PBeg ey
e "‘;"ap,,;’”' Ha

L %
s dy.
Dividing (82) by ¢4

Ly Lémg
2y, owm
25 ? *}H’?}?tdp‘

18
e e vl i

1 8g,
o ay.
+Gr‘5§’ ¥

{83}

Hapt

seggd 1
df& gz.?

Herefare,

dy.

Py = dilog 0.1,

189, . 2o d
g @ ¢: P P
= ¢ 2008 Pib
Simiiarly,
jmﬁg:. ey e - %
Poe dy = z. 2oy ¥l

Substitnting these resalis in {83}, we
heve

diog ¢ = e dilogp +- -

+ £, 800 B {R43

gy Flog v).

When we take only fnite diferences, the
differentenls 1g (B4} can: be replaced by
first differences s, therefore, sgustion
{84} can be written 53

Ay = e dlog g + -+

“+w €in & ;ﬂg ?‘n {35)

gy A l0E .
While veing time-sories data,
Adog g = o go — R ¢ud

wherens, using eguation (857 Tur oraoss-
section data, price changes vanizh and,
therefore,

A1og o= ey O l0g & G
The present siady makes extenvive uas
of eguatiomz of type {83) and {84} The
use of fizst differences may redace the
effect of serial sorelaiion if the serial
correlation coefficient is approximataly
one, However, in some cases, s dooble
logarithtris fasetios pave statistizally
better extimates thee the fist differsnon
axpuation and, in such ceses, wé hmve
selected the stismaies with better siatin.
tiral provueEriios,

Urouping of ceenmedities into separa-
ble groups.--‘T'v obiain a regression
equation sirailar to (85), it is necesapry
te restrict the number of copmaocfiiles
te be included In any given equation,
Grouping of coramodities accopding o
reriain charsvioristios pevmils ue o ob-
Lain a consistent estimate through bwe-
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stage maximization. From the previous
section, we have B dernand equation for
the 7* commodity belonging to group 7,
expressed as

q; = QJ[PL p:r "t 'Prff-

(87)
vilpy, pe, -0, P W)
for
j‘_" 112: e Rt = l~12: ey 8
where

2.l p4 -+, P represent the individ-
ual eommodity prices,

By, Py vrs, P, pepresent group price
index, and

¥ is the expenditure on the 7% group.

Equation (B7) can also be exprossed as

q; il q}l{p;! P;: Tt pl:..s PI.J

(88)

Pil”'Pl: y)*
T use this two-stage maximization pro-
cedure, we had to classify our 49 com-
modities into a number of separable
groups. Instead of depending on arbi-
trary groupings, we adopted a grouping
developed by defanvry {1966, p. 112).
DeJanvry took the price elastieities, in-
come elasticities, and budget shares
used in Brandow’s study and developed
the proportionality factors represented
by
) 'Bl'y

ﬁfj—_-—

4+ 1
By Wikiy

Using the proportionality factors, sepa-
rable groups were identified such that

the between group 0.'s are maximally
equal for all i e f and &k ¢ K. Eventually,
the following 15 groups were established:
1. Beef, veal, pork, lamb, chicken, tur-
key, fish
Eggs
. Butter
Lard
. Shortening, margarine, salad dreas-
ing and cooking oil
. Milik, evaporated milk
. Cheese, ice creem
. Putatoes, sweet potatoes
. Sugar, corn syrup
. Apples, bananas, cranges, other fresh
fruits, canned peaches, canned
pineapple, frozen fruits
11. Lettuce, tomatoes, beans, onions,
carrots, other fresh vegetables,
canned peas, canned com, canned
tomatoes, dry vegetables, frogen
vegetables, other eanned fruits,
and vegelables
12. Rice, wheat Hour, breakfast cereals,
corn meal, bread, and other ceresls
13. Coliee
14. Soup
15, Other beverages
The list of all 49 commadities are con-
tained i table 5 on page 46,

on ke £2 B

== v R =

Estimation of the demand matrix

"Having grouped the 4% commedities
into 15 groups, & demand equation simi-
lar to (88} was used for each commodity
in a given group. The functional form of
the demand equations, in many cases,
was similar to (85) so that we were using
the first differeuce of variables. In many
cases, the coeflicients of the group prices
turned out o be highly insignificant aud,
therefore, in actual estimation, we have
omitted a number of price indices. Adso,

¥ DeJunyry wsed the proportionality faelors to arrive at groupings based on factor analysia.
“The criteria for the sllocation of varables to composiles will be that these reproduce for each
variable ita inlercorrelations with the other variables. This corresponds o the building of cluster
of variables that bave meiimal correlations in ilerse and maximally proporticnal correlations

with outside wariahles.” {1986, p. 57)
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hoth annest and quarterly dala were
used, where avatlable, t0 esbinmie the
deromntl coefficients. Thasz, for many
conunodities, there ware & namber of
sruadions et Lioth anxus! and guer-
terly deis sod, also, using legarithmie
forrz mi] ihe Srst giference of logs-
rmikms of variables. Demand equations
woere spevified with quantities se depen-
dent variables and prices of ail somvmod.
ies belonging %o the seme pgroup, to-
gethar with price indives of other groops
and incorez, as ihe ‘edependsudy vari-
ables. Therefore, it wss posible to
chisin the dimeei price elpptivity sod
sreapprice clastieities with respect to &
the commeditios in the st geoup from
f given demand eguation.

A numbser of sguations existed for the
smme comunddity, and one coefficient
had o bo chiosan. In mosk tases, the criv
terin for selseiion of coefficients were
hased on the stadistical propersies such sy
the fit of the equation {ss determined by
{he multiple correlabion caeffaient), the
aigrifiesnce of the individual soefficients
{determined by the felatistie), sod the
sxintence of serial eortelation (deter-
winpd by the Durbin-Watson tesh sin.
tistie}. The theoretivally antieipaled
sg of thie regrecssion copflicient was aiso
considered whes we had estimetes satin-

fying mare or less the mene stlatistical
propertivs, Al the estimates of direct
and oroge-price elasticities for coesnod-
ties belonging 1o the s group are
obtsingd in this manner, Howerer, tha
erass-glasticity cosfficients were sdjusted
fo satisly $he symunetty  coadition
{uantity snd price dails on five oo
mreditien fturhey, fish, {rozen fruits, fro-
zen vepeigbles, atd bresd) were not
availabie on 5 compamble basis, There-
fore, we used sstimatos obteined From
niher sourres for the direct urice elas.
tirities of these commmodities

Bynihesis of demand interrelstion-
ahipa. - We have sees how ths direct and
srosipriee elpetioltion for sl eommadi-
ties helomping to ench group sre deter
ined. The wirtion on inceme zad con-
sumption shows how various messires
of meome elusticities are obtained, Using
these fignres and the resteictions im-
posed upen an individuals demand
iosfficients by the theory of consumey
fehavior, we san sakailate all the other
remaining cocffiiends, Al sonfood itums
are treated it one category. The deraand
mterrelationships  gre  represented
tahbis B,

We oan eummgriss the restrictions en
demund cocfficients speaified in able |
g toliows!

foy Bow Restraing {Homagenelty Conditiog)

51 "i"egg'{““""f"ﬁf‘g 4 £z + £in w4

i) Bymmetry
By o Mg = Wik — &)

(e} Cinrnot Aggregation

widr; T owwys B o A Wans N = — W,

(d; Fngel Aggregation

Wity T ey b T it T Watwy |

G 1,200, 800 (85)

(4= L%, 56) {96}
ff= 1,8 - 55 (313

{93

T Brandow's saiimsies werez weet for turkey, Hsh, and bres:d. Ths direst price alestisity
eatimade foe froges verstables wan based on a8 ynpubiished atudy of Ben . Fronch, Department

af Agricuitural Feonmwmirs st Davis
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Tape 3
EMANDY INTERRELATIONSHIP MATRIX
. AL foad Fomboas oot

i & i
e e #id & ¥rob £:.3 ¥ oy
z ] #n LT L 2] B
480 [T %] aa tew LN o [T 1Y
Albfod .. ... ... ary Iz Ty £44 € L
Nonfoad .. I (%] Ha £ Y taby
Ergmesditor okt i =3 2] wp HL ¥

wove : Suberints -8 dxarin fhe 42 fond Hams, "W dencim eoctad, "7 demoter ot fond, nnd 4" domases ineome.

{e} Frisch Eqoations

i
By wr o ‘“‘““‘“J ]

— pgap; for £ o f, and (23)
By = _eib'wl - L_‘:“?E”'ﬁg! [:94)

These restristicas were yeed in the
followmg merner to ohtatn gl the ade
mamts in the derssnd Intermelationship
EEE 23 41 9
{81 Our starbing poiet s the esthaales of
divect-prics shstioity {e.), ineome elgy
Hottw (2.}, 2 expesditure proporsicns
Py for all sommraxlities. We have al-
rendy expleined the estimetion praced-
ure adopisd 1n obteising all these ele-
menty Also, we hovve seen that the cross
elasticities for commodities belonging to
the sarme food group baalally are ob-
teined through direct estimmtion process.
The partiouisr coetisienie used in this
zralysie were chesen from n harge mum-
her of estiraates, using certain desirable
properiier of the etimaies aud some
elgment of intuitive jndgment.
ib} Inccmne slasticfiy for gl food e} is
ohtained &5 & welghied sverage of the

maeme elastivities for indbridugl com-
meditios, the weighis being the expan.
ditare praporiione, or

togity, 4 tigtn, A - - Wt
Wy b w@r b - oy

S =

45
.. Bty b ey - Vg

Wy

beeguge the ewpenditure weight of all
food o the swm of expenditure weighis
for individuad foed items, The dasticity
chitained in $hiz manner wss IFA26).
Abthough this esthoate ix lower than
Brandew’s {3567 i campares faver-
ably with ldependent extimates of
some olastisities for all faod in other
stucdies, For sxample, Hiomsira (1568,
. 291 ohtalued the following egusdions
by fitting ennaal dats for the 19581966
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periad through the use of the single
enuition least-srmare model.

dy e BERE - 418

{083
;:%}
4B 1TE 2y — 81 2,
{ 0B0) {.125)
H =

wherp

z; = log per capita food ronuunption
indax,

2w iog retadl food price indes,

2, = log per capita dispossble per-
goual incoms index, gnd

2, = log consumer price index (all
ibrems tess food). Al the indises
are with referencs o the base
peried, 19571048 = 100,

For the period 1948-1982, Waugh (1964,
p. 18 ohtained s regression tqustion

2= 218 - 024 20 4 0342; 19D
(.16) .50

- 1 {wxﬁgg “he qpgs, oo . ﬂ?négéy;

where the varinhies sre ps defined sbove
exeept vhai &y and 2y are deBated by the
comssmer prive index to ohialn 207 sl
#5*, reapoctively. Thus the esthunie,
75285 {obiaimed in ihis study) s be
compared with 374 in {38} snd §4 in
(97, However, inéome sasiicity obe
tained frotn 1965 cross-section data
using expandisure as the dependent vari-
able wae S7TIIL fson isdble 13, The
estitnate of 178265 eorresponds 1o qoun-
tiview aud thoyefore, i is conpintent with
the gemem! notor that ineame slas
ticity with expenditere 55 the dependeant
varizhle is higher thar the corresponid-
ing estimate with guantity as the de-
pendent variable.

{2} Incomp elasticity of ponford (8.
Erom equation 923 we know thai the
weighied murn of 8l the vome oluy
ticiliss In unity. We have airesdy estie
meted all the expendituce weights ad
the income dasbicitiss for commodities
ather than sonfood. Therefors, in sgus-
tion (B2). only ey 18 unknown.

Caow

Tsing equation (53}, thix ean be wiriiien
=

1 — wep

Tt (40

Using {943, the inecame elustivity of von-

food fs atimaid A

| — {,227918).175255)

RS w ) 249 1R,

This estirnate 1z inirly eonsistent with
Brandow's retimate of 1.22426,
{d) Threet clusticity Tor sl fonds (eqlh
Tiaing (94}, we cnu wrile gy 24

i—w;e;,l,

L o ERM — y {30

ps (g
Om she right-hand side of 1158, 56 the
termra except the value of the raomey
flexibility ocoeficient (¢} are known,
Since the value for equation (99) approx-
pnates that of Brandaw, 1 seemy fo be
appropriate 1o use Brasdow’s satiosts
of & ut ~ 86, Thus, frorm sguation {100},
the value of gy 10~ 2E6R4S. whuh come
parcs favombly with rosulte sbinined
independentiy. Tsing the resnits obe
wained by Gishick and Haavelma {1947},
Buchhole, ¢f 4., {1962) heve calenlated
the elasticity of food consumpiion with
respect, to misil ptices to be — 25 Ii
(073, Waagh had obtained the value of
2, 88 — 24, Ctosidering the rounding of
decimain in Waogh's resuliz, the fignre
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chteined from our sstimation urecedure
I oobaistent aupd we are justifed n
saking the vaive of ¢ a8 — 86 Brandow
{1961, p. I8, RbweeH, aprees that bis
ostivante of - BEISY Ysppears on the
haads of buneserias anslysin to he slight-
by too nigh®

e} Diveut elsstioity &y nonfood {eess)
iz slso obdtained in & provsdure simdar
to that of divest elastionty of all food.

1 o wyeBpy
&

= 1245155 ¢ B15708

= P AITRER,

Epy gp W gl

This estimabe 12 sonsistent with
— 1 62556 frowm Brandow’s stady.
#Y Crase einstiody of all food with re-

w
Grip w W‘é“ffu.o — 3kdee, — Eflr)
e

27018
= Fiooes

e DEREOE

{hy Cross elastiodiss showing the effects
af aoniond piees on consumopiion of
sndividual foods fae Brd = 1, 2o -,
4. From eqgaation (33) we have

!
Big == L Selath — eatly

%),

Assuming 1 to be posfoods, we have

&
g me gy H wm) .
i 2] ?Mﬁ( { e

Theretpre,

spevt o nonfond prices {ox) 8 obtained
esing the Bomogensily reslrpind thez

{33

From steps (b3 sud {8}, we cbisined ¢4,
and o ge P05 and - 236845, respor-
iively, Therefors, from equstion {31,

eme — SHGRAYE e 176265 = G

Loz b epr b oy, =

Thus, we obtain ap eztimate of em ns
60580, which is considerably lawer
then Frandow's somresponding  figure
LA84T0Y. Hewever, mur estimete is
greatsr than at leesi one isdepandent
estimate with ihe coefligiens, 652, re
poreed in Bmndow {1961, p. 1R

{g} Urase onstinly of nonfond wilh re
speet b0 dood pricss feser. Using the
symmetry winiions 16 equstion (W}

(-OGO5R0) — .227RIR {1.238165 — 176265

B L gy {1 + %} R

By

Hars, 1t s impdied that esch food s want
independent of nemfood {tema. The right-
hand side of (1023 is independent of 4,
which implies that the ratio of cross
elaaticities showing the effect of nonfood
nrines on songamption of ke individesl
fand jtor: aed the insome elastiolty of
the same food do not vary foom gome
modity o conmeadity, In partieulsr, B
we consider the tofal foogd, using the
esnits fram ) and (b}, ihe mtio
2ese/ 8, Beworess  DEOERD/ ITERGL =
43687 We have azsumed that the com-
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wman tio e/ ey, for all £ ta be the same
A emaf ore. Fherefors,

g w JEIBEY 44

{108}
(= 3,2, 20,485
Thug, the wross elagtivitiey showing the
effents of nonfood prices on the conzumg-
tior of smdividual foeds s 333687 per
et of the corvesponding inceme elas-
tavities. Branduew chiained the cerre-
apimding pereentage as 33,

(i} Cross slamivities showing the sffects
o individusl food prices on sga-iond
guantity (feo for £ = §, 2,---, 48
Sines we have obtalned sap from Ch), wa
280 uys: the symumeiry relstionshin fo
{165} to Obtain s 85

397 = g‘;‘;; Son = Wlten = 25y 1104

forg e 1,2, ¢+, 4% From (a), (¢}, sed
{h, all the coefficients on the right-hand
aide: of {104} sre known and, henes, the
values of eq. can be saloulated,

5t Crosy ¢lasticities ehowing the efect
of all food prices on the conssmption of
fadividusl foods fey), € = 1, 2,0, 46,

mwrﬁu”‘}“@:ﬁu“?"

From the hemegenoiby restraing (88, we
have v P ogg o g b e
85 == T But the sum, e & g 000 4
2o PEpresents sa, Therefare,

g b oo gy, > 8
{30 1,3, -0, 4]

or

gip = {0y + eaod. {308
Both terms an the right-hand zide are
koown frem {5 and (W), Therefore, the
sroos elasticities showing the effecs of ol
foed peises on ihe tomewmypion of &
given couymnodity is obtained sk the aug.
ative of the sam of the Invome clasteity
eoed the crog elasiizity showing the
efect of nenfood prices on the congump-
tion of that sommadity.
{3 Crops elasticiey showing the effeet of
individual comynodity prisss on food
corsgptton (g), 4 = L, B,---, #
From the Conrsot aggrepation in (81}
we have

Wiy " Wattay 4 00 T Uil h
it = N,

If we define ¢pr a8

+ W(ff'g@

Erg :
7 Wy 4t b o b owe

Wiy P tpiple S SRREREE b PR

Subatituting (1077 in (16}

gty - geniting = Wy
{1083
ory m o Bt et
Wy
Erom () and {3, sH the terom on the
right-harsi side of (108} am known.

= f@gy Fwe b -+ Wk {167}

@ Wiy

{1y Crosa elpsticity showing éhe effeot of
igdividual commodity prices on the 2om-
mofdities culsiie dhe group {73+ #€ 4,
f¢f, and i gl Bupposs that we are son-
sidering the " commedity. We have
alrendy sgtimealad the dicest slastieily,
oross elanbicitios with respest o some
sooditien in the same group, and inogme
slautiity, wsing {a}. The nonfood crosa
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elasticity is obtained from (h). Thus,
using the homogeneity restraint, we can
obtain the sum of the remaining un-
known coeflicients in the same row. For
convenience, if we essume that the first
k commaodities belong to a group, for any
commodity belonging to that group, e,
Giz, * ' * 4 Bigy €igo, AN £, are known. Since
we have

fea + eia+ - - + i) + i +
oot et oeme + 6y =0,

the sum of the cross elasticities corre-
gponding to the commodities gutside the
group is —{ea + «++ + ¢u T w0 + €5},
which is the negative of the sum of all
known coefficients. Let us denote this
sur by ;. Having known the value of
R;, our next job is to see how this value
iz distributed over the individual ecom-
modities. In (63}, we have zeen 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 efecty of their prices on the con-
sumption of the ¢** commodity. It is
posaible that the sum of the coefficients
obtained in this manner will not add to
R:"80 we will have to adjust the indi-
vidual eoefficients such that their sum
adds to K Thus, the cross elasticities
are taken only as proportional to
—e;u,(l + e;/é), without assuming
strict equality. By the time we complete
this step, all the coefficients in the it
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 calculate
the remaining elementa in the first

column. Now, we complese the second
row and obtain {he remaining elements
of the second column, using symmetry
relationship. Thus, continuing & row and
column operation, we can obtain all the
unknown coeflicients in the demand in-
terrelationship matrix {(lable 5), The
steps laken in obtaining the demsnd
interrelationship matrix are given in°
table 4,

Linear efects 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 as a result of fac-
tors other than those specificd. Often, in
demand analysis, such variations are
handled by incorporatimg time as a vari-
able with linear or neanlinear effecta, Ii
the purpose ¢f the analysis in only for
making proiections, inclusion of time
may result in more reliable projections
than when time is excluded. However, it
may be posgible that variables such as
inecome and prices are highly correlated
with time so that introduction of time as
a varieble may result in estimation prob-
lems. An estimate of the coefficient 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 &n
interpretation for the coeflicient associ-
ated with time. Considering these factors,
we have avoided ihe practice of using
time as a variable in our demand equa-
tions.

Use of the frat 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 a
constant to the demand equation in (85),
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TapLE 4
S8YNTHESIS OF DEMAND INTERRELATIONSHIPS
{(SUMMARY}
Commibdity Commodity group
All food Nonfood Tncome
Group Tem: I, II, [N v
LR 1, 2, . M1 L2 --- nua [§]] {h) Y]
L
2 {n) (& £l &) L {h} In]
1 .
0] II
L
2 in (a} 1] i )] h) [}
i1 .
ny
i f} (&) 4] {i} {h] a)
1
2 L) 14 ] 0] {i3 {h} )
xv - .
R
All food,. {k} Ik} {k} . tk) G i [b)
Roofood .. ..ooooeea et {i) w 0] {c}
Expenditure weight (a) (&} {a) (m) () in} {1}

Nore: The lelters in tha boxes represent the slaps mentioned io Lhe taxt.

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

Alogg: = a; + en -’:‘-IOE P1 +_ £z

LD Kog pr +

+ eimAlogp. + ey, Alog y.

(109)

When the independent variables {prices
and income) do not change over the
yeara, (109) reduces {0 & log ¢; = a.. If
the value of a; is significantly different
from zero, it implies that some change
in consumption will take place from the
preceding year even i there was no
change in prices and income. Thus, when
first differences of variahles are used in

the demand equation, the constant term
in the regression equation represents the
linear eflect of time. We have used fhirst
difference equations similar to {109) for
39 commedities and the constant term
was significantly different from zero at
the & per cent level for ten commodities—
eggs, butter, lard, evaporated milk, ice
cream, sweet polatoes, beans, canned
peas, wheat flour, and soup. At the 10
per cent level, the coefficients of six more
commodities—cheese, canned peaches,
dried fruit, carrots, corn meal, and cof-
fee—became eignifieantly different from
zera (see Appendix table A-0).

Foate (1958, p. 43) suggests that the
percentege effect of time mn each year
can be obtamed hy taking the anti-
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ogarishm of the comfant form plus 2
# ! varigbles n the Frgt differencs
snatvele are converted do Jogurithin and
i the constant term differs significantly
fram sere. For example, n the case of
ghewss, 2,18 equal to 1722 arel we tolk
b pertilogperithe: of SO17892 as 104,20,
o owe sonld say that time teend zlons
woadd incresee consiymption of cheese by
4. 350 pey sent xnnnaily. Foosgys, we have
A ernat to - 0035013 and, Herriors, we
found the antilogarithm of 1.97408E as
9440, which means that time trend alone
woyld derrease the cotsumption of eges
by .60 per vend armuslly, Though some
of the ommoditios sppearing in Appen-
dix table A8 showsd eoufficionts not
gignificantly differsnt fromn zern, we
tank these sofficients slen 1o olain she
persentige effests of time in esch year
un the consumption of these commadi-
ftes, Pummary table § i based on the
personibge chianges given in Appendix
table 4.6

Sensonal efects on time trend

When guarterly rathor thad snnysl
dataare used, considerable seasonisl vark-

stion is posshle, Themiore, & may 558
b appropriaie (o assome thas the efeet
of season s the same for all the sepsons.
To test the censons! effects on time
trend, we spectfied two different Yypes
of regression equaticens:

fn} T fivet Lype s the same as bu (105,
cxeeni tist the Brsl difsrences sorro-
spond to differences in oheorvations from
soRson o sesson, The conslant term in
this pgunfion can bhe Interpreted as an
indication of the linear effech of sessons,
pasuming thust the trend during different
seaanns dees not vary.

5 The seond type 4smrmul thet the
sime rond varied from sepion b seasan,
Tnmioad of putting & sngle mmytant, we
speeifind four sonstants cormospondiog to
four stssnns {ysing dummy variables}
prcd all the other varishles wers retained
a2 I (1909). In this cass, the eoefficients
corresponditg to cack dymmy yvariahle
zan bs irfvpreted ax the & trend
asgnciated with that parfieulae sensst,
Having estimated both typer of onua-
ginns, we textad the sipnifisaices of ndi-
vidunl coefficiests, asing bvalues, Rod
the difference in the fwo spedifications,
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using Pevalues. For this study, we have
vouhined this snalyvels to five commedl-
trag—butior, margaring shortoning,
satad aaed cooking off, zod axd. To tabls
7, cofamiy @ corpesponds o the nawm-
stante obisined when ne dymmy var.
able was infroduced and 81, £, &, snd &
correspond to the coeffickents of the four
dumrey vansbles, denoting fowr quar.
iers of the year. While the Hzear effect

of lime was sod significantly differens
fromm 2ere in the rean of el commoditis
when season was not considered, Hhosw
ceefficients beearns siEnifcansdy &iffar
et froms sevg in olght onsoa when nossnn
was introduced. The Faest showed that
three ont of hve combmodities showed
variations in the conslents according to
ZCEREOT) .

Analysis of the Farm-redil Price Spread

The rmetei market Is ondy one link
o chain of institutions or agenecies aflect.
ing the murketing process zod the prices
at these levels are linked Ly soarkefing
chaurges {defined o inelude vosiz sych as
tmusporistion, proceesing, packaging,
and prafidsl, Often publie polmy dedi-
sians may he influenced by the bebavior
of rmarketing marging and s eovuorsio
sasiysis of fucters influenciog prives wiil
not be complete withoot proper con-
sideragion of this aspect. In many sibe
stiona demand theory haw overlopksd
the spresd belween prives at the metml
fevel aned At the farm level and only 2
Groited namber of stodies huve frested
tawging explivly. The lack of anders
standing of the nature of rsrgins atd
their Behavior b the market seriously
mits our understanding of demand
thenry. This seation analyzes the nature
of priee spreads Debween the vetadl and
farm lovels, and sxplores the possililities
of shtsmimy demand slastielties ut one
fovel of the markeiirg svetom from s
kaowledge of thes measures st saoiher
level,

Markevny margins and the
elastivizy of demand
The Conoept of the Form-retall Price

Bpread — A farm-retadl price soread
{rnsreetieg margie: ar markeiing sharge}

“i= the Jiflzrence hejween the retail price
of a product and ita farm velle—the
peyment (adjngted for by-product val-
uesi to rmers {or an egaivalent uen-
tigy of fary pewxhucss™ (U, 8 Dot
ment ol Agrieglture, 1957, p. 1), Gener
stly the spreand Inclodes the costs in-
eurred and profifs enjoyed by 8 agsn-
cien invelved in the transfer of grodusts
from farmers to consumers. Often, these
charges include the payments for the
services such as assembly of raw mate-
rials from the farm, processing, stomspe,
transporiation, wholessling, sad retsil-
ing.

This study divides nonsumer sxpendi
turex on fosd dems ints fwo parte: oays
mentz bt the farmers as retgros for
production of raw food produets (far
mer’s share} and pryments to the agen.
viex that assembis snd process the aw
Emterisls sed disteilote the Bas! pro
duet to zonssmers Harmoretail spread}.
Beth of those together eqoal the retsil
price. For wmhaneraent patposes, ¥ any
iwo of these fastars sre known, the
third csn be dedueed. The practics of
the U. 8. Deoparitment of Agriculture s
o oblain reladl pitee ead laromer’s sharn
jodeperddsntly and o deduce the faym-
reisil sproad. Plese wensurernenis vl
in obfaising sstlnates of formar's share
sre dmnussed by Opres (1088 Thuse
meeaures, together with the rebail prices
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published by the Bureau of Lahor Sta-
tiatics, provide us with date on farm-
retail spread.

The imporiance of marketing services
varies for different commoedities. In gen-
eral, the farmer’s share decreases as the
number of intermediate operations in-
creases, Tox {1951, p. 68} points out that
marketimg margins for food crops 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 eccount 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 percenlage 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 ealculating farm-retail spread is the
retail prices paid by the consumers and
ihe paymenis received by farmers for
equivalent quantities of products, an
understending of pricing practices is
necessary (see discussions in Oxecufeldt,
1966, Chs. 9 and 10 and Kotler, 1987,
Ch, 15). No single method of setting
price is applicable to all the products.
Oxenfeldt (1966, pp. 280-204) discusses
two types of pricing methods—complete
and partial methods.

Complete pricing methods. The prices
at each level may be set, using any one
of the following methods:

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

(b} Flexible mark-up method, callmg for

TanLE B
FARMER'S SHARE OF RETAIL PRICE

Farny prioe/retail prica
Comnodity
Quarterly data®* | Annual datat
per Cant
Mant

Rl .. 5B 44

Pork. ....... ..... 52T

Lamb. ... ... _._.. .. ., as. 78

Chicken.... ... ..., Al 44
Eoge A 16
Fala and ollx

Butber .. .._......__, 7100 5. od

Shortening aR, a2 7.0

Mergarioe,. . ... .. 8.3

Balad dremming. ... .. b1 1]

Milk products

Milk.._.............. 44 M

Evaporsted milk. .., (VN 11

Chaase ... .. ... 43 82 A

Tceeream............ £7_18
Potaiods

Whita._.............. EIN )

Bweat. ... LY.~
Hugar 35 69 7.m
Frutl

Apples ... 3422 320

Crangoa.. ......... 32,10

Cannad peschas, . 17.40

Drjed fryit.. ... ., .08
Vepetabler

Lettore ... ... LN

Freah tomatoe .a

Baana, . ...oo00i0- 42.41

Cmjcna. .. i 5

Carrols... M. |

Ceopbed pess 14.17 14,47

Cenned corm. ... .. 12.84 11.M

Cunned tormakoes .m 18.91

Dried vegetables HB
Otder

Whesat flour F L1 ]

Breakiss corenl 987 10.59

Corn ml, . T

Rread ... .. . . 18.14

+ Dt for )tsu 0 1987 cblained from USDA (1o8gh,
T P als far 1M7 to 1004 taken from DSDA (1068) mod
datn ff)n 1964 mad 1084 obtaised fron: DSDA (1965h, vackus
sy ),

markup to be varied on the basia of
several possible considerations, includ-
ing demand conditions.



