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Thia study aaalyzes the demaad for food commodities ia the 
United States in the pomva.r period asiag both time-series aa.d 
c:roa 9eetion data. lnc::ome-o>nsumption relationships are baaed oa 
data from the 19.S.S aa.d 196.S USDA howlehold food a>mwnption 
11ll"f'f!yt. 

1be analysis of acm section data emplwUlecl: (1) e4'eca of 
grouping obsenations. (2) choke between apc:adiiw:a aa.d qwui­
tities as the dq>eodeo.t variable, (3) e4'eca of howlehold a1l.e on 
inoome-comumption relatioosbipa, ( 4) ahifU in the regnssion co-
eflicieau (inteiceptl and iJlia>me e.latticitie1) between l9S.S aa.d 
196.S, aad CS) regiooal ...n..tioae IA the inc:omwoDSWDption .rela-
tiomhips. 

A demand incerrelatlombip ma.cm wu dew1oped for 49 com· 
moditiCl9 o.t commodity g:roUps e.t the retail .Ievel. Commodities 
were c:lassiaed iato 15 lepclnb.le grcups aad all diner aad a.. 
elaticitia fo.r a>mmoditiet withiA • group were estimated di· 
rectly. The aoa elaaticltles oorrespondiag to a>mmoditlea ouuide 
a given group were estimated through asmmptiom of card.iaal 
eepe.rability. The syo.tbesit of demand .b:uenelatiomhips wa 
achined by the use of rettrietiom o.o. demand equtiom for u 
inclividual a>nramer u suggetted by Prisc:h (19:S9) aad ~ti&d 
by Braadow (1961). Comideratioo allo WU given to me measure-
ment of time ueode on COQIWl'lpGo.D.. Marbting margim were 
analyzed and de.awld interrelatiomhips -were dewloped e.t the 
farmleveL 

P.rojectiom of 1980 cx:>DIWXlptioD per capita w-ere developed fm 
individual commodities and group ~· Thae projectiom 
are hued on a specibaltion of coostant .real pria!S, aogenOUJ PfO"' 
jectiom of .real income per capita, and cx:>ntinuatioa of pat time 
tteode for ciettain c:ommodides. 
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P. S. George anJ G. A. King 

CONSUMER DEMAND FOR FOOD  
COMMODITIES IN THE UNITED STATES  

WITH PROJECTIONS FOR 1980'  

INfRODUCTION 

A XL~IBJo:R Of' STJ;DIES have estimated 
defllll.nd charncteristics and explained 
the factors that influence consumer be-
havior. Individual farm commoditi<>s 
such a.s beef, corn, cotton, potatoes, 
Sllg&r, and wheat have been the subject 
of investigation. Most of these studies 
are partial analyses without considering 
the complete interdependent 1111.ture of 
demand. A notable exception is Bran-
dow's (1961) study of the deIIll\nd inter-
relationships among all food commodi-
ties. One basic reason for the absence of 
a large number of studies in this area 
seems to be the gap between the theory 
of demand and empirical anal.vsis using 
statistical procedures of csti1na.tion. 
Kuznets (1963) obBervcs, "... to obtain 
confrontation between theory and fact, 
large bodies of micro data are needed 
which refer directly to decision units 
whose economic behavior is the object 
of the study. Such <la.ta. a.re costly and 
we have much to learn about ho1v to 
collect a.nrl analyze this information." 
Recent advances in economic theory, 
st.a.ti'ltical procedures of estifllll.tion, and 
testing hypotheses have overcome some 
of these problems. The present study re-
views a few approaches to bridge the gap 
between theory and empirical analysi~. 

1Submitl.ed for publica.tion June 30, 1970. 

These concepts are used to measure 
income-consumption relationships, dc-
ffill.nd interrelationBhips at the retail 
level, and the nature of price spreads 
between retail and fa.rm levels. 

A defllll.nd relationship obtained as a 
result of maximizing consumer's satis-
faction subject to a. budget restraint, is 
expressed as a function of prices of the 
commodities and consumer income. To 
analyze the effects of prices and income 
on the quantity consumed, it is neces-
sary t-0 )s()_late the effects of other non-. 
economiC element~. such as psycholqg- · 
ical, ~ociological, cultural, and regional 
factors that determine the level of con-
sumption of a given commodity. 

Generally, prices refill.in unchanged 
durinµ; a short period of time and, there-
fore, d!l.tn obtained from cross-section, 
surveys provide a be.sis for obtaining the 
effects of inco1ne on consumption free 
from price effects. Hou·ever, within a 
cross section, it is difficult to keep the 
psycho-socio-cultural fa.ctors 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 cro.<;s-section data. Unfortunately, 
it is often difficult or cv<'n impossible to 
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quantify the effects of lll.B.ny noneco-
nomic fact-Ors. Household consumption 
survey data for the United States can he 
used to obtain the effect<l of household 
size e.nd region on the income-consump-
tion relationship. ;\]so, changes in in-
come coefficient over time can be 
evaluated using cro.ss-section data from 
two points in time, and the effects of 
redistribution of income on food con-
sumption can be analyzed. 

The effect of a change in the price of 
one commodity "'ill influence the con-
sumption of al! commodities in the con-
sumer's choice relationship. Often policy 
decisions require estilll.B.tes of demand 
interrelationships and estilll.B.tes of the 
probable level of consumer delll.B.nd in 
the future. Reecnt contributions in the 
area of economic theory and statistical 
methods of estilll.B.tion and testing hy-
potheses have made it possible to im-
prove procedures used in estimating 
delll.B.nd interrelation.ships. In partic-
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 
groups. The estims.tes obtained for par-
ticule.r groupB can be Wled to syntheBize 
a delll.B.nd interrelationship matrix shov.•-
ing all the direct- and cross-price elas-
ticities corresponding 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 syi:;tem. In 
many caoos, only a small percentage of 
the retail prices go to the producers of 
raw materials, and the difference be-
tween prices realized at the retail level 
and at the farm level can be treated as 
charges for the marketing services. Such 
charges are often knov.·n as price spreads 
or lll.B.tketing margins. It can be hy-
pothesized that certain relationships 
CJtiet between pMce spreads and prices 

at the retail or farm lcvelR. It is pos:sible 
to derive the elasticities at the farm level 
from the elastk1ities at the retail level 
based on the relationBhip e.ssumcd be-
tween price spreads e.nd actual pricf:'.<s. 

Considering the a.hove factors, the 
objectives of the present study can be 
summarized as fol\01vs: 

I. To estimate the effects of different 
factors that influence the consumption of 
food items in the Lnited States through 
the use of cross-section data. In particu-
lar, attempts are lll.B.de to estimate the 
effects of income, household size, and 
region on quantities consumed. Also, the 
income elasticities obtained from 1955 
and 1965 cross-section data are com-
pared, considering the effects of income 
redistribution during this period. 

2. To estilll.B.te delll.B.nd interrelation-
ships among the major items in the fam-
ily food budget at the retail level. Here, 
the different commodities are classified 
into separable groups and the demand 
coefficients within a group are estilll.B.ted 
independently. The restraints provided 
by demand theory are imposed upon the 
coefficients to synthesize the delll.B.nd 
interrelationship matrix. 

3. To specify a rele.tionship 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 v.·as speci-
fied that a linear relationship exist;; be-
tv.·een price spreads and retail prices. 
(This specification incorporates the com-
monly assumed absolute spread e.nd the 
percentage spread.) 

4. To specify procedures for projecting 
consumption levels in the future and de-
rive estimates, by commodity, for l980. 
The projections are based on the a&<1ump-
tion of prices held at the 1962-1966 
level. 

The overall objective of this study is 
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to i't1ntribute toward tte ui:derstanding 
af dem&nd cb11ra.cterlstir:s for forn:i !.'fllll-
mudtiiea in the \Jnited Sta1'f1S and t-0 

esthRH.t.e th;; clftt:t of VW'i-Ous f10ttorn on 
the oonsuwption of enmm(lditiw m~ 
eluded Ill the analysis. 

L ECONOMIC AND STATISTICAL FRAMEWORK  
Basi1; Concepts in Demand Theory  

rh" e<::Wl<J::uic ".rawX:'.\·o~k ioc tJ1c 
s~udy of oonsumer hehavit.'f gBner&ll}• is 
thMugh the titrory of utillty-mAxlrllizlng 
ffidivx!UAU. \Stigler, 100&) whll<t oome 
~ciro1. JJlu<liet have att('mpted to n!ll;k~ 
oortAir. gi;nemlizationa baoicd Oll ob--
o;ervtxl <:mi.rJniu hehf>vim- (see Hou-
ths.l<kcr, 1961 ). The purrxroo of thi~ ~et­
t'.·.)Jl is t¢ emphrurire tl'.eoretic..\ dcvf'lop-
meut$ ()( i1npo:rtan(-t for t:"Jlpirl<:al re-
~areh in the presenl e<>nWxt. Therefore, 
!itllne aapt>rh are oinitted Iv-re, espeei-
nlly th.nsc rclated to welfare .wooo1nlt:'!', 
Following the generw practice :ri sta:it: 
eonsumptinn theory, the lx>ginning potnt 
will be the choice problems of an i'ndi-
vidw;.! consumer with _;givery t&st.es, 
atl:mnptin~ to purehase the ioos~ pre-
ferrt;<l oomblnation of eommodltics sub-
ject t-0 a budget rest::nhit.1 '\Ve shall 
tmee nut thr eonsumer theory from an 
a:.;~ point of ~w and i!hoi;.- tLe 
derivation of dema.'ld fune!Jnrni and the 
eoll!ittu.inis imposed up.>n r.hem bv !hie 
ll.115\.ltnption!:! made in orthodox eco~omic 
theory. This i~ followed by a brief de-
i!eriptioo oi the reveal;;~ ~fe:e.'lce ap-
p?Mfh, to 4iow the forma.l equivalen~ 
af the two appn::iac~ 

Preference axioms 
·The stntic theory of t-<1n~u1ncr be-

haviot heiiin~ 11,-ith a ehoite pt'trblen1 
facing an individual consunwr 1'11th given 
ii:'1'ome, prices, ta,;,tes, und preferences_ 
The eonrume:: :S eonfronted \Yith a &et 

of good;, iroir, 1vhicb he is suppo&cd tv 
m!l.ke a <'!\Oire oi it-eins. Hff choice wll! 
be governed by rerta-in beba.viom1 !~· 
Wrs, the 1nosl important ninong them 
bcing tru.t he bl ~B;&_"lln:.ed V:; chti¢se 
llJll!'.>ll!!: tne a!Wrn11ti1•es avalli;;b!e tc him 
in ;;uch a manner that the M.th1f1Ktion 
derived from eDneuming ronunodities 
~:n lhe bro!ldest oon>1e) )s M large &tJ 

p::>O-'li!ie" tHendetf.tln a:iri Quandt, 1958, 
p. 6), 1'hc extent of satIB!af'.tion <lerived 
from a g;v!ln ¥Ct <Ji gvods is a.wurood to 
d('pend 1rpor, Lhe individua!'JJ prefete11t:e 
rf<latio11$ip_ EK>r.,amists often refer to 
thiJJ p-re:erence rclutionship 11.!l fl 1.1tility 
indieator. Because utility ha$ boon fl 
<2entml point of controver:'ly ln the theory 
of oonsumer behii.vior, we ;;he.!l briefiy 
deseribt tl'is c::>neept. 

Acrording to ChipmlW (l900. p, 221 ), 
~utility in ;ts mnst genou1 form hi a 
texirogni.;>l"J.; ord.,ring rep~W by a 
5nl!e o; U.hn(te d.itnension!IL vector Mth 
r~ai eomporwnts unique only up to an 
isotone (ord&r ptt!>!'.rving) homogeruiou6 
~r&nsfDrmation, and theae veetor$ (lrxi~ 
cal r.u~bri:;;) arr 0l'tiered !exk•ographi-
eall;i.-· :ikll dJY>imA! nombern r:>r v.·ords i11 a 
dictinr.ary.~ Ifowever, the historic sig~ 
nifieanet st:t-1tthed to utility hi llflt 
~ctly ;he SOJIW ru; :he abu•.-e defntitinn. 
Por example, Bentlur.Jl'., "'·ho brought tl-,e 
principle of utility into a ptvminent 
position, &fll!umed it to be n. cflrdiMl 
nwiwurc of p!erwure. (See Stigiet, l006, 
and Dorfman, 1004). The fouuder~ of 
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the ti~!ity theory {Jevow, Walra~, a.nd 
Menil!t) ~t«I the eX!nWJ".oe ill util-
ity w; a fact of "<Nn1mun e,xperitnre~ 
and they !lp<);.e (>futility !!!! an abrolute 
m£(Uitnde. \Seoo St!gler, l9tl5, p. S5; 
alao Sarnne!son, l\if\6, pp. 90-00). The 
oorly author$ considel'(!d that the utility 
cieri'Md from !he conlrurnptiou of a ('.Om-
mociity was a fGnf-tioo of the ;f..taLti~y 

oonllurnN alone. TbUll, lf gi, q;;, • • · , q. 
are n il!h'l\tnOOities belonging to ll. eom-
mOOity bundle, th'1 ut»ity functkln is 
expjici~ly written as 

'l'he ,;a...,jlnal llll.lure o:f ti-.e utility fun~~ 
tlJn wa« relaxed by l;illhl't {1892) n:id 
Pareto (18%). They rmlited that, if a 
u~ihty !unetlon re!Whes a maximum with 
s ctl'tain ha<i~l of "",0n1ntodities, tr.en 
4ny ordet-ptEwrving tra.nst'onnati(r.j of 
that funetion a!su reaches a. m&ximur.l 
a.t that particular ba.skM. In other words, 
the Alx!Vt me.ximum invu!ve~ only ordi-
11al pro~:rties. In mo~t- cl tht :recent 
works, thil: oniinal property of· the 
lltiliLy indii:ator it \l~d to aV<Jid the 
restt1;;uve asaunipth.mil of a tatdirAI util-
ity approach. Thetoim;;, htl't:· it iE not 
required that the i:onsu1ncr aw,\;i;tm \ln:ts 
or rn('N!uremenIB of lltility &!!fK•ciated 
with the poosessiou a.nd use of individual 
commodities. Ho\1.°f'Ver, it is teq'lired 
that th<: preference rel&t:Onsh:p 0: ~e 
iudivkluai M.tlsfy the fo!lo\~itg &xioms 
(Ihlbttu, 1%5; Weld, 19$2: and [&i.µ,·a, 
1%9). 

.1riom J, .4.Ui{iPJ la ''Urik (u.r1am oj t0t•1­
parnlnlily, se<! ~ewma11, l9G5, p. JO). 

Thi~ axiom 11.S'>erts that the tOl~H·1n1rr 

fac,,,g diffel'f'nt <;Qrr:modity bnndiea in JI 

giv;m tornmrulity spa<.:o/ ls ubJtt V. rnnk• 
the bundle:;, a<-.,,""rding: to his ordt<r t.f 
pmfe:renct:lL G:'.'t'r> twn bi.Oldler< q< !lnd 
q', ~h., ilAividl<!!.l i5 capnb!e of rnaldng: 
onr of the follo"·ing th:ro~ Ph(1ices: 

(1>) q1 jg prefe!Mi It; rf, ur (q"p q'), 
!b; q~a:<dq'!l.l'f!C(llUl.llyMhtltfitcw (1) 

tnry, <!!: itfl q'), 1>1KI 
(e) 	if .:s not pref0'reri t;; '}', or  

(qtp q'). 


There i$ no sp~ilieati<:•u as to the ext.ent 
to \vhich q' i~ preferred {() 1/1 or other-
wi~E·-only that one is preftrred to the 
otf>Alr or tbat bo:h are eq~aU,y preferred, 

Axfrim 2. ilnh'~ymm<;try 

'fh;;; axio1n avoids any ambiguity in 

th;c prefawnee ordering. 

If q"-p q', it is not posslb:t> that (Z) 
q'p q" hold~ sirnnltaneous1y. 

Anom S. Co!Vi4!f;Ut:y (!! Ranking (Tn111-
8i!irily) 

Suppo::re Lh11.t there aro frll"til 1mnd\es 
\q1, q', and Tl and that the iol\o\tlng 
CTJndition~ huld· 

(ai q'p q' and 
(8) 

(b) q'p q'. 

The ati(llh ,if '"Jl®.'it"'""'1' ~rt~ that 4 
llft of prefH&>ct< relatiooshlpi> 611.lillly· 
illg \:JI ,,.;~Jtisfy the rrJatioi:shlp 
q"-p !f, :\ew t (19!'6) points nut two 
e-a:ie~ 1''here is axiom mt>y not hold: 
firl"t, thero are certain threshold effect;; 
u·hcre "the con1bination Qf twQ gaps 

• J\;!l(IWllJl Debreu '.100*· v t2), the W•m •u~\;' W ,_n;OO to denote,-,, go.xi er a ~~t· 
v'.<hl .,,,nipt.,tely ~paoified ?-\•nin1.ll;, l<'m)Xffby Mill .,,alWfy. • The ~1'1'"'1 vi un!v n Bni"" 
n\ll:l:l.bll:' 4f romrr">rlitie. t. ,,,...,um:!. '.tht 4wmdty cl 11s;· WliJ <>f !he ~-0mm<>diti~s <«" 00 $Of rosl 
nnmbir. A. wbse! d e\¢>twn!~ beloo,,ing 10 tho oommodny 4lf\<fr W reterrffi. to no" "<l4!nnm<lity 
bundle• 

•A @>W'n indh<idw>I dwt n<l1 nrerl t~· r11r.i'. ,,Jl iten;;; tut Jtti!l ';hooe <Jf r~lm-4mx' \-<l hl• C'<-
;>f•ltnti,, 
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MOh t>f uohieh ii; below tlte individual'~ 
threshold (of pteleren<;n perc-o;ition), 
mighi itself be ab<lve th.!it thresho'.<l. ~ 
Seoond, the ~1'Allt buudie$ may >'.':on­
tain nurrerous (i\trJrtOOities v.·~ pref-
erence N)o[lltW11Mip~ arr sti.th thst eom-
pi:mS<.>n 11.nH.mg the ~undlt:S ltlll.\' not br 
pm.mhle. · 

The 11.xiom>l of e0:npara.bi!ity, anti-
symn-.eu•y, and tmno.itivitv are ne<::oo.sarv 
and ooffir.ier.t condition~ fw e. onmple.;, 
Olderin!!, of the commodities in th$ <'Om-
modity epnee. 