56 George and Hing : Consumer Demond for Food Commoditics

{¢) Trial-and-error o1 experimental
pricing method, ealling for trying one or
more 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-
tematic techniques.

Parital pricing methods. The prices at
each level may be fixed through price
maintenance or price followership, Price
maintenance implies that a conslant
price that haa been proven effective is
retained for a long period. Price follower-
ship implies that prices charged by the
“followers” will, in same way, be related
to the price charged by a “leader.”

In addition to complete and partial
pricing methods, two other forms of
pricing are known ag price-line pricing
and multistage pricing. In price-line
pricing, the price charged for & com-
modity is 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 ss selection of market target, choice
of brand imege, choice of marketing mix,
selection of pricing policy, selection of
pricing atrategy, and cholse of speeific
price,

Hoos (1954, pp. 123-141} ¢laasifies the
farm-vetal spread as systematic and
nonsystematic. Systematic methods of
setting marging include: (1) fixed abso-
lute mergm, (2) fxed percentage roar-
gin, and (3) costs-per-pound margin
which veries with the store’s purchese
price. Nonsystematic methods include:
(1) following closely the price of near or
strong competitors by “shading” under
or “padding” over the price set by a

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

Typos of price spread.—These pricing
practices provide guidelines to determine
the relationship between price spreads
and prices af different levels of the mar-
keiing system. In an analyziz of this
nalure, it i3 possible to incorporate only
fgystematic” margin policies. In many
studies on price spreads (see Dalrymple,
1961, for a review), it i3 assumed that
price spreads are determined in one of
the following ways:

Constant  percenlage spread Assumes
that the margin is a percentage of prices
at the farm level or at the retail level
Although it is not necessary to assume
that the percentage remains the same
for all levels of volume, in many cases
it is assumed to be conatant. Let p* de-
note the retail price, p¢? the farm level
price, and M the margins, Under con-
stant percenlage marging (say, k per-
centage of retail prices),

M — kp(f}
Therefore,

{110}

p™ = pifi + kpin {111}
or
¥t = (1 — k)p™

Abgalite spreadsndd a specified amount
to the [arm-level price to obtain the re-
tail price. In some c¢ases, the amount to
be added may be a function of variables
like price and quantity. However, the
simplest case 18 10 gasume a fixed quan-
tity as the margin {M®).

pit = p¥ + MO (112}

Frice spread and quantily kandled may
have certatn relationship. In ihis cese, 1t
18 often assumed that the price spread
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i & lnesr function of tha quangity
handled (g},
M=oty (113
Therefore, the roletienship between farm
prive and retail tries oan he wiilten ps
:l:r{" = g %fl‘é ot nif, {{;4]
Though these three sssumptions re-
gurding the behavior of marketing mar-
gite may be spolicabls o certam sibu-
atinns, it seems sppropriate 0 assume
thai the price spreads are determined as
& combimition of percantage sad abeo-
hute: moarging, Dalrymplo ¢ 1563 pr. 3-40)
pelats out thet wholssgiers eppear to
uge & constant pereentage markup sod
retadlers Appear (o make yse of an wheo-
lute margin so thal when we sonsider
the markst a8 & combinetion of whele-
saiors and retallers, i1 may e approe
priste to congider marging ax 8 eoming.
ton of these two approaches.  Also,
adies by Thomsen (1651, pp. 221-2983,
Bhepherd {1853, P 253-234), ang
Raiko (1957, p. 1577 reres) that mergin
W eompased of slements of whieh abont
50 per cent are ebeoluse eud 30 per cent
are perosciiges Waugh {1904, p 20
reporiz that, *. | | many sbudies of thiy
matter (percentage snd sbsolute spread)
in the {UB.) Bepartment of Agriont-
tuss supgest Lhal ibe price spreads are
neither constant, percentages sor con-
stant sbsoluts amonnis, but semewkers
in batween the two” Here, the msrging
ace specified a5 & linear funetion of
retad! piiees,

My =a; + g (115}

where

7 standz for the r» commodity,

If 237 wnd p densig the retasi- and
farmddervel prioes,

??-: gy M, {116}
From (118} and {116}
7w B oy gt
Therefops,
P = s (L - gilpi” 01D

= a; + by
whore

@y = s gl
(L 8sF w by

Uami vhe duts repartad by 3.8, Depart-
went o Agricniture, we have Gited an
equaiion of typs (1173 for 3% sommod.
ties und the resuits Bre presented In
table &

The table shows shat 19 corvmoditios
had both slope and inwecept signifis
cuntly dilferent from gero: haed, pork,
Ieenb, chisken, eggs, hutrer, shorizning,
milk, ehoend, iee crenm, netatoes, sugar,
vrRnges, canndd peachiss, letinee, bonns,
DRine, eserots, sad bmakiash ocovesly
In 1} eommodisiog the tercepty wers
ot significant bus the slopes were : mar-
gsrine, selad drissing, sweet pertatoas,
apples, dried froit, tamatoes, sanned
peas, canned toreaioes, dry vegelables,
whens Hour, asd corn meal. The nop-
signifizance of a, bopliog that o s biso i
romnsignifieant. Thersfore, for thess som-
felities, the hypothesis thet mergin
& fnear funstion of relal! prices is not
&ifferent from & Eypothesis that mATgin
i 5 fined proportics of retail prices.
Finally, 8 twe gimmditiog-avana.
rated itk and cenned scrne-the inter-
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cepis were significantly diferent from
2o Byt not the dlipes, Nopaignificance
of the sloge (b; = 1 ~ #3 implies that
#; b not sdgnificantly different from ane,
impiying that the fery levsl prices may
nof change with & shange in rolail prica.

The negeiive sloge for ceresls, given
in table 9, iilustraten one probier ip the
above analyeis. The negative dope may

be caused by () widsning mergins and
higher retadl prices over time due o
wee faborgle packaging, changes in
the produsts themasiver, the exsdroiss of
market powee, or pmilar factor; and
fh} & generad downward frend W the
farm pricea of percal graing that may be
sssopdslerd with maskels other than
domizatic use in goreals. If grain prices
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were to rine, hodding prices of sif ather
markeung costy sonstant, cereal prices
wosld fnd to rise i tipee, given the
expecied positive relation botween farm
and retsdl price. A limitation of the
abeve analyais is that 2 detsiled shixly
of msrkeidng margine and costs was ot
underiaken that would allow soalysls of
tha relation of fwym el retait prices,
hoiding markeding cosis constant.

Efdprt of marging con derived ds-
by, I maty prpisicalstudias it oay
b necessary $o derive <demmand parse
weiers at one leve!l of the msrkeling
ayatem frovn o knowiedys of cormeapend.
ing permnsters ab another Jevel When
we conslder the mtermediariss sach as
processors, whoesalers, and relsilers, it
iz poasible to derive dermand funciions
far &4 thess levels. The guantity <de-
manded by processers, guandity con-
sremed, retall price, and Tarm-lavel price
esn be deternined sinsltaneonsly using
e sinplified model consisting of the
following elemunts,
fa’ Conmumer damand.

Filte, B 33 = 4 {1183
where

4, = GUaRntity congumed,
pt = tetait price, and
¥ = CURENINET 0O,

{by Marksting group behavier This
eonslsty of she supply snd demand for
the marketing group and can be redaced
$o & sogde sguation of b farm

Tl ¢95 9, Vo = 8 {119

wrhere

g P, and ¥ sre defined as in (118)
antt ¥y repreessts sl other vaziables

influsueing murketing groap ehavior,
{e) Froduser supply. Lst 2, he the
wintity suppdisd. The producersupply
reintionship san bs exprossed as

»’%{gﬁ} p{I]I -5;3} = §) {12{}}

where

Ve reprosents af sther exogenous
variables influencing supply.

1 aguilibsiem conditions ere aummed,
g = § = g Using (313}, {119}, snd
(130:, ¥ iz possible to elimtinte p™ and
a derived demand equstien® gan be
alrained of the form

FAC A LS TR {1213
Thug, using ike bedaviorsl egustions of
varinus raarketing evoups, we can obitain
derived demand equations for one Jevsd
from the exrresponding demmsnd equs-
tion for anoiher level in the marketing
zy=tams.

Besring this mn mind, lof us sosiyss
the implcations of the hehavioral s
sumption of ranging spesified | (118)
an elastieities st the farm fovel snd
slasiicition at the retail Jovel. Hore, it ig
ascurmed that thers are n commoditics
g1, g2+ . @ With retail priss 37, pi7,
voa, pa The slasticity et (e retall
eved & defined by

(122

God oo 1,2, <, ).

Lot the corrssponding farm-lsved prices
b ?:s}'}’ pch’i, TR RN and the sorve-
sporsbing roargins he My, My, oo, Mo

#Phia e pipndier o the derived domend relstion specified 1o Hildeeth and Jervets (19555,
1RY. Al ser Foote (1058, pp. $060102), Thie fermulstion wurss st facm prite snd prosese.
ing price sr¢ determined in the asme time poried, whish & 20t nesewsarily the cese. A wore reale
iwtis Formalatitn ikl deal with svpaetsd, rather shoen equilibeigm, prives.
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If it is aesumed that the msargin is &
linear function of retail prices, using
(117), it is possible to specify n relation-
ship between farm-level prices and re-
tail prices a3

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

Therefore,

ir}

R SR 7
P = 1 = 8} {a; + p/°) {124)

The elasticities obtained from a derived
demand equation can be represented as

aay pﬁ”

B = 5"@ Y

(125}

which, in this case, can be trealed as the
farm-level elasticity. Now 8,/ dp;"! can
be expressed as

0f: _ 9dg ik

P = a0 1D

From (124}, the value dp;'"* ean be ob-
tained os

(r
; 1

ap? (1 —8)°

(127)

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

o= md 005 i’
Yoo -8)epln q’

i
LB
pi”

SR S ()
(I=8) & g

?

(128)
1

= _— . el:. .
(1-8) 7 p

1
Pi

I 7k

and

= &q;

Again, we can express (128) in terms of &;
by aubstituting the value of {1 — g)p,@
from (123) as

i
Pi

E;'J' - 3"' T T
* ey +

{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. Specinl cases of
this result are shown in Hildreth and
Jarrett {1955, p. 111) and Foote {1058,
p. 105). From (129}, we have

Eij = €y} if oy = Q. {130}
Special ceses.—Consiant percenlage

spread. Wheu the price is a constant
percentage of retall price, we can write

p° = kpl"- (131}
Comparing {131) with (123},
;= 0and (1 — &) = &, (132)
From (129} and (132),
Eii = ey {133)

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

Constani obsoluls spread. Here, we
have

M;=a;and 3, = (. {134)

Yrom (128) and (134) we can write

(501
Pi
pi

Ei;=ey - (135)

The elasticity at the farm level is oh-
teined as a product of elasticity at the
retail ievel and the proportion of ferm
price to retail price. Because in most
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cases refadl prices are higher then ths
farre prics, the dlasticity gy the fgrm
fovsl is lower than the clasticity 8% the
retsil Jevel a2 discussed, for swraragpd, by
Waugh {1064, p, 78}

Rinsticisy ol price rrnsmisgion. — Elas-

ticity of price trensmission is the ratio
of refative change in relsll price to the
refniive changs m the fmrmelevel prise
I owe denote this asticly for the 79
commodily a3,
_ " Pl L
i ap?r: p?y ( 3 &
When we asmeme that the marketing
masgit i s linesr fanetien of vetsld
prizes, from {1270 we bave

o
5T - B

Bubstituting thiz in (136), »; iz obtained
&

t ¥
B £1 — 3, 3}?}. {1873
Using the average prices st the fsrm and
releil jevels, we have calealsied the
elagticity of price transmisalon for 32
coidities noluded in the pressnk
anzlyais. In the swjority of the sases
she slusiioity of price fransmbsion was
less than one Hildreth sud Jarreid
ISRE o £11) pyplain the implications
of 8o dlastivity of price lransminden of
Tess than one se follows: % ., i pro.
ducers’ price rises while quantity pro-
cesaerd wnd guch other fackors as prices
o imguts used By propessors remgin
Baed, the reigtive change o eansumes
price will not oxosed the relative chsnge
m produsery’ prige. Thiz would ecere
tinly be dvue if offeclive eompedition

existad in procassing, Bnd might be ex-
pected 10 be teninel of other imlgnges
as well”

Blerived farm level elasticities

As steted before, elasiicities at one
laval uf the marketing system can be
derived from s knowledge of the elaa-
ticities at ancther levet; the direct sad
oross elestivitics for many commoditiss
can aise be obizined at the vowdl lovel
This section shows how elssticily st the
ferm: levsl osu be ohbizimed frowm olase
Coity ur the rdall level snd the elas.
ticity of price fyansmission. In {128} it
was eatablished that the relationship
hetween rotail-Jevel slastieities and farrn-
lavel elzatioliies foliows the pasters,

ifs
By

.&;}- mE o {-‘{__‘—W.

Alse, from {187

A zombinadion of these two resglty

g{g aw P {iza}
showa that ths elasticiky at the fkem
level iz the product of elsatieity st the
retail lavel and the elasticity of price
transmizsion. Since, for most commodi-
ties, elaxtinity st the farm level is lower
than the slasticity at the retal! leved, the
elasticity of price iranemiseion shonld be
iema than ong, Table 10 shows that the
elaatigity of price rapamission wos leg
thar one fgr 24 commodities. In fwo
commadities (corn mesl and canned
tomators) the morgin behavior s such
that ene of the speeinl casen {percentage
margm; = spalisabls and when we have
conslnt percenfage spresd, the eles.
tielty of price framamission s oun. Tabls
11 presents the dasticitien 2t the fem
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TasLE 10

ELABRTICITY OF PRICE
TRANSMISSION, EXFRESSING THE
PERCENTAGE CHANGE IN RETAIL
PRICE TG A 1 PER CENT CEANGE

IN FAEM PRICE

Commpdily Elaxticily
Myats
Beaf,. ., sl
Pork. . (BRI
Lamb............... G3A2H
Chleksn. L TIdEH
Bage JPOTETS
| TOGIG0
1. 4000z
AER3
, BEXTAD
-k
Evaponubed milk................. 2,815
Torogream. ... ... ... ... ... .. K]
Palxiony
Whike. . ABATBR
Bweet, . BAJAAD
Swpor 1. BOdA
Frwat
Fremhupplen. .. ............... .., e
Fremh oranges. .. ... ..., . BBATLS
Dol Iruita._.................... . B30
Vopruhiss
Leniucw. ... .. B7R210
Fremh Lo oy N-ratll
Bens........ RN
Onlons. . .. 480010
Carrcly ., ..., ATHES
Canpd T0lS. . ................... Rk
Canned corn B, 1 5
Canfe] Limaboey, . ...........,, 1.1307T4
Dirisd vogeushlss /LM
Ocher
Whemi Bour. ... Hlame
Brvalrior cuwile — eI
Commpml.. .................._. 1014740

level oblained as the product of retail-
level elaslicities in table 5 and the elas-
tieities of price transmission correspond-
ing to 26 commodities. The commoditien
are retained aa at the retail level and no
attempt is 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 and commodity groups,
For examptle, fresh fruits and vegetables
grown locally during the summer and
fall may move directly from farmers to
consumners while in winter transporta-
tion costs on fresh crops absorb a sub-
stantial portion of the consumer’s pay-
ments. 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 into an intermediate group in
magnitude 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
alope of the relationship expressing priee
spreads ps @& linear function of retail
prices m different seasons.

Covarlanes analysis,.—Using the quar-
terly data for the perind 1955-1907, we
have specified the {ollowing three rela-
tionships:

First, all the four seasons are con-
sidered together 1o obtain a single regres-
sion equation without incorporating any
seasonal fastors, or

(a) = a + bp't,

Becond, all the four semsons are con-
sidered together and it ia asaumed $that
the intercept is different in the four

seasona but the slope remains the same,
or

(b) P = Dy + daDy + daDs
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+ g 03, 4+ o p?
where

Lry, B, 1Y, wral I3, corresgond to Tour
durany vanables such that

1 i the j* gquarier
ﬁg e
4 elsewhers,

Third, it ¢ assumed that both slops snid
infercept are different during the four
BEAEONE, OF

;pi‘; el )] -'l— baﬁrrj

p%f? = g ‘i‘ 2}@;‘2.

i
pi w g i, and
?;f? = g+ bafkm
where

#47 and g5 represent the farmelovel
and mtalli-lovel prices renpmoiively,
nthe fhaeseen (f = 1 2 3, 43

If &1, 3y, 80d % sorrespord £o the suis
of squares of deviations corresponding
to these thres different specifiestions,
we gan csloulate Fovalues and teot the
significapee of the differeuses in ihess
speifiestions, Ouly fonr somunsdities
fehicken, potatoes, apples, and carrols)
showed significant variations In msygin
befmvior in both slope and intercepd
{sabie 12, In three commedibes {pork,
shartening, and salad dressing), the in-
tercept did not vary from seazon to
season hud the siope did. Two commaodie
lie= {milk and sormatoes) showed sene
sanal variasion fo indeveept without any
varistion i adapes. The remmining 18
somamoditios neladed in Uhs mvansnes
sralysis showed o change iv either sfope
or intercent ovir the seasens.

Ahtersmrive specifications of
margin behaviet

I the previews snalysis, speoifios.
tion af the murketing marging as 8 Hugar
function of retail prices was based on the
hypothesiz that the pticing prasiices
foflowed hy the markeiing provp waa ln
acecrdanes with thie speeification, Al
though, In many chies, this hypoibesis
gave & ressansble explanation of wmurpin
behavior, thers B 8¢ reason why all
commaditics should foHow the sawme
pattern. Another relationship may give
a better result. The spproach used in
the privvigas sectionz 0 obitain the ne-
tore of changes 53 diferent leveln in the
merket iz stil walid ander aiternads
speeificadions of mergin relationship, For
example. if we have reason to bellove
that the price spread = defermined as a
combitstion of ar absolute spread and
g percentage of fermulevel price, we aan
write the mergin relationship as

my o oay b P {150

Az bafore,
PP ey = B,
That ig,
P oba b il = 7,
-y 27 o

1+ gapd”

L — cg: . i ”
7 (1 -+ 8 Th + ﬁ,‘)p" . (141}

= a; -+ Bpl.

Equation {141} is similar o equaiion
{1173 Al ithe rowmaining relavinrshise
cun be daveloped similarly. Apgain, the
relationship atened here is for aggre-
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gase spresds. If we are interestec o
study  the breakdows of aggregate
sproads to siifferent elements his the mai-
keting sysiem, we can specsly appro.

prigte behaviorai sssumptiang for prica
spresds at sach of these atages and earry
it sn apalysis similsry $o that for ihe
aggregain spread.

Income-Consumption Relationshigs

Thiz zective Huvtrates hificoent ape
proaches Lo ncome-ponsumptien mig-
tionships, using the 1985 pnd B85
bousehold food-consmmption dals ob-
taimed from thie USTIA 41686, 1GH). In
particudar, i analyzes the offects of in-
sepne, bougelieds size, amd reglon in
deigrotining the covsumplion paitern,
nnd cxpiaing the thanges in demand oo
efficknts 63 s result of ssing quaniity
eomnneed or eependiteres wi different
itmms ne the dopendent varisbie.

Ezazmation of income glasricities

Ghoine of data.— Often the effect of
income ehanges on consimption is meas-
ursd by the clasticity of demand with
sepcl 1o ncome fincome elastioiby ] de-
fned g% the ane oF relative change in
the guendity consumed 8o the relstive
changs 15 dneorne, hoiding other factors
infiuencing demaod af 4 constant lovel,
Thaos, the incors alastiolty for the {&
coprodity is given by

- P F
ey

whOTe

e W j{?!; - PI - P g}

gy = ooaswpmption of % commodity,
D, = price of §° commodity, and
DT

Boith tme-series defs fren macket
mtatistios and nross-seetion dete fTom

v Serietly spesking, in the cramegertion dets, apart frem insme, we FED ex

houzebald food consumpiion surveys s2e
el fe abdsin meed slasticities. For
bime-saries dufa, we spemity & farm of the
domand fenction in tovis of prices sind
ineorae and  obisin the poefficiends
through o regression eguation, Frormn this
demsnd function, the income elasticity
can he shiaiogd s o perial derivative
w.r. 1. Inectee when a denbic logarithmie
form {8 wsed. For cross-soction deta,
prives ramain approxsimately the same
ior &3 censutmers and, therelore, we ean
spucify the demand relatiomship omib-
ting prices.® Hewever, & i pradble to

Tamen 12
BEABONAL VARIATION IN THE
EELATION BETWEEN FATUMILEVEL
PRICE AND RETAIL-LEVEDL PRICE

pooen aee o
iy
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give two different interpretations for the
demand elasticities obtained from these
two methods, In a static anslysis, we
assume that the consumer makes a
change in consumption, if there iz any,
g5 so0n &s there is a change n income.
A lag may exist in consumption adjust-
ments as o result of Income changes,
Generally, the items included in family
budgets have different durability and the
purchases may reprezent a long-term
consumption pattern. On the other hand,
a short-term expansion in income may
lead the consumer to aequire goods for
immediate consumption. Wold and
Jureen (1964, pp. 227-228) point out
that, for the majority of consumers, the
income leve] is fairly stable. For & group
of families included in the cross-section
data, the changes in income over time
ore, on the whole, small and infrequent
compared with existing income differ-
ences between the families in the group.
Therefere, “the families have ususlly
edapted themeelves to the income level
at which they have been recorded, so
that the budget date primarily reflect
the demand pattern in the sense of long
run inceme changes. In other words, the
income elasticities derived from family
budget data can most immediately be
interpreted as long run elasticities.”
From the point of view of practical
applications of demand analysis, these
long-term elastieities are more relevant
for many policy decisions than the short-
ferm elasticities obtained from time-
series data.?” This is one reason why we
chose income elasticities oblained from
budget studies over those frem time-
series date, Other reasons were:

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

{2) Estimates of income elasticities may
differ, depending on whether we use
quantity or expenditure as the measure
of demand. Compering the estimates
obtained from these two measures of
demend, we can draw certain eonclu-
sions regarding the quality conscious-
ness of consumers. It is often difficult to
obtaln consislent time-series data ou
these two measures of demand because
of limitations in collecting and reporting
data while, in a budget study, it is easy
to incorporate these two measares,

(3) Demand elesticity may shift over
time, When using time-series analysis,
often we assume fixed coefficients if
we do not include some shift variables.
It is difficult to estimate the coeffici-
ents, using Bn assumption of varying
parameters, If we have data for differ-
ent cross scetions, it may be possible to
estimate one set of coefficients for each
cross scetion 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 diferent commodities, the data must
be comparable in other respects. If we
are usng time-serjes data to obtain in-
cotne elasticities for different commodi-
ties, it is difficult to essure ¢onsistency
in a number of other factors, Therefore,
io obiain menningful comperisons of in-
come elasticities that can be used to
aasess the changes of dilferent commodi-
ties due to an incorne change, it is de-
sirable to keep a number of other vari-
ables constant. This is efectively han-
dled Iu cross-section snalysis because it
provides & measure of the regction of
consumers’ demand to chanpes in in-
come without complications of chanpes
in distribution of income, family size,
and other social, economic, and demo-

¥ Wold and Jureen (1904, pp. 228-230) point out that irreversibility of demand functions
and continued introduction of new prodngis Lend to meke the income elasticities of family budget
data amaller than the income elasticities obtaired from time-series data.
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graphiz fastars which aee presont in the
tire-series dats,

We alse chose Lo ase crosescetion
duta bweaiuse detailed dats on consumng-
tion and neome were avediabic from at
lopst, twe astionwide surveys {in 1958
st 1965 om Fooel oconsumpticn. The
1963 surviy ad & brosd ebjective and,
at ihe time of this analysis, only da‘s
refuting to the spring guariey wers avails
able. Therefore, the present auslysiy Is
wastricted o thos data,

{hoics of fansties. — To colevinte the
inearna clastinitées, the Arst dob s $o
speeily s functional selationshin of con-
sumpticn angd mecind. Varous funes
tional forsns mey be sppropriate as for
tire-series nnaivsis. Assarming that the
affent of all other vaeiables are ueghpi-
bis, & Huesy relationzhip hebweon demanid
and inceme san be specified a2

g = b By, {348

in pariioylur, when the variables ¢ and
¥ sz b logarithmg, the cocficlent b is
the income slastivity. 17 the daia show
the presened of & und setial corredation
soefficient, frst differsnass of the vark
shiss will pet HE of this saval correls.
tion. In this eaae, B B copvenient i use
a regrossien cquation of the form

Agw=g Ay {143}
where

2 g and & ¥ represend the Sret differ.
emczz of the variables @

Agein, the ircowse lasticities s oh-
trined directly I the varables yre speci-
fed in logurithms ag

Alloggl =g H0AJogyr. {144}

B

Ordingry vorsus weighted regres-
sion.— Fablished data on {opd sonmmpe
tian from the eress-seotion surveys mre
repcrted by incowme groups. The effects
ef induesd hetcregkedasticity con be
ehiinaied by naing B weighied regres-
wioii. o $he prasent study, we Bave cal-
eulated the inenrme elantieity for diffar.
ent comedities, wsing bath ordinery
end weighted regrespon procedures. We
have used the pot-chpita gusatity con-
surcedd sod por-camita incoms® for obe-
inining a regression squation of the fonm

gy = o+ Bhagy (148
On the whale, the estieates of ncome
slastividy shisimsd from both ordipsey
ard welghted regressions were not very
diflerent, but i many ssses where the
elastivitios  woee  positive,  eoeflielents
from: weightod rogreasions were shightly
Bigher thar these from ordioery regres.
siceos, Bopesndi b conformity with that
of Ivengar (1964} Tabde 13 gives the
estizagies abtained frowm thes fwe meth-
odde Further analysis of thess dags, with
nousehold e an added warmeble:, indh
entes somewhat different estimeies, as
is disetsyod later.

Consumpdion differsatisls. —Tu shaw
the relatinnslip between she sonsumep-
tion differenses in the wpper and Jower-
wecmne grouns snd the neome elasticily,
£ bBivariate chwsibieation of commodities
was constreeted as tabls 14, The tnpome
elasticities sl are the aaine as in ool
wan 2 of iebis i3, The quantity index
is obtnined by expressimg the sverage
pan-saDite consuiplien as § peregniage
of he peranity vonsumpdion of persons
in ghe kygest lacome-greop  {G-1,000

* In timegsrins Sas, wo dofine ag. = £ - g0} whils, usiag ctoss-gection dala, we have
1w ke the diferences between soccemsive ohmervations (samples) dunng the srme pened. 3T the
suformrelation coefficiest is other thas wnity, other meizads of estinsdloe sre mote apgropriate.

# The per-eantle incomes s shiained by dividiog rhe family ineeme by the nupeber of pursens
in the fasdhy The family ipcoice represads the family's 1364 monsy Inzome after deduction of
wtare and federal Bsonse taxes, Bee Appentdix A for & deseripiion of th data and thely sowrers
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Taprx 13

CUOMPARISEN OF IROUOME BLARSTIOITIER OBTAINED PAOM GEDINAEY AND
WEIGUHTE! RENRESIONS RaSE N HOUEEHOLD PO CONSUMETION

RURYEY DATA, RPRING, S

Featmareee winptioke
Cotaiiteity s p—
Updimery Tognerdng Fwhied regrennm Eleriaiinea®

M i ] 0
Pc;:rk e L0 Rt G
Tamb jod muton. . . . S, B - .M
Chicken ... . .. .. ... .. — 03 we T R ¢
Fisk .. ........... ... ... . . . - A0 [N — Rs
Tuwrkey.. ... ... .. R, 6% g N}
L S B F D - X
Butte. .. . .. . . - Rt ]
Taes .. . ... e e —b ovd AFY - TEE
e R e O - I
Hezgazine ... . ..., . e - R N 3 — Bk
Ealal dred®td .o . . . L L. (354 E ¥ =
FreghommfR.. .. .. oo oo BEF JEFF i
Evap. =ik ... . .. . - Bl e BEE — 86§
Chanmes - e e R 2
T s [, . o ] i st
Poatoes.. A BIE VR —
Hweet uemew; e e — 5 - - .35
Bapar, . . . ... . — Mk o -
Coraserapro ... o« . . — .02 LER. - — A
Apples... ... L e (E42 (M - B
Orany:a Lo (27 i : ]
Danapas. . ... . T, 135 1A i N4
Cannail mthﬁa e K11k e W - 014
C&n'wdnmpmw e g A 033
By frudf_ . .. e e e — .51 o BE — M2
?wn!‘m_{ et e s e el AN LT Niiry
M;L&#aﬁm.....”..., e BB JER B:L]
Yreshsbmaaz. ... . . . . L ... .. — 4RF - — .Bi&
WIS e e e L i 1] F3 Ex:
Eeftaes .. L. ... K §58 K=
Canned pemF . L R ] R -
Cregnzd omateem | AU, 43 b= fs 03

sy vegethbEEE L L. L - iR e QiR - s
Frowen vepmaihbes . LT3 #iE Ei=t]
Whost flonir . e — am P 1 — M
Pice.. .. PR — o0 o -
Bma]t[.mm‘ﬁ . e R e Bt
Curn migal. . P, —1.0 EINE — .4
Coffer ..., i e e - 7 My _m4
Boup, ..o 0 .18 1 Ko
Al fomnd e e 27 1Y &t

" Danintiond aew ontowbabed By 1aking (e hfarenon hefuropn woighibsd cogramdony s sndinmry sagrosn ona

datlars: Tous o quanthy index of less  Tnodities becense 8 provides s frame
that 100 menos thet the per-capiia con-  work bo delermine the natnye of emphae
samption in the lowest-ineome groap B osis io be pleesd on different income
higgher that averape consumpiior bvels  proags while desipeing & program for
The results in tabde 14 are usehad to per-  promobing the sale of & pRrtioular
spne enghged in warksdiog fare zom-  commodity.
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Tants
BIVARIATE CRASRIFICATION OF COMMUDITIES ACCOMINNG TO INCOME

ELASTICITY AND CUONRUMPTION INDEX*
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" The wnwsamsatien ipder in dakved By sinfoming Uhe cirags aimhiily eoumuthrd o4 4 peadentage of the guweiisy
woramnd by the fnaser {decvus greug.

Quankity versus guslity elaghiciy.—
While discussing the intomes elastiviiy,
we have dellberstely defised income
elasticidy &% the ratio of relative change
in the qnaniity consumed anég the rela-

thre changs in income. It i possible 4o
define demsnd i torms of expenditores
o0 & particulsr ecmmmadity or in ferma of
dmantities of the sotgmndity consumed.
When we use these diflerest variables ss
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the dependent variable in the demand
eguation, we get two diferent estimates
of income elgsticitics, namely, “the clas-
ticity of expenditures with respect to
income” and the “clasticity of quantities
consumed with respect 1o ineome.” The
difference between these two {ypes of
clasticities can be interpreted as a meas-
ure of the quality conscionusness of the
eonsurmers, because the quality of a
product and its price can be assumed to
he directly correlated. Quality here
merely assumes that the consumer has
et leust a subjective reason to rank dif-
ferent varieties as superior and inferior.
Let z denote the expenditure on a
commodity which is the product of the
quantity consumed (§) and its price (p).
T = pq. (146)

The elasticity of expenditures with re-

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

=y
Lay = 3 {147)
From {146} nnd {147},
e, = 22D ¥ (148)

Y pq
But

ay dy ¥ ay’

Bubstituting in (148)

_{, 2 &_P)l
e (p6y+q6y py

_ %y
ay ¢

(140)
ap 4
dy p

The first term on the right-hand side of
{149}, by definition, is the elasticity of
quantity 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 commadity and its prices
are directly correlated, the higher the
price, the higher the quality and there-
fore, the relative changes in prices can
be interpreted as relstive changes in
qualities,® Thus, the second term on the
right-hand side of (149) can be taken as
the ratio between the relative change in
quality and relative change in ineome,
which can be referred to as the quality
elasticity. Bo we have split the expendi-
fure elasticity a8 the sum of two terms—
one representing quontity elasticity and
the other represeniing quality elesticity
(Bee Gerra 1939, p. 149). The quality
elasticity can be taken as & measure of
consumers’ desire for improved quality,
given the present average or standard
quelity., In general, it is expected 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 commodities is influenced by
snob appeal or seareity. Although we recognize that, in reality, higher prices need not necessarily
reflect higher quality, we assume that, for the market as a whole, higher average prices imply
higher aversge quality. Scitoveky {1045, p. 100} suppotis this view as, “Economists are went to
minimize the imporiance of this factor (price) fearing the havoe it may wreak with the whale
theory of choice. But ‘mass nbservation’ of one's {riends and [theit] wives shows thatl more often
than not peple judge quality by price. The word ‘cheap' usually means inferior gquality nowadiya:
and in the United Stales ‘expensiva’ is in the provess of dosing ils original meaning 4nd becoming a

eynonym for superior qualily.”
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may not be so large as changes in expen-
ditures on food items. In the present
analysis, the majority of the commodi-

ties met this expectation, though some
of them did not (sec table 15).

TaBLE 15
COMPARISON OF QUANTITY ANI} QUALITY ELASTICITIES BASED ON

HOUSERQLD FOOD CONSUMPTION BURVEY DATA, SPRING, 19657

Commodity Expenditure Elgaticity | Cuantity Elasticity Cuantity Elasticity
I
Becf R (380 20 R
Yeal ...... .. . . . 698 - 147
Patk P 50 i) 132
Lamb and mutian e N1 Rl — 015
Chigken........... . . . ... . 0} - 034 (s
Fish P 140 — 0Ed 200
Turkey ... ... . . . .. ... ... K. (1% Aol
Fege.. ............... .. . .. — M5 - .2 Lo
Bublet. . . ... oo i B D05
Lard........... P ] —1. M7 01
Shorening.. .. ... ... . ., — (WO Ryl — b
Margnrire . .. A Lo L — .C0R 087
Balal Areming A g 2 A7
Frash milk. .. e e M 367 : — QL8
Evap. milk e e . — D — .10 - .
Cheesa. ... .. . .. . ... M1 a7 Rt
[oegreams. .. . ... oL ] .38 By H
Potatoss .. .. . . R 014 D)
Eweet potatosa. ... ..., e - a3 — BH 2L
Buger.. . . . ... — _IT8 - 188 — e
Cortimyzup ... . . . . R - W5 — T BEF]
Applea....... . . ... .. 11 142 M5
Oranpes._.. . . . .. ... _hag B2 — 5
Panengs. . .......... Lo 140 125 KL
Cronel peaches. . ... e .. .m HE B
Canned pineapples. ... ... . . 475 408 D87
Ty femita ... .............. .. . .. - .aw - Kl — (W
Fresh toamutoens, .. . . . . . . R 61 Bk
Freah besos.... ... ... . .. — 45 - 48 050
Onions. ... . .ms (Bl T
Carmols .. ... 268 81 — M5
Lettuee. .. . .. ... ... .. .24d 424 — .NE
Canned peas.. . . . . . . e LU H] 0T
Canned corn. .. .. P KL oM i)
Capned tomatoss.. ... .. . . St 151 185 — Q4
Ury vegetablea. . ... ... .. .. ... — Al - EBl& 177
Frozen vegelables .. . . . ... . .. 619 &Y (M2
Wheat flovr.............. L . — @11 - A3t .ma
W .. ... . ... .. R - 3g - .05 2586
Breakfast cereals. ... . . . . .. 185 . 004 Jlat
Corameal . . . .. ... L —~L.43 —i .05 HE
Caffes ... ... . . . . oo 01 M7 — A6
BOUP. oot ooves e e .28 , 012

*Dased ot ardinaty Tegression,

The two assamptions, that prices re-
fHect quelity, and that income and gual-
ity of the goods cansumed ere postively
correlated, lead to the conclusion that
pereons in the higher-income group pey
more than those in lower-income groups
for the same quantity. To se¢ whether

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



T4 eorge and King : Congumer Demand for Food Commoedifies

TaeLr 16

CLASSIFICATION OF COMMODITIES ACCORDING TO QUALITY ELASTICITY
AXNTY DIFFFRENCE TK PRICES PAID BY UPPER AND LOWER INCOME GROUPS

Differehtial Quality Elastivity _
I'riva Index*
Hegative 0= 05 0081 =_10 = [1] Tatal
MNegative . . Lamlb:, shortening, Iee crenm, corn
Tresh milk, evap. tvenl
milk, sugwr, or- Ex
ange, dry fruits.,
earruta, lettuve,
canned Loniato,
eoffeo
nn 113)
015, ... .| Canned peachas Butter, theosr, po- Fgrs, nurgurine Turkey, aniona,
i1 tatney, bananas, 4] CUCtt Ay rup
fresh eans, 3
ranned corn, wheat
Hour, soiLp
1% l4)
w40 Frozen vegetabien Apples, canned peas | Park
m Wkl 1] )
LT | Chicken, canned RBeel, veal, salod
pineapple dressing, freab to-
4 ek, breakiast
cereale
23] (7}
- T Lard ' Figh, aweet poisloe,
n dry vegeisbles, rice
I (4] (6)
Fatal. ..., . . {12 (11) n Lk HZH

* Sea Lha teat for the definition of differential price indes.

t Frozen fruits exclnded.

large vaniations among these indices for
different commodities. Table 16 com-
pares the guality elasticitics obtained
from table 15 and the caleulated price
indices.

The price index in table 16 represents
the differcnce 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 iz less then the
price paid by the lower income group.
Incidently, most of the commodities
with negetive quality elasticity are those

with a negative price differential. Al-
though there iz an explaration for the
negative quality elastieity from this be-
havior, it may not be proper to conclude
that high income groups pay lower unit
priees for these commodities beecause of
lower quality. It is possible that quality
may be only one factor influencing
prices—the prices paid by consumers
may be a funetion of many other factors
like gquantity purchased, nature of de-
mand for the commodity, the availebil-
ity of substitute products, and family
seconomies of scele. For example, if dis-
tributors offer quantity diseounts, per-
sons in the higher incame group can buy
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inelilk cumaetizies to obtain g lower gnit
cost rompared o pereone o the Beoer
spagTae group who esn af¥ord o buy andy
amail gpnantities. To uther words, 14 b2 not
passible to aseertain whether the prne
varigtion frode oue ineoie group to ihe
uexf i due to seeh nfluences as difor
ersex in quality of the preducts
chesed, extensive buying habity, or
heavy purchasos fram farms fo sveld
regndar marketing shanncke Binge ibe
effrets of thoze different factors ave not
the same for sl vommaditios, # wegld
b yselul o znsiyee eaeh rige separmiely
tu explain the fzctors influencing the
segative prive dilferectial, Hawever, be-
o soeh detsHed apeivsis would re-
quire dats seitectad specliicady for this
parpore, we have sxefudod i frems the
present study.

Effect of household size

Bo far, 1he anatysis {s hased on the
asmumption thet eome ds the anly
varishie mfnencing corsumption inop
eromg-seeiien anabysis, Althaugh & nome
ber of other {aciors may alvo mBucnee
the fevel of consmption, the data zvail-
alie for this analyss contsined ondy
infureation en quantiiy consimed, ex-
penditures. ineome, and housebold size
In sbodies using sarlior  eross-scclion
data, i wasfourd that there weve opoie
mies of seale in food wee i large hoyse-
holde.  Ansivzicg 1088 consumgtion
sarvey dadin for mdividual househelds,
Hockwall (1055, 7. v} shservas, “cotal
househeid  conswmption of food  ine
creases with foereases in the number of
nergons in ihe household, bub consump-
Lon per persen desbneg os houysehold

T

size moresses” Thorofore, we lncluded
the houschsld =ze varinble 0 test
whether the (884 survey data shuw s
aimsiar resnly, We usad hotd avpenditure
and funntity a3 dependent varishion and
abtained & regressou equetion of the
fyne

igg—a-+blopgy -+ clop s
st £L3
ngr —a = Fhgyt ologs

whorse

&

pov capiis quinitity gonsumed,
= per capils expandliyre,

= per capita oo, and

= heusehld  sige,  {mesgared in
1erme of sdull aquivalent usits,
with nnz uslt eausl to 21 meals
ealen at homed

L
;

For coonparisan, the resalis obtained
frars the two different forms of rogree
ghom squations are fubulated for Quan
tity and expenditure dals in Apcendix
tables Al and A,

SigniBcance of the coefficients—
Table 17 preseniz & summary of the roe
siliz from Appendiv tables A-f enid AW
A negative speffictent indiontes thut here
exist economies of seale in food unse
mswueimted with houssbold size while a
pomive sign indicktes the oppasite {on-
dimey ™ Ax sxpected, total food con-
symption wer capita ha: & asgative
enefhivtent assooiaied  with househald
shee although the coelficient ibspll iz ned
gigntognily diffevent from zero, When
using fusntity ss the dependont var
abie, 24 coefficlonts wore pusitive sard 20

* S sennomics can be sftrduied o a nymber of factara: (0) holdisg boueshald ineowe
constent, isenme e person Jeoransis a2 femdly slye iveresses with s higher nimber of childron i
sugh family waiis with dilfferent conynpiion putterns. For exsmiple, i table 1Y, milk has % wosl-
five soeffcient asseinied with family size whereas caffee hus & nogetive coeflicient; this patiern
probebly ds assoolated with Dwnily compodtion; (81 theve may be suvisge tn sxpendiboresr per
pereon assechuted with buyisg tsrge quantitics st lower unit prices; snd {2} thore sy be & ze-
duyetion in ¥ever foad on & percapits basky for Isrge Banlly unite.
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Tant 17
RFFROT OF HOUSEHOLD JIZE ON CONSUMER PUROHARER (HIANTITY,
ANY EXTENDITINER
Bign ol weefdent assreiared Wit Beambskl i with dependert weviabils s grncdily ar
e pesielid e
Crmamidity g e e
- i, tity (41 wantity £—1 .
fizth poeitive ;;,‘f;’:,,':l{u‘,‘,(;*g;; .ﬁ}%egiﬂgré {3 Frath ragative
Mznin Dt Tecker P Lk B Ern bt
LY 1] o hbeka
Faah
Eape - kg
Fotznnd wiis. Latd Foej et
Bhoriendig Margario:
Haba Jrasajog
Milk . .. .. .. . .| Frealk ik Thiseaw
Evepoeniedt railk
Tuzt e
Swagl péiatomn
ERgET a0 $FTER. .. . Gagar : : Llarn myrep
Fruig. 1 Froben Teid THFREARS Aypples
fpimam Ly sl Gpomes peschea . amemms
lanrist pirespile
| Thried feuit
Yegetabien, . . | _[ Carrola Crpamasd tatoriadaie Frutlt (ohatio
Cansed p Dhided, pgrinbled Freah hasng
CuTR, £ . Cininms
; ogiiton
% Freshs voppablas
Ctbar.. T — ! s
Bauf i Berea e Tasd seranin
. orn mesi
| Goffer
I
Alfood. . ; | 411 food
i | dennmnditaie oalyi

poefficlents were pegative. {nly fve ooe
efficients were signifiogat 8é the 3 per
pent devel and ancther gy ceetBokents
were significant &t the 16 per cent level
{zee table 18).

Existence of ecanomits in consump-
tion was more revealing in the case of
cupsprnpiion expanditoves of diflerent
fond leme—28 coclicionis wers negs-
tive with & of them being sanificant
Omly three positive sopffiniosls were
gigeifioung.

Effoets oo qualily elastisizy, A some
narmmon of tables 168, A5 and A-2 showa
shat, =5 & result of the introduction of
hrusehold sige in the regresafon cqua-
tion, the sign of quality slssticity hes
changed from negative to positive for
seven commadiites {lamb, fresh milk,
supmr, fo¥n syrop, Sratges, shnasd
penohen, and sanoed lovmioes) Hew-
over, st aommaodities Shartanbg, vvane-
sated mill, drled fralf, cireots, lelgacs,
sizd coffes: 80 noet chiage the negmiive
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COMMOGIITIES WETH BIGNIFICANT COBERFICTEN TS ABRGUIATED WITH
HOUSEHGLD 82
Srnatity wo depprdesl tariztle Erpereiioive wn depe Tt varlably
m% Lot af siguibipanag Feral oF dgadfod et
- Towal — Teind
B 5 H L) fiiaed
Ymitive.. . T Beind dremnng Veni ¥ Briad ey Shartening %
Trasan gt Zhorteniag L nnnRed BorH
Canned eors Femd milk
Puiratinig
Megativg. ... .. ¢ Dried from T ainb % Tl Chicken ]
L Y] reakinat werssi Trnked pincuppial Applea
Treiept fradh
ol
TOfAaL. . ... .. 13 E i 5 3 L]

quality clasticity reporied in table 18,
and cern meal, which had & small post-
tive quality. hss changed Qs sign te
aegative, Thus, when bousehold size also
is inshuded as & variakle in ohe regression
equation, the mumber of cammedities
with negative puslity clastieity i re-
duced irom 1% o 7. Incidentally, this
suggests thad the presence of negative
greality slastioity, in the ease of these
comnemidities, an be explaiped s {erms
of some ether varinbles exchuded fram
the derpand eguatings. Isolation of such
addirgral varinbies mBuenciag the de.
mand for theee commadifies may reguire
an exnanstive sashvewof individusl sem-
roodity demand

Comparison of 19535 and 1965
CONSUMpPLEog

When date frem difiveent crosg seos
tione sry sompsred, # i5 necesinry io
teks nto secount any difereaves in the
populasics charasteristios, seapiing pro-
cedures, and siler structurs] chenges
that have oocizred duving the intsrvel
bitueen the 6rods sbetions, In the Tnited
States, natinpwide aurvevs on food son-
armption of families were ¢ondunied In

1038 £ 8 Buresy of Labor Bratizstics,
9448, snd URDA, 184ia and 10410,
1043 AUIRDA, 1944), 1948 (Jlark, o af,
19547, 1956 {USDA. 19563, and (955
(UBDA, 1668} There are a number of
eopeepiual and  metbodological prob-
lems, disoussed m detail by Clack, o ol
1054, snd Bash 1981 auch as diferances
in the universa eovered, sampling desigs,
s the type of isfnrmation gathered
gastcizted with comparing the datn from
these orosy zections. In particulas, it is
Jiffcult to adiuwsd tle data from 1536,
1843 and 1948 {o 2 enenpacabie form
with thase of 1055 and 1985, There gre
a munder of factore jlke the scason,
universe, Ged sze of sarople thaf wre in
cotaraat with the 1855 and 1065 speing
crose-gection surveys, Therelore, we have
used <nly thein two cross-westion daln
for pompLrBen Hyrpases,

(hanges in the level of comsummyp-
fipg.—Lzsipy (he persgpifa conpump-
tion of <iffarent commodities duitng this
perid {Appendix lable A-37, iabie 10
shows the direstion of change iIn eone
sumntion of different eommodifies for
thi spgregate of afl houssholds and by
how, medium, ang high ncome groups.
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TasLE 19

CHANGE IN PER CAPITA
CONSUMPTION, 1935 T 1965

Commodities with conanmption aver all househaolds®

Increzeing Decrosring

All income protepa; (16)
Venl, lamb, turkey, cggn

AUl inteme groups: {11)
Beef, chicken, finh

Margarine Buter, shortening
Apploa Milk, eovaporated milk,
Canned coro, canned to- potetoes

raatoes, frozen vegetalilea Orangad, canned pine-

apple, frozen froit
Tomaloes, oRiong, e
Tots
Wheat flowr

Dice, ceresals, soup

Two stoeme grouwpn ealp: (3 Twa income groups ondy: (R

Caaned prachea !L, M} Latd |L, H)
Cheese 1., H} Sugar (L, I}, coffes
lee oreara (L, H) i, H)
Bean= {L, H), rcanned
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,
Lattuce (1) dried fruit (1)
Corn meal (L], corn
ayrup (T1)

Total commedities (17 Totnl eoeninodditios 27}

* Tnoume gTuups are desighstad low (LY, medivm (M),
and bigk (H], and atl houwscholds.

Of the 44 commodities, consumption in-
creased in all income groups for 11 and
decreased for 16.2 For the remaining 17
commodities, increases or decreases were
shown for at least ohe 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 206
decrenses, and all households had 17
increases and 27 decrenses in per—capila
congumption in 1963 as compared with
1955.

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

not uniform; wide fluctuations existed in
the extent of variations in the consump-
tion of different commueadities. All ineome
groups reduced the per-capita consump-
tion of three commodities—veal, butter,
and frozen fruit—by more than 4 per
vent. [f we consider that an arbitrary 5
per cent change may be due to reporting
errors in the deta, 19 commodities
showed a reduction in eonsumption by
more than 5 per cent and 17 commoditics
showed an increase by more than 5 per
cent in the low income group. In the
medium and high income groups, 21 and
24 commodities, 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,

8hifts in slops and constant coeffici-
onts.—To compare the nature of shifts
in regression coefficients, we obtained
both ordinary and weighted regreasion
cquatinns of the type

logg=a +dlogy

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

Group T (trerease tn fthe tniercept and
decrease in Bhe slope). The diagram shows
that the gap between the regression lines
corresponding to 1955 and 1965 de-
creases 4s ineome inereases up to .
Whether these two lines will meet et &
finite horizon swill 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 inecome group reduced their con-
sumption of the commodity under con-
sideration.

® This ia consistent with the time-serice dats on consumption reported in Hiemstra {1068}
except for the commooditics, apples, shorfening, and onions.
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TapLe 20

COMPARISON OF CHANGES IN PER CAPITA CONSUMPTION OF DIFFERLNT
COMMODITIES DURING SPRING 1855 AND 1955

Tarceniage Change in 1985 over 1955

Intoma !
Group
Rt ] =4l te =20 =2tz —F =5l St 20 | s 4D | =40
daollara per oo
<300 | Veul, but- | Lamb, tyrkey, Fulad deessing, Eagr, potk, Fisk, ¢hecun, Bect, chicken, | Cenoed
tet, MTo= lard, shorien- polaloes, sug- evap. mill, ice cream, mMATgATITIA, nenchen,
zen ing, frash BE, 0T AL, Bweel DolA- COCTL &YTUL, dry fruits, Trozen
fruits ke, pranges, Leans, mr- Locz, spples, bananes, breakfask vegata-
13 caninrd pine- rota, lattuce DOipIA, eanmned coro, SeTenls hleg, rice,
apple, wheat i canTed dry vege- 3] Bup
four, corn peas, canoed tablea, coffes 4]
meal fornatoes %
18 14
3000 Yeul, Milk, carrols Turkey, shert- | Forl, eges, Teet, figh, tazd, | Margarine, Chiskan,
0 lamb, ¢3) ERiDE, ovAap, | Balod dress- COMR BYTL, eatined dry
1650 hutier, milk, ica ing, clieess, cancad toma- peaches, fruita,
Ornnges, Cream:, [Mia- augar, applss, toea, soup canmoad TICE,
canned L, wwest Tepnis, fromen [} eorn, dry e0rn
ping potatosy, ha- vegetahlen vegetables, eneal
spples, L EEN AT ) Lk Enst {4y
frozen tows, onicea, veresls
Truits tetiuce, (K}
18y canand peas,
whest flour,
ooffes
(13
=300 | Lamb, Lard, alwrten- Egzs, milk, po- | Pork, cheese, | Saledd dresaing, | Peef, chick- | Rice,
veal, ing, avap. Labowra, mugET, oe crokm, ba- upples, lel- en, fish, Dreak-
turker, milk, caonad corn ayrup, nangs, cannel tuce, eanmed mArgarine, {ant
butier, pineapples, dry [ruaits, peaches, tomatoes, canoed cereals,
mwEel farrots tomatoess, canned oup sorn corn
Polatoea, (8 heans, pmjgns, peas, frozen {8} 18 meal
orAnge. wheat four, vegetables il
frozen coffea 1423
{ruica, [y
dry
vegata-
biles
8
Lard, dey Yeal, b, bul- | Turkey, eggn, Pk, hanarag, Finb, salad Beef, chick- Hive
All fruits, ter, sherien- wilk, meca- Lainatoes, dressing, £, MIAT- in
Hyune. frozen ing, avap, LOER, SUEAT, caffen chiense, ive gariar, Tro-
holds TN milk, beaon, COITe EpTUD, 143 cream, ap- 280 vegein-
dry awgel poLE= Bhions, ear- pled, caoned tabiles,
Ve Loar, aranges, ok, cAnned peaches, let- BOUP
Lablea whemt flour, i tuce, cannad {5}
) GOME Taral, m cebn, tatined
canned pine- Lamatoea,
arples bLireakinat
(11} cereals
{10}

Froup II (decrease in the inlercept and
tnerease tn the slepe). Here, the change
is exactly opposite to group 1. The dia-
gram shows g similar pattern exeept that

the lines corresponding to the two years
are interchanged. Here, the lower income
group expenenced & reduction in the
quantities consumed while the upper
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income groups might hoave experienced
an increase in eonsumption. Again, the
boundary between increase and decresse
in conauinption (the point of intersec-
tion} depends upon the slopes and infer-
cepts of difierent commodities in these

two periods.

Group TII (incregse in bofh inlercept
and slope). In this case, both upper and
lower income groups increased consymp-
TarLe 21
CLABSIFICATION OF COMMODITIES ACCORDING TO CHANGES IN

REGRESSION COEFFICIEXNTS FROM 1456 TO 1965

81

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

Group [V (decrease in both inlercepl
and slape). This group’s behavior is op-
posite to that of group TI1. Here, boih
upper and lower income groups have
reduced consutnption. The 1965 regres-
sion lines lic everywhere below the 1955
regression line,

Gronp 1: Change in intergept positive Group II: Chanﬁii: intercept neg- | Group 110 Chanf?viun intercept poai-
change in elope negative change in slope pasitiva change io alope positive
Regresalon Regression Hegrassion
1
Weighted i Nooweighted ! Weighted Nonweighbel Welghted Monweighted
Beef eaf Veal Veal Cheess Fish
Chickan Chicken _ Pork Park Onjons Lheaas
Eggn Ezgzn Fish Lumb Rreakfagt Crniona
Lard Lard Turkay Turkey ceranls Breuklaat
Marmarine Margarine Eutter Butiler Coro meal cereals
Evap. milk Evap. milk Balad dressing Bhortaning [ 43
Bwreal potatnes Swest potailoes Freah milk Sulad dresyng
Bugar Buger Tee crenn Fresh milk o
Cof: ayTUp Cora syrup Totatoss Tce cream Group IV: Chazfiev:!n intercert neg-
Qranges Bannoar Apples Potatoen change in slope negativa
Bananas Conned peaches | Canbed  pinesp-| Appla —_— ..
Canoed pesches Dry fruits ples Conoed pinesp- Regreagion
Diry fruits Freah beana Fresh tomatoes nlea . R L
Freah baana Cuanmad peia Freah lettims Frozen ftuits o i
Canoed corn Dry vegeizbics Coanved paas Freah tomatoes Weighted Nonweighted
Diry vegetahlen Frozen vegelables | Canned tomatoes | Lettuce
Frosan vegetables Rice {15) Canoed toioatoes | Lamb {ranges
Wheat flour Culfen Curn meal Shortening Carrots
Rica Baup (17 Froren [ruits Wheat Aour
Coffee (19 Crrrots 2}
Boup 4
{21}

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

Testing the equality of coeficients.—
Table 21 gives only & qualitative estimate
of the nature of the changes in regression
coefficients. To make & statistically souund
statement on the varishbility of regres-
sion coefficients obtained from these two
crass sections, i i3 necessary to epply
certain testing procedures. Here are two
such procedures: (i) To test the equality

of cocfficients obtained from two eross
gections, we can pool the data from them
and chtein a covariance analysis to test
the significance of the difference in
income elasticities during these two
periods.

{2} The second approach is similar to
that of Middelhock (L968) to test the
stability of input-output coefficients over
two different periods. If &; and &, are two
estimates, with standard deviations 2.,
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suid &, sbinined from tae nrosy seeblons
of giee my and ny, the dulerenes betwees
these satimates i signifornt H (& — &)
L E‘i&&, ‘i’w _»iﬁﬂ, ,’Yi'l{'&rﬁ {: ﬁﬁia 3 SR
sprssd to the fombues o nesd s, respec-
tively, at the desired level of toleranee.