An·!'.ml 4- Mm1illflflic:iiy 

Thta r.xio1n Mllll~s that the «iinsumer 
has not e.ehleved Mtiatlon. In the pref-
uence -Ordering, it the tnmn-.od'.ty 
burui!es are mnked in Wt lnen'!'t$ing 
nrtler of p•t>fer'Jn~. the nh'ferenr,c re· 
brtion:iliip r<inw,iris n:.m~toniN!.l!y :n-
e.reaiJng. 

Ari.em 6. C0ttt<&Xi!y 

TOO eonsunip'.Jon ool i~ !'Onvex ;-
Dorlman, PP- 3%--fl7) if, for 1>ny twu 
bundles, q" and tf belonging to the ;;m, 
thli.r W<Oighted !\vetagio li}" + (1 - t)((' 
whero 0 < I < 1, aloo belong~ to ~h<' 
lil!IIW oot. A f\n:idanmr,tal property nf the 
(ortlina'.) otility !ndirnt-0t is l-hHt the 
!i'fliiifercn<'i' curves reph'S'int convex 
oo!Ai, and the rniriima,l prof'('rty of all 
>1tillty indimi.torr l\! qtlll~-cooci<V:ty. Thi! 
a&ltlmptkln of qw;i,;i-ccneavl! utility indi-
cat()!'(I if impo:1.Anf. ,<\.rrow flnd t:ntho-
ven (llml, µ·. 792} have s.lio"''Jl that if 
the uti!lty function is qun.tr--conca·ce 11nd 
mmiotonic, ;he tinml Jiil!t~order cm,dl-
tions are n~ry aJ1d .'\ufficia~ for 
obtaining a. St;>\utio!J !or a OO•l~rain('<} 
!na.Jt:m:.;:ation probl>tnl. 

To ~um up, th" prefer>to~e n::tit>lftE 
mentiooed ln tl,ii,. seetiui enable uu t(• 

delirB wi order-preBervieg. que..~i-cou­
e•i>'t uti;ity indieatoi: wh~eh is nwnc.-
t.<;nie and co~tinu0Us.. 

Co.ncef->t of demand 

The concepts cl demand, as 111".&tetl in 
the middle ui the nlneooenth oo:i.lury by 
c·ouri:ot &nd ~.!puit, were popult>rized 
hy :.ii>rshal:. (See H~$..c;, 1962). l\'lnr-
shall's tbeory focusing on t:-it< qua.nt.ity-
prloo !X'!atiGll for a single cumu,<Jdity, 
holdinij :ntom" aod n!l other µrv:e.t eon-
stsnt, provid<:!d a. detnaild fonetion un­
c\llmpensat'ld for income e'.Tect11- The 
work cf Paroto and Wa!ras foeu':ii'd on 
the more gicnBml ts!le in n·hith All price!\ 
11.nd in>:ome &:1J" v11riabll;. How<over, t~ 
basir 1lmocy l\'ll.~ e!arifled hy Hicks 
(l939), ;n his f11mot5 1na.tbenmtieal 
apr~udix, w!'.ieh expHe,ty !:Ms utility 
theory v:ith den1a.:nd analysis. Hi< work 
<lrhl' UJ' ;lie llJ'ticle \Vr'.tten In 1915 hy 
Siuttky (1952) who di2tmguished beM 
iwren inoon:e and ~ub&it.u~·ion effeer...s 
due to & prire char.ge ll.nd ~ a 
con:pen>late<l a.cod unc<Jmpen:w.ted de-
mru!d function. 

F.;;.rher, it WIUJ llhon·n >hat the .nxiOl'fll> 
nn the preffrof'<:e re;atie>nsltlp ,;f llll in-
dividnnl ton,,-.:irner Wad tt> the exiit.ence 
or a mo:>otoui~ oliier·pre;,en:Jng utility 
indit'l!.tor 1vh.ich, by nRSumption. is a 
function of qu&nti;.les nf cor.un~itie;i 
belnuging l.t> ihe commodity bundle 
<;bow:n. \Ses nlso Kalman, 11168). Th!l' 
l)f;!lui.vioral ax:oms {)f tllfl individWl.! wu­
wmer &re :oueti that hE- makes bls ehoiees 
of the ""mru:Jdity bundl'." •n o:rdtt to 
obtain the n:a.xin1un"1 a1Jlsf;µ:tio11 sub )ect 
(!) this budget lirr:;it11.t1011 

Suppoo.c :hat ti l:'tHl!lt:mf"r 1vith a gi>rl'll' 

:ncn!U(:,, 71, inal-es a ehoice of qu11otiileli, 
q,, q., ·, q., from a co1nmodlty 8pace 
W:ith n e:ements.. 1"hen tlw ;iti!ity fuu:1-
t'.on ~a.n lw ;;peeified "-t 

ff p,, Pi, · · · , p. Mpfei<Cnt thr u:i.i·. priees 
of the~ Nmn:ndiHe<, P1q1 +FM + · · · 



' 

·I- p,,q~ will be tbe tot&\ upenditure .e.ud 
this Niocld not ex~ the ineome; or 

So the cllcioo problem rll'ducr;s. to finding 
11. maximum of U(qi, q., ··,, q.) BUbject 
t-0 the !'eStrieti(m {5). \\~n we rul&.in 
the inequa.!ity $ign in restriction (5), the 
usuo.1 <~lllcuJus methOO of findmg Coll· 
stra.ined maxirr.um bc<;r;mea cumpli. 
Cil.ttd &nd, t11erefore, we have to resort 
to programming techniquea (see Dant-
tig, 1963; Hadley, 1964). QMdratit 
utility indiCI>tOl'll were used in a fc"'' 
studie1 tWegge, 1968). Ji>'.JW(!vet, fo-r 
expltilning the theQtetit:4l oonceptt'.!, it is 
sufficient tn Nta.i11. ~ tqUl!.lity sign in 
{5}. 

The co1urumer'n choice uf q., q,, · , 
q~ will COl'n'EJ'Ond to the quantities ~n­
ni5tent wi.!h m&KimiZ1>tioo of 

U(q,, q~, ... ' q.) 

Differentiating with rnspt'et tQ 1/1, qi, 
· · · , q~ and X, Wt' get the foli(l\\-ing nnr~ 

ma! eque.lion!l: 

(7) 

·h~ 
auui = ;;-·,, 

1"he ny!ll.m (7} provklee (n -r l) equa-
tions in (rt + l) varibblcs (fh, q., · · ·, q" 
and i\) whoo all the pr\emiand lru:wne are 
given. Therefore, undtt ghroo price.;i and 
income, "''e ca.-. $0lve for the quantitiei;; 
tha.t provide the individu&! with ti:e 
high<;>!\t passihle l<'vel on his tmfererice 

r"!Atio1t8!1ip. The !iO!utinns wilt be of the 
Imm 

q, "' q,(p,, ~ ... j p,. y). 
(j= l,2,···,11) {8) 

The quantity pu~ of ui.ch com· 
rnodity is eKp~-U a!!. & function of its 
price, price vf oUJ.er comrr:Qd!tuJa, and 
inc(II!')e; bor.c:<", the reltl.tlonship~ in (8) 
represent a set of demt.."ld f:.u:ciiomi. 

The deme.nd iunetiona (&) obtained 
from (7) lilho!.t'.<l !!fl.ti8fy the oocond-order 
oondltior. o! utility rruu:imiza®n. Heie 
the q·11..ITT-wncavity assumption of util-
ity indit11tcrs playl:! its role. The cou-
d1lfur>1\ ei:pn>83ed ln !1! orJy l!.Bjj\1res that 
the coU-'illll'..Cr i~ nei.th(<l" ;:in the uphill 1<<w 

the downhill side of the preferenee fur.<:" 
tlon; tl>ther, it looves bin: 11t a ~tation· 
ary point, which may ('f)Tnffipond to 

eilhilr a maxirnum or a nlliLlnum point 
<Ji eatis:faetion. The neressary er.;ndl-
tiuns, 8..1 expresood Jn Cl) are suffitil:lnt 
if U{q,, q:, · · ·, q.l is a twice diffmm-
ti&blc qua.<:konc11.ve funrticn in the 
neighborhood of the optimum, This con-
ditinn e;;n be tlab<Jn1.W to show the 
restrictions on the l'l'.argina.l rof,ll -Oi suti· 
stitulion. fl:<'.re we shall uoo the propet--
ties of &mt'AVI' a.nd qu<Wi~u!lCi.ve fune· 
ti-OM. Ttw HeaaiAn :m1.trlx, Hof (/, ean 
00 \Vrittcn wi 

u,., '"" ·,... "" lH = , ' • , 

[ 
[""" .' (/.., 

T"O!" a quMi-<Xlncave funeti<;u, the 
bordi:red Hessian matri:1 (borde~ with 
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the margjnal uti:itie!! au;&q,) will l:&,•e 
alternating ptineipa! rninoro atfirl ing 
with negativti, 'l'herefore, 

(---l)•D,£;;0 (r=l,2,•••,n} (10) 

u, - u. 0 

11od wfa:re 

(j=l,-··,n) 

(11) 

If we r.onsidet R'1Y movement i;,long a 
given iodiffetente turve, the follownig 
1nust hnkl ;' 

and the £!.ope of tlw line tt<ngent W this 
curva i~ defined rot: 

"" u, 
(12)dq, = [].­

Tl:e \'hange ln the slope oi the indif~ 
ierer:ee .;urve ls givm; by 

dq, 

(13) 

IIere the nnmemtor is the Sllmf' !k the 
f ..t-f.. n:atcix in (11). l's:ing the relatiori!hlp, 

(11}, the ~igu of (13! depends % the 
sign of (I, alone. -The relationilhip, (13), 
is positiv-0 if(], > 0 and it i~ negative if 
Ui < 0. Aloo, when the ll:l.ll.!'gital ncili-
tit:S itre pooitive, /mm tbe relationships 
(ll), {12), and (13;, we have the il:tdif-
fer<;nce t\ll'Ve:!l downwatd sloping and 
oonvex to t!:e origir.. This <'.'On\•exity of 
'.ndlffllreCl'e- e,.rvl'!i a&1ume" diminishing 
marginal rare of sub?.t.itutkm. The mar-
ginal rate of sub?.titutiou is diminishing 
whtn we have diminIBhlng margintt! 
utility Therefore, cone11,vi~y af utility 

funetiou (dimioililiing IMrgjnal utillty} 
is $1Jffi<'.'ient !or diminishing :irArgjnal rate 
of ~ubstitution. Ifowe,·er, thi11 i~ not 
necesB11,ry, because the sigµ of the mte 
of chsngo of thr marginsl rat<) uf eub6ti~ 
tntion depends only on the sign of f.l1 &.!l 

long tu <'.'rr.ndit.100 (11) holds It is poo-
sihle fn; {ll) t-0 be trJe even if Uu nr 
U,. or hnth n-11\y he positive. Thereiure 
only ilirninil>l1ing margirn1l mte nf mib--
stitutioo is ;o&;e$t'.!' for &iilf,1r:og a 
maximum of S(,lu!lon in (il). 

1'o su1n up, (j_UQ.'li~onc.e.ve functions 
guarnntoo that if the nftl~ fu,;t~ 
order <'.londitii:.11111 are satisfied At n.~h1 

• 1"'1•«.,,"'-""" """"'" lo ~\mi;! <\Mly..m, repreienl>l t!u! k>eilll qi Ji"il>I>< in lltt ''"mnwdity 
"I"'«' whieh vimide th!!""""' lw<i'\ n! Mt~Uoo. Fur WT 11m-v-, it;. enmi,;in w- U...t 
tw<> oomm<:>d.ty ~fall m:: tiw wnn lnd\ff..,~ ""1Vn if tlw ""'-la ~ffilt ~ 
U.- tW<> bundk.i m"" .,,..;::~Al ..,n..,, '.r/1 -t:. l~ i~ n<A-ry t<>1"-fn><l<:><oe ""Yeardinsl utllltr 
<Ul'l',,m;pUoo in thiio ..,.,u.,., 



'  
point, lt ~nds to a point of 1rui.xi-

mum satisfaction {see proofr in ,\.!-row 
nnd &tr.oven, 1961; Wold t.nd Jureen, 
100il. Then wEl ht> a nmxilrulrn for 11. 

qu.wii...cor.~-1>ve fur.ct.ioo ('VCTI if i~ fi-

hibito inereasing m11.rgi11nl nti!ity \\'ith-
out \·iolating the prDperly (Jf diminish-
ing margina: mW of ~~balitution. Inci-
dentally, this prvporty helps •J.s t;:, 
nl'~ the prefenmw n:lationihip frum 
a mtnctive assumpliM of diminishing 
1narg1nl!.l utility. 

Ret1trietioru on demand functiorul 
The demand fuuetiun~ $11.ti~fy IL num-

:ia of important relatirnPhlps. Hick~ 
;t{f62J, Wold &nd Jureen :I9!i'1), Fti'leh 
{l!.J.59), Bmndow \1961), antl Pffirre 
(Ji-lfilj have surnm:u:i:red tlw prcpe~ 
of the demaud functions Th~ ron-
dlth'lne follow i:-orr. dlfferen:it.tiOTI of the 
6r1~-order oonditlons. 

Homo1eneii1 Condi'&ion (rov.• rc-
stralnt)-The fif'>!t-order oow;ii\Jo!l!l in 
(7;, from whieh demand functio:iR &re 
derived, imply thf>t 1f prkfJs a:id '.oeome 
11,re changed by the &am\! pro;:mrtion. the 
qoontJtv demanded rew.aine ti:u: aa..<tie. 

Ir, tM efl.8e of two wnc.nmditku. tr..e fi~:­
order conditions aTit 

~: [/I - >.p, 0 
I 

'\Ir: - >.p, = 0 (14j: 

!11 - P<'lt - N• = 0. 

Thifo '.ee.ds tf> o. cui:diti'h"l thai 

Whet. lucilffie &.."Id prit{') aw rha.nged by 
1,he sa.mc proPQrtlnn (M.;Y kf. ttw En>t 

:u, 
J 
Iky - kpvi1 - kp,g:i 0, l)f 

(15) 

' 

.&vJaticns {16) also le11d to the emidi-
tion$ 

Sii:.;:e tl:e l:r;;; order .:onditions C!lSen· 
ti&!ly remA'.Il ~~ lillile, the oplim;.im 
commOOity hiaidle iii une.!Wr>!<l Tlllii 
proptr'.y i;; kr.own as fr,e hnmn~.r.elty 
condlt:on, in1plymg ih11.t d&mand fu,.e-
timis are homogeneous o~ degree :I.Ero in 
prl~ 11.nd income. Consider the dttinand 
function fllr a aing\e eomnmdity i: 

L'>;i"ll: Eofur's theorom f0r hon'>ogeneou~ 
f>;11~t1ons nf !tegn:-e ooro, we have 

(t 7; 

C<Jnv<'tting (17) int;;. clnsticitie:s b;· 
dividing '..hroughoot by q,', •;re obtain 

en +c,·i +··· -+-e.,, + e,·, = 0. (18) 

Tbit implie~ ihat ihr direct· ar.<l i:r0~t>­
prh.."t' clMtici:ies and ji:;eome e!w;tieitirs 
11d<l t<> l<'l"ll 

• fil£1~lkities""' :kfi...U l>y t., - (p,!q.)(.J!<,Jilp1!, li.j~l.2, ··,11) 
~.. d (,, .. (!j/tj,)(~,-/fJJ/, 



~1 ~-Tr,.. budge~>"­
~uii is dennt<?d by 

p,q, + Pfi11 +. + p.q. = y. (19) 

It wiL 00 ron,-tn~nt to e;.;prl'N:I (21) in 
ternu of budget proportion& and e'.i:.s.-
ticitit.s M 

(22) 

W, = (p,q,)/y D"pre;;ents !he ~hare of 

v q, ffp, 

Thu~. the v.•eighted ~un; of the f'lasti1;i-
ti1W in tM J''' <:'olumn i" 0qua! t<l thc­
neg&tivf! qf the expe::1diture proportiou 
(lll the j'L ec:nnmdity, 

Slutsky eandition.~--1'ht 8l1Jt\lk,Y 
{J\.1$2) relationship inoorp•)l'!lt;;i; a f4nda-
ID!fil(.ll.I relations.'ilp l:,i,tw<)(·:i changer; i'.1 

'  
The eff~( ()(Ii i'hatige in inccmo on ~in~ 
$V.mption mn he obtained by dtfferonti· 
ating (l{f) with ttispect toy lo abtwn 

(20) 

(21) 

eNpen<li:uttt \bndgel proporti<:lns; en 
J'" OOll'ilO(ld\ty. 

Equati11n (22) implies that the ir.nome 
elaslicltics w.eighted by the re$pC~tivl' 
eNiJfH1ditu:re proportions ndd to one. 