We used the second appranch to test
the sgesiity of income elustigities ob-
tained from 1953 and 1965 survey dats,
Av the 3 per cent isvel, naly four come
ymedithe (henf, eges, fresh il and
aarned peaches) showed sipnifiant devis
gtions is the income clasticiiies, Al the

i} por sont lewdd, theee more commodi-
vies, {swert polasoss, lettupe, sad sanpd
are addud. Beel) pzes swael potsions,
and sy deerennod in lssoine elastieity,
the pthers showed an ncrosss,

The ineome clasticity of all foods eew
vuaimced  relatively  spabla duriag  this
mz'riaé ’]‘he«m is eIc&f— aiﬂﬁiariw hﬁtwm;

ézsmg ékg&ﬁééi&?&g {;‘:zm i‘;}fm i&isé i}f}a
svomsasiiion surveys when fhe dopen.
derst variabie is the pereapin axpendi
ture of iotal Tood. The mgresdgon woua.
tiens oiiained for these two periods wers

32 5 log & = 132 - 28& log K2 v §2 and
{fa9y {00
1965 foga e 138 4 7Y log oy = 8B
{2663 {343
whgre tively, From thess Svesstinugtas ond the
twn sstimafes oldained in this study for
e per-capdta eonsumption expendi- 19588 and 1985, it appears that the in-

tiee o all food items,
¥ v perapiin ineome Jthe fgures in
the parsnibosoy are bvgluesl

A cimnparison with some of the prevt
a2y prosszection sstimatey shows thet
the lgcome elasticity hay been {ailing
over the last three deosdes and has be-
signe relatively stable. For example,
nEng earker cross-soction duts, Pugk®
(1831) estimmted the homme elazticifies
n 1BES-1958, 1943 {bwed, 1944, aud
1847 an 49, 49, 58, 33, and BY, rospec-

vvvvv

eorte clasticity for all food evpenditures
has stabilized e between 25 and 30
Bilect of & chaoge In oome disti-
botion~The comparisnn of inseras elas-
ticitiss obiained From 1858 and 1083
sromi-section data ks proper eniy i the
structure of $he populalions wis <om-
parable in these iwo poricds, A closer
loak at the sepmples need in both survevs
reveals thet there was an improvement
in the divtribntion of families 1o diferent
inonme groups. In the 19588 semple, oaly
32 per cent helonged te the group with

*"3"“"'%: 1851} reporie the fHowing resrossion sgustions:
10551888 lop oy o= B§ - 40i0g 3y B w80

1541 log s = 83 4 40 o g, 7 = 04

1841 log 2 = G4+ Blogy; R2 = 03

18944 log zz = 1.4% 4 .35 dog we; TL? = 05

fo4F fog s = 81 4 Gilogy; R2 = 08
whers

7 o= aversge sxpendifture per ospita Bor food and slosholie Beversges total pemuistion:
# = gversge per oaptia dianesdble lncome, carrent doliam, fotad poptisfisg;

# = baad pxpendiiurs o chgnis, sebme families: and

g w digporehle ineome per ndpits, whan families, ceetent dobars,
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household income prosger than #5004,
in the 19483 sample 58 per ceni. X the
semples during thess two Perinds were
representative, this Increpse might have
been the reznit of swo fstoty—a gencral
inerease i the priee level 554 & goneral
inprovemang in the inzame sikfas of
farmilivs, To make mescipglul wanpari-
rons of data from these 1wo saMes, we
isolated the price effect Trom the in-
creases in general incomne, Jo other words,
we adjusted the 85 income-glee disiri-
bution to & distributien aplong insome
clisses, i torms of J955 delars, without
a chargs wn relalive digtribulion of in-
rome. To achwer $hin, we uwed an
appronch suggested by Burk {131, »
53, The proavdare i usirsied in Beure
4 ang Invoives the fnlowing steps;
{11 Take she dwirdution of samples in
1665 and piot the perventage twmalative
freqquencies on the ordipary vertical puis
of a semilogarithmic paper aguinst the
upper clags limit of each inrsme clasa
teken aleng the togarithmic horizental
axiz,
(2} To sdjast the dutobulion from the
195G prics lovel, mve the eurve abistned
above tothe loft by the ratio of eangumer
price index i 1905 1o that in IDG3
{88 388 por evnt},
{3} Read off the cumaiative frenuensiss
for the adiusted ourve ad the class Hisiks
srd sabvalite the froquenvies for each
miase by subtrastion. The adjusted fre-
quencies are showa as in table 22, Com-
paring the distribution of samples in
1955 and i 19648 adjusted at 1935 prics
levels, it eppears that the moverent was
mamly irom the middle nonme gronp o
the high ineoma gronp with only miser
changes i tles fow Ineome grovp.
Implications of the redistribution of
sameple sire on aggregstion.—lilers, we
shall demenstrate the implications of the
redistribution of s proportions on
income damticities ghiained as on agere-

Tawrs 33
FTHE TRANSFORMATION OF s
SAMPLES T4 als PRICE LEVELS

oot T r—

12463 Barvay
Jnoome A ruey | 1R Burvey | fediawad
EFTF napnsll et} ter HRE
© Emer it
deliarg Perzest
same .. | s 5 1 #
ERCOE EH [I°N ] 28
= 400 . Jan X ‘ 43
1
Fame I

THFAL FOOD BXPENDYTURES IX
AR AL 1865

Wrwhiy poroepiie iote] tood arpesdiiuces

Tuveme 1 -
g 1558 inag 1554 g 3908
Lesiua et T H prics lovell
EANLEY
4 F $.11 (R b 48
{12, 25) [ER:LY]
3,000 535 H90 £ L] i
15 3% ~ 1w
= 50 11/ 13 o8 e 2
g Er: — 3
i

Bed: Uhe fgmes in U Pzedthena ropresths par-
LORLRYE NS o Phe arpreditura fovel le $EA4,

gate of sulyreonips withiy 4 ctues socking
with refasence tn toial food expendh-
sures, Compiring the lulsl food expen.
ditures in 1985 snd 1965, the low income
group has registered the hghest per-
centage ioercase in food consumption
expenditures—about 1B per ceni -coms
parcd t0 about 8 per eent in obher
grunps {ree table 24}

Fo estimmts the sgpregare clastisity
for ail groups with koown lncome elas.
giesties (B, the aggregaie slastisliy &
ean be writhen s

ThoE; i
E o= 3 gal;
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*Column 2 in table 22 myltiplied by column 2 in table 23,

t Column 3 in tahle 22 myltipiied By colwnn 3 in inble 24,

1 Cotumn £ in table 22 multiplied by eolumn 4 in table 23,

{ Column 4 in table 22 multiplied by evlume & in table 23,

where Since k; for 2 given group is defined as
the produet of the number of observe-
ki = ney tions and the per-capita food expendi-
n; = number of observations in group  ture, the effect of & unilatersl reduetion
7, and in the sample size in a group is to reduce
= per-capita food expenditure in k; while the effeet of o unilatersl increase
group ¢ {in the present case, in per-capita expenditure is to increase
i=1,2 3. ki Therefore, the changes in the value
TanLe 24
WEIGHTS ASBEOCTIATED WITH INCOME GROUP
(¥ALUES OF i: FOR 19556 AND 1565)
facn i 106K 1943 (dintribl.:lt';c;;amdl llgﬁﬁllidlultrihu‘;inn at
me g SX e ity 1 H -
P {aetuallt pe]evel): panaea?b?;ﬁr; ';:Eiloe}t
dollars

CERMG £38. A 164 80 155.2) 203,60

(2208} i16.12) (20.32) {20.32)

3, 0004, ¥ 300,96 196,93 122 5 222 50

(36,38 170 (3289 (22.23)

>5.000 354,68 £90, 20 49490 520

(1 53 (6. &) (57,489 {57.38)

TOTAL.. . 81 4 1,002, 52 882 13 9670

Y. (100,08 {100, 0r (100.00) {100.06)

Nare: The figures in the parend beseg Fepresend pereentuges of tola! weight,

of & for each year iz determined es an
outcome of these twa opposite cffects.
The values of k; for ench group in 1935
and 1965 are presented in table 24.
The combined effects of the redistri-
bution of the samples and the changes
in per capita expenditures during the
pericd, 19551965, 1s to reduce the value
of k; for low and medium groups and to
in¢rease it for the high income group.
In the c¢sse where the lower income
group has higher incomes alasticities, the
changes in &, described ebove reduce the
welght given to higher income elastici-
ties (and increase the weight given to
lower income clasticitics), resulting in an
aggregate incomme elasticity which is
lower in the latter period thao in the
original period s0 long as the income

elesticities within different groups re-
mein unchenged during the period.
Therefore, when compering the income
elasticitics obtained as the aggregates of
subproups in fwo cross-scotion surveys,
the effects of the following factora 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-cepita consumption
amaong 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 iactors
the effect of changes in other fectors
must be removed. Further, it is possible
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TrzLe 25
HEGIONAL CONBTRPTION INIXEX (U 8 AVEDAGE « 1455
fjernrivy
Indax =33 360 b F-1 it 1223 =&k
Hagics
otk Cérn Tamed. P b, digh, Inmtpa- Fpot, chickme, fh, | (wbges, onidmm, Bostimr, Yant,
AL Sytany | Hhd ik, Suihed dresse Thith . cfraihe, Sk vhrm g ETE Tarak,
EELHE] Ary 25T S TV, R L e e P B 43 £ T L
VR BEANE - EWML pARYRE raFes Rungust s, ey
Lozlon, H HEQAT, PATLRG vy, Bl frozen e
w hEsk TRACaEn panrned e=nne] pRes, TOPELR-
Aour, winaRprlen dry breaiiant Hiam
LT ity inston artinle, [E0]
inal Fruita, bowrind e, wisfla
44} e e [R4)
{03}
Waut Lsed. Veal, Pork, figh, BnattT, CLieke . eggy, Bapek, Mabeky, merge- | Canapd Tamh,
[ PR HhivrEh HERE, 1 B T TaE. sz, wafacd chreas FiRcSE— &y
;5 Lt et EEo TR L milk. . v, ansles, Pl rgta,
LN (L= BERRY . SHEREY Dika, ERER DA T ARSI SRed LTI, £
%33 £ £77 Baguiniee, R, BRENE wEaches, frosen o,
D Bt Brur tiom wiitfen frantar, ot Frper
3 35 2.3 S5, talied b YEFH-
aegtoEr, Rreieiod Ehex
TEERGEE, BROBR {3
i
Ferrsk: Tazal 1 Yl ik, dekey, Eggs, eowtiperite, | fwd, pod, owone, Butiar
Contymd] Bt HIEERL B, 3l Teing mapkr, vy Fra, TSP, $XA i3
b3 ] AV [Er aeiack EpcagT LIE Y Y T o, EnThE o
mHz, Foszy, il foraloes, iF Wk, henaansn,
tirm, it watia, nrbicoE, b prmchos
AR W T S LRt ity ] jrinesgrpls,
men! ey Trismer vegutahlen, Vo Frula, qure
fi3] Ee L Wikt fte b, Tett e,
Tatsien 1l aanond arn,
o brenkinat cerpals,
oo, SUD
v M
el HE 2 Weak, Tl pnvidic, yeen Basanss, M Povly, shicienr, spps, | Foab Lert,
£ £} EH A2, PR b, i suhEemrina, schad it ehmrt-
sy, EE e, cahfed RN, SRl et
bedfar  peschan ganogd fopa’n fnoestoen, 4R
hiea.  EteappiEs, dey R DaE ek,
it frite fruman £xF wagt
it fruity, ivitua, v .
S ekl SurD, 0k,
FLRE, PRETEA] LTt e, =4
AR bpenicast serends, T
i prtiee, Foman BEETs,
spristing dry
BEL] -
taiiee,
whnkd
Brier,
riee,
oo
hl
[

i abtam the wmme micorse elasticity
feom fwo b of eromsaretion dota as a
result of compmenting adiustmenis io

the above fartore,

Regional varizaons

When we dissuss the U B food cone-
sumption pafiery, b wauld be aseful o

s (i exctemd of variakion among regiabs,
Hafariunstely, detailed date on can-
suraptian lovels by vegions ave not avail

abde for exiended povieds The 1065 eon-
sumption strvey €ata i tsbulsted {or
four repiong-NoTiheast, West, Norih

Ceniral, and South, From the avorage
comsitmption and slxe of £he househaid
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TapLe 26
VARIABILITY IN REGIOXNAL CONSUMPTION INBRICES

Commedity Outﬂldeﬁ:!s‘l}nmr\'ﬁl Outside t[:eﬁnuan-al Ouiandugthauant.erval Range
Beal .. . ... .... ' 26, 2
Vesnl v ' 148,168
Fork - .38
Laml i L 161,61
Chicken w L7358
Turkey % v 118.21
TFieh [V v 10 Gl
Eggm ¥ 21 fd
Rulter ¥ ~ " W06
Lard + (v v 150 53
Bhortening. . ... .. ' v ¥ 103,28
Margarine . . ' 25 .60
Salad dresving. .. R v 6. 52
Fresh milk. . . . . . . . i AT
Evaporated milk. A vy ' 100 .47
Cheese . . . . . W v LT
Tee cream.. .. .. v 1864
Polatoes ... . e 3.4
Sweat potatoes % ' kB 3¢
Sugar........ ... Y 3024
Corn ey - - W 16084
Apples . " 8 5t
Oranges ... . . . ..... i 45 BT
Bangnns. . ... . .. L w §.23
Cantied peaches. 2 3E M
Canned pinespplea. b w .40
Doy fruits .. W v % 7769
T'rowen frite o 37,08
Tomatoes..... .. w 35.67
Beans + % 5 146, 55
Oniona. .. . . " 26 A4
Carrats.. .. . " + 2.8
Laltuec. .. ... i ¥ 53,88
Canned peas . b 047
Cenned oot ... & 3048
Conncd lomatova. | v & a1l
Diry vegetablen. . W iy 194.73
Fraozen vegetables ... . | + + 44.58
Wheat flcur. ... s v ¥ 114,54
Ttice. ... Vv W + 115.1K
Breakfast coreals .. ... .. " A1)
Corn meal. .. + » + 230,08
Coffee.. . .. ... ~ 16 88
Boup .. . " " 4% 80
Total... ... ..., 15 ' n 4

i

NoTr: A+ maerk indicates thal coneumption indey in at leant otie region falt autside Lhe apacifiel interval.

given in the regional duta, the average
per-capita consumption of the commod-
ities were derived fur each region. Using
the per-capita consumption obtsined in
this menner and the per-capita consump-
tion for the United States as o 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 23).

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. 8, average {sce table
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Tapre 27
NEGIONAL INRICES (F PRICES PAID (U 8. AVERAGE = i}
Frice
Toder | 0-30 | 5075 7885 05-E0% 193125 12513 | >1m
Regions
MNertheast| Tuz- Canaed pinekprbo, Lamb, bulter, salad Heel, veal|, pork, Troren
key dry fruitz, canoed dreasing, ovap. ok, ehishen, fish, epgn, vege—
{Rad m Sarm, frozen vege= pokaloes, RUgar, turn lard, shortening, tnbles
tables, corn meal =yrup, apples, or- milk, aprgarine, (48]
5y anges, heans, borma- heese, ite cream,
inex, anion:, casrola, W nat polatoes, be
leltoce, cannid pepa. nanas, ceonsl peach-
Bup e, canned fomaloes,
(% Lrrak[ust cercals, dry
vrgetables, wheat
flour, rice. coffea
(21
TWeal Veul, Lamby, carrots, DBeel, pork, chicken, Turkey, fsh, Lard, nal- Butter, [ Sweoct
letiuce, caaned to- eggr, ahortening, o drearing, evap. dry Dok
(R} mataes, freten taprgarine, milk, milk, upples, o1- tahilcs, toca,
vegelatdes cheese, iee cream, po- ungea, hananas, rice corn
)] LALNEA, SUREr, tirk canned penches, (3 meal
E¥rup, canned pine- cnned peas B
apples, dry Friita, 1A
toraxdocs, frozcn
Truits, beans, gnipoa,
canned corn. wheat
Howr, beenklact core
aln, eoffee, ranp
[r-<)]
Harih Soup | Bel, veal, tuskey, Lamb, salad dresing, Beraet Frozen
Centra) n egge, lard, cheese, Fork, chiciesn, Bgh, fresh milk, carn ayr- TRl vege-
spples, bananas, butter, sherteniog, up, beana. onjons toer, tahlar
tRa tanned peaches, margaring, £vag, carrote, lettuce, fromen 11
canned pinsapples, milk, ite creém, po- canned tomatoea, fruits
eanned pors, tutoes, sugar, or- rice, ooen meal ¥}
canned corn, dey anga, dry fruils, to- 111
vegetables, enfTee mktore, wheat fiour,
(141 hrrakfant cereals
115
South Beane,| Beef, vesl, pork, Lamkb, turkey, eggs, Freah milk, cvap, Carrats, | Frozen
dry chicken,_ fich, iep butler, Jard, short. milk, checar, pota- lata fruits
{R4) TEge= crearn, eilad dres- £Oing, margaring, toes, cannm] cnrn, tuce, A
ta- i0g. coro AyTup. AWEL THItBE, Sl frozen vegeiables, cannied
hlea apples, ctanges, ar, canoed pewcher, wheat Hour totou-
1] baoanaa, dry froit, eanned panReapples, {7} toea
tomatoes, canmed oRiOTe, breakfast {3
e, riee cereals, carn meal,
H 1) cobfee, sl
{16}

26), {Of the 44 commodities considered
in the analysis, 15 had a consumption
index felling outside the range {60-130)
in et 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 {95-103). Thus, aven after we
make ellowences for a 5 per cent devi-
ation fromthe I7. 8, average consumption

pattern due to variations in reporting
data, nll the rommaodities showed zome
regional veriations in their consumption
pattern. The range of consumption index
(difference between the highest and low-
est regional index) varied from B.23 for
bananas to 240.08 for corn meal. Thir-
teen commodities (veal, lamh, turkey,
butter, lard, shortening, evaporeted
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by, corm syruy, beans, dry vegotables,
wheat flour, rice, and corn ment) had 2
range of yuwe then (Y

The presence of such wide varisticae
i the qusality eonsumed in different
regiens enuié be explained in terms of
{1} diffierences in prices, (2) dFeronees in
inrome-sonsumpiion  relationshin, and
{3) ather mgienal factore. We attempiled
to analyze the influence of prices and in-
eare in regionel consumption hehavior.

Differeneez in prices paid.—~The ex-
penditure and gasstity date published
i the survey reporis were gsed {0 find
the prices paid by consuroors bn diflorent
regions, and thesn wove cxprewed as &
perventage of average 0. 8, fgutes te
ohiain the dex of prices peid. Using
these indiess {Appeadiz table A-3) we
have prepared table 27 correspondiog to
table 25 fov quantity indices. ‘The zpread
ot price indices in different, regions is pot
s wide as the spread of guantity indices.

Althovel the eraavsprtion dafa do et
previde mniozmation 1o aludy the offects
of priee changes on quantily onsumeed,
it denntes one point on the demand cusve
for zach cnmmodity. For sach oom-
meodity, the quaniity index b Appendix
labic A-d s the price index in Appen-
dix table A3 provide four absseeations
~one for each region--on pricequan-
tily refationships. These poinls can be
located on & two-dimensional space ang,
if the demand eurve is assumed to be
downwerd sloping, there will ba an in-
verse reletionship betweer the price
index ard the quantity index. Sicce it
war amsumid ihat the avegge U 8
guaniities and pricesform v basisof som.
pavison, thiy point will be represenied by
(100, 120} We can lovats the points poe-
responding o the psrise-somsuniption re.
lenonship in the four reglons with refer.
ence to the busts, and f the demand
relptionship fallows the espvesticnad

shape, o pasitive deviation of price index
from 180 will Be sassoainted with a O e
tive devintion of guontity index and vies
versa, Thorelore, i the deviations of
price index and guangity index from 160
Bre SPREOEIEs 3 S, it van e soncluded
that 2 hifgh or low sopsymption index in
& particular region is cfectod rs a result
of low or high price in that region. Also,
i the deviations of price and quantity
fvficen follow the marae zign, it could
menn cliber that the dersend curve is
ot dowaward slopmg or thet the re-
gional difference i consumpdion is net
infuenced Ly soroe factors other then
prices. In table 28, devistions of price
indirzs and guaniily indizes in different
regions are eapressad in erms of their
signs —a positive sigh dennting an index
greater than 160 and & vegative sign
denoting rn mdey sy than 100,

Assuming that the demsand eyrves for
all these eommodities sre downward
soning. & positive sign cae be expected
o be ssesoiited with a negative sign #
the congamption diference ix mBusneed
by price differeneos alons, Howsver, this
was oot irve for 18 sannditier in the
Noriheast, M commodities in the West,
17 enmmodidos I the North Clontral
and 13 comimaditios n the Bouth

Table 26 shows thai the regiomal dif-
ferencr in consumplion cap b explained,
al ledast partly, in terms of prices for
seven commodities-—nork, shortening,
mergaring, sweeh potatves, corn syrup,
beans, gud frozen vegerabbes, Consimp-
tion 0 afl other commodities was influ-
enced by factors other vhan prices in at
frast one mogion, Thersfore, # B not
possible 10 yeient 3 bypotheds that cer-
tain regionsl facters inflvence oonsump-
tion of various commndities i different
reginng.

To analyze the second aspeet {vari-
ations in income-consampiion relation-
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Fepre 28
DEVIATIONG OF PRICE AN QUANTIFY INDICHR FIHN BASK N EFFERENT
RELIONS
Hnrdhrast Wt Paprih Doateed Ermap
Cratpnod iy s e v o] . e

Ly @ ¥ [+ £ o ® 3
Ligel. + S - kd - A -
Veal . - + - - — “ - —_
Purk ) - . e - 4 — s
Lutnly o - ™ + Fs - + -
Chicken ... E + & - - o - -+
TurEY. . .. L - + kS + . - N -
Finky * 4 An - . — - +
Eges + - — + - " +
Buner L - & + P . e F -
bank.. . L A - + e — - + +
Bherrtaming ... ... + - 4 a + w - b
Wergesing ... . ... f & - - + - - - +
Golmd ot . . . i — s 4o -+ P - i
Fredh nidie... ... . i + EX - . ,,,, o+ .
Evapormesd milk. | . - - . + P _ + -
Pl . L ES s - = - &+ s .
Fon oygEL . = s v - - + " -
Foduires | . e -+ - -» - + + -
Fogud goladond. .. - . + - + e S o - n
Fopar . . e - - o - ™ . +
Lammwyrsy .. . . . . . . o - + - 3 - "
Aokes, .. Lo . . - 4 - o 4 f + - "
Crangss ... . [ R i + L + + . £ — .
Huhhbgs . . .. R, + - o — s " -
Tavned peachaa. ., . -+ W ae o+ . + - _
Faatenl pimmocias - o + + - e - -
By feole . L . — a - £ e . -
Frogen fraita.... . i £ — ¥ + N Y —
Tossatows . ..., ... ks - + - - - - 4
Heans, - o e - - . -
Uoizns. .. .. - + o — + - . 4
et - + - - + - * -
Latunng. . . k3 + - + ks -~ + -
Chonvd ht - e -+ —_ " — F
Lo vorn .. L - - - ™ " + g _
Canased womeles, . .. . . ES e -~ 4 - - + -
By vegawhlee s . . L. -+ - + - - — - +
Frozsw vogeiakben... . ... 0 0 = e - - - - + _
Phaat fioue . e - e - - - + +
Biex . - + + - - - - +
Rreavlags semgis ... . . e - kS - - + - -
Coenoramd | = B + _ ¥ - o +
Cofiee, 4+ + - - - . . -
Bewp - o - + + = 4 -

Heerr; T abakecia Far mdons and G fof ouant By, & o indicates B e indis in geoster thas 183 a0 it the deviatiog
e pomttaret Gl 8 o SR s VRET L iview fu fops dhan 1ML

shit nver the repfons), we Bave ueed 3 where
soveriinee analysls,
Covardancs anelysls for tecdng re- gi; = consumpsion of Y comrnedity

giansl verietion.—~Lsing the sonsunp- in the 7 region and

von dats from four regions, we sposifad u; = ineeme in the I region.

three types of regros@ion equations as

follnws: Hare, for a given sommodity, the data
Maodel t fromn the four tegions are poolesd t0 ob-

I0g 0o = a; b b log »y (1527  tain % single regrossion equation. With
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i} fmame grouns, we have Mo ehsorvs-
tions fo fin the regression equation
{139

Model ¥
log g = blogy; + o log 4, {153)
Whers

the varisbies g, and ¢, ave av in the
previvs model and 4 ks dummy
wiriablo aswminted with the 5 region
such thet log d; = 1in region 4

8 efsewheore.

An aliernative way o oxpress pouation
{1337 ix te speeily three duvany varb
abing agtooiated with three repions and
tn minit the constant in the regression
sounbing. The difference hatwsen rmdel
1 and neeled 2 s that the latter notepe-
rates different intercepts for dilferent
regions while the forfder assomes the
samz intercepts for o}l the rogions,

Nindpl &
ggy o oay T huplgy {134}
wheye
the variabies are defined as above,

While molels | and 2 used all the ol
obaervations «f & commodisy to obiam
g single rogression enuetion, rosedet 3
provides foar regression rommiinny oop-
responding to {our regions, Themdore
maodel 3 mworporates vangtions in bothk
ihe intercepts and dopes of regression
equations for a commodity in different
regions,

Thug, model § assamed that the inter-
sops Aand sfope of the demand congtion
remaingd the e over the fnue segions;
midel ¥ assmmadd that the lntorsupt was
differens in Hferont wgiong, boai the
slopes remsined the same; awd wmoded 3

Tegry 25
LHAEGLTTINS WITH REOIOGNAL
PRIGEAONSTMPTHY
HELATIONSHI® NOT CENSIRPERT
WITH EXFELSTION

Kprrhitne Wpat Haurth Haath
Central \
RE-TH Eeal Yeut Yook
Toarafs Fgaf
ke Chicloor:
Earkey Furbey
i Yl
g
Hatter
fard Lurd
Halai) Erome
114
Frerh i : i
Evegarntad Fyaparatad
riihk ikl
Chaas:
Ieo £ream Tiw vembn Tom Elraan:
Pz
R iz
& prrie Appies Arapdes
Crungen Chesries rungis it
: Has
Gt apmpad
ki e bt
L anTed [T O 10 Bdrd
pineayies pinanpiylea pine e
Diry fryits Ly fewitn
Frgen Imica
Tt e ol nulpim.
Cendzna
arss
Iatiund Lattize
LTeasned pexs
Crunved £0b3
Dhry e
4ailan
Whest fbrit | Whews  Buor
Hien
Torenkinat, reaktast
ey PEYE R
Corn rgeal
Cefea Caflea
Boip
it 3 ¥ 21

assummed that both interzept sod siope
varied over the regions, Let s, 5y, and
32 be the sim of squares of rosiduslz
pssoviated with molels 1, 2, and 3, re-
speetively, and re, 8, 1, rospestivaly,
e ihe degrans of {readom. Beeauze the
number f resfrivtions are leasst in the
crse of the thipd model, 5 will be the
smmilest, Silarly, 16 sen be shown shai
#: I 33 > #s For tasting the hypothesis
thal varistions exist in intercepis alons,
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we use the sum of squares from the first
and second models and define an #F-ratio
given by™

(& — Sa) /g — Mg)

F(m-nuj-na - Sﬂ.f'fﬂi
(155

_ (fgl_: S‘!}n2

h {n, — ﬂ-z}Sm )

Ii the celeulated I is higher than the
table vaiue of # at the desired level of
significance, we reject the hypothesis of
zero variability in the intereepts aver the
different regions and conclude that there
exists significant wveriation at least in
two of the intercepts in different regions.

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

e — Ss),#'r(ﬂ-z — ﬂs)

1
S/ . (136)

Fasmnarn, =

As before, if the F-velues obtained in
fiab) are higher than the tabled value
of F, we reject the hypothesis of non-
difierences in the slopes (in this case,
income  elasticities) of the regression
equations in the four regions. In other
words, a rejection of the hypothesis that
ineome elasticities are not difierent in
the four regions makes it necessary to
use different income elasticity measures
for different, regions.

Combining the two tests, if a par-
ticular commodity shows significance in
both cases, varigtions exist in hoth inter-
cept and slope. Also, it 1s possible to
repeat the whole analysls, using expen-
ditures on commoditics in different re-
gions instead of quantities consumed. In
the present analysis, we have used bath

quantities and expendifures as depen-
dent variables to test the regional vari-
ations. In most cases, the intercepts
showed sighificant regional diferences.
Only three commodities (bananas,
canned peas, and breakfast cereals) pro-
vided nonsignificant differcnces in inter-
eepts when quaentity was the dependent
variable, while the intercepts were non-
significant for five commodities {bananas,
canned peas, sweet potatoes, canned
peaches, and frozen fruits} when expen-
diture was the dependent variable, When
uzing guantity as the dependent vari-
able, the income elasticities were sig-
nificantly diffierent for 31 commodities
(25 st the 5 per cent level of significence
and G at the 10 per cent level) and non-
signifiennt for 13 commodities, However,
the number of commodities with now-
significant regiona! 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, 4 sig-
nifcant regiomal difference in income
elasticities, with quantity as the depen-
dent. variable, might have been cffset hy
price diffcrences within the regions to
show a nonsignificant regional diffierence
in income elasticities, with expenditure
&5 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
varinbles, 28 commodities showed sig-
nificant regionsl variations in both in-
tercept snd slope, 13 commodities
showed significant variation in intercept
but nansignificant variation in slope, and
the remaining 3 commodities showed

7 When we are inferested in testing the significance of a few dummy wvariables, o {-test on
individoeal coeflicients will suffice. Howewver, here an F-test 1s used to Lest the signifiecance of the

coeflicients eimullangously,
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CLASBIPIOATION OF CUMMODITIES ACCORDING T BEGIONAL VARIATHING

N IXTEROOETTE AND BLAOPES OF INCOME CONBUMPTION

S

. . e a b oEns A
Sunsmidng Fypendizure SRR B pandizke Dusntity "-""“.f:‘f;’d" qugh mﬁ;’di‘"
dipandent dppamisat <EEpen S depeadent degnkeat . et d::;ﬁ:_h . e
Hgat Faott i focken
Veat ¢ Vel » Havsis | DaBatind
Poork ¥ork Frrkey
Lamh TN Cranigd Al
[T fern
Chickan Figh Fina
Turkey TGutbar Tiutter
Lpgs Ega
. Lol Yurd
e g Ehorsenkg
; Fadnd Fresyif
Murgnsine Mgl ey 3
Baird Freming
L heesw £ohpane Hungniabed Bvapomted
it mike
Eoe cresai for graen: favcead pafatiey Fravied,
e bnay
Palities Britstann Eleth ryryfr
Bugsr Sugar
Cheanges (irunges
T Wiy
Apples Aygdea e piveelitn 5 Yl
b
Ummmed gl ConRrd GRSEDr
o Them
Trey Buits Dy frnss
Frosh, tmsntom | fRmises Fgmy, fraite i (15
! fripita
1
Dhoinew Benny Chiviare Oniong
Lol Chatita Frosen  yppety. H
Lijes
Tanty Tt Wihant four Wihreat fionr
Canped aw s Lapnes rER i Fisa
Cwneed woaetesn! Caeoned tomadtons) Onts nosd Uore moesd
They copetalieg | D3Ry vegetsbles
Frvopets vogpiehiest Hroghfanr seomald Bimniiant
(2
£ effee [RE L5 ]
Siptrp Zoup
Lok [22) {13 (7} i (2 | | ! N

+ Bhpefsa Rt gibebory ioofude sipnifioets 2% FL and 200, Jeegl,

romsipnifizant variauion in intercept hut
sigrafioant variation in dops. Thore was
no cosmmtnexiity with holh mforeept and
slope showing nonsignificant  reglonal

warmiion. Howaver, thore wate spine
madihonticns when axpendibure was the
dependent variable. Here, 27 commmodi-
ties bad signihcant regionni varintion ity
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voth mepe anmd intereapi, ¥F had sig-
stheani varintions in Interoept but none
siguihaant varietiog ln Sepe, 2 com-
moditing hed nonstemibicint varintion in
ptoreopt bet  sgrificant yaristion in
slope, and the remeining § commodities
had nousignificant  varation in both
micreapd and slope.