~ anteJation.-.-The effect of ft 
change ln the prire of ;"' <:f:lffi.mmlity, 
with !>U price!! re:ru;ining the Mn1e, can 
bcohlained l::y dl!terentia:.inii;the bodgct 
re»ir&int (10) witb :espect top,, or 

""-t q, + p, [Jp, + 
(23) 

+ p, ~ + -.. T p,, ~ = -q,. 

P.:91 E1 ~ + + E::'l~ 12.J. "1-~- -· (U_ (24) 
p,y </l ifµ; p;!j q, lfp, '!.I' 

~ -p, &_£'; ._P.<11. ord ' =. - -+ --- + ~l:/2£1
?J q. ifp, d 

+ vv.r., = ~ w,. 

qua.nlitie~ and the n1al'giual utility of 
in<:Ofll(\ Tlw effects -0f simultantJous 
eMi;;gei; 111 priee~ ll.!ld in(·Dnw can l::e ob-­
tainOO hy tbkiu~ tota: dt:ri-.:a:iv0i- of tte 
lint -order e-0nd1tions in (7), A'-1 cirrvelopOO 
in a later 1'!Ction, a ehpnge in tf.f oon-
wn1pti<>t1 ()f t'if' i"' eommcdity a¥ a 
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result of a cha.nge in;•h commodity wice 
can be represented as 

(20) 

= k,,. - q; "' iJy. 

The first tern1 on the right-hand side 
(k;;) is the substitutiou effect a.nd the 
second term is the income effect. 

It is also shown that the compcnsE1Wd 
cross-price derivfltives are symmetric. 

~ + -(~ )= £i; + (Q9J.) (27)(Ip; q, iJy ftp; q, iJy . 

Converting (27) into elasticities, 

w 
e;; = _Je1; + w;(e;, - e,,). {28) 

When the price chflnges of the Bil.me 
commodity are considered, the substi-
tution effect, k;; = a•./ap, + q,(iJ0 ./iJy), 
will be negative. 

The demand restrictions, expreBSed in 
terlllll of elMticities, are summari~ed in 
table 1. 

Or.her aspects of demand theory 

A few other aspe<Jts of demand theory 
are summarized briefly to round out the 
discuS11ion. Such aspects as multiperiod 
consumption decisions a.re not used in 
thiB study. The concept of separability 
used in the study is discussed in a later 
section. 

Indireci; utility indica\or.-Many of 
the classical properties of the denl!l.nd 
functions di.scu.sood can be derived fr.Jill 
a dual representation of the utility indi-
cator, often known EIS the indirect utility 
indicQtor. The notion of duality has be-
come popular in recent yC11.rs, especially 
in tht> fmmt>work of linear program-

TAllLE 1  
MATRIX ()F llEMAKD ELASTICITIES  

"----------·-:-:-./-----­
•" ... ... ...• ... "' 	 "' ... ... ... ... 	 " '" ... "'"'" 

... 	 ... ..."• 
Row li""oi"' (Hom,,,.,..;tyCoodltioo) 
I::e,,+e,,-o
• 
(for;~1) .,,+.,,+,.,+···+•,.+•.,-0 
Eno<I A•p-•n 
I: w,e,, - 1 

•w,.., + """' + """+ .. + ""'" - l 
Count« A,.,..,.,;.,, 
I: W;<';; - -Wf 

' 
(JO<' - 3) "'~' + ""'' + """ + · · · + "'•'-' - -w• 

"' • «,\wolw1I + •0<(•1> - •1ol 
(for; - 3.; - 21 •~ - tu(,.,/w>) + tn(.., - '"I 

...,+ ....... <0  

ming. The utility indicator, 11.'l defined 
eflrlier, is a funct.ion of quantitie.'l of com-
nlodities consumed. Also from (8), the 
quflntity consuined of a given commodity 
is a function of its price, price of other 
commodities, and income. 

[. = ll(q,, q,, ... ' q,) 

q, = q,.(p1, p,, ... ' p., y) 


Therefore, 

[' = 	 ['(q,(p,, p,, ... ' p., 11), 

q,(pi, p., ... , p., y), 

q,(p1, p,, ... ' p., y)]  
</J(pi, p,, ... ' p,, y) 


\1·hich is k11011·n as the indirect utility 
indicator. Though the existence of an 
utility indicator dependent upon prices 
and income "''ll.S pointed out by Hotelling 
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(1932), itfl full implications \\'ere ex-
plored only later by Court (1941), 
Houthakker (1952), and &muelson 
(1960). The function¢ is a dual repre-
sentation of f./_ The properties of demand 
functions can he obtained from ¢ by 
obtaining the minimum level of expen-
ditures necessary to reach a given level 
of individual satisfaction, say(/,. 'fhat is, 
obtain 

Min. p 1q1 + p.,q, + · · · + p,q, + 
p 

>.[¢(p,, p,, ... ' p., y) - .Pl 
q, = ->.(0¢/0,,) (i = 1, 2, · · ·, n) 

give the first order conditions. 
Considering two commodities q; and q,, 

-). '!:_I>_q; = 

''" 
q, = -}.~

Op,· 

Then:fore, 

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

The theory of revealed praference.­
An alternative to the 11tility approach t-0 
demand theory is revealed pn:fereuce, ~ 
originally suwsted by Samuelson (1966). 
The consumer with a given income is 
placed in a market situatiou and his 
choices of baekcts at different market 
conditions are obs~ed. These observa-
tions reveal the consumer's preferences 
which serve R.'3 the basis for arriving at 
certain conclusions regarding the choice 
function of the individual. 

Suppose that in a price situation 
p•(p,o, p,•, ... , p.'), the consumer buys 

a commodity bundle q•. The commodity 
bundle q• is said to be preferred to an 
alternative bundle q' if, p'q' ~ p0q•. In 
the price situation p' in \Vhich q' is 
bought, the q• basket must. be at least as 
expensive. Therefore, p'q' ;:!" p'q' im-
plies p'q' ~ p'q'. This is known as the 
1veak axiom of revealed preference. 
Samuelson (1938) aswrts that the postu-
lates of 1>;eak axiom "is logically equiv-
alent to the reformulation (of consumer 
theory) of Hicks and Allen." Arro1>; 
(1959) has demonstrated the complete 
equivalence of the we.ak axiom of re-
vealed preference with the existence of 
an ordering from which the Choice func-
tion can be derived. 

The n:sults of homogeneity of the 
demand functions of degree zero and the 
negativity of the substitution term (k;;) 
can be obtained from the vreak a.xiom. 
However, to prove the symmetry of the 
substitution term (k,; = k1;), the weak 
axiom has to be extended to what is 
kno\vn as the strong axiom of revealed 
preference (Houthakker, 1950). In fact, 
the weak axiom dee.ls 11:ith only pair-
"'ise choices, while the strong axiom 
incorporates the consistency idea that if 
q•p q' and q'p q'-, then q'p q'-. This can be 
extended to any number of commodity 
bundles. A consumer whose choices are 
governed by these axioms will always 
possess an indifference map. Further, 
Debreu (1965) ha5 shown that if the 
preference ordering is reflexive, tranRi-
tive, and the "no worse than" and "no 
better than" sets are closed, a continu-
ous utility function exists. In fact, 
Houthakker bas established the formal 
equivalence of the revealed preference 
and utility function approe.ches to the 
theory of consumer behavior by showing 
that "a theory based on semi-transitive 
revealed preference entails the existence 
of ordinal utility, while the property of 
semi-transitivity itself was derived from 



utility touiide:retion. ~: TJ;oogh o. fe1•1 
c:irree'Juns &re pmvXied for HoutJ;ak-
ker's proof, his result ls still valid. 

MuUipericd ll¢D8U.lll.pti<41. tl~.­
The t>hcice pmblem6 di11r.aN>ed in t.hv-
prevtous ~cticini> -..ere based on deei-
si.011s 1nade for & sit111le per:i()(I cl time. 
t'or the wnsumpi.Jon of fDod lten;;; :t 
m1<y :rn true t-'ult the fl.mount demandOO. 
!ldjurts i~f wlthia 1.!!V'h period to tht 
.;hange:i in pri\X'&, inC<Jff!(I, and other 
variables a..'J~ling demand lo ~at IWri-
od. Ho,.,~r, for many dural>!es adjust-
menIB m!l.y not be compl:Me during the 
llll.me period hti'e&!L"<e of $uch faetom llo> 
inlJl"tia, e>.:ptmatiar,s about future pri.;t;t 
and inroiflC, and the influence of past 
im:<-1rtW~ {~e Stone 1954a, p. 272). Aloo. 
in tl:e frJOmeworil: of a sta;,le unalyili&, 
!\l\Ving~ are j11st hke ruiy other i!Ym cl 
expendit1.1n:, while a dyn11mic franx-wo.rk 
r~uirei tlw introduet1-0n of borrowings 
and ltndinga 1vhieh lillera tl:u .ndividna\'s 
d\atrihution of 1:1oome over tlie differ~ 
cot periods, It u; po;.oible to ~Ulnd the 
$tatie theory vf ~onsumer <ihUifet to a 
dyfl!l.mie framework by iutrnducing a 
m.,lti-pt>dr>ri !Jti'.iiy indtx !lnd budget 
N!l!..r&int ('l'!nttwr, l93S). f10-tl:is en.se, a 
multiperiod vrd•ns; utility index can l;(l 
a..~surMA to be dtpenbt upon the 
planned ;;&nsumption Di each eommod;ty 
ovn the wt.ire pl11nn'.ng horizi:·n. With 
ii commodltieil a.nd t t\me periodi>, the 
utility iunction l'tl.n 00 Wfttten a& 

l "" 17(qu q,,, Qu 


''I\< q.,). 


··~ 
q,, repr(lS(~\f;, the Mnwmpt;on n( i'' 
eo111modlty in ~riod t. 

TM t'mlSU!ntt n1a.x:imiws his utility sub-
ject to a budgrt :"e!!lraint w obtain n dc-
numd funetioo (Henderson and Quandt, 
19,'\S, pp, Z'lfl.·234); 

p,, is the p;ioc Qf i'h (0lllJllt>dity dur-
ing period t !lnd 

i, !>; tiw intere'>t rnte during peciod t. 

Ch$iess under u.11.uirtainty.-.-1'he 
cl:nice problems dlli:;usaed ;;;G f;i.r !lte 
b!!.ood on the liil!'U!nption thal prif'J):S and 
inMrrft were knov<t: with emi.l"lint.}' 
However, when p:.:irehases of many dur· 
ables are b!lsed on mJl!lperiGd decisl.rm 
prow\\.'5€'S, Jt mi:.y not. be rvesibie to 
know future prices !!.nd inoome "'ltt. cer-
t!lbity. Consun·i.e.r <:l:ie\f'es t:Iider w:;. 
{;ha.iitk $itualions alro i:an be aruJyiOO 
!IYS'-"'l"lltl>tir,11.Uy u"ir;g th~ Von :Seumann 
!!.nd ~Jorgenst.e:n (194i) approoef( (Also, 
ace Fr'.edu:.an and Sav11ge (19481, Luee 
and Ralff!l (1957),s.nd&mucloon {l.\~2}. 
1!er<e, we n:re inWrtilted in det.,...nnining 
the choir:e p.&ttm'n of co~1.1m,;,., ur_der 
uncertain 8ltwtions. If au irsi;v.dll!.11 is 
OOW!is!A!nt in his pr<'fbrentt Grdering, it 
ie po~b!e to oonstn!ft an indtox which 
dciK!riOO> 11111 prefet(·1tce uumt:rk-9.lly. 
Ilen<leroo" and Que.nd~ (1958, Pf· 34 · 
3Sj prov:de Jive axioms thM, o.llow ~ml· 
$1,l'UetiGr1 of an -Ordinal utility inde:i; 
whirh ca:i also he l.W!d to pro;><lkt cho~ 
in Uttell'rtwn sltuatiouu. The ut1llty num-
ben1 ~ei11.ted \Vi~h e11x·h p:iS!!',b!e sto-
e1i1u;tie co1upanc.,t ii; de~rmined as 
e1q1ecwd ve.h-11't'!. Huwrwr, choice'\ und1>:: · 
unce.'1.bhity irtvd.vc SO!l'.e >"l<:me:its of 
fardinal utility, !!.Hhough striet ~"tl.rdi" 

'lJ,;,.,-;,. (19!">9) hM •!mv.-n W equivalo.,ce of th..., t'io appl'Jll.fru,,., and .,11;a that lb~ s~ 
~"iom o! ~ed ~~"""be repls.a!d. !:>y the 'AW wrom ;r th., dtu:uu;.d f..irni:.iomi M\hfy 
"~larity <>Otlrlitlon, Ni, llouthakk~t (1001, p. 713) point. ou\, '"TM oc'Onowle rruncirtt <;.f tlrill 
;"'l!'<llaTity) wndttion hfl.ll not l..en '1¥¢\:00 ml"'~' 



ns.!i~y wuld be avcidOO by :ak!ng ~"''D 
llfbitmur starting points a:i.d f.U<:>tes­

&vely ;:;on(ronting the eorurumm' with 
nther eho:iet< situ.a.t1onR in ortler t11 eval-
uate Chem mi "- n;]Ativ<> rn.,,;,. lnst<:>il<l of 
the ttr!o~ tardinal measurr cf utility, 
thiB \n"r,)ve;, 'lhly an operational mr8.I;-

ure tlf wti;;fact'.on &;;$0<'.'i&ted \vilh 
different risky slh.!Atlons_ The nuorgiual 
utility thnt oon ~ derived from thn 
utiilty index obfAitied in fjj;, ma<1n&r is 
>iw-il»r i0 tf-1e "'otitlr,~_1 mtf' of w1tvt.'.t11-
t!.o11. 

Empirical Modehi of Consumer Demand 

Whilt the thoo.7 cl consumnr dMU<nd 
wea being developed through lhi> utility 
J>Pproaeb, den-.and clmre.cterhJtlr>i baM'.!d 
or. c\;;aerved to."!:;umer bel::11.v:or "-ere 
!lnalyled. In certain C!t,>,~, this ou:piric!ll 
analysis 1vas used to te~t tlw 1JOnclutii<1U$ 

-~ on the utility flpprooeh and iu 
ot..Ww W obtain tnE!tl.t1'.n!1;:'ul theo.'ies oi 
eoMuuwr be!-J<vior. H;:re ure OOll'.t alg­
nilie1>nt 1-ughlightll nf these studies. 

11i".l flif((;tl! of ineome mt<l prk:es on 
<X>:>•wnptkm !:ave been a::1alyzed in 
lllli~\Y $tudW'!J. One of t.hem, using family 
b\ldgtt~ to anflly:.e the differences in 
eonoumptiDIJ by poor !lUd rith familie.~, 
led b'ngcl to f.Js p"Opt_<'litXin that ~Thr; 
poorer a fan1ily, t!te gn'\il.:.ct" the pl"Jpor-
Uon mits total expe!iditure that must 
be ®voted to the puNhiwe of fmx:L ~ 
{Stigter, 1965, p. 203). !.-Ong before Ct.m 
on Q.Jl\r.tity imd prices \\"efi:' avr.Jlab:e on 
mati>ct j)Crillrmance ove-:r time, data on 
qu4ntities harvested and prl<1es preYall-
ing at J-w.:rvc~ period wero usOO to arriYe 
ILt.!i!> inVef'tl(; relationship l'IClw('lln tlwse 
two fa~.o¥¥." IlcY.<eYe-:l'"• .s'iatirtica! ftna!y-
$3 ol denl!Uld ~ pop1!.lnr ouly in 
the current century after t!-i<lc p1UJW¢ring 
&t®fipts of ~llmre (i917) and L\<bfelot 
(1914). St~er (1~'"2, P- 1) po:ntil out 
that ~?tlathematieal &na.l;i.-$iS beemne 
inem&liingly common aftft' VllnlrN!'9 first 
edition . , . but sta0;tiei;.; eeonomics, the 
n111;ne given by Her.IJ' .Monro, it t~e one 

M<)(ltt u-.s iUJ founder ... ;\foor(s ba&e 
co:itrib:it:nn wns not to invtint thi$ field, 
huJ l',e- mMie statistiCTI! Mtimati<.Jn nf 
eeonomie functions o.n ;nt!?gral part pf 
inode-rr, e011nornios" Wor:.Cing's ~tudy nf 
potatoes (1922) prtlmpted fl S('tfcs of 
studies Wl indi,·iduo.1 co1nmodity de· 
ma.:no:l h;nrtX>M:. &hu'.tz (193$) C<iffi£ 
hined a review of econo~it tllix>ry with 
a Ja.w number of ornpiriea! $1nd«'l!, The 
obj~v& of m0$t stodit.'$ have ~n (l) 
lo develop eqJiitiono. th11t <:!Ul ht' used 
to furer11..~t- ptloos OT quantitie.\' and (2; 
to approximflte the demand e1;tves of 
economic theory. F:rnpirieal studie$ have 
been f>lt'ilitatcd by deve!r;pmenta in 
data. avai!nbili~y, im;iro''l!<l daU·pT(lcN!· 
sing Iamlit:<m and dev•llopm<L">t:f in eoo-
nometrie thoory-

The de-.clupll:>()ots '.n t1'.e field of 
sta~iot~cs ond l;l:(•'.!l:~triCl! have made 
suhstii.ntiu.I oontrib11tions t11 demznd 
a.nflly~i>l. Co1're!ation and curve-titting 
tee h11iq111J~ have' mt:ide it pt1$llihle to est). 
rr.ate t!le parometen; of a p:.stulated 
f;ir.{Otional rels:.ionship wnong prices, l!l· 
tome, and QllM!tities. St&tistirni ttttlng 
procedutll!I provide tlIB framework fot 
oesting var:Ous hypo!.heses regtiro:l!ng the 
behavior of these Yfll"iables. F..ady stud~ 
!es. tmi!t'd 011 least-squares edimation 
procedut(ls uring time.,series dll.to., were 
ha.ndirapped by problcm>J like fluto· 
con>?lotion, mult'.eolliuear\ty, hctero-

important 1nodem devt'lopnwnL fifficy $kedniti1;liy, &\ld simultaneol.ls equatien 
' Tim l!io!too ~ "" ~ King's Law tMt, ', , , s li~!Nt. in i.......,.i. ""'f ""°"' llre 

~· i:m-~1. 



bi&:;. The dilffllUl'l<I. of applying (ltdin&ry 
~U&nR 8llalyi;W! to time-$(lri>'S data 
was ex~ by Working {1927) and 
HAArellflQ (1943) but lropl:'(>veruents 
have overoome at !er.st oomc of t.1'1ese 
problcrn1:1 Othen; remain in epite ilf ad­
1111.ncu in &l'ilnornetric methods. 