Seazonial vareaticns

Benzonality in food sonsnmphion origh
maten from fsctors Bk arop produstion,
clirnpile facters, and similar mther res-
s, 3 hough modern processig, trans.
portation, and refrigerstion foecilities
heve redues] the incidence of seasonality

i food eongnreption, meny food teme,
espenmlly fraits and vegpimblcs, (il
shuw ataschal consymption  peiteras,
Sines the 1885 conmmmption survey was
sprezd ever the four soosome, Bt was
ariginally planned to enslyze the ineome-
comswmption pattern during the four
spanans, Bei o appreash similar to the
ong med for sealvEng regiorsl varis-
ions. Later oo, 1f was revesled that these
daia will be nvaiable only sfwr some
viras aad, thovefors, 3 was not possible
ta incorporaty Phis aspeet B Hho present
anmalysis, For the same reason, it became
neeceasary to exclude a dizcussion on the
interaction of regions apd sepsong.

Demand Projections for 1986

Thiz section reviews sBernsiive ap-
mosehes Lo doroand profastions and also
pretects eoncuEnplion By capmmedity o
1950 on the assumpticn of consiant real
prices, time trends, and 4 porticular
hreresse in real ineome. To facilkate
svpesitior, the semmodities are dis
svaterd under ten groupe--meal, eges
fats amd wils, dabry produsts, polstoes,
sugar, frafus vegetables, eereml and
takary prodiets, and pther commedities,

Alternarive approaches to
demand projections

Prosested are possible uses of the de-
wand intereelationshin matnix for pro-
jecling tuture levels of demaad,

{ongerun shanges In pereenpila con-
sumpiion of different food vatstmodities
corer s £ resyli of ndividus] amd joing
effecte of many factors such as changes
in relative prices and inepme, chenges in
lastes mid greferonces, intreduction of
new prodnets changes in aecupation snd
whasmtion, aud changes In the gage
commpmition of the popnistien. In the
sheed ron, ¥ )3 convenient (o ssmpne thal
saclosponomie Tectors othor than prices

and Bcome rovaain ronstant, Thoradfore
short-run changes in per-eapila oon.
snnption will be infoenced by prive and
ineoine changes. Price changes resolt
rsinly from supply conditiony sueh ae
preducting syeles seasenal varisiions,
wanther conditions, and technoingined
chatges. 6 mry he pasuble fo abisin
forpaasts of these variables for shorbernn
porieds. These forecasts of supply eone
divimeg can be ueed so profsct the prive
laveds in the immediaste future and, thus,
changes in consumption levels for the
pnrnedinte furure ean be projected. How-
gver, projestiona far longer werinds of
time easnot be handled in the e
manney, hemuse we may ool sssume
that sl the sther faciors revnaln the
same. Dhae foflowmng discussion uxdioates
several alternative posmbilities 53 to the
wee of the demand interrelationships
for projecting consumption levels fo
108,

Proioctions witk conmtend Surssad
matriy plos Hme fend—The demand
interrelaiionship matrly was developsd
ander sendiifons of statie eguilibrium
Tae enly dynamis element introdused
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inte dhe anabyeim i the messumymend of
the time frend of nonswropilon [or cer
tain commodities oblained from the son-
gtand coeficiont of the firer $ifferonee of
legarithim: estimating equalion. Ume
sppragel o projeciing consempiion in
a futnre period 15 to uze thi demand
matelx plus the Lime frend.

i she denend matrix iy denasted by
A, we hyve

tuw b fmww oL imcb IR
whers

{) = vector of quantities, oxpressed
in 31’:;;5;
A3~ mstrdx of prive and Ineame Gas-
tanien) and
F v ovectir of prices and ineome
sxptemed it logs.

When esthnaies of I7 sre avsilsble for
future peciod, an estimate of @ can Le

whem

g, = guaniity of the ¥ commodity
demanded,

p: = price of j% commodity, and

# = g measure of Teal Incame,

fet v desote the ipsome Gf ourrens

25’;5&1@%?5 +e digd Wiwl2 o w
=

obsained from {I87) under the asgurmp.
ticn of ronstant demend elestintiog Tt
this estimate for the {% commodily b
g Alze, Ipt ihe asnoal thes trengd far
the £% commedity be X, expresead ge
percenisge change ger year. ¥ the pro.
jection i for K periods ahead of the
present paried, the tine teend along will
graduee & muliplier of {1 + 83% This
rultintier, together with the poiecied
statie lmvel {4 provides the following
aguation for sonsumpiion lor ¥ periods
an
?a‘,‘? - é»fi +- S.‘:FK. (158}

Projections with changing demsnd
maktiy - Another method ef increng
reting dynamic elements ago the pro
jontion framework J8 by neweming &
vavvingdemand intercelationshinmatris,
Horp, # i possible 1o ssuome thet fhe
elements o the mateis 27 vary sver time
it B vertzit manner. For sxaompls, son-
sider the demand equations

158

prices. Then the expenditurs proportion
an the §% compneddity = given by

W, = F’wﬂ- (160}

Multpiving {189 hy {1603) we ohiain:

5
Fidlogam ;; We,tlogp; + Wa, Alogd

*

m Y vt Alogn T 4 Alog §

ual

whete
e = Wy and
Go = Hatip

If & veprension equation of the dype {181}

(161

is ftienl, ystop thne-series data on guan.
lities, prices, jssomne, and swpenditure
proporbong, B s implied thet %, and
€. remain the mame over the years
wheress, i {159), & was sssumed that
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TasLeE 31

ELASTICITIES IN DIFFERENT YLREAILS

Direct Elusticities (eg)in
Conymodity Yaluvaof Yu | - T e = m e e —— ]
1355 15980 1pea Fhiril
Deel.. .. . -4 (503 — 0. 6268 =0 60LE5 ~0 . 650LS —.63005
3 —2 23096 —3 72325 —4. 19136 —2.70844 —2. 46217
Park . —3. 1830 —0 44844 —10, 40830 —0 430m — 4252
Lamb sad rmutton . - 107880 -1 747 -1. 74467 —2 a0 ~2 15360
Chicken . . . . ... . .. —1.378 - 41763 —0. 85134 —D E7430 —1 59628
Lurd —{.0TRM —D 196249 —{). 20657 —0 26667 — [}, 26667
Toe cremin... ... .. o =0, 80074 = 60087 =0 5674 - 0. 86074 ~0. 66074
Potatoss .. ... —0.34R12 — BRITY —0 2T — 0. 245 —0 26774
Crunges.... . . ., o 1. 222 ~ (87173 —{. TLTES —1. 6453 —0. 63021
Coffes e .. | ={1. 94738 = Z2HEE ={1 33477 = (. 30040 =0 3T
* Hypothetical.

ei; and ey, remain the same over the
years. But 9., and 9., are obtained from
e;; end e;, by multiplying with W,. Since
the budget proportion W, varies over
time, as a result of changes in the prices
end consumption pattern, e;; and e,
&lso 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.

Esltimation of changing demand coeffi-
cienis, Using the values corresponding
to each element of Af, obtein a time
trend for the coefficient and use this
trend to project the value of the coeffi-
cient for & future period. That is, if M,/
corresponds to the (17} element of the
intervelationship matrix for the period
1(1':.? = 1, 2:' renpt =1 21' " S),
the & values of My eould be used to
establish a trend equation for M and
this could be used to obtain M+&
where K ia the desired nymber of years
for which projeciion is required. Having
obteined the value of M ¥ for all 7 and
7, equation (157) can be used to project
the value of @ if the price and income
levels are knewn. Fur practical reasons,
it. is imposeible to isolate trend values

from price effects from every element
of M.,

Hstimation of expendilure proportions.
Instead of cbtaining e projection for
M ¥ direetly, it is possible to estimate
the expenditure proportions and to de-
rive the value of M,7*¥ From the esti-
mation procedure used, Y.; is rssumed
to be the same for sll time periods or

I £
1. = W 1y }ﬂ’f[{;.
Therefore,

L

ML = . ni

e (e’
W

{162)
To illustrate this procedure, 9;; was cal-
culated for a few commodities using &
regressiou equation similar to (161).
Table 31 shows the value of i and
the direet, price elasticities {e;;) for 1955,
14960, 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
same procedure could be used to obtain
projected values of M,;#*% for all ¢ and
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4 and, enes these valuer are Rucwn, as
before, eguation [158) cen be used to
grojeet the scnmimption lovels ke K
periods aboead,

To use £107) for pesisciion of prives,
it can be rewritien ax

P = M. 165

When the objective of the study i3 to
predict prives, I 18 more appropriate to
fit demanid sxuations with prises as do-
pendent vansbles and to obiain & prive
Bexibiity matriz corresgonding o 354
Memi of the restrictions in deriving ghe
demand  mierrplutionslops i torms of
elagticities men ke derived is terms of
prive Hexibilites {see, for ezampls,
Hlonck, 1066). Howewver, the inverss of
the einsiicity mairic, 3, cen be laben
an & rough spproximaiion o the price
Hewiliility matriz and cen b used for
projecting ftwre prices if the goansities
enngumed and iscome sve known, B
agrivuitorsl commoditios, Bowever, prios
prediciion sguptlong gentrally redqulre
specificetion of altornative outiets fresh,
proceszed), swook ehanges, el sxporis,

The above diseussion indicetes that
projections of per-eapite copsumpiion
levels & 168} could Ix: obtained wither
by using & projected sdemand  mder-
relationship mateix for 1980 or by asing
promsoted  expondizuse proporifons for
1550 Both these methads require Lhat
prices and intome lovels aze availabie for
1983, In &he absence of projocilonn of
future price levcks, we huve ohiained
proiustions of demsml sssuming cor-
stant refail prives, incremsing income
levels, and 4 sime tread fastor

Demand proiections by
commodity grovp

Theee demand profoetions are hased ou
{a)apartisplarawimptisesstoinorensed
cenl ineowse by 19RO, i the income

slnstinitics used = ihe demand mairix,
and i} the timedredd ecefivients ob-
thined from Gme-serics analyses of indi-
vidoal comreedities. In pariienlar, por.
sapits consuinptioa levels far sadividual
sommodities sre projected for 188G,
assuming constant sl prices 1M
1968 sversgel; renl income par capia
will inerease fron: $2,268 (the 1U82-1965
avorager o $261 in 15980 ax reported
by Daiy ang Egberi (1966); and the
sztimnaied time tremsd, where stapistis
cally gignifiopnt, will contsaue wo 1980
The: Bversge snnual per-capiin consump-
wior, Joring $9E0- 1906 wes tsken a5 Lhe
basy period. The cumalstive effeet of tha
time frend on ks besg consumption
level was abtgined as a produet of the
hase vonsuraption level and the muiti-
phar (1 + 3% where 5, i3 the annual
purcendage chanpe io conmampiion due
1 trernd and K s the sumber of yeawm
te 8988, For many commndities, the
time trend wos not sisthtieally sipnfi-
cant and projections ave lassd otdy on
the moorne elastzeity. Resulis sre pre
zented by eommniity group, given oste
mifes of comsumption and expenditores
per capite for 19621088 and HIB0

Meat, ponliry, and fah—These s
ramidibies aceounted for sbout ove-thind
of Ehe 18821966 average food expendi-
tures, Dretailed aonlyses of time.series
data were made for only five Hemae
beef, venl, pork, lamb ond sustion, and
shicken, Other iams, such as sushey,
Balt, aned edible mest offal are included
for completersss but timedrend conif-
shonts are nat sveilable for these com-
mrlities. Dotk on Der-capits cansgmp-
tien Bre showsn in table 32 for the bee
period (319621066 and for 1080, and e
in terms of retail welght For purposes
of compariscn, eatimeaies by Daly and
Eghert {1588 wore converiad to retail
weight and slss are given in &he fahle,
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TABLE 22

MEAT, POULTRRY, AN FISH: CONSUMPTLOYN, PRICES, AND EXPENDITURES,

1962-1968 AVERAGE AN} PROJECTEL 1980

Conauniption per capita
. Expenditures per copiti,
Commodity Fatiennbod 1050 basef one };:-Iuﬁ:f (1002-1968 dolilars)
10821066 12— 143
Tneatne Daly-
elpslicity Fghert RG24 1880
reunds fretail weirkt) conls dotlars
Meat | T T
Beel ... ... 2.0 B B4 g5 g 74,10 §3.41 50 80
Veal 1.20 im 7. 65 368 2.0
Pork....... .. . 7. 76 &0 B2 51.9 75,60 43 .67 45,598
Lamb and nution 3.00 1.37 3.1 . 3.24 2,52
Edilsle offals . 1024t 11. 1% 81.%0 B. 34 4.8l
Twota] magl . . 148 1E 16023 10044 1307
Pouliry
Chicken. . .. 2 13 29.22 40,80 13.18 16 H
Turkey 7.24 9 62 B4 10 ) 5.20
Total paultey 30 46 18,84 15.5 TR LM
Fiah
Tresh apd frozen 3R M 1.13
Canned.. . . A 3,28 7525 3.2
Cured ... LBl 73 46 AT
Total fish 1066 10,65 7.72 7.72
TOTAL..... 193.30 e 1% 13426 IEFIR I~}

* Inciudes veal

t Increase eativsated ot % per cent correeponding to projecied incroass in beef plua pork consumption.

The income elasticities for beef, veal,
lamb and mutton, and turkeys =ere
weighted regression coefficients based 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 nnd
fish. Income elasticity cocfficients and
annual time-trend factors are sum-
merized in teble 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 con-
stant (1962-1966) dollars. Expenditures
are projected to incrcese by 9.5 per cent
im rea! terms. The level of beef consump-
tion in recent years would sugpest that

the projected 1980 level may be too low.
{Bec Appendix A figures A-1 to A-14 for
postwar trends in actual prices and con-
sumption per capita,)

Eggs sccount for about 3 per cent of
consumer 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 0 statistically significant negative
time trend of more then 5 per cent per
vear but consumption appeers to have
leveled off 8t about 40 pounds per capita.
Thus, the estimates of consumption and
expenditures for 1980 are hesed on the
ine¢ome effect only. The estimate is eon-
sidered as an upper limit and is some-
what higher than that reported by Dsly
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RETAIL INCOME LELASTICITIES AND TIME TRENDS FOR MAJOR FOOLy
COMMODITIES
Income Annua] tire | In i
Tremn elamticity trend} Ttem elaﬂot?;‘i?y ﬁnmldt?m
o7 cend per cand
Meat, pouliry, and firk Cannad
ol .. ... . 200 2.8 Peaches........... HL =2
Veal, .. K11 —4,82 Pineapple.............. A7 —~0. M
Pork..... RO 1Az . =0.(2 Other................... L]
Lamb wnd muiton . LTl ' —0 % Drie| prunes, ... .. . Als -—§. 60"
Chicken ... ..., 178 0.5 rozen. ... .. .BEI e
Turkey. ... .. . i) A
Fish....... . 0 Fepetaddes
Freak
Egga L) ~ & 80" Letiues, . ....... .., M7 110
Tomatoes, . . . . ..., 1M -1.5
Fotr and ouls Beans (anap and Jjma) .. 0.4 571"
Butter. . 318 —3.22% Dnioes, ..o it 0.0
Lard .. ... ......... ... — 0 —b. (g Carrots. . R=bl] -G _4ue
Shortening ... ... ... (r24 =0.18 Other. . .. ............ %1 D
Meargarine. ., . 1.4 3T
Mayonnaiss and majad Canned
doesmttig.... ... 2ER 3.0 FPmaa. .. ... ... ..... gz —&_ 0
Com .. 3 =112
lloiry produris Tametoss and products. AT .t
Milk R N —1.42 Other ..o aee - ¢+
Evaporated milk .. ... 0.0 ~3.68* Ty edible beann_ .. ...... 7 =1.30
Cheesa, .. . ... .. . .24e 4,20 Frozen vegawsbles. ... .. ... 610 e
Tew crvwn .. . a1 -2, 1"
Cereals and bakery products
Patetors Rice (milled) ., v DA 1.30
Potatoss ((remh) ... (14T =071 Wheat flour (white anrd
Sweet patatoes (frash). .. . [N 1) -t 44" whols wheaty ... ..., OB -1, 28
Breakiast cersals.. ... . .0la —0.11
Sugar ond nceeleners Caro mesl and hominy., - _Ob =1, ga
Hugar.. < 1.50 Eread and other products. L1
Commasyrup. . . . ... ... A —o 12
Beverngey and g4aup
Fruit Coffes.. ... 0. T —%. 14
Froah Boup.... ... L 2w 2.7
Apples, . A 140 —1.02 Crther beverages. ...... .., e | L
Bananes ........... . 40 .68
Omoges........... .. . ] —5.m
her L AW L

t Inedine etuaticities are hased on cross-section dala and time trende on timeseries sonlysia (soe Appandix table A-1).
I Figures withont aubscript indicate coefficient not statistically significant.

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

and Egbert (1966) as shown in table 34.

Fats and ofls account for about 4 per
eent of consumer feod expenditures. In-
come elasticities, derived mainly {rom
the 1565 survey data, are relatively low
except for butter (.318) and mayonnaise
end salad dressing (285} The trend
coefficients were negative and statisti-
cally significent 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 ¢onsumption of margarine is pra-

jected at eurrent levels if 1962-1966
average price relationships hold, This
estimate may be low, however, if the
current trend in pricea and ¢onsumer
preferences continues. The consumption
catimate for all fats and oils of 47 pounds
per capita is below that of Daly and
Egbert (1966} of 48.5 pounds, as shown
in table 35.

Dairy prodnets {exciuding butter) ae-
count for about 15 per cent of consumer
ford expendtures. In this study, only
major dairy products were analyzed, in-
cluding fluid whole milk, Ametrican
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EGGE: CENAUMPTION, FRICHE, AND EXPENTHTERES 1062-1308 AVERAGE
ANDY 1963
Clordg e LN eT capits
AT T Expen Dres per suthin (541
Smamiiif 1 T9SE LI HEN TR DURAEE D ﬁ!%lﬁllﬁw
190% BEE R
Taioris Praipe
i ehnkiiedy FEoer: it 2t LD
! e e
s ey {epined weighs eeiEE duifare
e 5 B I .27 58T 859 1412 FEIE 2

* Snamin: Baly-Hgbert (S0 swtimwte of comonin pies & NE vee cont O the 1309 89555 fovet.

cheess, vvaporated whole milk, and jce
cream.

The messw shasticiiy for mitk ob.
taived from 196G survey data s 3
whizh compares feverably with thas rev
peried by Rogko 118875 Fariher, Rojke
reporis $he pereentage =feof of tizne per
year &5 —3.3% a5 compared with — 1.42
ir this sindy. Although our evefficlent
is not gladistically agnifirant, & pegative
Hme trend appetics eonzisient with abe
served trends and with Rojko's study.
Thizz, the combined nenme and trend
effacts #re used in projesding somsump-
tion to 198O (g5 indieated ir fxble 36).

BFor Amerieny shsove, Hojko reporis a
pasrtive trend of 4327 per cent which

compaces with 4 20 is this gady, How.
over, vur income elagtisity from cooss
setion dats of 249 differs markedly
from Rosko's time-series estamais of
— B8, an estimade that was ot statisti-
eally significant. For prajections to 1988,
she sstimated lovel, based om the ncorce
clasticity and signifiosst  time-trend
effect, waz 1204 pounds snd snly B.78
pounds baaed on invome effeet slone.
Fheae estinaiss were sveraged to obiain
the 1880 consumption level given in
sabile B

Hstirmmted comsunpiion of evaporated
miik i2 hased gn o statistioally sigrifeant
negative time trend obtained from time-
series dudiysie. The neomt eisstieity

Tams 33
FATS AND DILS: CONBUMPTION, PRICE, ANS EXPENDITURES, 1562-1556

AVERAGE AR 356

-

—

Comeranption fer dapila
oo Expttelisuems yar tapita
Cramimodity 10 smdienabe Toamd oo [+ ki i]
. o] M price
nhI-3ws FRRE- S E e — -
Tocienme Tuinme Dharly
wmeicity | mnd dredd Egtrery T LR | 15
i
peaszzids fratenl wedphed ey doliar
— o - -
Bulter, . . & B EN-] Lol 2 ¥~
A 3% e i 4 i F
Hbactening IR LT -A .40 (L & E
Hoargarine LN ] 9.8 ‘ P - X N 3 43
Triper - £5 40 %0 e Ca- LU 4 k14 22
™mTak . L. = {703 75 F 84 e ]

* Twslnden sl adher Tats wid ol ol whish muyoraidin amd wednd dreeiog wpinl 5 0 pevirda
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DBATRY PRODUCTS EXCLUNG BUTTER: CONBUMPIION, PRICER, AND
EXPENDITIURER HE2-190 ARND 1980
CIGHHEPSITION T RESITA )
PR E:p&.'xil 28 pety Chgdts
o e kiny
Lo pelity 500 rutimnte e o | Betpd! lm_iw
R, B £ 0 L1
RS RIS S ———
Tucome end | Dimhys
trame Kot ot s VD
wepafa frafesi wonohli rrmfa doliara
Fraobd weity sed oresm
Frua whole widl 1A% . 3 I BiE {% e i3 31
3 . . B A% T
TETAL fasd zmii{ squivalen:. . . EEE R J1 ] 35 M
et
Amarienn ) 4 G4t . 54 1@ A1 T.M
Other .. . L 7. 1% o8l N LR | 2.8 448
Evwparaie) andd condemest
Evaparatad whoby mife ki 3 L¥: e 7.5 1.8 63
ixhay F 13 4.k i 1. 74
Foo ormaty (5 L. [P $E. 43 EFIE o f2 % £ 51 G E
Ty il presfoely
Honitt dry @ik . b
Cidebr S I i¥
fi 2 V.0t 4.t 339 .48
Tonsl —_— —— e
Pt weight 63 ¢k 7 0: . rg
Sew e s RO i E Hi%_ MR
¥k egeivelint: I3 oontent bamiw, . ik Jiri

* Peroantagg eroane pinmed el io thay Toe rayly,

1 A vermge o Sefaenid aekd o foawt TR el jpe@ne and tremed 403440,

T Peren e
B bty [y 4200 ge ST,

OIS Drcunen enual wE ThAL 30w Souerimen ol

Borsendane tnereuth nerumal enitel i Sl Ity coapomsted ndR.

b EAti g Tor vondeimed nidk.

A Averig Of extiriaten based an o inoores (LD wad luenme and thend O 430

H Eakirpted wh oabenut [DER-10AL Tavg]
b Batizowts oy nonfet drye ek,

(snows in lsilc 35} waz =it 200
shangh the cross-sechion dois for 1943
provided g negative invome slaslisity of
- BYE, 1% in sxpacted that conegmptien
will gontivae 1o decline in the Hzture,
Batimaind consumption of joe cream,
heeed on en incotne confivient, was X G6
pounds sl thad for inrome and » statis-
tieslty sippifisant thoe irend wag 3448
pounds. These estimeirs weors averagad
in making prajections for 1G5,
PotgiseyFer capiia consummiion of
ptatoes and swect potaloss showed 2

destiing wend dunng the posbwar
pericd {see Appendiz figure 4-8) The
dechine in frash potatoes were somowhst
offest Ly nowsems I the consumption
of processed potata products, ssperially
chips {included with fresh) and frozen
french fries. Retail prices for fresh pota-
tocy snd sweel potatees incregerd over
the peried, soniribating o the downe
trend in acnaumption,

The neorns olastoily roefficients are
[rom 1985 swmresy duis. The olastivity
cooilieierts, biswd on the 1363 survey
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POTATOER: CONSUMPTION, PRICES ANTI BEX PEHNIMTURES, (885506 AND
18980
Crawae: 24 por webhhe
: - Erpendisiares per mantis
Sty LT dcEitrnadae Baand oL ihimig..nm £1952- 10 ‘m:m?f
L e e
Taedine  {Inesenad | Emlpe
Elbairity $iwnd ﬁg%«w& FREE-FREH 1383
Batends iregf weipht] ranix deliarsy
Prbefoes
Famb. .. g 13 L] L ¥ o T .53
Feogts By ¥ E R LI 33 3.0
FUWIAL. peudact
weight . . iR i, 5 B oA
iremn eruivaiat 108,26 i
Somiaar Dol ek
Framh . . 148 346 1] -3t BT i
Ehe S 3 P IF B 26 3
AL, prooct '
wHERT e e LY ) fgh: 4 HE N
freny somivalesi | 5.8
TOTAL, produst waipht L | 5.3 ) 3w

! Hovgh satlnnis beaef on tadcdn i cossumpiise.

dats, wige 008 for potsicoes snd — 587
for swept potatoes. Far mrojsctiong o
1981, the eombiand effect of meome sud
time trend is used for fresh polatovs and
sweet potaioos {1abla 37). The estimates
for potato producis are rough estimales

based on recent frends in sonsgmpiion

Sweetenors (axciuding nonesloricar.—
Bugar i# the maejor idem i this group
that acccunts for more than 3 per cent
of gonsamer food expenditures. Cone
gamnption per capits has romeinsd relse

Trpr 35
RUGAR AND SWEETENERS: CONSUMPTION, PRICER, AND EXTENDITURES,
1006 AND 1oES

e

CopUm G S tepie
R Exwﬂditiaﬁrﬁé:{"hﬁ:ém {fwd-
Temmatiy 08D Ratisnnts Tamerd i Relel? prite
1oer 15 , oo o= s o
Ryt | Doy Teten sass-soe 4%
prpandr frovaif welghth ity Foihar e
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YEGETABRLES: CONSUMPTION, PRICE, AN EXIPENDITURES, 19621966 AND
1980
Conaumaption per tapdla
-—- -—— Ixpenditures per rapits
7
19040 catimante basad on: Fretail nrice (1962 - 1864 deliars)
Commedity 1082 ,f.am
1952- 1966
Tncoe | ana g 1983~ 1966 1960
elastivily trend poer
paunda [retgil eedghty Lenin deflara
Vegetahles
Freah
Lettuce......... . . . . 19, 20 21 16 4 112 3.3t
Tomutoes S 10,44 11.18 2. 443 3B
Tremres, angp and Jnne a0 1.67 2440 B8 A1
LU 1T R 10 02 109 1% 00 1.4 13
Cerrota.. .. . .. . | 8.1 T.31 1523 10 1.15
Oeher ... 12 a1 45.10 18,00 T k12
TOTAL . 9174 98 .42 H 17w 17 #E
Canned
Praa. ........ 4.1z 2.00 18.70 s 24
Corn..... . . . . 5.4k 5.3 19 5} 1.0 104
Tatnutoes, whale . 4.8 197 15_80 83 aa
Tomato produsts.. ... ... 14,10 15 10¢ 26 o0 3.7 406
(Rher 17.64 19_24 2695 4 41 521
TOTAL... . . . . 4600 16 4% 11,07 1142
Frozem . . .. . . ... .. B.1E 1027 3650 2 B0 3.76
TOTAL, Proaluel Weight.,
Detail. . ... . RTINS 155 82 3113 3315
Freah Equivatend, Retwil| 10408 2081
Diry leana. ........ ... .16 2_80 M4 AT RE]
TOTAL. . al.q0 a1.28

* Entimuted ol .25 an compared tn 17 fr canned whole tomatoes,

t Converted from farm to retail esing factor of 08 2,

fruits. About B per cont of consumer food
expenditures are for fruits in fresh,
canned, dried, and frozen form. The
existence of many commodities and
multi-outlets prohibited a2 detgiled ana-
lysis of each item with the adopted ap-
proach to demand analysis. The fresh
fruits studied include apples, bananas,
oranges, and sl others. The demand for
prunes was selected as an important
dried fruit and frozen fruit was taken as
an ageregate.

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 glternative 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-
cent (canned peaches and prunes).
Other items were assumed equal to
1962-1966 per cepila consumption levels
{table 39}.

Vegoatables sccount for more than 8
per cent of consumer food expenditures,
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CEREAL AKD BAKERY PRODUCTS: CONBUMPTION AND EXPENDITURESR,

1962-1965 ANT) 1980

Conaunplion per capita ! Expenditures per capita
. - LBED entimante Tmsed nn
Commodity o Avetage
19681965 1053 mel 1986+
Irenroe Tneorae and L i
elusticity trequd |
pounda Aollary
Rive, ovilled. . .. . .. T.IB T35 2.84 2.49
Wheat flour, white awl whole
wheat, ... . . . e 108, 20 93 3% 406 3.3
Breaklvel eercals, .. .. . . . . V.58 M 1145 11.M
Caorn meal and hominy Lo 0.7 763 1 56 1 02
Bread nnd other products. . .. 34 3002
TOTAL. . 54 .53 LT

* Bused on the relalive importance of expenditures oo cereals and bnkerﬁﬁmﬂuct& in the BLS conaumier syurvays of

1683 and 1964 (Hiemetm, 1868 p. 172) of 2 4% per cent of total expenditures

im percentage was applied (o the average

of dispoasble income in 1963 and 1968 of $2380. The distribution of expenditures by item js bamerd om dals from the 1908

anrvey.