Often studies wiing macro data to 
estimM.e ~he relo.tiooship 11.moo.g demand 
varit\.bles (quw1titie~. price, inoollli:!, and 
flthlil' att.<ibute.s) rnAktl an implkit 
AMuroptitm that demand nliltiomhips, 
applicshle to a "ttpreoont&tive eQll-

aumer" in a given $l'e.!l a::id time pi!r'..od, 
11.re a true repl"OOC'l1tation 9f tbk OOrtl!ump-
tion patt.ern in that. arell and for that 
period. BDth time-serioo and cross-
ooetion da'A v,"il! 00 u;ied Ht this study 
lo 11.0A!yw deir.s.nd chars.cw1;:tiei!. 

('.rou-$i!<Ctloa anlllysis 

Cro~t;on_ dattt relate to tk coo-
11urnption b;oh&;•ior of a givnrt Minple of 
the populittkiu at a given period of time. 
l'::S.rly $tudles., based on houRehold food 
cooiw.mp~ioti data from C~-'.ion 
M.;r11eys, 1'-'ere u:sed for esti!1'thtlng intome 
elaatieitiea. In :noot Cff.i!CS, p1.1blim00 
dat& on ronsumptinn pattern.~ giV>O the 
quantities of food itflms to.'lwmed or 
expoodlwres on thtl3!! itenui by e-'Jrta.in 
income clasa;o;i. Baaed on these grouped 
datll., it is poBBible to obtain weighted 
regroosion!J to e.at.:.maw the age:regaW in-
<:<Jtl!!J (lh1.1itieity.• A ~y;",,l:lm.ll.tie appli-
cation d this proeedure i!J avai!shle in 
Wold aud Jureen (1964-, p. 216). The,:· 
had four family-!ri~ g'!'Ollpi'!, and eaelt 
group was dJv-:ded into fwr ine-ome 
ria.- &!Xording to {l-nnu.111 income per 
eonsumer uuit or the family unit stan~ 
d11.rdized according ro size 11.nd Age dis-
tribution, Asauming ronst.Arrt income 
eiulidty E, a regre!fl:iori equa.tio11 oi the 

form, d "" C yl was fitt.ed. (Here, d = 
quantity oo:rtu1'led !ind y = anrt'..111.l 
income.) i-sing a linear lcgnrithmie re­
gresmon, the income el11.S:ieity for tM 
i1h inmily"-f>t~ ~up ran be 0btll.i:1ild tlS 

.'Jl i!'Jrnro&tvins ru::i over f(lur lntillru' 
c-lasiies, 

N, = total nu1nber of households in 
l'"' income c1>J-';f!, 

c. "" ror1;un;er ·..1r.its p(rt hDuseho<d, 
(!~ = .¥.C, = total number cf eun--

suroer units, 
x~ "" legarlthm ol inwrue per (,'tjfl• 

sumer unit, and 
r" "" logarithm of woo expendlr.ure 

per ronsumer unit. 
After JJb!Aining elasticity <:oefficientl! for 
the ftY..1r groups, the a~le ~cicity 
'.VII$ foo11d, 'J~ug ~he f,)rn11Ja 

, 1:K'E' {3W1 
E = !K' ­

K(...- tH,•y,'11.nd 
y, "" food expe::idit1Jre pC'T c01crulli<:r 

unit. 

Stnne'e {19&1) anal,vs*: oi Brltiah fantilv 
OOdgeti, WM baaed on the !UlllU.'llption 

that 0.:.1 income ehangeio; wertt ln the llll.n>e 
proportion. (Soo aJoo Prois Mid Hou· 
thakker, 1955). If q" repreaenOO the 
quantity oi the i'" eornnwdity COllsumed 
by the r"- J11divtdual and y, the in~-ome 



of th~ "'" nrtilvidU!!.!, and if ~he relo,~.icn­
ship twtvc.mll the logarithm!i nf q,_ Md 
y, i& hneat with slope b, :oorket lneo1nl' 
elnstil:ity ffi obtained by 

11 ~ 0.., y 
- £..., q.. ~ ~. (3Qb} 
q, ' iJy 'ii· 

t.Jr.sl of the;sr ;;tudies 11·r~o l!Mctl D!I 
the ::.:WJmpti<J:1 trot ihe olas;icity WI\!< 
f-Ot'.SU.nt ever the v•hoi>J range vf vbl.ler· 
vatiom; and that inromr> t>ad q11antih.u. 
wt."11 tY.« only relevant v<1:i<1bler Tc 
1.1v.-s~o:ne these dr11whael\s, a ll\1mhe: of 
mod1fi~11-tionl! have Oeen ~uggei\ted One 
of theoo i~ to construct Ii gc11'1r!ll model 
inc<lrpll.tnt\ng additional v!iU'iahles hke 
fa.-,-,i!y ~iie illld eomp1..sition, urbtln:..Oa-
tnP$.reQions, nnd •.>tb<Tqual:rtatJve •Ari~ 
abh:s. !{enmann'~ (19&1) 11Mly::1is of 
l~ tr .S. consumption <ls.ta sh<:m<~ !-hat 
the moi;t importJL>it variables in t>xplain-
:ng food t>xpencilt'.Jre patternr :n tt.eir 
order of importA11~.e nre ii.:.oome, Jrbani-
.za.tiona, region, life-cycle stage, edU>"ll.-
tion of bomttrlkker, and social elMs.. 

Antlt.'.ier aprrosclt t.o exp'.ain vari-
a.tions of the type :nentio1100 alli1;e is to 
obtaln n;igt>".s&ion e4us.timw for eiwh snb-
groop itipi.U'Ately. (&t> Sminiek, tflt.Z, 
a.-xl Foytlk, 1951, foc use o! this pro--
cedute !n estlma:Jr:g Sffi<ltn11l demand 
funct\nn11), The equality of thew regrei;-
sion coefficients can be te£t~, u~ing 
stAnd11rd test;; jf >:;ignlficflnce. Hnw<:'ver. 
in many <:.ases, when it ii.; ;'(lq!lil'f".d to 
wt the eqnalit:r cl regrwwic!l <:oelfeJ.-
er.U for f&ef-011$ like regions, wai<'!n5, and 
urbaoitatinns, indi>-idual ragrc~i;ion 
<l(!UA:Jcnij may r.ot a.lwayi; be appropri-
ate b11e&:.iw of rnrJt:.p\ii:lty "' equation~ 
Md ijJ!llloH number of degl'(l~i; r.f freedom 
~iJW!d with ~a.ch equ11otion. Ann\y11is 
Qt <l()Va.".is.nee toohnOquci> !l'.l'C nsef:J! to 
h&nd:W ll'Jcl1 problems. 

Thur: sr:tiM analysi5 

quant'.ty rv!lliUo100 0: a pa.n>~aln:r DOtr.· 
rnodi~y ;,, a funttloo of its pri.:.e, prkes 
cl other oomnmdilies, and income, This 
~tatif· fJmnry of dema!id fer the l!ldivid· 
uai, '.•cith 11..11 •llccrnl' s.pen~ !!fl. ,;c:n· 
mo<litie;t Jnciuding &11.~·ir.gs, talte!i prirt\~ 
and iucon1f' !Ill "givt>P." As will he dis-
f.Uf\.'!11d in the eewnd pe.t't of this ~tudy, 
the r.Jfl\'(r fro.1.1 t':'<e '.ndb:idual to mi;rket 
denil.Uld TU<:.;U\res sinipli!ied am;;,unptioru; 
to niah1Uln C$1Wntla!ly the 11ame model 
fnr em;;i:leal tstlm:ntion. F11r example, 
Ute 1;...,u:nptlon of pr'.ces a.~ predeter· 
mined ~'it.:lable:i. nu.ty be 11.pproprlate for 
the individual but not for tht> inarket 
SWnl! (l9Ma) in the L'nited Kin!Wom 
utiliiM a mode: para!leli:ig th1; elwie 
model n1e1'tio.'1e<l atx.ve, argu•ng that 
pric;;s v.'lf."" ~nti&lly dewmtncd )11 the 
world Inn:tkets 011 the ether h11nd. eom~ 
mudity analye!s in the l:rr.ited Statrs 
hav<: g:rgued tl;,at, for !l'umy agr'.cnlt!L"lll 
produt~$, f):uantlt.le:> avail<1h!e lit f.he end 
of the harvestlng seaoon arc e!lllCntiaUy 
exogenou$ and ti'o.!>t prices at farn1 and 
1'?t;lil a."\! func;ior..a!ly te!ated to qoon· 
titles nnd incnml7iii'.ift variahlen. Even 
for the analysii {)fa single romnvxiity, 
it IB often neoomry to speei(v tr11ltl-
cquatio11 mud(!l~ to acconnt for l"!tjX'tt 

derr-11.nd, dom~ti\' derund, and 1;tocka, 
The apprnnoh 11dopted by t.he nna~y:;it c,: 
time-seti('.li d!>to. depends on a great vari-
ety of questions relating t.o tte t~ope of 
IM moM: nnd problelnt' of eat\matio:L 
Hen> W'f" Y>t:W torul:deratki:is of diri:et 
importantI! tu tlw pre11mt study with its 
eroptiasi&on estimation of fWrrAnd nt the 
retail ln·•ci, 

SUlile equa.tiun modela.,.·~Confidcr 

t.he ebtimn.tion of den1and fnnetion pe.­
ra1n~te:r& for a $ifl!flle model io ""'l::1ch one 
commodity l'il.t1 l"..e sing!eri mit ior A."IRlt· 
;;is. Thooretieally, the foliow>hg modcl 
might be xpttl!ltrl as a firM approxi· 
Dia.;.ion; 



" Goarge and Ki11g: Co'™''""" Demalld fa• Food Cam modities 

q" = j,(p;11Z;,, y,, u.,) (3Je.) 

where 

q,, = per ca.pita consumption of the 
i'" commodity, 

Pa= price of the i'" commodity, 
z;, = other factors affecting demand 

(assumed exogenous), 
y, = per capita. disposable income, 

'"' u,, = a random disturbance. 

A number of problems arise from the 
estimation of the desired para.meters: 

Error specification. Estimation by ordi-
n&ry least squa.r~ requires that the error 
term is not correla.ted with prices and 
income, the absence of autocorrelation, 
constant variance over time, and, in 
addition, sufficient observations in rela-
tion to the number of parameters to be 
estimated. When these conditions are 
not met, more complex formula.tions are 
required, as is discussed in texts on 
econometrics such as Johneton (1963), 
Goldberger (1964), or Malinvaud (1966). 

Multi.coUin.earity. Often prices and in-
come move together over time, resulting 
in probleIIl!l of multicolli1.1ea.rity which, 
in the ~treme case, results in a singular 
ma.trix. In the case of income and prices, 
writers have suggested combining time-
series data with income slopes or e\e.s-
ticitica estima.red from cross-section 
data. 'Vith high multicollinearity among 
prices, problems exist as to the signifi-
cance of coefficients. Where the goal is to 
approximate a complete demand matrix, 
other methods must be introduced. 

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

M ailwmatical fonn of I.he equation. No 
u priori guideline exists for the functional 
form of the relationship among quan-
tity, prices, and income that is appro-
priate in all ce.ses. Time-series data pro-
vide only samples from a limited range 
of observations. Some of the commonly 
used functions belong to one of the 
folloY<ing: 

Linear: 
q=a+by+cp+u, 

Semi-logarithmic: 
q =a+ blogy +clogp +u, 

Double-logarithmic; 
logq =a+ blogy + clogp + u,or 

Inverse-logarithmic: 
logq =a+ by+ cp + u. 

Slntic versus dynamicfu.nclions. A static 
model, as specified in equation (3Ia), 
may be incorrect in several wa.ys. Shifts 
in consumers' ta.ates may affect the 
slope or position of the demand curve; 
pe.st levels of consumption may affect 
consumption patterns; or levels of inven-
tory of consumer goods rna.y be impor-
tant although this is probably of minor 
importance for foed commodities. The 
analyst must choose among alterna.tivc 
approaches, realizing the limitations in-
herent in any given approach. 

Simul/aneowi equation modi!ls. In a 
theory of general equilibrium, the quan- · 
tities consumed arc equated to the quan-
tities produced. Similarly, the quantity 
consumed of a given commodity is func-
tionally related to all commodity prices 
and income (or factor prices). Concen-
tration on a demand matrix alone limits 
a realistic e.nalysis of individual com-
modity rna.rkets. This is unfortunate but 
necessary within the scope of this study. 
However, even within the demand 
matrix, simultaneou~ relationships tha.t 
a.re recognized are difficult to eatirna.te. 

Derna.nd theory asserts that consump-
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tion of all co1nmodities are interrelated. 
But, in a single-equation approach, it iB 
not possible to incorporate this simul-
t.aneons nature of the demand relation-
ship and, therefore, the coefficients ob-
tained from the single equation method 
will be subject to possible bias. 

Different estimation procedures, like 
t1•<0-stage lea.st squar!"s, full information 
maximum likelihood, li1nited informa-
tion rnaxirrium likelihood, aud tbree-
st.age least squares, are available for 
handling simultaneous estimation prob-
lems. Though a nu1nber of problems 
a!lBOCiated 1vith simultaneous estimation 
procedure have been solved, there is still 
some doubt regarding the advantages of 
simultaneous eqU!l.tions over single equa-
tion procedures (see Christ, 1960). 

The most important problem of using 
simultaneous equation methods for e~ti­
mating demand coefficients is not one of 
ei;timation procedures but, rather, the 
problem of defining an identifiable model 
(f;tt Jlood and Koopmans 1063, J<isher 
1006, and Wegge 1065). Snppose that 
there are n endogenous variables, y1, 

y,, · · · , y. and m e.xogenous variables, 
z,, z,, · · · , 2,.. A structural equation can 
be represented as 

Bi'" + G'Z = (J. 

The reduced form is given by 

Y = -S-'CZ + S-'L'. 

The problem of identification is one of 
deducing the value of the parameters of 
the structural relations from a knov;ledge 
of the re<luced-for1n parameters. The 
order condition of identifiability states 

that the number of variable!S excluded 
froin each cquatiou must be at leB.."St B.."S 
great as the number of endogeneous vari-
ables in the model lesa one. Therefore, in 
the present example, the maximum num-
ber of variables that can appear in any 
equation is 

[n+m-(n-l)]=m+l 

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

Dynamic models of demand 
A number of attempts have been made 

to modify 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 estimared, using any of 
the following three methods: 
(J) Make no a!:lllumption as to the rela-
tionship arnong regression coefficients. 
Tinbergen (1051) suggested the typical 
form of the demand equation to be 

(31b)+ 

a+ L• b,p,_, 

' 
1vhere 

q, is the quantity demanded in 
period t and 

p,_, is the price in period (I - i). 

Herc, v<C do not niake any assumption 
" Bieri (1966) olMlliMo different a.pproaches to incorporal.e time inl.o dema.nd analysis ""' 

(!) modelii introducing the time dimenoion through do.ting of the v!ll"ia.ble.e in the utility function 
(Hcndc....:in and Quandt, 1958; Modiglia.ni and Brumberg, 1954; and Strotz, 1\156; (2) models 
introducing dynamic nspeclB inl.o dema.nd function (Houtha.kk£r o.nd To.ylor, 1966; Nerlove, 
1958b; and Farrcll, 1952; and (3) mode!Jl inl.roducing dynamic aspect. inl.o the utility function 
{Cra.mer, 1957; Stane, 1954; Slone, e! al., 1964; Baomann, 1958; and Tsujimura and Sal.o, 1964). 



rege.rding the rela.ti<Jnsl::.ip runmig />,. No 
~ti<m ~ impoi;cd 011 t}_e distribu-
tii;m ur the la,.g effect of~ prices on t..7.c 
quantity detnanded. Ir. pro.etice, i&gged 
priees will re added micc~iYe:y to the 
leal!t~q:rares regression of f{lliintity on 
priee~ W>ti! tl'.e coefficient# beeon1e ini;ig-
ni!kant o~ the slgni; hecon1e errati(l. {2'; 
Am;urne a generai fofm fer th\! d•Hribu· 
tk>n of ls.I{ and eilfin'lAte the pa«>metcn. 
Fisher {t925l 11.nd Koyck (11.154) h11.v.; 
~tlggested that the form of the d:.stribu-
tttn~ of th.e 1.a.g 1tw.y be $pprt.1<:b·TL!l.te!y 
!1$$Ufiled and •hen the- specifi~ ch!L'"af'-
mristics of the disttibut<on ma.y be 
c~t-imat.m, Ii ti~ ill t.refl•..ed Ml a ~on­
tinuouo Vll.risb!e, the ,;<imend ~.bct(on" 
ship is 

q, = a + J;c..)P(t - ujdti. {32) 

Koy~k e«lls the distribution Qf 1:{11) the 
"tim!'i &h.a.pe of an CC1Jt1omi<i l'('-1!-0tion" 
ll>Pd :.h.;. eumulati\.'e dl>itribution o! b(>t) 
''tire adju!f.rwm.t path.~ The <listribnli0n 
of b{u) can be a!lllUmed; fw ex.&mpl<!, 
Fisher aso:umed a h.iga.."'ilhnu<: normal 
distr,butk>:L (3) Dev'11np "n explicit 
dynamic ffi(Jdel ·.vhivh implies :lie d~ 
tribuood lag O!t!y in"i<lente.lly. T'hk: &V" 
proReh ie l:IJ.itdcal:.y similar te N<:>rlo,•<J'a 
(l958b) sta.tM exper:tRt\<"lll :nmdel. Tlw 
eumn~ quantity eon.oum<"d \vill ch.an!? 
ln pt0portion to the long-ruu ~uilih­
rium quantity a...'!d eu-::rcnt qu&Jltlt.Y 

q, i~ the QWilltity oons!lmed in period!, 
~'is the qll.!lr.tlty demanded L,., lnng-

ron equilibrium, and 
y is a. fonntR1:lt of propD~ionality. 