1 With ronetant prices, the change in expenditures ia proportionzal 1o the change in per-capita sensymption,

As with fruit, vegelables 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 “ell other
fresh vegetables.” Canned pegelalles in-
elude peas, corn, canned whole tomatoes
and tomato products {product weight),
end “all other eanned vegetables® Firy

edible beans and frozen vegefables are con-
sidered also.

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

TabLE 42
BEVERAGES AND SOUP: CONSCGMPTION AND EXPENDITURLES, 1962-15966
ANTY 1980
Consumption per capita | Expendityres per capita
" [
Commodily 1960 egtimate based on: |
: Average
1{2- 1064 i 1643 and 1980%
Income Draly- ' 1866
elaslicity Fgbert
pounds dollare
Coffee, green bean eqnjvalent .. 15.24 14884 14.00 4 B2 10.01
Boup.... .. .. 1616 17,74 T80 & 47
Oriher Lmvernges. .. . . il | £.00
TOTAL., ... . 3 .45 M GEF

* ¥With constant prices, the chenaes in expenditures i proporlional to the change in_per-eapita conaurption.

t Bamed on telativa im?omtnee of expenditures on rongleoholic beveragen in the BLA cowsumer surveye of 1864 wnd
1096 (Heimetrs, 1088, p, 172) of L.OLS pet eent of total expenditures. This percenlage was applied to the avernge of disposable
invoma pet eapits in 1965 aod 1966 of $2, 380, The distribution of exye pditures by itent ja based on dals from the 1963 surver,
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Esshaded food awpendiiogttes 3o 2 o4 + 4.8 L33
Erpeadicire
Fawd. . .. ... ¥ (2L 4+ iz il
Toondond 1 ﬁ-ﬁﬁ 2472 R+ N '
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Conpumption levels in 19%), assuming
comgtant prices al 1962-1966 levels, are
prijested to increase for most vegefabie
produsisespecially (ot frozen vegeia-
bie Hems. Decveases are expaciod i oon-
samption por cepita of dried, edible
hanne and tems such 85 tarned peas,
whoes Frozen peoducts %) replace rmr-
ed dermand for ihe product, Fxpendi-
tures in 1980 are projected to incresse by
.48 por cent.

Coresls and bakery prodoets secound
for abwut 15 per cent of comsumer fond
expandiiures. This proup posed difflenl-
tles for mnalvals begause certrin Hems
gack as whest faur dre pupchased as

Lo e pE 20T v evabustid £ reindt wm

THNRET
ipeigded: ‘szs@ém L b bl (B, peatnite (BB BEL vremnats

g
ATt w4 ped oEnE of i%&»:%@ NN srsm £ Ut i mfomsionts ot St dantnd ntiin,
BT eqesi o Limt For (NS HEE,
Fglist 085,

such by the consumer bt sl is used in
proeessed produsts such as bresd snd
bakery nroducts, We analyzed four
Aems ~milled rvize, whie znd whele
whest four, Igsakfast orenls {lakingthe
priee of gorn Aakes vy representative of
sl ltemel, aod corn mesl and howminy
{using covn mesl prices). Bread aml
cther bakery produels were included by
using the direct elasticity of - 150 for
careals aad bekery produsts used o
Brandes {38615,

The maome elasticdy ralated 1o ross-
gection duta for whesl Bour purehased
as sooh, The tinedrend covflisdonis, ohe
tamed fram time-serics anglyses of exch
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commodity using log frst diflerence
equations, are negative except for milled
rice. Although nof statistically signifi-
cant, these time-trend coefficients plus
income elasticities are used to adjust
base period expenditure levels to 1980
expenditures. This eppesred reasonable
becauss of consumption trends in recent
years, These esfimates are given in
leble 41,

Beverages and zoup.—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 Statistics consumer
expenditure surveys of 1963 and 1966
{see table 42). In projecting expenditures
to 1980, the income elasticity cocfficient

alone was used for cotlee and soup, al-
though the time-trend coefficients were
statistically significant. This judgment
factor was based on inspection of recent
trends for these commod ities (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 dollar increase in
cxpenditures {in 1462-1966 dollars) for
meat. In 1562-1566, food expenditures
aceounted for 18,0 per cent of disposable
personal inecome. This proportion is ex-
pecled to decline to 13.5 per cent in 1980,
assuming real income per capita in-
ereases 42 8 per cent and reel food ex-
penditures per capita increase by only
4.4 per cent,

Conclusions and Implications

Conclusions

The major conclusions, based on the
resulls 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
mnterrelationship metrix  incorporating
the ideas of neutral want association and
want independence.
(2) Yor most commodities included in
this study, the behavier of marketing
margins appeared to be a linegr functien
of the retail prices. Une advantage of
this specification is that it includes both
the constant absolute spread and the
constant, percentage spread es special
cases,
{3) Both the intercept zud slope in the
relationship expressing price spreed 8s a
linear function of reiail price did not
ghow significant variations over seasons
for most commodities. Cnly four com-
moditiezs showed semscnal variations in
both julercepts and slopes.

(4} In general, higher income groups
tended to consume high-quality products
as far as quality can be measured in
terms of prices. In the cases where qual-
ity elasticity was necgative, the prices
paid by the upper incoine group was leas
than the prices paid by the lower income
group. This may indicate that quality is
only one of the factors that influence
averape prices pald; other factors are
ahility to obtein guentity discounts,
facilities to shop from low priced areas,
and direct bulk purchases from farms.

(4} With per-capita quantity consumed
as the dependent variable, economies of
food use were revealed for four com-
modities and diseconomies of gcale were
revealed for seven eommodities. How-
ever, when per-capita expenditure was
the dependent variable, the number of
commuodities with economies and dis-
economies was six and three, respec-
tively. Economies in food use were more
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predominant in per-capita expenditures
than in per-capita 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
conzured by persons in different ineome
groups over this period, 8 redistribution
of pepulation in the income proups offset
some of this effect and the net result was
that only seven commodities showed sig-
nificantly diferent 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 varigble, 31
commodities showed significant regional
varations in ineome elasticities, while
the corresponding number was reduced
to 24 when expenditure was the depen-
dent variable. The existence of such
wide variations in the coefficients of
income-consumption relationship over
the different regions mekes it necessary
to place emphasis on regional eatimates
rather than an approximation to national
estimaotes when a study is intended 1o
analyze regional demand charaeteristics.
{(B) Projections of per-capita consump-
tion levels and expendifures arc de-
veloped for all major food items. The
gasumption of constant prices at the
1962-1966 level allowed estimation of
consumption and expenditures in 1980
If further research on supply response
atfarm, processing, and retail were avail-
able, the econstant price assumption
could be relaxed to sllow more realistic
price consumption and expenditure esti-
mates,

Implications of the Results

Implications on methodology.—The
implicaticns on the methodology of de-

Gearge and King : Consumer Demend for Food Commoditina

mand analvsizs presented here are not
based on theoretical considerationsalone,
ruther, they provide empirical support
to some of the existing theoretical
analysis,

{1} It was concluded that grouping of
households according to income groups
does not constitute serinns loss of preei-
ion on the estimates. As Malinvaud
(196G, pp. 242—48) points out, the loss of
precision will be smell if the exogenous
variables are homogeneons within a
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 i5 appropriate, For such cross-sec-
tion studies, if the objective is only to
obtain the iIncome-consumption relation-
ship, it is enough to retain date 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, estimates of income elas-
ticities obtained from the fime-series
deta seemed to be inappropriate. Also,
the income elasticitics obtained from
time-series data refleet short-run elas-
ticities. Cross-section data provide esti-
mates of incomc elasticities that are
gencrally congidered more accurate than
those obtained from time-series data.
This indicates that it may be appropri-
ate to use & combination 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 extraneous estimate
for time-series analysis,

(3} Comparison of income elasticities
obtained from different cross-section sur-
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veys requires that the ¢fecets of changes
in general price levels and the cffects of
a redistribution of income over the cross
sections should he removed before shifts
in income elasticities can be pnalyzed,
The estimated income elasticitios will be
infuenced by the level of prices and
reletive proportion of individuals in dif-
ferent income classes. In this apalysis, 2
graphic approach was used to convert
the 1965 distribution of samples into the
1955 price levels and an illustration was
provided te show the implieations of
redistribution of income on agpregate
income elasticity.

{4) Analysis of covarlance was used 1o
test the variations in income elasticities
over the regions and {0 tesl the seasonal
varigtions in margin relationships. Ag-
gregate income elasticitics can be ob-
tained as a weighted sum of invome
elasticities for different reglons. How-
over, given an aggregate income elas-
ticity, if there is reason to believe that
regional varistions exist in income elas-
ticities, there is no method o disaggre-
gate for regional elasticities. In such
circumstances, for regional demand anal-
ysis, it may be necessary to obiain
regional estimates nstead of approwi-
mating it from the aggregate esiimate.
In this case, disagegregation of an aggre-
gate income elesticify 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 s linear in logarithms of the vari-
ables and linear in the first diferences
of the logarithms of the varizbles. In a
number of cases, the first difference
specification gave demand equations
satisfying a prieri expectations of signs
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and significant coeffilents. In most cases,
a higher B2 was obiained when the vari-
ables were in logarithms rather than in
log diffcrences, However, the higher B2
in the ease of some cguations with
logerithims of original veriables, could
be partially explained by the high inter-
correlation amang some varigbles ap-
pearing in the cquations, Also, in some
ceses, when the logarithms of the oripi-
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 daf-
ference of the logarithms of the original
variables were used in the repression
equations, bath the intercorrelations and
serial correlations were reduced. Thus,
gpecification of the repression equations
with the first differences of the lopge-
rithms of the original variables iinproved
the statistical properties of the estimates.
This result 1s in conformity with Parks’
(1968) empirical compearison of alterna-
tive functional forms of demand where
he conecluded thet the specification
with wvariables in the first differences of
loparithms (referred to as the Rotter-
dam model of Theil and Barten) gave
the best statistical properties among the
models eompared.

{6) Frisch’s procedure for calculating
ell the direet and cross elasticities im-
plies that the utility function is addi-
live in a eardinal sense. Although this
assumption may hold for commodity
groups, it may not be true for gl the
individuel items of food. Therefore,
when the goal is to obtain o demand
interrelationship matrix of the type dis-
cussed 1 this study, I'risch’s approach
alone is not satisfactory. It was demon-
strated here that concepts of ordinal
separability can be utilized to identify
seperable groups and, among the sepa-
rable groups, en assumption of strong
separability permits the use of Irisch’s
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spproach. Beill, the approach ueed hers
does net besile the simultanesusy nature
of demassd relationships winee ihe pro-
cedure used in the present stady = based
o B single aqeeiion npproach. The soku
iion of demund eguations incorporaling
the wmultaneons nalove of  demmnd
Jhorscieriatios and the theozotioal rer
strictiors on dewmand parstssters oy
often lend to the solution of 2 nonkneay
systam of pepmtiors. When the nembor
of somrmoditios incladed o the study 5
large, as in the present case, the itecs-
tive proesdures used For e sclubion of
the nonbnesr system will offen booome
cummbersarse though not bapossibte. In
saeh cages, viten it may beootne neces-
sery to deterndine 8 trsde-off betweesn
maludiog more commodity details and
estimaiing demipnd parameters through
simuitanacus relationghips.

Impiizetions 3 demand perameters,—
In additisn fo the factors pointed out in
the bewt, hers ave some gaspecis of the
resulis which con he generalised:

{1} Although the income slasticity for
taoted food = amell, wide vreiziions exis
among different food Hems Far oot
mgddities such a5 lard, margarine, gva-
porated milk, sweet potatoes, besns, snd
hread, the inegme elastidieition wers very
elame to gero, while fropen fruits and
frosen vegetables had ooes elasbion
ties of more than 0.8 The olassfication
of income ainsticities, according to their
magritude, presested in fable 14 may
be weeful for remrketing cgmagers in
tevms of plancing their murketing stosi-
sy although more desiled anaiyaes
may be needed. Bimilsrly, the regloanl
chinviermsiies of ineome coaspmption
relationship will keip marketing mang-
gers t0 detersiing the nature of smphass
1o be plared opon differsnt regions i the
vverall marketing peagraem, Alsa, for
those cormmodities showlng soonomim ¢r
disesonemiss B cunmueplion patiern,
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changey v furmily structume alzo will be
an imporbant consideration,

{27 An extimate of dowangd nerrelation-
ships & required for many polley deci-
zions, especially Iu the areas of stupply
contrel znd demand adjustinesis, Jur
dersand intesrelationship matrix 38 for
s United Biates as & whele pnd, as
such, # & aoplicable ouly as an aggre-
gaie relationship. Variations smang ro-
gions and problems of disaggregation
grake 13 difault o derive simisr dee
mand irderrtiaiienshize for diferent
regiots divectly from the estimates for
the Dnited States as a whnle, Thercfore,
when paticy decigions are yestricted to s
oo of to a regioh, 14 may be necéssary
to obtain separate reglonad estimates of
domnend mierpolitionships, Ancther as-
pest o be kont i mind is thet the
pracoes of synthesis adopted in nhtaining
the individusl coeffizients sppearing in
the intervelationship maltrix b such that
the estimates esumot e conadersd as
grecize. Alss, B s pot possihle f5 obdsin
% measure of sreomey associaied with
many eoefficients, However, these Hmi-
tations say oot reducs the usefulness
of the resliz as thoy are wiended to be
only apprezimaie mlationships. The ae
aumptions used in obtaiming & siafip
demand intorreistieaship as io table 4
sould be nmddifed o imeerporaie dy-
nammie glements and these modiied aati
mates enuld be used for projeeimp the
demamd interrelationships in 3 future
period,

{3y The conrejeatan of the hynothesis
that furm retail spreads can be exprvssed
&z & Hnear function of retsil prices ppans
& numbey of Intoresting aspeate. Demand
thesry has sften emphasized sely retail
raarkets and, dweefore, most thoorios
ate based on retad prices and qoantities
capsnmed by the fingl consurnars, The
retail markel & wndy one lnk In the
pipeline  ining Dproducerz and  epn-
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sy, s & theary of merkets will be
sorapitie anly ¥ &l the different links
sre congidersd, In particolsr, B owould
he convemant i the demand charpnter
istime b o leved of Ahe nwmrket condd e
estimadied from a keowledge of orres
ponding characteristics at awsther jevel
of the market. [t was in this conuection
that the farm level elastioities were do-
rived from reradl Jevel elasticifies nying
the slastielty of price  tressmission
Sinee mnrgin data were not availsble for
gli the somreodities ncloded In the
present vigdy, farm vel elssticiies
were derived for oniy 8 few oominadities.
However, with margin data for all com.
maddities, # is possible Lo obtain a can-
plate demand interrelaticnshiy meteix ag
the ferm lovel similar & deble £

Suggesnons for Farther resesrsh

Thiv sigdy has drawn hesvily Trom
ather demend studies and it i3 boped 1o
serye a5 o bagie Tor further studies, Con-
sidering the large number of commeditizs
ineluded in the present analvais, B was
nezzible andy o anelvee soms broad
charmoteristies of domand whish are
anphicable tn sl sommeoditios, However,
individual sommoditiss ey often pos-
sexs coriain spenial charascteristies of
demand whish cannot be brogght nto
the framowork of a general siudy of this
natiure. Fimitations of diain and other
faeilities restristed e scops of this
studdy bo covisdn sapeats of demans sent-
vaas, Hare are some o the faobors
pmitled frore the prévent study which
oifer gmat pofentin! for farther pesenreh
{1 While defining the guaiity slastisity,
i was asmmed that it representesd ihe
diflorenes  betwaen  expenditure  elas
tigity and onantity elasticity. The impl-
sations of the assumption thab guality
facirs meesunt for the difference i these
twa kinde of slgsticities are discuseed B
the fext, Sinoe the estimates of camlity
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elasticity see desved estimetes, the reil
ehiliy of these esfimetes will depemd
upas the rellability of expenditure sias.
fiiby sud gusntity olesticlty, Existenne
of vmitted variables wiil affect hoth ax.
penditure ard yuentity elesticily, For
expmyle, incluston of houschodd size in
the regrestion equations hax oxplained
aomme of the negative qualily elastinity.
B date were nvnitable, #t weld be nos-
sible 1o ideniiy other signifiesnt vers
sbise. Thus, # wey be vl to sindy
the sFert of other variables inBoenemng
gouand redstionshive on oty ¢ins
ity

Apart from the problem of reflaing
the ostimales of quality clastioity from
srommesection dats, i may be mporiac
to study somsmner hebavior B terms of
remnctinns to ¢unlity changes for iudi
vidus! prducts. Food provessing fmn
and marketing organizsiions ofton faos
the problem of determining the charao-
ierigtios of ihair fingl products. To make
effective decisions on the ultimate qual-
ity of tho product offered in the nwsrket,
iL B fnpaertant 30 sheerve how congurm.
ers in $iflarent income and wosial clomes
react o producis with difforent gusl
ties. It ig, therefore, nocessary o handle
sarh produst swparately. For & given
vorantlity, differenl varieties {nunii-
ties) ean be identified and spaeific stud-
ies ean be undertaken to isolate the
salient fastures WBuescing buver deci-
s, Most existing time-series dais are
nat suited for this type of detzlied anal-
yain and, therefore, b If necemary 1o
devive spesinl surveys of baying habits
snd ssnmer renetions towsrde quslity.
Alsa, it i imporiant o obiain proper
measures of quality which can be guan-
sified.
(21 The effenty of ineome, Honsehnld abe,
and region o guaniities cotaliraed were
sngiveed i detail 13 was alss poloted
out that some othey warigbies such &
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measnn, age distribngtion, and cducaiion
sk mluenes consumpiion. Althengh 13
may b 4ifhentt to obinin dete on gl
Lhese lastory, soms of them eam be ob-
iaimed, For oample, ihe (989 conmunp-
tion mrvey chiained data for the feur
seaxony and the completi set of data mnay
be available in the next few yosrs, These
data will arovide enr oxeellont souves of
sizaterints for analveing the stasong! veri-
stiuns In demand snd the rerastions of
sEAEOTE 554 TERon® g6 conuinplion
hehavier, Isciation of sinsdler other Tae
fors wili eonfnbute towaxds better n-
dergtanding of eomumption bebevior.

(3) Another area of theoretical and em-
pirieal pelevanee ix the applicakon of
zepnmbiiiy concapts In obtalning de-
mangd interemlationships. (e anslyss
combined eardingl seprrabitity aud ordi-
nal geparaliity, The muagor geoblem n
asing erdinal separsbility assumplion
sione 1n estimating p dmnlanecus e
tem of demisnd equations iz thai when
tha number of eommoditics is laree, the
resuting menlinear system s ditfhiouls 4o
seive. Ales, i = impartant 5 ohisin

Geatge and g Conpypicr Domand for Food Commoditiog

sapidabie criteria to groun the sommeds-
ticw ingg weparahle groups. Thus, identh
fiontion of proper separable groups qud
estimaticn critevia amc two promising
s of appled  stalieticg] resesreh
Oompansen of resnlts obiained from
suedt differonr metheds o determine
their relative acoureey may be g velatad
tigpie,

4 Ample opporfasibiss exist for ore-
suaren: in the ares of prive spreads O
analvsis was baved on one parfmnine be-
haviors! welationship bedween farm Joved
prices sod retaal prices. T4 iz powible 10
extend this nuphriie to include & number
of other intermediaries speeifying their
hishavioral characteristice. Also, it may
e passhie to oy other forms of behavie
agral relptionships and 9 compars thow
formng with iho resulls obialned frem
this sindy. Possible peneralinations fram
theer hehavioral reliationships would be
z valusbly addition to the presens under-
standing of behavior of different mar-
keting groups and the mechanism of
sefting priess in thie raarigel,

APPENDIX A
Serurce of 1zt

Cross-section data

In the present study, we have made
estensive use of dets from the tevselicld
TONMMBELION suTveys I IS and UL
Thew tweo surveys were sondutled in s
systemalic merner and they have many
BEDOSE IR COMINeH.

The 1855 survey. (IIBDA, 1036) pro-
vides deta on food comsumpiion by ali
households during the spring of 1335,
The objestive of the survey was listed
aE “in altein earren? mictmation en
naiterns of food consmmbion, sxpendi-
sures, dictery levels, sod household food
praciices. The honseholds wire gronpsd

(1) by vegion—Northenst, North Cen-
trab, Sonth, end West, . ;) by
urbanization-—roral farm, raml pone
farm, snd wrbas wHbin each repion; sod
i3 by wesrst family incomm olasses
within seglaurhanization cafegories”
A demripting of the survey, procedures
for worwing wigh the data, and eremplies
of use of the deta it cconomie suslysis
are availahle in Burk amd Lanshan
{1908},

The ssmpls incleded G088 hose
hededs, seleated frome s househesping
sopulatios of sbout 153 millnn oivill
ans. Frtof o totel of 182 milbos, § mil-
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lior. pocple were excluded hecavse thuy
beved in s homselald ot having 8t feast
ane peraos who ale ian of WOrs mtals
frate the bowshold duving the narvey
wabk or berause they Hyed in wouming
higuses, hifels, of mstitutienm) The
6060 sample hopschilds were elassified
into two groups; the firsh, eontaining
4,008 honseholds, was selacied on 3 per-
seniape-probahiity hasis sad sorvsd as
the basgde survey group; the sweond group
of 1,455 farm housebolds wore tuken 28
& supplameniary sample 1o sure reli-
abds dute on Inrmoconsuraption palismz

Tiata sollestion— T The survay wag con-
ducied by a private marketing research
firre under the direction of statisticians
avd econnmists fron the U, 8 Depari-
et of Agrisuiture. Actusl dats colles-
tion waz dose o personu! interviews by
tenmed infmrviewers

Patiod of obzervation. — Earlier sinding
had indiested that the spritg sonson was
the mmost represenintive period for the
consumpbion of many food itema. There-
fore, the interviews ware condueted in
the ApvibJune pericd and ihe dats eob
laciad setused to fgod consumniion in
the week procading the nlerview

Trpas of information. —The quesiion-
naives weed i she survey wore desigaed
L0 eoveyr informpation about family rere-
iership and  househeld  composition,
money ingomae in 1954, use of individaal
food items at bome in the seven days
preceding the interview, and sxpendi.
tares for mosis snd =nacks awsy from
hors by members of the lnmily. A naee
ber of raperts have been pubhshed, naing
the bagic dots eollected. Reports 2 to &
rondain nformation en income, house-
liold size, expenditures on food items,
quantity conauraed, and peroentagse of
heusebolds cotsuming the psrtienisr
o These fve wporis sormespead o
fye arensthe nntire United Siates, and
ihe Northesat North Dentesl, Bouth,
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and Weut: for caseh region, details sre
aviilahle sceording to urbatizstion and
ineomd viaases. Heporis & 4o ID sondsin
nformation fn {a) less deiailed fabies
ot the guantibies of foods weed then
sontaingd is reporgs { te d, (BY on ngbede
tive value of fuods nsed, and (o) distrl-
hution of persnnzg into age and sex group-
ingz. Heport i1 grovides dafs ou home
canning and freaging, Regort 12 gro-
vides dats ue home produetion in (08,
znd Hoport 18 B on home-baking prae-
siecs. In the prepent stody, we were
mainly intersstad in the structare of the
comaurnption of foed commadities aml,
thereforn, we have used the guantitios
of mdividual foods used from all sources,
Biree the prezent study has omphsaized
demand interrelationshive e shilia In
consumption palierns, we oonsulorsd
per-capits guantivies of fomds to bo more
sppropriste to calealaie ncome wlusticl
ties and cihier medsurss than sxpedi-
ture dats. However, we have used ex-
penditure dats whan we wepre consider-
ing the guality aspects.

The 188% survey was similar fo that
in 1933 As the repart {UEDA, 1988 1
T} poinis out, *The chief dilforanes b
tween the (90388 nsbionwide mirvey
nad the eariier survevs Iy that the
1963-85 survey is the only one which
covered all the four seasons of the year”

The sample {or the 1965 aurvey con-
sisted of 1510% houscholds of ene or
mare membary. As belore, H wes seleoled
from ail houssholds excluding ) sbont
5 per cent of phe poepulation whe were
not honsekesping: (D) abouz L& per
zent whi were fiving In grodd gusriers
such as rooming houses, hospitals, and
prisans; and {¢) about 3 to 4 per cent of
the popirisiion wha lived in househaolds
m which ne resber ste st loam fen
meelr from the horse supnilex. Half the
sample (V535 was eollected in ihe
sorimg of 1085 and dhe other Balf was
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digiribuiad pguelly among the other sea-
sons (sumometr and Fall, 2965 sod winter,
186 YThe sample dosign provided for
& rational seif-weighting base sumple
s & subpiomentary farm sampls which
averwsighis the numboer of Taom heuse-
heids b the spproximate proportion of
501 {UBTIA, 1868, p. 204)

The househalds to be inlerviswed were
seiceted i amcordernee with & maltistage
aren sérpie design with addud contrs!
by seawsn For the bame sample, 144
fant.stape nnite of expesiod sige of IGO0
homgmholds were sdsnfed zb orandom,
Within each fret-stage unil, second-
stage gnits of 30 expueted houding units
were selected at randem. Faeh of the
sttondtage units was visibed and o lis
of housing usits was preperad. By syste.
mpdle selestion, houder onits wers
chosen for loterview in the spring
suifieien? numbers o yield an average
o theee households per second.aiage
wnit afier allowmg for vaciodes and
other omissions, The hsts were updated
mosumier, {glY and wimter, and g sni-
Helent wumber of honselslds wore chosen
t yisld av average «f one sehedule per
sreond-staze unit ineach of these sopsons,
Suleetion of Bousing wnids bom the
secd-stage units was independeng for
tach smason 2ed ne subsidotes were pro-
vided for hoyseholds nnable or unwilling
ta partieipate in the survey.

The dats collscion wes by megrs of
persums inberview with members of the
household sonducied by experiencad (-
tervirwers who were specially toaimed for
this surver, A detsdod lst of foad Homs
wae vaed to help ihe vespondimis to
vechtl the itemms consurmed dunng the
geven duye preceding the nterview,

Petivd of cbasreation—Interviews
for eotlesting dats, were condugted i g8
regiong during the period, April 3, 1965
to Apedt 2, 1886, Hiner no substiiniions
were mads In the ssmplcs, Intorviswers
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were nstrurted to eall as many as three
times 1f pessssary 1o rmmke the ovigingl
soniant n reml arons Tonr Bmes in the
uthas aress, and sy timmes 1 281 seconds
shagh smyse onits I 33 large oities
whire entiortion difficsiles were sntici-
pated.

Typss of information.—As before, the
data comtained the kinds, quantitics, snd
combs of feed iterny usesl Bt howe darng
the seven days precoding the intervies.
Fxpeaditiures for menls and smacks away
frow: hormee paid by the fomily members
wore alao pitiined. In addition o family
meome, dats wers coliectod oo age, edu-
cation, wnd emplovment of the howe
maker. Kond eonsumption was measured
gi ithse level at whiich the foods came
inte the kitchen and, therefors, the data
sorrespemt o economitn rather than
phyzieal sonsnmption. Althengh the ser-
vew eovered gil the four soasone, al fhe
fime of iho prezest study, avly Aye
reportd TRIATIDE o spring, OG&E were
released, These Hve reports gave data on
housebatd size and sonsengtion of dif-
forent food items in terms of guantities
anzt values for the United Siates and the
four regiong—~Northeass, North Contrel,
South, and Weat.

Gomparisos witk the 1885 survey..
{ine of the ohjactives of the 1688 nrvey
was fo obiain comparable data with
those obtained in the 1958 survey,
Thereivre, the survey methods had z
cumber sf similariiez Hore, we ghall
point oub some ditforences that mdghi
affect compambiity {this &= ke from
Repors 1 [UBDA, 1808, oo 300-(40L

Mofifcation of schedule, 43} To faeih-
tete mschine compuiation, the demign
oi the 1965 schedule was different from
thet of 1955,

£hy I 1955, a Bgure for fcoome was
devived from 5 sed of questions sshed by
the interviewer. For the 1088 marvey, o
Yalahel™ Boure for incorae was obtsined
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by asking the respondent to estimate
1964 money income after first asking
about specific sources of income.

(¢} Beparate information on donated
food iasued to low-income families was
not ohtained in 1955. In 1965, this was
obtained separately.

{d) The 1955 questionnaire contained
4 seetion on home baking. This was not
included in the 1960 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 separatcly on each
teble. In 1968, the income elassification
included all households regardless of
size.

Ezxclumon of money value of food used
by boarders and help. In 1853, the money
value of food used at home was adjusted
to exclude the value of food used by
boarders and farm help. In 1965, this
adjustment wes not made because the
effect had been found to be alight.

Difference in the handling of homemade
mirtures. Homemade mixtyres on hand
gt the begiuning of the seven-day period
end used during the survey week in 1965
are included in prepared form whereas,
in 1955, such mixtures were included ag
individua! ingredients.

Change in grouping of food ilems,
“Hali and half” and ¥baby ceresls”
were treated diflerently in the two cross
sections.

Time-series data

Length of time interval —Puliished
data on consnmption and prices are
generally on an annual basis, If demand
conditions are fairly homogeneous dur-
ing the year, it is enough to use annual
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data to estimate sthe demand equations.
If demand conditions vary widely within
a year, it i3 necessary to use data with
shorter intervels. Quarterly data on con-
sumption and prices are available for a
few commodities. The choice between
annual and gquarterly 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 “uze of annual data appcars most
useful for the immediate inture, that is,
for the next two or three yesrs. Short-
term outlook up to and including one
wear ahead, probably should be based on
quarterly dela to account for near term
variations such as the effects of stock
changes.' In the present study, we have
used both querterly and annual data to
estimate demand equations and a choics
of coefficients wes made besed on the
properties of the cstimates,

Years considered.—It is generally
beliaved that, for mast commodities, the
consumption pattern before and after
Warld War II has changed. f we have
to handle deta from different structures
in one regression equation, special de-
vices such as the inciusion of dummy
variables have to be adopted. During
the immediate period following the war
years, enoygh time-series data were not
gvailable to use only the postwar years.
Now enough data have been accumu-
lated since the War to permit analyzis
of the postwar period alone and, there-
fore, we have used data starting from
1946,

Consumption data.—Often consump-
tion of food items is expressed in terms
of three differcnt 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, proteins, fats, and other vita-
mins and minerals. When we are inter-
ezted in the demand for &n individual
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eoagaestity, the most appropriste meas-
ure of desnand wauld be the guaniity of
the eommodity being used Howover,
whon we deal with appropates of indd
vidual comnodilies, it s diffioult o
aggrepite different conunedibies if they
pre expreszed 1o ferms of physieal anipe
snd, therefore, we have to cenvert them
inte comparabie usiks, In this sidotiion,
it heromes convetdent te metsore dee
mangd in terms of expenditace or bubtie
tive walper. Also, when sersomplion s
messured in terms of quantitics, aggre.
gadion can be made using index meas-
ares of consumption of iedividual foods.
While somganng the feetd in the con-
sumption of sommodities, #% 5 possible
to obtain diffsrent divections of trend
from: measares of eonmumption in ferms
of guantitles sl expesdituces on we-
ot of the infloence of price move
merts, Se long s the dessnd owrve s
dosnward Zopleg, & decresse in dhe
prive will cause an increage n guantdy
eotsened, resniting i iy upward trossd
Whether or net the trend in expenditins
alag shows the sane divection depends
upon ihe slestioily of the cpmmodity.
Uging the slasticity theorems {Basmad,
1963 B 1V, *H 2 demand curve has
shusiicity less thon uniby 45 s inelagtis),
a rse it prics will incresse consumer ex-
penditure and vime versa ” Alss, i the
curve has an slasticiiy greater than
unity fit 13 elagfic}, a fali in price will
ierease ennsiliner expenddurs and vice
versm.” In the present assivels, our
ehoice of the quantities messarsd in
termis of physical unita as the messum
of demand wes bassd on the following
congidarationg: {1 in most oases, we
were intsrested In the denead for s
singie commodity and, a3 zuch, sggre-
gadon problsms ware a0l Imipovisgt)
£2} ¥y many policy gacisiens regarding
suppiy adiusbmenis in agricalture, we
ave interestod in the nature of changes
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wr qugniitics demusnded rather than re-
sideeation of femily food badiges aceord-
ing to the charges in prices o difterent
sommoditics: {3 demand theary speei-
Bez quantity consamed Ay & functics of
prizes amd other variabbes: and (4} sinee
the expeaditure on & cosenodity Is the
produet of iy prive and questidy con-
surtd, melusion of both eupradibure
sud prices in the sme epuatios ey
creale spme stadistienl wodlems of astis
i,

Quangity dela s availabie st difaront
levely of the pmyietiog syster, {usie
tiiy produced and quantity consused
dereestieally sre availahde ib separate
talndaiions. In our study, we were only
interested b demestic congumnpiion and,
therefore, we have used dzts vorres-
panding o demestis food consusngtion
alone, Most of the per<apits counsgmp-
sies Bgures vsed in this sindy are taken
from Hicmates {1968],

Trends in ssomadity sonsmmption ..
Treds in peesspita foed consumption
is svaiable in Hiemsas (1563, pp. 715}
and galy & briel diseassion & given here,
Consumption. of beef and poyliey have
increased ecnsidevably during the poag-
war period while pork and veal consump-
tion have dechined. Lamd consurepiion
has remsined faiyly siable. Per-oapia
eonsumption of egge aud fodal dairy
praduets have declined; those of pro-
pease] froits snd vepetablen heve ne
srensad ab the sxpense of fragh froits and
vegetation, Consamption of total fats
and aifs have remained Isnizly stable and
the conmireption of total ceresl produsts
hag dropped. Ingronzes In consimpiim
of imatant cofise bas offset the deciine is
the consmmption of reguisr collee. Thess
trends sre shown in Agares A-1 ws Adld,
Figare A~15 gives trends io actual por-
eapits fnod sxpanditures (undefisted;
scd rrxpenditores expressed 4% B per-
sentage of permonal disposble income,
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Appendix figures A<l 10 A-l4 Hinserate 194061968 nrices for selected
counnodities, and thelr pes-capita consumprion with frokection o 1938
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FHEL AT Bugar
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Pounds

Cents Per Pound

Retail Price
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Fig. A-7. Frash froi.
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Part A:

Retall Price

Dried Fruits (Prunes)

Consumption Per Capita
in Pounds
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Fig. A-?. Driad fryit (prunss}, frozen fruit, and fruit juicas.
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Retail Price
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Fig. A-10. Frash vegetables.
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Cents Fer Can
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Fig. A-11. Canned vegerakles.
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Part A:

Price Index:

Frozen Vegetables {Price series from French [1969] relates to
pracessor level).

1957-59 = 100 Consumption Per Capita
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Fig, A-12. Frozan vagetoblas ond dry edible beans.
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Part A: Coffee Consumption
Retail Price Fer Caplta
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Fig. A-14. Ccffes and soup.
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Percent of Food
Disposable Expenditures
Personal Income Per Capita
in Dellars
26 520
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Fig. A-15. Food expandilures: Acrual percopita axpsnditures 1944-1958 and expenditures as
percentage of personzl disposable income. (Source: U. 5. Depariment of Commarce as reporied by
Hlemstro, 1969, p. 181.)



LE5

Prieas. —We hawve used sefsil orices
(el and guarierdy) for oldadning the
demand relabiniahipe, and prices ot the
farm level fommusl and qoariedyd for
abtaining the mislionship helween re-
88 prices and iaem level prives. Annusl
data on retsid prices were derived froms
varigns reports of the 1. 8. Burcen of
Labor Btatisties {1863}, and annual deta
on farm level prices fram the USDA
report oa farmaretail sprends (UT3DA,
19651, Quarterfy datse on both reiall
prices and farsvlevel priess woro derived
from varioue isaes of wmacketiog sed
tranapartation dtustion (U84, 1835

Trends i relsdl pricws. I genersl
prices of meet somunodities have ine
evensed. Howsver, tiwre was substaniial
raduction in the nriee of posliey. Alsg,
prices of 1oe emearm and benanoz bave
declined. Prives of coffee, marganue, and
eggs remsined feirly stable. The highest
inereasc of retall prices was experienced
by fresh fruits sed vegotables. The
trerds In priees for mgier commuaditios
are shown in fygures Af o A-i4, These
prices ate iz setusl ather then dofsied
vaites.,

Defiaton of pricas. - Time-acries data
an pricox reprovent the nolual priecs
aach year. The price level i & given
vear & influessed by sopnly and demand
faetors alwg with changss in genersl
prive jevels, Diffeveny appronches have
heen suggested 1o rmove the effects of
inflation gnd deflation in the economy
from the prices reported:

(i) A genersl aporoack to remove the
effect of ihanges in price level i« to de-
flate the absirved deta psing the ron-
sumer price index. {For problams assosis
ated with deflafion, we Foote {1558) and
Shepherd {198% pp. 135-310

{27 & seeond approach B o inehide the
genessl priee vel ax a wepsrate variabic
in the regression eguadies, Kub and
Meyer {1958) sugpent differert criteria

flrgrge and Eiag : Fongumar Demand far Food Conmedilics

e dotormine whsther the data should be
defiated or the deflaser should be ino
siudeod s+ 2 separate wvariable in the
Bnaivsis.

{3} Waugh {18984 p, 11} sugeosts thal
when the saelysiz copgerse ondy fwe
varishles {ihe gquaniiity consumed snd
some kind of deflated priems), “i may
often be convenient to deBaie by divid-
ing prices by tonsuner iiome.”

As Fhepherd {19463 poiuts outh, no
standnrd bechmigue of defation & eoplie-
ablz to all probiems. Coonsidering ihe
merits of all the shove three sppromches,
while ustng timesevies data, we have
totbwad the peastics of deflating prives
and weorss by the couspwer prive index,

Priva- quantity relabionships arp zintic
i gt sings we bave asumed that the
wacious sowiivicn s rema in the same over
thy duferent years. Stochasiic elements
in the coefficients, and other dynamic
furtors can be incorporated only with a
number of sstimation prohlems and the
targe number of commoditios incladad
in our aneliysis preventsd us from fotro-
Jucing any dynsmic conmidorations. We
oonid omiy lselate the shown eifeste of
Hroar tronds,

Marketing marging

Frr the purpose of thiz study, we have
defined wavketing margir 8z the diffor
cren between ihg prives paid by cou-
samaers and the prices Teceived by the
produrers. Thus, the data coreespond
to aggreests price spreads in the sense
producers, Thus, the dats correspand o
agpregate priec spreads in the agneg
that they Insinde wrocessing sharpss,
handlag chsrpes, and profits eagencd by
Fflerent markoting apencies,

A statistica]l pose on grouped-data
regressions:

Cotsider o general linear model in
whiels the dependent variable v is 8 futic-
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tion of % predetermined vorebles X; and
an error term u. There ore n observa-
tions. In matrix notation, the model is
expressed ns:

Y = X5+ u (LG4)
The assumptions required for estimation
are the well-known econditions, Q, that:

Eluy =10

Eluuw") = o?l,

X iz a set of fixed numbers
X hasrank k& < »n.

{165)

The estimate of A is given by § =
(XXX .

In the case of two variables, the re-
gression equation can be written as

= « + 8K, + U, {166)
and the estimate of 3 is given by
2 (X — XYy — 9)
== (167)
2 (X — X

1m]

Often, in cross-section analysis, the size
of the sample is large, and it is difficult
to caleulate the sum of squares and sum
of cross products of the deviations in
{167) for all observations. Also, most of
the published dats give the averapes oi
a number of observations after grouping
the observations according to eertain
characteristics, Therefore, it is impor-
tant to examine whether the prouping of
the observations introduces any hias iu
the estimates.

Qrouped data.® —Now assume that
the n observations are grouped into k

groups with ry, ns, - - -, ne observations in
each group {ny + 2 + - -+ + np = n).
Alse, let X.; and ¥, be defined as

X = ith obgervation of X belonging
to 7' group &nd

yi; = 1'b observation of y belonging
to j*™ group.

The group averages of X and y are given
by

2 Xy

X_J' = '1'-l _
{.j = 1: 21 "'!k)f (168}
E} Yoy
¥i = n,

When & regression equation of the type
{164) is speeified for the group means as
varishles, we have

=« +8X,+ ¥V, (169)

If (166) satisfes the @ sssumptions given
in (165), 7, will equal

E(¥V)) = 0and
{170}

2
Viv) = —.

H

U'sing the least-square estimation pro-
cedure, from (169} an estimate of § can
be obtained as

* =
E (XJ - X;}(ﬁ; - ?j;)

b = {171}

x =
3 -

# This section is partly based on Malinvaud (1966, pp. 242-48).



T3¢

whems

=+

=i E wd
= i .
Bom = X5

The exprerded vaioe of & wili be the aame
as F and, hesot, & i an wobiased Lovar
estimator of 8. However, the variance
of the estimates will be diferent in both
cased (Lo, ovymg original data and
grouped datsd, The exient that group-
ing cauaes loss of pracisien will depend
apge the varmbiliby withic groups. B
poesibile to group fhe obeecvalions in
such a8 manner thet the laes io precision
is braught io & minhyum For exampls,
the {ose in presizion b sero when all the
¥ values within & glven group are ihe
swine. However, this smay he difficsls &0
achicve in pinetice snd, thersfore, {he
next best thing W 10 ohinin groups such
that values of  within » group are close
tegether. I the sample is designed to
have the seme number of abservations
in rach grouy, the observation of ¥ can
be srranged i an ascongding o degsond-
ing order and then male the & (/)
obmervaiions 5 Tl in the Bret group,
the next {n/k) shesrvations to Bl o the
second group, -, and the lsst {n/E)
chservaiions to fall in the last &%)
group. I it is sob ecesssry ie hove Bx
squal number of observations jn eaeh
group, and if the total number of desired
groups is givan, it is poasible te form
ciass intervals of y and to cbtain a fre-
guenoy dissribution of ocbarveitions be-
jonging to sach group 1o derive 8t groun
LYATRges,

From (17, ¥ can be zeen that we
have introduced hotoroskedasticiiy as »
ronseguense  of grouping the data
Though the origise) deia wors assumed
te have humocswedasticlly, grooping has
indussd heterpskedastioity, Te estimate
bhe parumeters under such nduced heie-

Searge and Hing @ Donsumey Demend for Feod Commadifies

roskedasticlty, 1% i= possible fo use Al
ker’s genemsiizad loasl-squares masthed
Sinen the wavignoss are ohanged by a
muitiphe of the aumber of vhservations
in each group, this provedure reduses 16
5 weighied repression  {Draper and
Srmith, 1968, pp, 77-81),

Weiphted rogression —In the usn of
Altken's generadized lesst sguares, the
estimates of A from o mode] ¥ = Xp@+
U whers £(0) = 0 and FUL7) = #°8
¥ given by

7w (XX XEy.

In the saws of gronped dals, using 7

“mlm -
i1}
1
Z = e (172)
L
N
Therefor,
b
. g
It om S

£

Hines X i known, the eatimates can be
shtgined gz

e (XX YTy,
Ie partielar, i there are ondy bwo vari-

ablezs having 5 relationahip of the type
{160}, the patimate of & is given by
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;Z_ ni(X; — ?j)(ﬂj — ¥

,Z' R;’(j:;' - -fj

{173)

which is of the same form as (171} except.

COMPARISON OF REGRESBION COEFFICIENTE OBTAINED FROM TWO

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-

suits of interest.

Statistical Tables
TABLE A-1

SPECIFICATIONS WHEN QUANTITY I8 THE DEFPENDENT VARIABLE

logeg = a & &lagy

135

Commodity
4 |3
Beef.. — .6 -yl
[—7.d) (9. 10}
Veal. —&. 1K .651
—14.29) (7.98)
Pork. . . ... - 273 s
(—4.48) Cal
Lamb and mutton —3.2H i
{—15.54) 1.3 1]
Chicken, ., — .04
{18 {=2.19)
Fish. .. ... ... .. - 247 -
[—1.84} (—1.24)
Turkey. ... —3.8i3 86
(—7.99) (5.00)
Egin. ... ... — 7 — A
— .48 {=4.01)
Butler....... =17 (260
[—3.53) {3_06)
Lard ., ., 2. B2 —1.m7
{4.85) {—8.70)
Bhoriening —1.088 e
(—5.71) (.30
Matgarize . . . . - _5UR - .
[—&. 60 {i— 2N
Baled dresming. ... —1.7T09 .
(—1B.27} {8.47)
Frogh milk.. ..., — . THD a7
—9.45) 13,99
Evaporated mille., 1.166 - _}la
{F.14) {—5170
Chepae...... . —t 183 227
(—8.H} (6.8}
Tea crenm. ... .. ~1.484 kbl
{—23. 55 {1568}
Potatoes ... ... .. I [ 1]
[1.1%) {54}
Bweet polatoes, . .. M4 - 604
£.18) {(—~3.80)
Sugar... ... .58 — 100
310 (=137
Corn eyrup. .. g - 706
(2.18} (—E&.7L)
Apples ..., - BT 142
[—8.7¢) .7
Orangea ... ... —1.002 297
(=813 480
ananes - .TB 136
[—0.04) [CR:LY)
Canbad paschen — .8l o1z
(=8, b} {.35)

lcpg=a' +8 gy +c loce
a’ & = et
— .62 225 219 Al
{—6.00) 11.45) . 18)
-7 08 228 1. 085 N
[—14 .47} 2.5 (1,08
— .3l L - o 2B
{—3. IR} .71} (—1.70)
—3.412 a4 — 1. 468 .
{15.17) 15.45) (=2.34)
— - .o — 182 43
(= .17 {—. [(— .40
— B2 .0a2 ~ B&Y 34
(-2 12 (.88} [—1.74)
—3_M05 757 o] T
(—B. 52 [2.17) (8]
— 26 - 073 R B4
(= .41) {—=1.70 .02}
—1.77% BVR - 013 B
(—7.2 (1.78) [~ @)
2,040 —1.484 o1z K-
(431 (—3.42) {. 40}
— an - 208 1._531 .38
(=3 8 (—1.1T (2,20
— 513 — i .18 .0
[—&. 78} (= .7 [H
~ 1601 (122 781 87
[—3 08 3.0t} (4. 80}
— .3 .2n 41 a7
(=0 38} (5. Td} {1, BB)
1. 007 — 4m 508 .74
(3.21) {—2.82) (.50
-1.97 ¥ L] ] )
{—HB.57) 3.2 (= B3}
— .4 ] 02 K]
=20 23] (BB} (..
18 — .2 ATT B4
o[98} (1.3 f1.99}
207 — 1M B i
.48 (=243 (.78)
A - 27 518 i
(& T8 {—3.50) (.67}
1 ] — &M - .78 7%
{1, 70} [ 3] {— .42)
— HS Lig - _131 a2
{—T.95) 2, Bl} [— 4B}
—-1.mk 12 508 12
(=5 B (109 (1.07)
— TR 144 — 1% JTd
{—7.87) (2. 26} [(— .14
—- — 0L5 a8 .m
{—T.44) — 1% {.59)
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TaBLe A-1—Continued

Cuaned pineapples —-2.724 AlS AT —2.8%6 34 —1.10m) .72
(=19 05} (4.4} (=915 2 19) {—1,3%

Dey fruits... ... —1.424 — .oq) 1 —1. 858 A —1.923 B2
{—4. 63} (= 32} {—7.00) {2.30) [—2.M)

Fropen {rodts. .. .. —3. 55 A4 JEZ —3. 547 . 185 2 078 .92
(—12 50 (8,31} (=15.G3) {1.58) (3.32)

Fresh tomatoes. . .. 1.0 J161 67 —1.078 2 — 53 76
{—8 48, {4273 {—9.36) (3.7 (—. 1T

Frosh beans. ..., .. a2 — 491 9L . &34 — 3EB — Al .42
{4.19) —{3. 7 [3.51) [—3.63) {—b 0%

Onions ...... ... — .M L] L] — TS} .oed - 115 o2
{—7.95 [.15] (=698} {.41h i~ 18

Carrote. ........... - L.436 .13 _Bd —1.8M0 (28R Bk _8a
[—13 &0 (7. 48} (=12 L) {3 08) .31

Letiuea. . .,..... . —1.7mn AH al —1.%98 AR — 195 92
[—13.08) (0. 50} {—11.75) {4.75) {— 4%

Capned poas. ... .. —1.47 L] R — . 005 — .o i) NE|
7. 207 [.94) f=5.322) (= &0 7

Canned cora. ... — .7 it _m — B — 205 1.256 .
(=472 -] {—4 .65 [—1.5K} 12.61)

Canned tomatoes. —1 . 165 .61 —1.30% 14 Lk K|
(—17.5H1 (6. B0 {—15.57) {Z.24) {.44)

Dry vegelsbles. . .. 1.0 — 818 37 1,650 — B4 2 ai
{5.39) (—5.501) 2.99) [=2_36) {15

Frozen vegetahles. =2 B0l BH K -5 B39 Rt — i 41
{=1% 46] {9_24; {—12.0n {4.54) [— AB}

Yheat Aour........ 1.1 — Al N 1.641 — .3l L] g0
[8.44) [—7.76) (5.63) [—3.41) L.

Rise..oooov o o . ] — oS 30 1.3 — .bdB - Hm ]
[3.14) [—5_96} (2. E3) (=2.81) {— .20

Breakimat ¢ereals. . - _AG6E OBG 48 — i L — HE 68
{~=10.A8) {2,870y {—12.§4) (3.32) (=2

Cornraeal......... 2.5 —1.0% mn 2.4583 ~ B85 — BB (BT
(5.92) [=7.81) (6.08) [—3.13} {— 8%

Colfee...... ..... — _7OB JHT .36 - BEZ J144 — ARG . 75
{=il.75) (2.19) {—~17.80) (4. 68 {—3 5)

Baup. . =1.247 ) 13 —1.208 ) 572 ™
(—5.98) {4.93) {—8.78 {1.18 (1.5
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COMPARISON OF REGRESSION COKFFICIENTS OBTAINED FRROM TWO

TaBix A-2

BPECIFICATIONS WHEN EXPLENDITURE I2 THIE DEFENDEXNT VARTABLE

ge=a+4 Almgy

Commodity

o ] H?

Brol. . —1.18 L R
{-9.03) {9.34)

Yeul. -5 615 ] Rt
(=14 TR (3 34

Park. .. — & .1an R
[—10.6R) (T &3

Lamb ard mution —3 26 AT .7
(—10,51) {6.8%)

Chicken. . .71 KL AT
[—11.3%) (2.8

Fiah.. . 1.1 140 46
{=4 98] {2.74)

Turkey . .. —4.42 . BHY L
f—1L.f2) {7.16)

| T . .B43 — % 12
£=12.11) (=1 11}

Daytigr. . —1,514 ] (Bl
(=& &1 {1.4)

Lard. ... . 1,553 —1.2 i
(2 35 [—5.05)

Shortening -1.443 A0 .
(—~5.46) [(— A7

Margaring —1,32% K L) Al
{=20.55} (2. 4K)

Balad dressing. ... . - 58 K 85
{— 2762} (13.77)

Fresh milk. ... —I 35l .49 B
£--17.78) (14.4%)

Faeyporated milk .. . 48R — B0 Al
(1.50) [ =di. 2

Chaeae. .. ~1. 494 M .7
=140 15.758)

e orenn —1 953 _334 _ol
{—i7_A0) (5. 56)

Potatoes.. .. ... — _H1 L 18
(—11 58 (1.42)

Bweet poLatoRs. . -1.325 - 283 .23
(—2.9%) (=105

Bugar.. ..., ——1F — 174 T2
(—4.42) {—4.B2)

Corh syrap. .. L. | — 5 il
[ .50} f—5.74)

Apples.. ... =1.841 207 N1
[— 200106} [7 7y

Oranges —1 583 193 .51
(p.063; (3.08)

Badunsa. ... .. —1.474 NEL] .70
[—17 .10} 4. 56)

Canned peacher —1.807 K i)
[=9.26) .18

Canned mneanples —348 AT TE
(—13.22) (5,66}

Liry fruita .. . 1.E0@ — T e
(—8.14) {— .40

Fresh toinaboes. .., —1, 047 TR ]
{=141.83) 6 523

Froah benns — iR - 4 BB
[— .M [—5,13)

DOunions 1.681 032 04
{—15 %} (.84}

Carrats. ... .. —2.518 264 58
=23 38} (B.41)

Lettune —B3.207 8 .85
t—14,48) 715

Canned peans. .. .. —1 42 il .32
(—11.73) (2,08}

Canned corn. L ... —1.742 . iy
(=B. 52 .

lngr=a"+ flogo+ v hgs

atb '3:
1.152 379
(=75} [N 1}]
—3 2 Nval]
(=13.53) (3.22)
— . RELH
(-8 27) 2 00
3.505 o]
- 1
- ™ A2
(= 12.98) 3,33}
—1.188 261
(=7 20 2 19
—4 176 7
{—=10.35} {4.45
— i — 0t
(—10.23} (= .0}
—1.948 254
(—7.77 1 &5
2 007 ~1.317
(257} (—2.65)
—1.245 — 339
(—5.2T [=2.95)
~ 1.2 52
{—17.08) {1.10)
—2 451 o.85
(-32.77) 4.00)
—i.313 Ra )
{—16. 5} 50 H
.511 - 67
(148} [—2 B}
—L.547 315
{—10.R5) (3. 48}
—1.54F 321
(— L5 50 4.4
- 407 - .ME
=10 68 (— 28}
—1.288 — 3K
{—2.02) (— BT}
— A4E —
(3. 80} (=3.58]
— 3B — 40
{—1.1%} (=195
—1 9 .30
{—22.97) {5 Ay
—1.44 L]
{—R 43} [{RETH
=1.7{1 Y
(1578 {2 53
—1. .G 118
§—0.0%} (.01}
—4 GG TR
{—15 i} {5 24)
—2.0% R
[—4.60 i2.25
—1.984 333
f—13.32} 14.533)
— 140 — AR
(— .18 [=3.12)
=1.653 032
{—13. 62 {40
—2 5t5 26l
§—20.98) (5. 43}
—2.774 450
{—14.03) (4.38)
-L.910 .
[—Le.21) { 52)
—L.84 L)
{—8.60} {~1.55;

! Rz
Wi al
[
Rl i
il 16}
D6 &7
38 141]
~1.811 )
-2 50
— a2z A5
{—E {04}
— .BST N.L)
(—1 313
— A b
{— 21
— a7 15
[— 49
— O BE
[— .13
.80 |
{_1B}
1,444 40
[2.25)
— 003 41
= .01
6l Rt
(2.7
| BT
(L.26)
L kS|
(1%
- 359 Bl
(— G}
Lo a4l
[.18)
e 2B
(607
771 M
(.16
473 75
(1.5
— T N1l
{— .78
— A R
(=2 R
— .0 51
(= .0
— 175 71
[— &)
~ . Bdl 2
(—1.05)
~1.4R5 .B?
1-2.47)
—1.821 .51
{—2.E2)
- .17y R
(— )
- 30 &Y
— .E1}
M7 O
L]
s R
1] :
- dH | 87
[l P 1
x 1] I 34
1.45]
1007 A3
(2. 16
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Fapry AT Contivmsd

Loanmad, Srrstoan. ~2.45 L] bi --& B N w ViE L
PO R 1 LRy [ S ] i1 {wn B3}
e enpeiabiles. I3 R ) ¥ ] - 5 ~ 4he kil
Y21 LBl ) (i) {268 e 13
Fromem vegelabian ~d 19 AR B R R 1) i wn FIN SR
{16 0y {205 fm 2. E5) .40 N1
Wheat Boue .. A — HE1 N B — Ah i R
[-5)) {--% &% ! &35 {wd 5T <]
Riog....... ... e - B 41 — 343 P T R N
=3, Ml {533 -3 B3 FSR A ] {m  THY
Breskfnet striade. L 257 R Lt —1 %523 Yye — W "
- T8 50 (7 @ {wlr B ££_57) b
yere mewl .. 1.50% el B R b 54 wj E12 N 4 B
3 47 (R K1) (0.4 =345 Sl )
fedee ... — .7 2 1Y - i e, AR TE
{31 Bd5 (.8} ol 42Y 4 [k, W55
Hawm . el I i Y 1) 3 A5 ;e
il RS 350 (T 95) [l £1 3
Aiffond. . ..., L3I -5 St AL JFE ~ 183 R
15 .08} 3 AE [ K 4 it [~ _44)
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TamE A-3
COMPARIB0OXN OF WEEKLY PER-CAPITA CONSUMPTION IN 1055 AN]Y 1065
(QUANTITY)}
Tocome Group
< nlay 000 — 4969 - M
Camm odity 1