Nn-love (11'58b, r- 3-08) wmpa?l's t,heoo 
tl:IT<' approarl::('I; Mt fol!o>v'J.: 

~n.cauoo of U., finite tt>::.gth of, ""rid d11;iw ;:;f 
&lll<J-e\l!"Nln<im> in m-;,ot llCOOGtrt.ir dm;, WlriM", 
the finr_ ~;:>µfllfWh where r.othing '1 «Mnm;,d 
!t not W"":i' i<>;.,,\ble. D;; :he <">t!wr hand, t~ 
-<m<l "P!"Oa~h mn•t "'"""""''"·" tonl.atn " 
&:11MWr.,t arbia~rf ll!AJmption r.onMfnin& l;i<e 
kmu ,,-! t~ di.$4itutkm vi lag. The thlrl av-
proat'll lend• "' "" dm!cl lntcrpt.;tith;u el the 
<.:~~trlb;;~nn <if kg in tc•m• <>f p:iodwwr ,.,-
oon•umi'r ~=r and, th0rM~. in iw.m~ ol 
lb! <lli!;:;re.:.€W i:.,,t"-een f'wtJe. W!d :.Ong.-,run 
,,;~;i;,,,. ,,; •uppiy at dctrum1.' 

Model~ combining cross-section 
and time-se-rits dam 

fiet.>&JW both timt~ a.ntl ~rl'>~i.­
secQw. lltlll.ly~hl ;,_,,_,..,,, ~tth:i.ln inhcrcnl di~ 
&d•·a....,tagr.s. attempt!! havr. been mad!' t.n 
iupplement our. rtt:hod with. tho> ott_er. 
The ~-tondit.iona'. regression analysis" 
u~ bt Wold aud Ju:rren (loo+; andthe 
"extmn&1us estimaoo!ll" U6"ri hy Swn'!" 
(19546) are bas<:>d nn We utilii111Jioe fJi 
ir...".Ome elastieiti<'$ obtuined from budget 
studies in WllJtlnction "'ilh tlme-series 
<lat&. 11 Gweoox'o ~1960) anal.ylli" of eon-
oomption behavior, bt!sed on data de--
rived from househ<ild surveJ'll $.nd :.ime 
~rie!l" of 11.&tione.I a .. emge~, <:o~ of 
three kinds of <:nmP13-rioouu · (l} huuoo-
holci sur¥Uj'1'1, eonsumpti<m uf hou:>e· 
holds a~ a g\vun period; {2) inter-
uatleMI romp1.rri110.'!.S, a.verngu consun:p--
tloo in different countries ll.t ll. given 
period; uuY (3) tin1t.• 9lrie~, e:'lllnge ln the 
.avera.g¢ rDn;;umptio11 oVt:r the twit tJe-
ci!.de. To ;i;,itinmt.e regi9n&l and ooctotlll 
den.t!lr..d ~!w.l't!.eteri.;;tles, llnalysi11 uf lX>"' 
variauc11 <.:81'1 be ullli'd e:Ject.ively_ HQ(lh 
(1962), .\iundl&k (!961 and llIBl), iirtd 
I'u.ri~ artd HO('~ (1966) have ui>ed this 
appl't!Mb for estimating productior.-
iunetion pnrameti'.m lWet<trll nnd ::\'11'-
love (1006) and Boo-David and TorMk 

"Durbill. (!!);<iJj .::t;.isin• a pro;::(!(!..,.., !or hwl<lling ~>:tt.s:au1111 illfon:Mt.ion. Kv.4 a!d Y-eyer 
(ll\67) warn &pimt gwtng undn~ im~ I.cl cxt.rwl'IW'! ...timati<.'11 Vl'(j(ffiur"". At.:<...,,, Kuh 
(19.W). 
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(1965) have applied similar approaches 
for estimating demand functions. 

Mund.laJr. model.-,\i!aumc that there 
are observations on quantity, price, and 
income from m regions for t period~. If 
the regression coefficients in o.11 regions 
are the sa.n1e and if regional character-
istics can be isolated, the demand func-
tion can be uTitten as 

{34) 

\vhcre 

J;I = qno.ntity demanded in re)o:iou 
r during period 11

/;!, = price of commodity, i, in re-
gion i· during period t, 

R('J= region.e.l effect in ~gion r, 
(commodity) i = I, 2, · · ·, k, 

(region) r "' 11 2, · · · , m, and 
(period) l = 1, 2, · · ·, !. 

'fhe usual procedure iu cro'>'!-section 
do.ta i'l to fit a regre!lsion to data. col-
lected for re11:ions nt a period of tirue, 
ignoring the contribution of regioual 
factors, CR1•l. When "'e nre interested in 
regional variations also, \ve ohtnin the 
estimates by n1ini1nizin~ the sun1 of 
"l=~ 

S = I;I;(qj» -Bo 
' 

(35) 

where 

If the demand functiou is complete, 

C"' l - ~8;. 'fhercfore, Fi,,= A i•J;C,, 
\vhich gives an estimate of regional effect. 

Ben-David and Tomek model.-If the 
regression coefficient:; take different val-
ues for difff'reut regions, the fol\01ving 
inodel can be u.5ed: 

• 
q\') = ao + ~ a,n;;i + boP\'l,_, 

(36)
•

+ ~ b,.S~·;' + C'~'J 
;-1 

,,,here 

,. =j = 1,2,···,-m, 
1 = 1, 2, .•• ' t, 
q = endogenous variable, 

P = exogenous variable, 
D, intercept-shifting variable 

1vith 
1, \Vhen r = j, 

D)» = and 
O,whenr~j,1 

S, slope containing dummy vari-
nbles, v.·ith 

The above equation can be estimated, 
using certain assun1ptions, and the 
eqUD!ity of regression coefficients can be 
tested...\.l8o, these models can be gen-
eralized to handle variations in both 
slopes nnd intercepts of den1and over 
different regions. 

Shifts over time 

·rhe tin1e-oories analysis wssumes that 
the structure of <leinand nnd the values 
of coefficients remain stable over the 
period under consideration. It is possi-
ble that the structure over time may 
gre.duo.lly 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, 
a shift ve.riable ce.n be introduced in the 
regression equation, One poSflible meth-
od of identifying shifts may be through 
a preliminary graphical analysis. Shift 
variables could be introduced in the de-
mand function through dummy vari-
ables whose valllcs 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 is to break the period into sub-
periods during which no change in struc-
ture has occurred. One difficulty with 
this approach is that the number of 
observations per sub period may be small 
for statilltice.l analysis. 

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

:Foytik (1951) suggests t1\'0 alterna-
tive methods that could be used to al101v 
for systematic shifts in the regression 
coefficients over time. The first approach 
ill eMentially the same as fitting separate 
demand functions for each period and 

the second approach considers all y.·eekly 
observations together and estimates an 
equation of the form: 

P, = a+ (b + b'w)Q, + ((; + C''w)D 1 

+ (d + d'w)Q,_, 

1~here 

i = 

P 
Q 
D 

+ (e + e'w)W 

w = y.·eek of aeason, 
price, 
quantity sold, and 
consumer income. 

(37) 

To find out "·hether the demand equa-
tion changed systematically over time, 
the coefficients b', c', d', and e' were 
tested to see Y.'hether they differed sig-
nificantly from zero. 

Though the above approaches can be 
'"used to study the shifts over time of a 

single con1modity, they may not be suf-
ficient to analyze stochastic clements in 
consumer behavior. Bartcn (1006) he.s 
specified a model which takes into ac-
count the shifts in lltility function over 
time. Rosenberg (1968) provides differ-
ent approaches to incorporate stochastic 
variations among pare.meters during the 
pcricxl of observation. HoY.'ever, certain 
conceptual and empirical problems are 
yet to be solved before such procedures 
can be applied to a large number of 
con1moditie;. 

The Gap Between Demand Theory and Empirical Analysis 

In theoretical development, y.·e specify 
certain postulates and deduce the be-
havior of the variables through logic. In 
contrast, empirical studies deal 1vith 
quantifiable phenomena. Often theor€ti-
cal developments and empirical analysiH 
complement each other--empirieal anal-
ysis can be used to verify the validity 
of certain theories. -Sometimes certain 

theorieti arr rearhed by starting from an 
empirit·al analysis. In the field of de-
n"IB.11d analy"is, econometricians have 
often built e1npiriral mcxlels based on 
the significance of economic variables 
like prices and quantities, and justified 
their findings through rconon1ie theory. 
On the other hand, ~on1c 111odels in con-
sumption theory an.- not subject to 
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empirica.l verification because of defici-
encies in data or in statistical procedures. 
As a result of this, v•e are faced \Vith a 
situation of ". . insufficient predictive 
po1>.·er, inappropriate basis for empirical 
analysis, and difficulties in establishing 
empirical confrontation ... " (deJanvry, 
1008, p. 4) which is often referred to as 
"the gap hety.·ccn theory and empirical 
analysis." This section describes at-
tempts to bridge this gap and, also, 
points out certain difficnltics encoun-
tered in the process. The discussion of 
concepts of separability 01>.•es much to 
the excellent trestment in deJanvry's 
(1966) a1>.·ard-winning thesis. 

The fact that, according to economic 
theory, consumption of a particular com-
modity is dependent upon its price, 
prices of other commodities, and income, 
suggests that the demand for all com-
modities are iutecrelated and that any 
empirical study should consider the de-
mand for al! commodities simultane-
ously. If there are n commodities, this 
involves (n X n) price ela.!lticities and n 
income ela.!lticities for a total of n(n + 1) 
parameters to be estimated. For the 
model to be estimable by knoy.·n tech-
niques, the number of observations 
should be at least equal to the number 
of parametem to be estimated which, in 
this case, is n(n + 1). Y.'hen a large 
number of commodities are considered, 
this condition cannot be satisfied and 
we run into the so-called "problem of 
degrees of freedom." (For further dis-
culll:!ion, sec df'Janvry and Bieri, 1968; 
Clarkson, 1963; r-.1ishan, 1961; and Ilout-
well and Simmons, 1968.) If we impose 
the restrictions on consumer demand, 
the nnmber of para.meters to be esti-
mated directly can be reduced. The sym-
metry condition provides n[ (n - I)/2] 
restrictions, the homogeneity condition 
provides n restrictions, and the Engel 
aggregation provideEJ one restriction for 

a tote.! of nj(n - 1)/2] + n + 1 = 
(n' + n + 2)/2 restrictions. Therefore, 
the number of parameters to be esti-
mated independently is reduced to 

n(n + I) - (n' + n + 2)  
2  

= !(n' + n - 2) 

which still remains to be a big number 
to permit direct estimation of a system 
of equations involving large numbers of 
commodities. Tu!alizing this difficnlty, 
tn·o different approaches have been 
adopted-a f!ingle commodity or a snb-
sector analysis, and the "integrationist's 
approach" (Boutwell, 1965, p. 8). 

Single commodity or sector models 
A single equation is formulated for 11. 

commodity to ostimate the direct price 
and a fe11,· other cross-price elasticities. 
The effect of all other omitted variables 
is implied to be zero. The choice of other 
prices to be included is often ba.sed. on 
subjective judgments of re:see.rehers. 
Also, the number of parameters to be 
included in each eqnation depends upon 
the required number of degrees of free-
dom which can be increased either 
through incree.sing the number of obser-
vations or through decreasing the num-
ber of parameters in the equation. The 
number of observations can be increased 
by extending the period of ob11ervation 
or reducini,i; the interval bety.·een snc-
cessive observations in the case of time 
l"eries data, and enlarging the sample 
space in the cai;e of cross-section data. 
In general, the effect of using enlarged 
time.aeries and cro:ss-section data is t.o 
increase the variability in the data and 
it may be important to test whether any 
structural change or herorogeneity has 
occurred in the process of enlargement. 
The number of parameters in the model 
can be reduced by defining compoeit.e 



oommodit~. Alt!:ough t-he ct1tl1tu.1t'.on 
problem e&n be solvffi by i>ggmg&.cing 
r-0nunoditim, this proceclun> introduces 
a. number uf ":i.ggreg11t1on proh'.ellll!.~ 
~ou, fo• po;l<:y ans'.y!ils, oft<~ll inf<1rma-
tion on h1d:vidllll.I comn1odities i" re-
quired &.nd an i;.ggregat-e derived from 
hQterogst1eous it~lll8 may l\Ol refiert too 
fhi\ratwrhti-:s of in<llvidu&J oo~ni3d­
itie~ })donging t.J tin> scL 

The "integrarionist's approach" 
The integtatian.Et'I! i\ppro4<1h iwcg­

niiei;. th<' inten:elationi;hi~ am(1ng all 
rommoditiP.8, To ovrrcorn.:i the prob. 
lern.1-0f <legrees of freedo:m and idt-nt\fiea... 
tion, II. number of ssi;umptionl! tegarding 
tiw. l!'tittnctim1 of commOOitlM and th<.> 
UAtuf!I r;f utility fu1,ot>or.t are intro-
duwf, AW;, attemptr. lll't! lt!Ade lo in--
tllfP<}tate the iheoretit& rem:rictlm,;;: 
inl-0 the sta:.i'!tkal n:odllL Strotz' (1957, 
19511) utility f:.."t'fJ and Houth&.kkrr's 
(1900) additive pr~ferences and v11.rious 
fortnll of sepa.te.bility ideas belong tD this 
g'l'OUp. FriS<r-h (11J5!J) !n a pioneering 
article, prop-OF;ed ~hat the d>lmand re-
lationWp;; deriwid from utility themy 
oould ~ uood in oorr>p>Jt;J1g all direct 
price and r.11).!)!! ~t.YJltWI under tlfl 

aooumption of want indcpendeow. 
Frilleh tnodeJ.-FrWeh conaidcrn the 

ir11pl1cation~ for estimatu;n of a matrjx 

oI d"mt1nd OOl:lfficienlli frn: the <"II.Ile in 
whi.;h the uolity of S.'.ffnc nr all Nm~ 
niodiUe; 11N. ;,,&peltdent nf th(' qulln-
tity of othfti<_ 'f':"'"' idea of U'!l"ll imJc.. 
pt"ldwux- i~ expl&'.ned by l;ri:wh (lD59, 
p. 178) b.v re:erriug tu oommndltl•'S 
where, for C;(h.tllple, ~- tho 1nar~it1al 
utili~y of u~init n1ore ele.;•tri(•ity in the 
linmo ew1 lillielr lJoe :-egard<'d ae i1lde.. 
pet1dent 01 the Ql1antity <.>f Sw0M th'*"<' 
ronffttmOO!' Similacly, he dil'Cusa.eil the 
cfli>!\ ·....twre tommOOity grili1pt may he 
wru1t independent, bdt dependence is 
111Mumed among rommoditiet< 11>1thin !I 

group. The major argument is for the 
ease of \V!lilt·independent eommoditie~ 
and e.an be ('On1p!lrt'd with t!:>.c elssekal 
taae in 1•:hieh tk S!uwk)o-· relation l'\ 
given ti'< 

The 1''risch ~La.te1nent of this r('latioi1 
expresse$ pr;ce i:>!llBlicities (f ,,) Wl .a fllllB· 
tlOll of V1i-llnl ~a.'*1clty (..-,,j, hudg('t PM· 
purtinus (w,), inconie ela\tk1liek (t,¥), 
t1nd the fiexlbility nf the marg:1tuJ utility 
Qi iuoome wlth ~t !<J inoome {¢). 

l 
o,, ""'If<; - 1.J.t,e,-, - :P"''"'"''" (39) 

whDl"I' 

J}q,(u:, Uf. ·_. U.) • 
au,­

,'1 (mo,,ey !'!cxibility).

' 

~ 
q. 

F'or income c!a;;tioii"1c~, the e<:in~n~ Thf' l<'rihch nt11.tcn1ent in ltnns 1)f \\'II.lit 

tional 1u1v n>.>!t'ftl-int, or Slutsky-.Srhultz elB..'lticitiN! 11.nd tht< '.!1l<)nty flexibility ('O­

oondilio1i, i~ that thi; ola1Jt11:1ti~s for effiMet<~ ~ 
pt"ice:s nnd ;,><:U~e sun1 lo ror.1, ,,,. 

ir,, """' E,,,,. \411, 
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independent of all other goods, or 1vhere income clusti\"ities tnay then be ex-
<T;, = 0 for all i ?! j. The cro:;s-price and pressed as 

(42) 

-r.,u•;( ! + e~·), (eros.~-priee elasticity), and 

(43) 
e., = </><T,. (inco1ne elasticity). 