1955 1565 Changn 1958 1585 halige 1955 1965 Changn

iy per gent pounds pircent pounda v cent

Thewe! . .. . N Tk 1.1802 35.42 1215 1.43%% 1B.49 14464 1 B3] M 4B
Veal. ... Lo Rk orh —42 5 L0753 13 —45,81 g 0576 -1
Park....... 1_1061 1.062% — 1@ 1. o8 11167 2.26 .73k 10775 .44
Lamb and meutton. 0080 N 3. H D67 ABS —AT.H 1313 0005 —-43 42
Chicken. . . BN &2 36.95 BT (B2 45,40 JB4T1 T 11,71
Fish...... . 3564 E{S 13. M ok .33se 7.8 Blag 265 0.6
Turkey. ............ 1228 o 7h =232 Al JCET) - & 105 LY -4 .38
Pgegs. ....... ... Ki v A - Qs , BRI (B85 - & LTI 348 —10,43
Butter . . 1B1% 95 — &0, B0 L1882 N — 5. 7% L2462 (1445 —41 .31
Lard . e 12hE 2200 —32.85 1024 1198 16.% 0425 N ~33.18
Shnrten.u:u; ......... 114 il -2 .47 Rl AF: =138 1275 (O — 13 22
Margarine.......... 1z L2438 8.2 0TS 2570 £3.88 L1813 .23 30,39
Balac] dreging. |, .. 1208 1 —~ B8 13 I52E — 70 _1648 173 6 55
Fresh milk.........] Z.51¢4 1. Gped —a6, 5 3.2 22042 =27 50 3,095 2 Aegd — 4.8
Evep. milk.. ....] .38M 3375 | — 4.0 3113 gvEr . —12.58 1688 g | —23.28
Cheese ,. .. . .. .. VENR LET20 1% .44 RN iy — 4 _3472 3887 243
Ice crean . .. ... 207 Eang 14,26 L3 L2053 - B.&7 3784 R UTC 3.85
Potatloes. . .| 1.A48% 1L3HT . =19.1F 1.7764 I.B65L . —11.8D 1.H7R 1,4225 — B.08
Bwreat potetoes.. .59 .052E 3 Nen! i — T3 Rtk o232 =il 85
Hugar.. R .osm N-ri1t —12.78 8132 (BEEE 112 BETD D425 — .43
Cuotn l:rrup N H g0 L] -0a32 i 11.28 K] 027 — B.5Y
Apples .. ... . L 3805 L JORS .80 _B697 JATIE . 1.1 431l 4b41 34
Orangea........ .., 5185 AT 0 3558 6359 a7 =15.41 Bl AR2AT —42.49
Bananas. . Bl43 1 [ I 19,28 4405 Al - 8,72 BB AR ]
Canned pl}'ll(‘."heb L0725 L1260 7w AT .13ED 21,88 Rl 1367 - 3.07
Canned pmespp]es 392 el A i 051 —b7.17 L) AT —37.30
Dry frubt_ ... .. 0265 KL 31T Nl D266 &) 25 L2 G\ P — b
Frozan fruit. . . HE O0Ed —41.12 093 JOL1R —h.73 JH4E 0187 | —B2.4T
Freash wmatoea.. .- 3aea L2TRE - T. 229 (20BT —18.8 A5 AHT | —~T.E87
Fresh besne........ L2082 (KT —10.§1 3 1587 1,5 13 101 —11.05
Crjony, .. R YRR Ll - 114 Ratir o — T 24T (1548 -1, 20
Carrnta ... ..., ..., L1105 1067 =1i.55 1455 Ay —I7.52 24t BT —5.34
Leltuee ... .. .... 2iBw .aai — 7.8 bt MBS ~ 7,58 4350 LART3 T.28
Canned paos . RL] Rk — Lad L1387 L1270 — 8.42 1258 - 1253 -
Canned corn.. ... L1111 1304 17.78 1810 1832 o R N FIL - Lisdh 1.8
Canned tomatoes. . it 1 465 NI QAL 10.95 1258 1435 HH
Dy vogetables. . .. L2008 23 IB.B8 , IRV - 1BER 36 .20 Rl g1 =16.75
Frozen vegetablen. . (e _ogig B1.51 T T S 4 309 2248 2282 ih
Wheat louc | 1.5064 G163 =317 JHR) R ~ 7,38 3925 L3188 138
Rica_ . N 1% B3 R9 D705 1731 146. 63 Sag Nl @#.51
Breakfast ceceals.. 2287 \30ar 3511 2474 R bl 2594 L2308 3391 7.4
Corn meal....... .. BEEY 5171 —I2 46 . 16 (25 59.93 ,9B32 L0340 57,89
Cofes, . CHHT JZIR0 .50 _2261 ¥4 - E 0% =L (2314 - 7.4
Soup. . Ll 150 62 08 2T M7 .22 L2510 (2755 4.68
Food e:pendu.uneﬂ d.5128 T3 13.81 4.1840 BOHE2 BBF 10,9527 11 B35S A.62
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TabBLE A4
REGIONAL CONBUMPTION INDEX (17 85 AVERADE = 100

Fer-papits eomaumnptinn Conmetplion itdes
Commopdity
X, Ry R ' s o R Ita Ra R
Beef . ....... . .. .. 1.6310 19626 1,606 14298 1 65H I 04, R2 112 53 10420 a6 a7
Yeal... .. . 00TH 0255 A6 st ) JHAE ¢ D 6L 52 .44 .01 62,54
Pork ... e 45T o582 1.1M45 11768 1.0542 - By 99 4729 107,35 107 .51
Lamb zod muttan . L L R G 0547 2005 180 0% . 28 93
Chicken . s Wik ,TanT L BAR JTBER L, 101 0K 43 47 a1 G 10911
TurRey. ... DR . RIEEE] 2T Os16 : 1113 117 .63 a5 45 510
Tinh . . e Rl 82 JZB10 A3 JARTT 0 1m) a5 98 ™42 126 2
Eags. S ARTR R:IE , Bs02 BT 5502 ET.23 100 .96 93,34 109104
Butter .. . .. Jdqar s JIeT LD B bl 136.12 8761 25421 515
Lard.. ...... ..... 9§ 027 0n 184 A0, Mz 3G 32 K] 192 1
Shortening . . (0515 [(=411] DT 15 11k 0.4 80 34 24 45 152 .43
Moargurine.. ..., 201z . 2ERY i} _263F 2431 8T 100 3% a7 32 [0y
Balad dreesing._ . .., _l4i B FAT CHTH 1D 1810 ET OR 10er, 13 al .36 IER. ]
Fresh milke. . ..., . 2.0 & fisdl 24511 2 262] I, 7081 1.0 97 0t a2 .04 L]
Evnp, mik...... .., L ) L1043 CDERT _2a5T L1584 BT .45 106 39 47 M 15 %5
Chesre... . . ... 2E L4378 L4053 L2801 3528 1oz o2 124,14 14 %7 7 0
Ioc eream .. _dR2g 1 JATEG R3E 1] ,3GE 1M .70 R 109 .24 ol _f2
Podtoes e, 1.4750 124 1. BE0E 1. 3% 1.4318 10407 812 1531 a4
Bweet potatoen. . . M 0223 N 2H NE ] . 0%24 E2.0a o, 76 7065 155 0%
Bugar. .. G 5360 B £a39 L vOR2 85 13 43 .45 9607 122,69
Cornayrap.... .., 0142 0314 g N L] 4340 0,19 5846 391 28
Freah epplea ... Ad2e .456d AM 3G 8l 1) .21 1\ T 112 1§ Az .50
Ornkges. .. . . _ s -l Al 31T kL 115 H 114 81 106 35 T2 84
Panopops. ... ... . L4350 C4IA B4 _4298 L4407 o5 41 @714 105 57 a7, 52
Cunned peachea. .. 17 (1568 . 1B4B 1250 R R B2 117,05 115,00 U3 44
Cunned pineapplea. 335 0511 JH43 O30k . 145 2 12%.34 1215 TE 96
Diry frmik.. .. .. .. 0M3 JHTY 0295 M43 0303 &0 1% 15408 47,35 A 19
Frozen frait......... .2 0ise ALY 21 Rl 8013 104 29 1721 2013
Freah tomatoss. .. ... A1 3226 2TRL L3902 B3 $2.6 9737 AT .94 114561
Treah beams .. ki JEn 104 L2860 1308 5014 a6 53 7825 18 n
Coioma. ... . L2245 .13a3 1715 1920 _1814 116 .24 111§ #49. Al 100.31
Currets ... ... . 1615 (2335 1EBM 1T A%RD 121 141,81 407 43
Lottune .. ... . 406 . A1TL La0eg L3B5L 108 .39 131,78 10554 7792
Canned peas. .. ... L1350 1 1813 L134] 1248 100,32 .15 725 H7.62
Cunned ecorn. . . . BT} 1597 J1BM 134! 1At BE. 2K 13513 R 5528
Canned tomatoes, , 15490 S1533 il _ 08T I3y 141 .36 114 65 74 65 74,80
Dry vegetables. . . . 051K _0aZé . DREE 1920 Y] 16,08 83,38 T3 .68 171 81
Frozen vegetables. .. 278 Rkl sl L1385 . EBB4 126,22 125 47 8163 12
Wheat flour. .. . .. 216 L2385 AlHE JTERD 4TI 4643 0 97.42 0. 47
Rien.... . .. ...... L] 1% 0802 2M2 BEin 113 .48 3 .01 W 35292
Breskfast caresi.. .. 3201 3T . BAs0 2043 3221 eR 37 17 .0 o2 A5 15
Cornmesl, , . ... L% LT L+ ATRE (1854 1 1E08 3274 236 53 L4
Coffee. ... . . Z3Eh 2234 24588 203 2249 151,74 99,42 14,15 u2.17
Boup. ... . Aty 2971 23RO 1B L2593 11820 115.103 .o §9_60
Total foamd exp. ... .| 1I.9KTR 114145 10. 3664 . 815 10,6418 112,75 107 45 97 42 BY_T6
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TABLE A-3
REGIONAL INDICES OF PRICES PAID (U. 3. AVERAGE = 100)
A verage prices paid Indix of prices paid
Commeadity : T n
e R R Ry s, A i R £y
[ 172 S | A4 Rt (6912 G644 1292 115 i) ag_31 91 78 935S
Yeal . . . e I -] 62 . B 4375 G| 2975 9 26 BS. 13
Fork, ....... .... P B 1 . GABS 6448 (503R T2 112 42 im a2 a9, A2 9187
Lamiby and mutilon. | s RV 15 (RST) R:cxx) 102 23 903 105, 03 104 B
Chicken. .. e Eooq12e 3RRG 3R B4 L] 121.24 106 .36 95.50 at.n
Tarkey. . . . . .. . ... .HIl TR 4048 LA88E 5204 .l 109 1§ 83 13 1M 94
Fiah. .. . . .. J6AED i) Rl A2 K11 115.38 117.18 a9_45 &S5_06
Eges P A 36 AT 4550 L] 11630 w17 41.94 5850
Ruttet L I.Ta6e | 1.0000 e L7143 7142 1016 1400 LI E] 100,01
Lard. ........ A -~ L (E222 Bk _ 2D LAl 124 02 1150 a1.7% I04. OO
Shortening.. - - 11 § _2B&2 AT _2Raz T 11,10 10170 108 i LCE T
Margnoine. ... . . S a0 287 26TE .27 ZRTS 108,35 9937 100,00 95 96
Satadl dressing. . .... . . . 1 M 1L 1] Rk A5 g 12 1. 52 1.0 92 .98
Fresh milk. .. PP - 1) L2082 L 251B 2520 2348 114 EA HORED] 107.24 10732
Hvap, malk. ..., L 106T 803 18aT s (1612 1 41 [RERE: ] 1 41 1 74
Chepsg. . . . . .. B _aid ABYT W7 B4 113.21 a5 6 4.8 10466
Top ereun. ... ... A4 725 ART2 i FREE 115.41 i 52 95.15 A0 56
Potatoes. . . . . .. ... . e 1034 1o 1R KO 4595 .42 %520 108 57
Barcel potatoens. | R - - 287 250} 1708 B LTE 13222 157.15 137.51 [ )
Bugnt. ...l e 112 BIL 1174 L1155 1201 100,41 T VIR 1] o 41
Corn eymip. ... 2 2000 . 2222 1T L2000 10000 100.00 110,10 ;  §R.20
Fresh applea .. ... . . 1540 1748 1Hm BEY: 15 57.17 e 66 W66 ' 872
Drunges. . - - oo - | 1280 RE 1274 . 1058 158 101. 74 112.18 19127 ' M0
Henansa. . ....... . JHGa 1493 CERT4 187 B Bl 11K, 52 LILA 38 | BAD
Cuanned peachea. ... L2282 ZM5 W LiF] . 1451 B4 108, BY W 77 | W08 shad
Cutined pineapples. .. J|o.gver 3125 L2687 L3000 L3076 5505 1015 © BT 87,53
Dry fruita. .. P 3780 EL] Ry 3TN Rl B 73 10000« 1iW).o) %3.75
Frozen fraica ... L] S Ao . 500 5000 4000 125 0 100 ! 19500 JFLY: ]
Fresh tornatoes. ... ... R - 1 2870 R-rl 1] 207 2830 0738 ] 1048 W00 £1.51
Freah besns.. .. A 11 B3 27 1309 gl 1.1 1.8 0 1AM 5.
Opione., . ..... . . . A}t 1207 137¢ 12nm 12690 Yy 15 0811 108,84 100,00
Caurrcta. . ... ... 15m 14 L 2 1538 98,11 .1l I 00 14447
Lettupe... ... ... A 11 1063 L2109 2673 2076 10425 LI, SR 1L 17 1275
Cannel pers ... ... .. . .| 2195 Falt 1851 s 2185 100 O 107,19 3885 0 @m@.1B
Canned corn. .. .. . 2H5 2N RE . 25) 220 92.85 100.00 41 .46 113. 63
Ceoned tomatoes, . .. .| (T8 L2083 e 4 25TL .25 15041 El.0L 108,05 125 72
Diry vegetables. ... ... ... Bk %] L2l LTHE 1 J1EH 124 .43 12755 (SR ] ]
Frozen vegetables... . . . .| (284 TR KL 03 L] 79.50 B3 A | 17B.8B 11925
Wheut flour . . C e oWnET 1074 1o 1084 , i1 Lo 20 1H.05 | 6069 105. 42
Rice. ... o o il 3056 Z363 1 JUM5 107 57 142,43 115478 8757
Breakfast cereal. ... . ] 44T L4322 .A(Bd G ALK 107 &4 104.14 5. 29 LB
Cormemenl.. ... . | oeop (1578 1111 0958 e 247 180, 63 g m . 9716
Coffee. ... ... | Lot La143 L BOaG ST o 167,01 05.29 5114 10415
eup. ... e 2475 2473 1846 22 24T 100,30 10012 62 5 102.91
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Timzr A
LINEAE eFFROT OF TIME ON CONSMNIPRTION
Tomapmdity Ceratail® X Bignife  Totwlaog b 2 Azl Chwnge
[
per rand
Baef . .. . ., gAY 12 Xy BOvETey 107, Wy BN ]
£ ity .
7 SR o TASE ! Re E GTRIEL 9% 8 et
T YRR
Pork . P v - R 1 BE EX- e a0 2 ik,
o THT
Famnd gl tnuline . . PR {m.%?_ 3 i) e .17 i
- Y
rgehen . T .g?;s}& iz b1 TG i [ %]
[ 945
Egas... .. e - AT i 3 L o 4 ol G
P ]
Putker (Model ... L RO 14 Q€5 | hB&tIa . 78 R |
o BEEH
Butier Model i, ... . - D155 12 & 1. §¥asl LA i B
fwiche odbe). o o L L L E ke
Taad Medst 15, .. .. . - ;ﬂm?‘i; 15 g 1 pTTRRN ™ - T
EERE {m.ﬁé:aésé 12 7 § amnde 5 ot 1
W LY
Meegmeine, . . ... ﬁi'm 3% HE O i b e ] E 3
Bing AL . . L. V?fm 2 ¥R, adunen g By 508
FEPE. <
Mok . W.Maéﬁ oo« WA D LomE ¥ M ol %
R
Eerwpsmbed itk .. 0 . e SR 14 ar 154300 .3 i M
i F35d)
L) T o MR 12 & 7047202 164,30 4.0
(1. KT}
Jeamssin. . . ... ... - G248 i a 1 BhEags 37 85 ot
£, iz
Pommfoem........... ... . . L 7 _m@ﬁ;&;%t 4 B [ . &7
S g H
Fower pnisdoee. . . . . .. ., o FESERE 14 b [ )12 o 3.2 il b
£ f GRS
Bagar, .o . i e e S it #h # s it g I8
£ i ]
L R e e - e s o DG 2 ER £ T oY, 88 -y
§o B
Appib .. el L W'mmix!f i HE 1BEE b= ot B
{= B
Banatfs . ... . . .. {.m}m CoE M PR 2. 5m
N
Otlaen.. ... . . o, TR 12 NE . 95mea] Y] ]
{ond B0 H
Canned pesehes - f&;xg 15 k3 IR 20 0 PR 8
HEH 41
Cumned siotapphe . ‘_».mg " 5 v ® .18 ¢
fow
Ty fdw e . o e dpbm 7 & 1 05 B840 k4
FE 14
Taloges. . . ... L .. KLk g ®E 5 UMTED S 503 1)
£1,7508;
Toouhbode.. . . . . ..., . C L TR 3 Mg HR- 5 ] §5.43% wl B
fod A
Beang . . L e O 2 & [t 5 [ 3 57
(e dh A5G
I v o e bilas g b 000188 1900 o
L Adpy
CRrral ... .. e e SELGHE [} ] [T ¥ iy 4R
[k HRIBE
Costia] posm Lo o w JEETTE 8 B £ GRS 2% ¢ ] PN
Lo 5 BEAEF
Eatmend M . mcgg;} # NE R ] wed, 34
e !
Prey wagstaliin B, (-«.W 3 5% HE o R b BB
Whaat HaaF . .. L. ol o 13 ar LHiME ] BTE ] ey
R
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TakLe Ab—Comirnued

Rite. ..o | NSAZ 13 ek 2 00MS2 101 .39 1.30
[.3868)

BreakTast oerenls, — K6 12 N3 1.599334 o 58 =11
(— JRl2l)

Cormmeal, _............ . .. ... ~— DOELIE [F] 5 1.991888 08, 14 =185
(—2.0877)

Coffes. ... Lo — OO0 12 3 1. Fsal 07 .58 ~2,14
| (=1 8676)

Soup. ... L LUR R 12 B 2z 1. 70 2.7
i (2. 3268;

" Figutes in the parentheses correapond Lo 't values, o
t NS = non-sigmticont, 5 = sigpificunt st 10 per cent level, 8* = significunt at 5 ber 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 eonditions on demand funetions in the classical
theory, followed hy the modifications introduced hy Frisch and by Barten.

Classical model

Conditions for a maximum.—The Arst order econditions for & maximum for the
n commodity casc arc given by

Uy —ap; =0
(Gg=1-+-,n (174)
y—gp; =0
where

[7; is the marginal utility of commodity j, p and g are vectors of commodity
prices end guantities, ¢ is consumer inceme, and x 15 the marginal utility of
income.

The second order eonditions for a constrained maximum are that the Hessiau
matrix bordered with prices has principal minors alternating in sign starting with
negative (that is, the bordered matrix iz negative definite). The Hessian matrix is
designated as 4 with typical elements U, = 517/ 8g:dg,. This is & symmetric matrix.

Efect of changes in prices and income.—The goal of demend analysis is to
determine the efiect on quantities consumed of changes in prices and income.
Small departures from equilibriumi may he 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 & matrix of price slopes where a typical element is d4,/3p,, g, is & vector
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af oo slopes sueh gy 470z and T s an igentity matrix. A typical elegenz

i she A mateix b {4

47 vgag,.

Thin systern §s sobved for prioe aned nverme slopes by obiaining the byvere of the
Bordered 4 matric aF

i i B f “ f
s - A | —p M { 0
: : ] {1783
N P X g P8 ¢ P—i
- " - E -
e [ 2 b2 .k K P4
[ i t 1773
. Ap i b’ - 7 [—1
whers the mverted hordered 4 matriy 1= desigraied a5 8 hordered B mairix,
We moy evaluate an inoowms change from (178} for 5 [ypizal slemunt ae
24 g {178}
“fi.f
Bimilarly, for a priee chaope, we have
dee ,
";:“{i”“ w B3 e by {15%}

B3

Butmnirutiog (178 in {1790, we hove she Slefshy wyuethen fn which the fisst serm
ia the subatitution ofoet snd ihe second s the ineorme affect or

B By — o M :
o= By — gl £ 150}

The symmetry of the subudtbdoon sfferd may be proven i loliows. Tho hordersd
A mabyix 18 syminetrio or
iiffi w2 i‘i;(u {181}
Ary élement in the bordersd B mmtriz, obdsined by inverting he bardered 4
mutrix, slsc 12 symimelrn of

Ay, = Xy or {182)
K;‘_a = Kj'; iiga;'
where
o o 25
Ky = ™ G e {ES*}
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duy o B4 3a 4 -
i Tl el SN PR {155
i Yy T a T Hes

Uonverting (188} indo slastinities, the relalion Botwesn goy W0 o7of5-price siss-
Sizition iy given by

+

W,
Bip # Py TIZI;T‘( ooy - g (188

The mwn subsfstulion effee! adways is pegative 2 win be zeen directly, The mar.
ginud wiibiby of meomes, X, is slways positive. Considor the term, Ko = Bk The
value of B i otdaimed by dividing she eofagbar of the beordered Hesslan iz
(& ..} by the determinant 1. T sign of cofacter 4, must he opposite 1o that of
I sinea 5 s of exder = -+ 1 and the cefactor ia gf order 1.

The Kngel aggregalion may be geen from the condition that the inverse of a matrix
raltiplied by a mateix equals ey identity mairix or A4 = Tor

g - l‘ ! _l 7
B [k 4 l—p H G

z ] RS | 187
B P g | by ; U_ x i

Enge] appregation stetes the pricewweighled sum of ipoome slopes cyusde ope o
Hent = | oy

= ?s‘?.f;f =1

whte
b 13 the vector of income slopes,

The aurnot aogrepation stetes thus the price-weipghisd sum of a giver eohumn of
Frice slapes eguals the negntive of the budget proaporiion or

Bleg =0 ar
{158
Pt N
whers
the elements of the B mabeix are compensated price slopes.
Uising the Mlotsky condition {184)
1] BT f1&n
Ku g, + @ &ﬁl 1188}
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wi TRRY axpress equaiion (18B) as
il Bey
? Epr= g, = D f194
PP, T IV 5

The saeond term is the Fagel sgeregation or

S0 We Yewreite (1)) as

e .
}: ix R F Ig...
P 5, i (197}

Frisch triodet

Frisch startz with the Hrst cxder sonditions of utiily maximivation specified in
ergiations (174).

Vdguw g g ~Ap; =D (5 =1,2,--+,m} {33
whorp
1 = g;: and
¥ FG v — Pagw = O {183}

The dersrend functions een he represented sy

g5 = gdpn B o P Wh {154

As befere, the demend sasticities w.rt price (g7 and ntome elasticities d2) ate
defined B

ﬁ;_iz%'& and

b TR I
(195)
Ery ™ ?j& L (6,5 = 1,2, -, &%
EE I
The proportion of expenditare on the o commodity s denoted by
A 3-;% 1
o= FE {198}
The margiasl wlility of meoney, N, s defined as the cormgnen ratio
Eﬁ’! lf.'r:g U.g
hmmv::mm...gﬂm_ {iﬁ
By i Fa #7)
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Since ugility, by definition, is a funetion of guantities sonsmed, we have
Bem= il o0 2ads {168}
and the inverse funotion can be writtan os
g = gidT, Loy T} (= 1,2+, nh {168

Now Frizeh defines utility sceelerators, want elastivities, and money flexibility us

¥ - Qﬁiw L (uility scccleratar), (200}
0 2

do = ﬁ%ﬁéiﬁrﬁ} B {wan} elgsiisityl and 285
H e

. m 2N F {momey Hexibilityl. §

By ene ¥ (202}

Eroo: {375), we have

2 iéf_
{4 ] = iIM i, (23}
2y Ry ]
or
ETIE T Y e
U - - V|37 P
H ? ! Qrg - -4
2o O i .
el ol R . 04)
ey Ip By (
W o U — pud { OX 2% A :
RN 28 B ) IR T ¥
0 by o
Writing the £raf sguation in full,
IR0 W N N
fig oy + =+ T Ao Pt Py X
o
gt by L g o
aqi @i B "f" agﬁ gz?.: pi a?i'é :‘: ‘31"

CALER TR R 1) #op E o da, B
o U o é}!a+ +5¥s 7 g 8 P"?Fi—l_z
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Using (195), (197), and (200}, (205) can be expressed in terms of price elasticities

and utility accelerators a8

Foen oo+ Figin =1+ A

(206)

Similarly, expressing all the other cquations in (204) in terms of price elasticities,
income elasticities, and utility accelerators, (204) can be rewritten as

* Ean€ny
hl .....
where
- 9P
) ap; b
From (207)
e ' 't Blafy Fu - M1 4+ M k
= Mol
€ai * * * Ennflay Fn‘l " an Moo e

Now Frisch shows that

therefore

From {208} and (209)

=1 R - YA T an - o
€al * - * Ennfay Tnl ~ "
Therefore,

Further, Frisch shows that

st E1n€1y

{Fn s F.‘n:| |:€11 '
Fnl"'an L2

14+ M

[Ft'}']nn: [U'i;']nm =7

[5iflnen = [Fijlim

Fin 1 ‘+‘ :’\1 lz

PR S S VP

* Fpn 3.1 }l2

¢ z Ty a.nd

= NZoi; + vis

Uliry; = Wiry

]= Mol42g e

) A
WY (207)
P+ hn o
@
o P (208)
14 %o
{208)
An qs]
) S
el
(210)
{211)
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Summing over J

wy Z Ty = Z wor;e oOr
H 1

(212)
1
Z Fiy = E W
F] Wi g
From (210 end (212),
By = i Z Wi g ﬂ.ﬂd
Ury 5
(213)

Wy = ¢ Z, W
Summing (213) over i,
E.- ey = ¢ }:1,}_‘_}, Wa i (214)
Using the Engel aggregation,
Z'__ W = 1.

therefore, {214) can be wriften as

i 1
@ = = . (215
ZZ Wi Z-{‘wi Z.O':';')
i ¥ 1 3
From (211) and (212), we have
h - .
ey = j‘ Z} wiri + :—: g5
From the Cournot aggregation, we have
Z we;; = —W; {216
From (211) and (216),
Z w.—()\,- E ;i + ﬂ',‘;') = —w; ﬂ-nd
1 H
(217}

A Z (w E 7is) + E el = — Wy

)
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From (215) and (217},
i
?\,; + Z wa;; = —w, and
I‘\_;' = _(w,' + E w;d,','h.
Frisch also shows that

fn = g Z""i
I

= ¢ —':J_. Z_,: we;;  [using {212)]
W, = ¢ Z_,: Wi,
Interchanging + and j,
wey, =@ Z‘, Wil s
From (218} and {220},
A= —wph — wey, and

= —wi{¢ + &)

Using (211} and (218)

g3 = —(w,- + Z w.-cr.-,-) & Z oi; + o
¥ i

= @y = W 2 oy — ¢ Z Wi 3f Z 7y and
H E ¥

= gy — Wity — w,e,—,? Ifrom {219) and (220)].

Therefore,

e
By = Tif — w,ei,(l -+ f).

In perticular, when ¢ = j,

€y = i — w.ew(l + %") ~

[218)

(219)

(220)

{221)

(222)

(223)
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A zood 1 i defmed as wand independent of gond 3 F & = G Binee oy in the #05
slement of the nverse of Wmalnix (17}, i follows that » = 0 for want indegendent
commadities. Therefore, {222} can be writlen as

Hyp o ""'ii-’;ew(l -+ Eﬁ) . {22a3

Also, i a good {18 want ndependont of all other gouds,

anid, therefors, from (223},

4 [0
[P «éy woree w'_gi%__ — ﬂ;i{’s’u .‘.;?,’
{F25Y

Sclving fur &, brom {225,

& %l"—mwm gg{e‘#;i. (22

Having obtained a value of ¢ from (226, {224) can be used to obtain any eross
elsstiviby o, withost malking any sasumepbtiap bevend o = 0 for that pardicalsy
{7 sombination. To obiain & relinbie eslimate of ¢, we vsed anly the direst price
elasticity of a @ngle goad smd iscome clasticiiles of sl goods. Thus, knowing i
meome dlastivisien, exponditure weiphtis and the divect prive elasticity of 3 sisgle
zormrmodity, ull the remaining pararesten san be ohisined.

The asoepsion of wont independence brposes somplets additiviey of the niility
fanction as nied by Bariea {1964, 10673, Barten nlso shows the &'t are nob
invariant foe & transiormation of the wiility function. Baranse of thess properties,
the procedare for compoting the cormplete set of elasticities, using this approsch,
resirizis us b9 & corisin slpss of uiiliby indicators Barten suggesis an appeosich
which incorporaies & wesker ssmmption gu the wiility funetion—the assomphon
of complute addithrity is replaeed by an assumption of sn almost additive wtibiy
indinaior.

The Barten approach

Barten algo beging his snalysis with the classical model where & given consutogr
maximizer his atility subject to g bodget restraint, e expresses (1751 a8

i p'! 22 4N 4 ¥ 'I

L
7 {E.j - hy —hy i - ?"_i .
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From {237),

[ % Qj [{zzzg; ;;T [gf ;;]
™ By —i h.J} iy 1 it

L RETRUGT - O e {Ut—f)“'p,] [ﬁj M]
};i t‘!i?j ;P; p{{;*}_}m'] ““-i ; —€?

— b3 - "
WLy T = —{tf R ST ~ (B Y

w ky
-1 PTG + ¢
Therefore,
Gy = MY and 9083
Qﬁ bl 3{{}8’}?% it (i:)f}ﬁ?; i % 5229}

Converting (229) inte shagicites, 4 fypica! elersent oan be writter i the form,

i l
'p_ L 0o § By ey

whers
£l i the (Y elomens of (81,570

This ean alse b writies ss

i = % Ve - ﬂ!;%(l + % . {230)

Frraatior {23) i identies] with (222} extept for the firmt term on ihe vight-hand
sde. Earller, i waz polnisd out that oo s 22 wasz not nvariant under trens-
formarions bat thay {¥.7 s invansay undsr srsasiormations. Thus, from a theo-
relizal poing of view, Barien’s farmualntion fnstrnoraies less resizictive sesymptions
than Prisck’s farmnglation.
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