To obtain the direct price elasticity ""in equation (43), substitute the tern1 
under want independence, 1ve solve for in equation (42), and obtain 

(44) 

1 _ e,.w; _ - w,e,. \ (o,vn price elasticity)_ 

' 
Under want independence, "'C may solve for¢, or 

rp = e,, - w,c,_e,., (1noney flexibility). (45) 

e., 

e, 1 + w,e,, 

If a value of¢ is known, equation (42) 
rna.y be used to obla.in csti1na~s of cross 
elasticities under the a.ssuinption of want 
independence (,,-,; = O). ~foney flexi-
bility may be estimared from equation 
(45) for any commodity where the direct-
price and income elasticity coefficients 
are kno1vn. Further, estin1ates for vo.ri-
ous commodities or commodity groups 
should provide similllr values of ¢ if the 
Wl8umption of 1vant independence i~ 
valid. Thus, if we know all income elaR-
ticities, expenditure weights, 11.nd direct-
price elasticitir.s for ll. single con1n1odity, 
all the remaining paran1etcr8 can be 
derived. 

The a&;un1ption of 1vant indepcndenct' 
for all coinmodities iinplies co1npl<'tr 
additivity of the direct utility fun<'tion, 

u(q,, q., ... ' q,) 
(46) 

+ u.(q,). 

Houthakker (1960) refel>i to this case of 
independent utilities as "direct addi-
tivity" and sho,vs that the rross deriva-
tives of demand a~ proportional to the 
derivatives 1vith respect to income. 
Thus, under independent utilities, the 
commodities are still related through the 
budget ~straint but 1vith demand inter-
relationships of a n1uch less complex 
form than "'ith ronventional theory 
1vhen complete dependence is allo,••cd. 
Barten (1964, 1967) suggests a inodel 
inrorporating a "·eo.ker assumption on 
the utility function, "·itb con1plete addi-
tivity replaced by ("onditions of "aln1ost 
additive prE>fcrrnccs." For a deto.iled 
comparison of the Hick~, the Frisch, and 
the Barton n1odels, see .-\ppeudix B. 

Bar-ten model.-Th<: r~ntial contri-
bution of Harten's n1odr! is to develop 
n1ethods of estin1ating den1and functions 
11•ith soinr,rhat lei'S rest 1·irti 1·r conditions 



being lmpooffl on t.'ie ptci'l}tenoo fune-
tirm. Cons\de; the H«!i'lat! matrix [} in 
whkh tlemtnt£ are L'0 = ;;'fJ/(Cq;&;,. 
For the Frisch eaoo of want lndepen-
denoo for a:l <X•mrr:odltie~, the He.ll8ie.n 
matrix has zeros exeept for diagonal ele-
ments. The Hick~ matrix would e.llow 
values lo all cells. Bart.en would limit 
vslul:lll'. to dhigonal e{"'1!lf'nts p!uc 1-ertain 
!lQndiagwii,.J eiemenU. of a naJatt that 
Uw C<'llll!Umer'g ~fereneet1 are "alnioot 
&dd1tive," The term fo: a croas-priei: 
elai>tikity for Barte.'l i~ nf the fmm 

wt.em t.'ie constant w:m ropresents trend 
due to ehan~ in taste; o; oth'lr faetOf!I, 
1,1 ropresent.'l that part. of the S1;b;ititu-
tion effect that i11 dire<)t\y relat~d to the 
inMrnetion of commodi~s 111 the utility 
'.:Jre~ior., the oompO'Jr:d ~rin (rr.oney 
lkx\billty, h'J:d@;et proportion, e.nd ir.-
eow.c elMtieities/ represcuts ~ roma-iu­
ing ¥-'l>ltltution effeets, "'• the lne<mtf' 
elwrl«rity, 1u:.j -.., e. rnndo1n <"ft'l)t Wm 
Tim f.ri>f, diffPren;;:e of log11rilh111ir. i>peci-
liee.tion i11 justified on pmgnmtie groQnds. 
Dot.Ails of the estimation procedures o.re 
t1V11.ila-ble in Barten (19ti4). 

A differer.t approoeh to the complete 
ru:id:tivity MSl!Umptkm used in Fri&:h's 
formulation imd to the t<l1nrn;t &dditivity 
ll!\A;;mption uaed it :&tten's inrmuls-
~on i$ ubl.e.ined by L'ltroducing differer:t 
<'.!Ofl()(!p-ts of eepar!ibiHty, dM-eloped irom 
the ~utility tree" concept dillcus.'>!ld by 
Strotz (1957, 1959). 

Th~ role of separability in 
demand ·~lym 

Th" ~ ot • uWity tnu>.-Th<:> 

•>,=~(Ji]~ iv~ ..(1 + ~:). (47) 

F<'Jt .V!'Wch, the first term <'.Ill the right of 
the f!qw;J;ty is.,.,,; otherwit;I!, tiw eqba· 
tlO!ik ruv: i.dentioo!. B11..--ter;'~ !ormulaiior: 
in0<)rporates e. term (Ujj') I.hat is ln-
varia.nt under transformations wheteas 
t~ Friach tern: (..-;J is r.ot. For pl'l\!'tical 
ooruiid.,fatlous, there tiro dt'rivatiooo Mil 

l:<E co!\l!kieted as equivalent !IS pcintOO 
out by Ayanlan (1969). 

Formrtlmatir.rn purposes, Bart.en SpN}. 
fie-~ a regressior. equation of tl'.e fl)m1 

b.eie idea ls that lhe <'l<'menti! bcl~ng 
to tl'.e oorcroodity bundle can Im ptc"· 
titioned into dif!erent groups (s\rni!ar t-0 
the branches of a trre). It is e.s~umtd 
that cousu;iwrs fol!ow a budget alloca-
tion p('()()l)l!S in such e. vray that, in the 
first .;:ui.gc, the total eJ1.penditure ii 
divided into diffm'nt subgroups and 
then, at the oornnd st&gll, !;ht! amouui 
nllotterl W ~aeh :iul:grvi1p i~ allotled to 
individua: <'cmmodi:;ies '!lcloni;ing t0 tbat 
8ubgroup. In oth'l! word£, conirumer~ 
follow a tw<:W<tage- bud~ting proee~~ by 
which tota! exJl"ndit.:Jre i.'.! fimt split Ir.to 
group e!ql('ndltur!llJ 11.t the first $tt\g'1' ii.ud 
then ea<:h gn>11p ('xpenditure i$ sPlit into 
individual f(lllliflo(bty cxpcndi\,Un<¥ at 
fM oooond !Mgc. 1\co:inlir,g to th:s pnr 
Cl"dnrt, it w prui_hle to <::a1ITTJ!ate a.!! ~he 
partimu!er$ invo!•ed in the sy!ltem of 
dt>tnl'l.nd eqoations from II. knowled~ of 
t't'rtain pe.ru.meter8. 

To per1nit t.he·uae of tlw two-:.f.al!:e 
ail0t:atiou pnxe;.s, t.he utili>;,v f.it:eti11n 
m\l!l't i;ahsf:r eertair, propertrth:t Strotz 
$ta\"O~ Wlth the t>la5airal utility fum"tion 



fl(q4 q4 · • •, q.) 11.nd a55umes th/l.t it II! 
sep&mble in ti-'.<:! branc<""" :, 2, · · ·, s if 
it Ul.ll be Wt'ittec ;l.>;1' 

G = f'l [/'{if) + fI'(rf) +-• · 
(1!;) 

R, = nnm:mr of eommocltili! :u t~4 
f"h groop hll(;h that 

n;+"t:+··-+11,=n. 

AB 'J!lo.al, rr;axi..--ni;;ing th'.s utility fune-
tioa .enbjtet t-<"l the budget rertrictlou 

'b p,q, "" y',,_ 

we ciu1 Arrive at a deil'.and f:inction of 
t-!le t<>~m. 

\:"' ,,(•)p + ,,,,, (50) 
+ ,t_, -",. • -y' " 

"' 

11;;1 = j"' conm.odity belonging to the 
iA 4';:lJ<VWJdity group, 

j 1,2,···,•'.';,&nd 
i = 1,2,•·•,8, 

Ta.king tii,·o commodities belonging to 
t-he same group, the rc!atiom!h.ip ca.n be 
wr'.tten 11;;1 

f» ,,-, "" ;<)g,, = "'- 1, + ,t..,B;,.-P, + 
"' (5l; 

for atty oocb two ("0Jr.n1o&tl<i$ belooging 
to a group, th<'. ~<lefficient-. ei«k and sj~ 
wlli be in fi:w<l proportion for k not Ju 

e;:r. ei:t 8''' 

br!l-llch i, Strot:: has shown that tl:w ratio 
of s-Jch prire slop~ ls en.ual t-O the ra:ro 
of iueo!'fW &~. !ii / (i! Thmfore,

"Yw- 'l",, ;'r;, • 

... 
_ff_ = (!;,, !:,, (52;" "" ("e;::, ;3;,.. fi"' -,-i'.)
"' 

Usius the rclat.ionship (52/, a number of 
p11mmctcl'$ ir, th<i- ;;y~te:n of dema"d 
<:quat:on& ¢.in hc ealeulalud '«\tl-, th<' 
knowle.lge of 1nc1;mc eo€'ffie1ent<1 i;ud &t 
!oost our oth<:r interl_,;a,,eh corffi.;ient. 

Coo.cQiM of ~ty.-·"f«) N:!p&· 

ri;.te eo1nmoditie:> in th<' utllity tunctiou, 
the mti<:l of 1:narginal utilitlcs (>f 9. pair 

of commoditic~ i and j i.s assumed to bl! 
u:1!lffected by tht 1~1 of conoor:ipti<Yl 
ef a third co1n1w;idi~y k. Ii:: .-,ther \cords, 
it ean be &l!l!Ull!e<l that 

"' 0 for k ?'- i, j (53) 

"Th'.& U. th<> '"strong" defin>tion nf" ""lhl'"ble uti.;t-y fun~tkm. i:>"tnt'.a- ..a,.,;aoo iMt, In lilio 
QrlgiMl fo:-rn11h>h<:Jn, h<' OOd e~li:!wl to Wfllk f11rrn <,! """"'Ttiblt wJJity t.:.r,c!ion, <hm:gh hl~ -Wt. 
""""" de!Wr:tl \;i;.8M "" thhl "1<Nlli£ f(Jtm "' HpM!lbility (!!W Strollo, tOO!>:. r;•io-r-*'* Uw 11tility 
!lmeW:m in (hj, ~r lmplillll "'1di\!vit;- l!""lllg gro\l{>f. 



holds for at lea.et some o! the goods_ 
\Vhlle tf'll coneept of ffimfl}cte additivity 
1.1ood by Frisch s.ss:urru;i; thst thr mar-
gim;J utill.;~ of i i;.nd} s.re uno.ffe;:::t,eri, 
f~i:: conellpt of sepo.r&bi!ity 11oo!ln1e$ thllt 
th¢ marginal utilities are changed equally 
~O.U!IC of I\ change in the consumption 
of the k•t commodity. Dep!!uding on the 
ai4Jumptions, :'.o:ir trpes oi !i'!p.&m":>ility 
cat1 be defined. 

Wmtk wpa;~'fity. Thi& wnK'pt im­
plies that the utility f•Jl<iith:ir. run be 
dividl'tl ;nr.o ~bgro;ips Mich that the 
margL1al rll.te of ;u..:bstitution t>etwefill 
two co1nmodities i and j from the ~n1e 
group {g) is in<kpencient of th.; quan-
titif% of eommoditle;, not brlonging to 
group ff. That is 

"Q"U· 
~-o,,, (54) 

for a:J i, J < group (J MC ii t f;l'(>l•J:> fJ-
Goldrnun and l'zawa {1904/ havesh<)l'<n 
thllt the utility function l/(IJi · · · q.) ls 
weAkly &·p&rable 1vith ref!{le(lt t<J a 
gro'.lping oi ti:~ n r.:nnmoGit)% inoo 11 
;;l&M of a rnuttAily exe!oJ!!Ve and exha.us-
ti>'<l Ellhgroup;; (,,.;th n 1• n., · · · . n, oom-
nmdities in each of the ? grovp~ respec-
tiV11ly) if, ond only :I, the utility fun(·-
t.ion \a of the ll.On-additiv(' ft)ITIJ 

l/(q, ·, • q.) = Fj (''(q'), 
(55) 

(:•(¢), ... ' f,"(ttJ: 

fJ 
1
('] 

1
) ... (,"(9:, ,fr, .. ·. '1~.:: ' = l, 2, ... 'i'; and 

Jh +n, + ··· ·f-11, ""}/_ 

Weak hfl'mog1J11eo11.s S8pdl'llbilily. Green 
(1964) adcl11 vne property to the ,.-ea.k 
!$(!pll.n\bility cuncept-!hn.t CM·h i;ub­
group 1'1 hmnogeneo;is of deg!'t'l; <U1e. [n 
o>.hi!t wunb, 

' 
i~ homogene.:-.u;;. of dt>gr€e one for al! i. 

&r..mg sepdraWity impliCll that the 
'.lti:ity function «u> be pu.rtitior.ed into 
11ubgroup.~ such that tte nlll-rginal ril.te 
o!l!Jhstitutk»1 bet~, t>ro e-0mmodities 
i r.nd j front two differ<"•lt \U~'1 doe; 
11ot depend upoa tr_e qll(\ntit«m of com-
::nodit!<m 1:J;1.1t- do no!- heln111t VJ th" .'lttm!> 
grvup$ l\$ i and j. 

(56) 

fnir a!l 1' t group 11; i from group :m, :tlld 
; fron; gniup -'l. 

Strou~ sept<.rability is applicable oniy t<_) 

those utility fu::iction~ "''hiDh are addi~ 
t!ve .11.f:l(Jt>g grou~. 

l'\q1 - · • q.f = P{ U'(q') 

(57} 

F.atlier it wa~ ~ho1vn that strong separa-
bility wai; M-quiretl for ~he r~tablishmer;_t 
of tl>.e coru:ept or ll 'Jt:lity tf(l{\ 

Pwl'(tt 1vpw\•)bil:Uy. Pearce introdueed 
the ;xmcept oi neutral &i!Soeiation whieh 
}ttW bwn laJ:Rt l'l"fe~d to as "Pearce 
&pambillt-y~ by GoldllJ.!lt, and ll2aw1J. 
(19f.J), Pea.re;-> defined the existence of 
neutra.l 11-ant a.ooociatiou between goods 
i and j and good k ii the m11rgina'. mle 
oi :ntblliit:Jt'.un l',erween two comm.odiw 
ties;: and; fKoa: the Sil.me tuhst: is ind& 
pendent nf the qnantitie« of ail 0thrt 
l'Ummrniitle11 
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This in1plies that e.ny two commodities
g.! from the same group should be in neu-

(}; (58) tral want aMociation with all other com-aq. = O; 
moditicii in that group. Under Pearce 

i, j ' group g and k ~ i, j. separability, the utility function U(q 1 

· · · q,) should be separated into a form 

+ J!,(rz!.JJ + 
(59) 

q,) 

+ [I'[J1(qQ + + f~.(q~,)]). 

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

The two-stage mlliimil!ation pro· 
Ce811.-Imposition of the MSl!mption of 
separability reduces the number of pa-
rameters to be estimated directly. Sup-
pose that there are n commodities be­
longing to s separable groups. In the first 
sLage, the total expenditure y has to be 
alloted D.mong the s commodity groups. 
Let y 1 , y,, · · · , y, represent the amounts 
spent on different groups (y = y, + y, + 
·· · + y.). Themfore, the firat stage is to 
determine y 1• y,, · · · , y, such that the 
utility is ma.ximized. That is, 

• 
U(y,,y,, ···,y,) - >-(Ly. -y) 

;-1 

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

(60) 

0 (i=l,2, . ' B). 

Equations (60) presuma.bly can be 
110\ved to obtain the group expenditures 
y1, y., · · · , y,. But expenditures for a 
particule.r group is a function of the 
group price indices Pi, Pi,···, P,. 

Therefore, the solutions obtained from 
(60) ce.n be \Vritten 11.!5 a function of 
group price indices and income 

y, = y,(P,, P,, · · ·, P., y) 
(ti l) 

(, = 1, 2, · · ·, s). 

Thus, at the e,nd of the first stage, the 
group expenditures are expressed as a 
function of price indices of all groups. 

In the second stage, 
• 

[i'(q[, q;, '' q~.) 

is ma.ximized for al! groups i subject to 
the reatriction that group expenditures 
equal the amount determined at the first 
stage. That ill, 

lJ'(q;, qi, · ·, q~,) + >.,.(t P;q; - Y,.),_, 

should be maximized. Taking the first 
order conditions and solving for the 
quantities, 

q) = q;tPi, Pi, · ·, P~,, 
(62) 

y,(P,, P,, .. IP., 11)] 

fora.l!j= 1,2,···,n; 
i= 1,2,···,8. 

Thus all the demand equations can be 
specified. 



G<oTgo an.dKi,.g: Comumer Demand fat FooJ Commodities 

Under certain conditions the two-
stage maximizations of a separa.ble util-
ity function provide the same equilib-
rium solutions as direct maximization. 
Gorman (1959) and Green (1964, p. 22) 
have provided the conditions under 
which two-stagr maximization is con-
sistent. Accordingly, two-stage maxi-
mization of a utility function v>il! be con-
sistent if the weak separability con-
ditions are se.tisfied together with any 
one of the following conditions: (1) only 
tv•o groups exist, (2) strong aeparo.bility 
exists, (3) weak homogeueity conditions 
are satisfied, (4) all functions U' except 
one (say the first) a.re homogeneous and 
rI can be \Vritten as 

[} = U[U',¢(f]', (!',···,[/•)];and 

(5) the functions u• beyond mare homo-
geneous and r..; can be written w; 

r.I = l.'[('' +(I'+···+ [l"' 
+ ll(f}"'+',.'.' (,'•)]. 

When the t\\"o-stage maximization is 
consistent, the maximum levels of util-
ity reached by direct and two-sta.ge 
maximization should be the Bil.me. It is 
possible to extend the concept of t"·o-
stage maximizations to a number of 
stages, if necesse.ry. 

Identifying separable groups.~So fa.r 
it "'M a.<>Sumed that it \Vill be possible 
to identify separable groups. In actual 
practice, it "·ill not be possible to 
look upon the marginal utilities to de-
termine the nature of separability; 
deJanvry ha.s demonstrated the use of 
factor and cluster analysis to identify 
homogeneous groups. However, the 
grouping obtained through factor anal-
ysis may not be unique because the cri-
teria. for obtaining the groupings are, to 
some extent, ha.o;ed on value judg1uent~. 

Practical considerations 

Attemptll to bridge the g!!.p between 
demand theory and empirical v.•ork have 
oft.en run into difficulties because of the 
restrictive assumptions used in the 
theory and the inadequate nature of the 
data. More specifically, we run into dif-
ficulties regarding the concept of de-
mand, its ti1ne dimeusion and aggrega-
tion problems, 1na.rketing margins, and 
the nature of recorded data, all of which 
are discussed belo"-· 

Concept of dema.nd.-. .\.s Ba.umol 
(1965, p. 210) points out, "Demand func-
tions, as they are defined in economic 
analysis are queer creatures, somewhat 
abstract, containing generous element.'l 
of the hypothetical and, in general, 
marked by an aura of unreality." Al-
though the \\'alra.~-Pareto-Hick5 con-
cept of dcma.nd serves as a basis for 
defining demand in pure economic the-
ory, it is not a.dapted to the measure-
ment of dcma.nd for statistical analysis. 

The rela.tionship betn·cen price and 
quantity through demand functions pro-
vides ans\ve:rs to questions like, "What 
would coI!Bumera do if price were differ-
ent fron1 the present level?" In static 
analysis, a demand relationship is speci-
fied for a particular period of time. In 
practice, each time an observation is 
1nade, \Ve get one point on a deman<l 
curve and, by the time another observa-
tion is made, the curve might have 
shifted because consumer tastes have 
cha.nged or for other reasons influencing 
demand. These shifts may inlluenee the 
nature of functions obtained from time-
series analysis and, a.t times, it \Vill be 
difficult to isolate the effects of such 
shift variables from purely economic 
variables such as prices and income. 
Sometimes this difficulty may lead to 
the conclusion that economic variables 
may not be significant factors in explain-



ing d.;1Mnd. ,\n example of this typ"" is 
obtained i11 I'rost';; (19-19) lln&!ysis o!. 
t')ltll,lniptlnn pafu>rns in the lfnitu.1 
Kl11gd.:,n1 for 1!!70-1938 where o.'lly 1 
per i'ent of :he v11rio.nce of t1".c C<Jrnu1rr1p-
tion of tes. 1md tobacco 1va15 e1epl11inf.d by 
income 11.nd price..F!:!.rrflll (1952) ex-
plains Pn>$t's m;;u!ts in t<irm.~ -0f lrrevBr-
~ihle demand fu11<':.i(ll'i!. He M<!'Jme;;, 
"That a mAn who r.a.s !~1 indu,•eci by 
!I. rL'lil'l in tl!i'u<rle or a fall in the prV:e of 
to~no to take up ianckini;, or tc l'ffil)irfl 
heflvliy, will f;::rm a hsi;Ji;., 11r.d w':IJ not, 
when prices or L'1come reti;rns to irs 
iormer level, cut his consumption to the 
fotmer level." Often irrevel'!libllity w:.11 
tern:! tt> btt a lilli.tte' of diEereniia! lags. 
F<•r enmp'.e, Gocdwi!l, fl !;!. (1968) 
derive i~blc demand funclmns for 
~ with ditfcrent ley,ged-1'?!lp<:mSI:' i:n­

dcicnts for th€' Jncrea._'>i.ng and dl'C~ 
ir.g phil.llflm of a tons-.imption r.yele. 

Argnigation.-Accordin@: to Green 
(1964, p 1), ~1\ggregaiion is a proee~s 
where~y a plltt ill the infDrmtttion -&Vail~ 
able fo:- thll" m:.ilut-ion_ of a prob&m i& 00.e­

rificW: for the pur-p«<e oi ntak ing the 
problu1n more easily nuu.lt.gl'.,able. ~ M>Y.!t 
o!. t~ d1>mand ,.Jatiooshi;m speetlied 
ew~ier apply to 1111 individual ilOt:tuir-1.--t' 
wlth a giver in(ilffiC fQcing given nmrket 
conditi<•ns, But, in empirical work, tlli: 
behfi.vi()l' of ll l\ingle con8Umer (in a pC>.:r~ 
fectly oonipctitive rnar"et) ls oot intM--
at,ing; we $\ud_y ti'.e OOhaYio:r of the 
mMket whieh is a.n ~tioo rJ 1111 
individual OOU$!llr.m>. 'I'henlfonl, wtl are 
fll.Ct'd. wilb. the quffltion of deci\1t.g 
theorie; on 11~te (m&t'1'o) relatio..'1-
shiµB based on individual (miero) rela-
tionships. In ptutieular, it i~ nereW:l!iry 
W specify • coo;;i;,'ten~ procedure for 
.\M"'-srvJon and then d<J~ir.irw the ta-
ture of tht; agg_tegation bi!IS !nvolvod in 
the proet}dure Adopted. Gmn (19M, p. 
J) defilW1 a+;gttgtt.tk>:i t<J :,.. (Oll~iiJtent, 

~ - wl:'-"!t the use of informJUJ<Jn more 
deti>ikd thM that conlfilnai in the a+;· 
greg&tes woo.Jd make- no <liff~<:e W the 
reaWti! of the analysis of the proolem at 
hand.~ On ngg:regioti-on bil!.8, Gl'\lofl'.ld 
and GriE~he$ (1000, p-. I) nrgu(' thar, 
a.ggregE1tk1n mny oomeiimes red)J('t:' the 
sp<ici5raf.ion a-rnr find thm; bring oome 
gain L'1 fW.(lUXAcy. Ac-wrdiag t-l' ttkffi. 

;., pn;cli.:.; '!>¥ J., net Jrnow e"<>'lgh 11boot 
mkm hth&vtw tL b<i atk t<l sp<:ei!y m>w 'lQUl!i" 
b>m~ly. ll.mooem~Y¢<ffi>:nl0Ulci mi­
~"" Mkti.1>mi. whcll:wt ~ of '.;;d_i-vidm;I <:'.Oll• 

~· '¥ Qf n;dlv'.d"--"I pr~ ob.Quid no!. 
be ....umtd to bf r;!'l'f~tly "P<'Oilied 11lth<!I' !n 
&n t!<!';>n()mio irenoo <J.l" in a •U.til'ti~•l Millie. 
Aggregation of to:inontl¢ vsriabl"' 01>n, 4Jld 
in fact, frequently Joo•. ttrluce th()OO \IJW'Jifr--
""tion fill'Qffl, &rwe, aWfS""<ion d°""' not 
only produon &n 111up·egs.t'on trt>X, b11t Oliy 
a1o<i ~"hi\ ~Li.,,. gnin. • 

Theil's (i954) W(U'k on Jiuear ~ 
gatilJll i!' ilTW of th>' eatly systematie 
a.ppm&'~?!' 11dnpterl. Allen (1004, Oh. 
20) di.>(!1)11(;1)$ the eDl!lt of (1) aggregation 
aver individuals, (2) aggregat.ion over 
comrrux:litir:o,a.nd (3) aggregation over in~ 
dividuals 11nd cnmmoditY.;1;. Thee (1959, 
p. 14) points out th&t, ". , im:IAd!y 
speaking. if !itl!:l&f' micro relations aN 
aggrtgatu.I io Wrms of linear 11g$tt{;&tf"S 
W a linear m!¥"ro :rel&tion, the result'.ne; 
m~ro prue.m<fters are weighted auma 'lf 
o.ll micro parRm<'ltern.~ Here, we ahall 
illustre.te this pr\lblem using some s.impl<l 
emtnples. 

.49qre9uti.m CV>J"r imi1vidurU<t, Ear'rier it 
"lb! drol!ted ill&t an indiv;dual's de-
mand for a oon>mndity is a fnnction of 
tr.e prloo of the ('l}[l)modiiy. prlee of 
ot:"1et eo.inmod:tiei., and iw:o;ne. ,As,un::.-
ing Q linear rel11tlo11~hip, thf! dem.anri for 
11. comn1odity ior the j'~ iridividu~l cun 
be written a.a 



qn = 'Jllil.ntit.y of i'h comm1idity de­
manded hy j'" hvlivldunl, 

p, = prlc-0 :if i'' comn1od\ty, !!.!Id 
#i = ir,<;Qme of J"' individi.-.a.L 

In a given n:arket i;\tU!Ltiou, !t <'"!l.ll IX' 
a~'i\1med that the pri~ is thl' wm11 for 
a!l indiv1dunl;; and that on'.y in<-nu:IO is 
varllihlfl- tlnder >hi;:csimplif}·ing a111>ump-
ti-On, (63) '-'ll;U be writtkn &> 

(fl I) 

Jf we ~per~fy an ~te relation of th!.'. 
fl>l:'!ll 

q;=a,+ry (65) 

between aggregnte den:&nd !J• and um;e· 
gate ineG:tW ;J, the problem ill nut'!ga.-
';iun is to find a cvcisistent method oi 
re;&ting {61) ll.lld (f\5.L 

Suniming (M) over o.H ir..dividuals, 

To w:;tablish a relationship b€-t'l\·nen !I 
and individual ineorne11, Jet us defiue tho 
ID!lfln vulue of micro iJ.o~s (:na:-gtn&l 
propeuisity W c(>nSUlnl') a,,, 

1 (66h)c"" -l:c,.
' 


!{uw let 1u; dnli.ne the aggr:ego.t<t ir..ctiti'.e 
;J A~ th<> ,,..rn o! individual rnargiru:i.I pro-
po:!nsity to ('!)fl;>Urm> :n:;i\tiplied by indi-
vidual if:IOOIT'.P1 divided bJ tht1 nwan 
valu(' ,J th< mil'l'O slopeii, (II' 

ii = _I!__ Xc,,y, (from OOb and 67) (68)

"" 
l"ron> (%) !lud (68), \Yi' 1-.hta\n 

Comparing (00) a11d (69), 11·e gets. ('Oll-
:>iK'.Rnt agg:r.,;i!.tion ll 

•  
q, "" L q,,
,_, 

a, = La,,, nnd (70) 

-' 1"'l,ort "'r; ... -Ic,,c ll . 

From (70;, it ii; ('!f',,lr ti-.At the aggregate 
qu!lntlty );; tht' "'.Ill'- nf ind>.<dual qunn~ 
titiw, thl' int,erecp! of the P.,&grng&te. 
relntit•nship ii; th<' ~uin of indlvl<lur.I 
intercepti'!, nnd !ht aggriigatc margin!ll 
propensity to C(ltht!mc iij the averi>ge of 
individual matgine.l prnp('mitlf>fa_ ;\ggl"'::-
gate iuoome it defint.cl as a wcighted 
i;verage of ir.d'.vidual incomes, the 
\Voights hmng propottioaal to the indi-
vidillLI rn11.rglnal propt'n$itioo and, tnerc-
fqro, tht nggregate inoom1_•, ns de51l.ed 
b~PC, v.·ill differ fJV.)Jll <::omrnodity ~o ('Om-
m.::idity. H:•)~~vw-, lb:S is only 0rHi form 
o'. aun:'ga.tlon--ctlier apprQll,ehe~ !01' 
a.\•&.ili>l:>le ih Allen (1004), St<tr.e (19S4), 
and Wold kiwi Jumn (1964)-

.4gµnj/tt4on Q11er t1Jm:rruxli!ie1;, Often it 
1,1-·)ll l:>e :requtred to 6-gg1'\'Kf'IB individual 
oon>mOOities to oomn1odity aroups or it 
may be that a ¢ven {'illTiffi(xiit.y o.ppe'l.ra 
in different fMm& or v!lnetie:> ami it will 
oo difficuil w :tandle ~ll vo.rielie; aepa-
r!W"ly. In such cn:<es, it le necea.su.ry to 
ll.IU!;rejti>te over eo1nm00ities., Ta eonw 
sider a simple exampl.-, suppoBe that 
t-here is only ane ihdividual in the amr-
ket f!l.Cing k vatietie~ of a giwn com-
rnodi.ty The Jenmnd relationship, i~oor­
ing other price'> f<;1r slmplili<~ation, ell.Tl 
00 written as 

11 "" a1 + b,p, (71) 



• • 

q; = quantity of j<h variety demanded 
and 

p, = price of jlh va.ril!ty. 

When different varieties of the same 
commodity&!'(! considered, quantity and 
prices al'(! in comparable units and they 
can be aggregated, as in the case of dif-
fel'(!nt individu11.ls in the previous emm-
ple. The only _diffel'(!nce is th11.t, instead 
of summing over individua.ls, here, sum-
mation is over varieties. 

When it is necessary to add up a 
mhred bag of commodities, the homo-
geneity property is no longer valid and 
it is not possible to add up the qu11.ntities 
or pric~. Jn this case, a standard ap-
proa.ch is to construct index numbers of 
qu11.ntit.il'.s and prices with l'(!Spect to 
Mme bll.l!ic qu11.ntities and prices (say q;o 
11.nd p 10). With reference to the base 
value, (71) can be formulated 8.5 

.9.L,,. a;+ b;b.,.. (72) 

Using a transformation of variables ap-
plicable when using La.speyl'(!S index 
numbers, 

• W;o q; d q, -- ­ .. 
l:w;o q,"<! 

•p; 

whel'(! 

W;o = p,-.,q,, 

(72) can be written M 

l:w;o •
a1+ b,.--q;.

WJO 

Dividing by 

l:w,0 


W;o 


• Wjo •q1 = a;~+ b,p,, (73)
.:.W,"<! 

= a;+ b,p; 

where 

w,.,a,. - --•;.
:i:w,"<l 

If an aggregate relationship 

(74) 

is specified between q and p, the results 
in (70) ce.n be applied to (73) and (74) 
to !l.lrive at the !l.ggl'(!gatea II.I'! 

• 
~ q:,ll ­ ,_, 

E• w,., !/.i_ 

1-1 :!:w;o q;o 
(75)

.9.LZw,, 
q;o
,~d - l:w10 

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

k • 
p = I.b, 2:bJ111 

(76) 

- Jy__ I.b1q1p1 
- l:b1 l:p1oq;o' 

As before, it is possible to modify t.lieaJ 
aggregation procedul'(!s by U!!ing other 
assumptions. 



"' 

A.ggregatitm <#1<\l' ifl.di,.-..J:,,,,jp MU/ C(llJl• 

l"Wdiriee. In this eaoo, tl:.e .si:l'!ple tfflat~ 
ment pre.sented in tJie previ(T..t$ tw\l C&Seil­

Uno longer applicable. The ~ni of 
~ elte.:ts mlllw it diffi~ult to obtait1 
the aggregat.., rulatin!lllhip s.s a sut11 oi 
individual nil&tionl!hipE. Allen (11164, pp. 
714-l5) show;, tl:w..t it is not pN:mb&ible 
tu wriw the exrer.ded Keyntaian ron-
sumptlon fur.ctiou of the forn1 'i ...- ay + 
bp + r as the result cl llirnpJe aggrega-
tion ~ individullls an<l r:ommodltioo 
from a aimihu m.kro form. He mgge:Jta 
that "the Mtunutiv<.l!! open arc t-0 ignore 
micro tl:eory, taklt!g the eonmmptlon 
function {q "" av +bp + r) u the Oas:c 
ttm:rtrurtion fir, On the other heohd, to 
e:tk-k tn :micro thOOJY o.ud to a.void rt!M.ro 
relat!OJJll like (q = ov + l>p + c) exeept 
H.B a toogh appwxhna.lion or aa appro. 
pl"iate to ps.rtku!ar eircul1l!!tAUN.'-6 1n 

pa.rtieu!&r timn peri006. n 

!htkedng mAf(iM.-The ehoi<.."f! oi 
prlee and qua.ntitic~ onteringderr.and ro-
!ationshlps is &n irnpotta.nt rongider&tion. 
Though often tx1nsumers mab. their pur-
ehfl.<ling decihlor.a baaed on pricttl at the 
l!Otail level, the product has to go 
through 11. numher of e'.l11nnelll before lt 
N&eha; the co!ll!Ul'fil'r. In fact. modem 
m.a.rketa ate undergoing rapid ch!!.ll('eS 
from a period when the tOnl!\.!me.r ll!lltd 
t-0 bakfi the bread for hon~ o::;n!lllmption 
W now wber; a number ,,f ioternlediarili!> 
6rist between the prOO;;ctr &nd the \ilti-
m&te Nlnsumer. Normally, eon!l>.lmtt 
reactJoos ai;. the retail levcl will bt> trbrAi-
l'!l.itWd ttJ ~he prodll'.'en! t!:rough thB 
intermed~!ii 11 The prie'.l& at the fa.rm 
lf'vel 11..·ul a.t the rot.ail levcl will be 
sep&J:a!/Jd through marketing m.M'i!iill.i, 

thto !il.i.lgnit11de cl -q-hieh will b<l depend-
ent upmi tJ11> natu:-e of th!l product, t·hll 
number pf inwrmedie.rioo, and other re· 
lft.t.00. funrn·t1- Ari Waugh ~lf:IM, p. 20) 
p(>i~ts out, a oomiM;W theozy of d¢mwid 
would lmve to expiioin th11 fn~10'll that 
infiuenct> robl.il priCt'tl and pr\re spreads 
betwean farmers (produemB) and 0011-
suruMY. Fur tt:e AA.ke oi ~i:.ion, lhu 
term #1'!:1rukcl)ng !!'fOUp~ Is used h.;re to 
denote al! the lntermediruies.1• In this 
CMe, it bl pouible oo '.der.t.ify fw.ir types 
of ~'l!lvloral reb.tiontI:ilp:1.: (1) the con-­
su~r dBinand. {2) mt1tketing: group's 
aupp.\y, {3} marketing group's demand, 
11.nd (4) prOOucet $Upplv. T'o provide ar; 
eeonorr.d:c mode! of thesB Ocimvim:al re.-
latilln!ihip..;, we itl:l&l! use the following 
zyrobol6: 

'f = qi:&ntity co-:w..r.ted at the retail 
level, 

q' = quantity produc:ed at the f!Q"Tll 
level, 

p· = p1•ioo i.t tttail level, 
pl ""' prioo 1>t farm :eve!, 
M = p' - pf, vha.-TMf> reali2ed by the 

rna.rketir,g group, and 
!I = ~ ineomB. 

Ignoring all other factors iniluencing 
the behavior ui diff~t group:i in•-oivM, 
the follo;i.1ng implicit relations ean 00 
spcci&d: 

Fi(q•, P'.11) "" 0 ;_77) 
(consumer demand), 

Fi(q', p', M_l = 0 (78) 
(rn.atlc.eting grovp'& <!upply), 

/?l(ft',pf,M) = O (79) 
(marketing grot'ijY's dew.and), 
~d 

"Pmducern will llfif lhi• intorm!ltiQii W mOO!l'y lhcit product_ Thio ii< why rwxlm> th~ 
cf mu!<~ 1'lll'n~ give great hn~ to wnoum<!l'll, lJl t<mttut tu the <:Jld belW tl:t.~ 
"~ uu:.e. itll own demsrul. • Soo Kotl•r (11161, Ch l) or" ~ <1f thl• •nsw ~ 
of mwkrtfug." 

" 'fib t:\lmb!l:r <JI •IAI!•• idM.ill!,,d eq.licit!y will pll'ttly Mpend upon Ll:w J'.)Ul'!"""' of the o.ooly-
oia (5""' Ilildn.tl:. ..00. Janett, 1~ l'I, J(f;'}. 
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F,(q', pf) = 0 (80) 
(producer supply-supply at 

farm level). 

Because M is !!, function of p' and pf, it 
is poSl;ib!e to eliminate j\f from (78) and 
(79) and write these relationships as 

F,(q', p', pf) 
F,(q', p', pf) 

Some of the variables defined above can 
be '9.djusted to eliminate certain vari-
ables and to arrive at what is knol'·n as 
derived demand relationships. Also, it is 
possible to make certain assumptions re-
gariling the relationship between farm 
prices and retail prices and derive the 
!'1llationships between elasticities at dif-
ferent levels as will be demonstrated 
later. 

Na.tore ol recorded da.t& (demand and 
supply interactions).-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 shov.·n 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-
era! equilibrium, there exists a tendency 
that the tota! quantity purchased by the 
coll.'3umen; (market demand) is equal to 
the total quantity produce:i by entre-
preneurs (market supply). Often con-
sumption and production are not in 
equilibrium in the short run. The notioll.'3 
of supply and demand should be kept 
apart and, for demand analysis, quan-
tities should refer to quantities pur-
chased. When consnmption data are not 
available, adjustments have to be made 
in production data to incorporate ex-
ports, imports, and changes in stock 
levels. 

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

The model 
Here, an attempt is made to obtain a 

demand interrelatioll.'3hip matrix for 49 
m&jor food commodities (or commodity 
groups) in the United States. Also, au 
attempt is made to obtain estimates of 
the !ine.&r effects of time on consumption 
of a number of conunodities. 

B.ela.tion io the Brandow study.­
Brandow (1961) took 24 food iterru; and 
obtained the complete structu!'1l of de-
m&nd relationships in terms of direct 
and cross-price elasticiti~ and income 
elasticities in a synthesized model. To 
construct the retail demand model, 
Bl'&!l.dow used the direct elasticities ob-
tained from a number of studies and 
invoked most of the theoretical restric-

tions on demand coefficients. Although 
the estimates obtained from Brandow's 
study arc not claimed to be precise, he 
has demonstrated the use of Frisch's 
(1959) procedure to obtain all the direct 
e.nd cro>J&-price elasticities. However, the 
estimates can be modified in a number 
of respects: 
(1) Brandow derived most of his direct 
elasticities from ~statistical estimates 
obtained from other studies" and, as 
such, they do not follow a conl'listent 
pattern of estimation procedures. Differ-
ent studies may have used data belong-
ing to different periods aod obtained 
from various sources. Also, the estima-
tion procedures used may vary. Thus, it 
is difficult to obtain consistency in dil-



ferent studies which it. alw rofiootw in 
tht> e1t-lmatu. 
(2) With 24 oommOOiti<.ls Qt emnmodity 
gro~, lt is r.el:~'Y t-0 have ;i. con-
sickrahie degree of Qggn!galitJtL Ber..ause 
lllide variations exist among commodi-
ties of a !{l'O'UP and we may he i11t.el'(li'if.00, 
for policy pufpo!!ea, in a ain!1;lu t'C)ir.mod-
ity r&t!wr than in a conuru..dioy group, 
it ill desirabk> to obtain a detailed bniak-
dflwn ill oo.mmodity group!! a~ing to 
ind(vidual <".ommoditie'! belonginit to a 
groop. Vn.Thot.ions th111t ei<lst for i;. gi~en 
C<Jmruudity as to gr111de, We, a.nd other 
ehanwterIBtics are of reoop;nil'iOO impor-
tafl(.'(l, but ere n:::it considetOO in this 
study. 
(3) Demand coeffictCnts nf many oorr.-
moditi<?I! !MY have ch11.ttgOO betwren the 
p(lllL1¥1!% !l-'ld ~ preww- pM:!OO. Although 
intlU$ion <)f the pre-..&r p.;t',00 may pro-
vide ruwc \'-!lria.ti® ill the dMa com-
pared to the relativcly mable tonswnp-
tion ps.t«1rn dur~I'.;'!; the postwar period, 
it is do;1btfQl whether the eM.ima.tes ob-
tllL'lKi from a long tlme Sft";;a, without 
oon&\dering st:ructuml tf~ in the 
variab!P.S, is lil'!liul for policy analysis in 
t. future period. At present, we Mve 
more th.an 20 obsetv11.tiona of anr:ual 
dtt.ta for the postwar period, 11nd thus 
e11.n obtain e.'ltima.tes from the pootwar 
dfrfl\l\lld &tructure a.Loni:'. 

Tn ti"m pre;ent stud.,v, the eoeffi-cienia 
-re ob!&inOO mring a uniform e'tim&-
timi procedure; the data of the 49 oom-
moditW:s relate to the postwar rurriod; 
and ftllimll.~ from other ~tudioo. m;peei-
ally Brondow's, we~ W<ed only when 
dat!l. were not a.v!llls.blll for estim1>ting 
the coefficient.a indepcnder.tly, 

Natu;r1,:1 ot u;nu:nptio1Ut·-··A11 ~n­
tioned, the ~l<mpti<Jns of Friiieh and 
:&rt>::n imply ~irnr.l utility and thoi;e 
of Strotz and Pee.roe ordinal utility. k 
Hitlltq (l968, pp. 37S--79) ~ "-
if the proper combinatl:011 nf eommodi-

tie;'; a.-v i>1vvlvOO, either of thw;e pro-
po;!ltiont \neutro.1-want ~ialion of 
PCJ<"""t..'ld wo.n.Hndepernle~vi l'rl'!<:l) 
'''ill pwlmbly ::;.,.. acl'eptable tl.ll rwoon-
able Bppmxi111ations to aetunl eonw.mer 
behavior.» ,\Joo, Pea.rice (1961) points 
out that. under certain condition~. :t i~ 
pnsaible tn dt:rlvc- the conclusionrr ob· 
tair.00 Ly Fri;,.:1-. from bct.h !U'Utral­
want asroeiation and the wa.nt-indepen-
de1ttai!l1.tmpti{lm. For&n emplri<'n.l &nal> 
ycii! of the type eonsid('r00 here, identi-
fia;tlon of proper commooity groups a.nd 
estimation procedurt:!S requires n1ore 
attention than choosing betwet>n neu traJ, 
want 11.!160fililtln1t !ltid wti.nt indepeu-
d.,1tee. While uairtg tht s.&sumpti'1n of 
onlinnlly lWpllBble utH'.ty ind~t-0n 
{ueutral~want MSL>ei.&thlu). it may often 
hec?n\f: ~y to eitcimAtc p&rs.m­
etlm:I fr?m a ncfuinear BY<ltem knd the 
methods available for their rllti:matlon 
ma.y become very con1phcn.ted when 
commoditi(IE are numerous. The~iOl'e, 
for praetiea! eu1:.i;ideraliorui, we had Vl 
adopi A prooednre which hr.plied ele-
ments of want independence and neu-
trnl-w&nt ll.Sl!Qtiation as f«l!oW<J: 
(J) B'lcit\MC of t.Mir la.rge number, we 
grot1ped the c-ommodit-WJ inw dillerent 
separable commodity woupa. 
(2) Follow\ng t.he principle of tw~stl\ge 
rr.a11;irni~atinn, the demand equation fqr 
!Ii slngi:tl commodity vtithin & Kl'iltJP "11# 
spiicit'ied as a fur.ction of prii;-es. ol all 
oommoditiet within the group. prW.-« 
indi•!!<i for other groups, and income. 
(3; It WM WUlf:ed that 001nruodities 
bclo~ng I<• 11 partii:ular group 'wm'I" 

want ind~p(llld(lnf, of commodities be-
longing to IU\Othcr gTQup oo wl1 oouW Ulle-
tOO proced\11'\" $1.igge$lcd by Friooh tu 
ob!Ain the ('rOl;S eb.st~\tkii «m:e!lp(lnd-
iill!I to all N>mmodities outfilde a &lven 
~p. Oo1;aidering the e.nrdiru1Jity ae-
rumptions 1nvulved in Wlint lndepen--
den~, we wtiuld have ptefurred to avoid 



it w ibat W'1. oo:..:ld deal with ordinal 
.....umpttons alone. Ho1;:ever, th(' mi-
lnlltii:m problems asstl!'i&terl wlth hand-
ling ltl.l'ge numb!Jrs of eommoditle!I' was 
sueh that we had tc im~ the llJY!l1mp-
tions oJ WWlt indepentlenoo for a.!l eom-
1nudit.ies oul~ide 11 given groop. 

C:hoite of ~.,s.-Our choitt 
of <'OffintGdit'.es ll'ITT) based on t'WC mn.jOJ' 
roruddern.t1orui: 
(l) The <'OmmoditJ' included shnutd a;::­
eouot for a.t lr&tlt .3 per Dent of the fnod 
budget, b&r.erl on U.S. Buroa;; of Lii.OOr 
S!acil'lt.ic4 (1963). Since tot.al food expen· 
diture~ 11.teount, for 22.'ll) per tent of all 
expenditures, included -0ommodities 
•hou'.d oocu;py !>t !ewit A:lS per 01;1nt "r 
WW aprs1thillm'!. H<JWBVm', we made 
~~iOIWi f(rt" onions, camJU!, and in"OOt 
pote.tt>el!, >;.·hlcft a('e()u!lt!Jd for only .263, 
.21.13, and .115 percent, M:ipe-0tl\'dy, bt!­
etIDIJ(l data wete available for there itetn.':I. 
(Z} Commodities were included where 
data were 1t.vailable -On prices, quantities 
ooMumOO, and an inc-0"!e-.conm1mption 
pattern. In ee1i,,~"'ltl., tim!!4illfioo data on 
price¥ were tnkt!n from U. 8. Bo«'ll.ll of 
Lalx>r Statistits (196;1) report&:, quanti-
~ ooruJUnwd frun1 11i!;ill$!;ro. (l%8), 
ll.nd e!"J<!.&-Wetion da.!.& on fQod consulT',p-
tion wt>e from 1955 a.nd 1965 food ron-
sumptiOh Mur;ey reports (see Appendix 
A.) 

Amol!;l the 49 selected eoromoditic!; 
~1' h&Vf' fiy<:J COil"&.odity gf'(lllpi- '\>the:r 
fnw!i fn;it.,'' "other fresh ve&e>ab.IM," 
"other e&nned fruit:> i;nd vegctab'.e<!,~ 
ubrood and otMr ~.fil"ea.I pru<luct:i, ~ an<l 
•other bevetagll!!.~ The:se groupa weMJ 

included OOoauise it was difficult to 1,>b--
tain individuB.! eommoditie!i n·ithin theise 
group:i !llltidyii:g the above criteria. 
while their eGmbir.ffi el'Wet;, were oot 
~ible 

Det•rmination of •xpenditu:re 
weighis.-The expooditu.re proportinm 
of differenJ items ar¢ derivOO fr>1ro both 
timft-,,.,~iru and CtO&\k"!eetkin daf.a, Hium-
st.r11 (1968, p. 172j report;! the expendi-
tu"' p1~portlons" on major commodity 
group~ 111 De<Jen1ber of 1963t1nd 1900. Be-
calill€ >hlf$C proptll"tions lni;>ludrul meAli; 
.eaten Jlway !ron1 home a!oo, they W'J.N\ 
adjutt.00 to r¥move tti.is effect and thim 
these two periods \Wlle avemge<l to ob-
tain gro!.lp expenditun- pt;1portioo?. Tc. 
obtain ihe budget proportion'ifor individ-
UJ.! oornn1u<llti<IB lnoluded ir_ thi'i atu<ly, 
the group proportions 1vere calrulated as 
1l.00ve an<l a breakdown, a('OOrding to 
tl:e apwditure proportiOU$, 'l\'M oF.-
tailled ffflm th;; t9fib hGU.$1;'h<>ld f®d­
COllll'_!mpti<:ln iurvey. l'cr enmpl!f, the 
adjusted tirr~r-Ms estima.t.t> of the 
budget projX\ftlOll$ fordair!' µrodt1<:t-;; ac-
counted (Ct' 3.8277 per rent of total 
expenditure;;. Aeoording to the 1965 f0od 
consumption ~urve_y, butter, fre$h milk, 
f:VO.j}orated milk, cheeoo, 11.nd il'e erenm 
&C{'l'Uflted f(lt !3.451, 58.f!73, 2.8l7, 
t7.4G5, and l2.3!14 per cent, :espeethxly, 
of the Wte.1 dairy product:;. ThereitJtt 
&he budgcl p!'(lportions for buttt>r, fteab 
r.iilk, evaporated milk, ch~, fir.cl ioo 
crearu sre obtained 11.s .0032.1$ (i.e., 
.038277 X .08451i ..02253,; (Le,, .008277 
)( .58873), .001078, .006685,and .001741, 
resp('ct.\vely. The expc~_d\ture propor--
tions for r.!l the other commodlil1* AN 
0UculaWd in the jj!>IJte ffilinnllr \table 2), 
Tu faclhtatf' eomparigoo with other 
studier>, table ;,; a.loo gi~;; the budget 
propor::.ior.Ji uood ioi Branci.<.1w's study. 
(Brandow uood weights f<.1r 19~1957, 
obtained by adju$ting 1947··1949 dat.a.) 

Cholee of ngr•rmkm ~OWl.-Tr.e 
dema.~d fm- a tommoditr, ~~ !rt 
terms cf all ptie«. and inc~, ls repre-

,.. Th-~ >nm: orl,:Jnally ~by the &.m..., Qf Laoor S~, 'fht qu.tntltr 
W4'-4hk \l&ld in tOO <luiw1sii;-n Qi ~ fi&l,lro& wMe ~ o<> tlm ~ !"ltlen mwage oo.mm­
a11>1 ~ltri<:Al wu:t~ fuci'.C"" a. 00.-ivod lrom tl'i;, lll00-100: &~ ot Con•umer Ll:pMdil\U"IOO, 
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T.<:Br.>: 2 

EXPENDITURE PROPORTIONS 

Cmnmodity ""d group• 

Mi:;,~:~.""ft'1 (D>up ll _ 
·~,.. 
Lamb_ 
Chiokon. 
Tlo'kw-.-••·­B... (,roup I) 

POl••nl oiJ.o (o:roupo3, 4, ud 6) 
Butw.. 
~'BlwrtooiOi-.:. -----:.i.,,-n..;:.;;.,:-_--

Tolal. 

-~!:':';if:'_(....,,,.,.-'-••_d 1) • 

EV>.pon....t m.ilk 
Ch-.. 
leo....,.m............. 

T"""" (uoludiq but..t).' 
,._ (rroup 8) 

Whito .. ,,,,,,,,_s.-..-s.-........ .,,,i..a;,.. ,..,...i..;., (sroup 91 
Sunr......c;:.:r_P:-

fuil (srouP JO) 
J'fmh_ - -
C..nnod _ -Thi<><!--

Toi.al .. 

v-,;'.,.'t'" ~~.~1~. 
Can!led .. 
Pro..... 
Thiod .... ' 

Tou.l .. 

r;:.,.o1 ""' W.,.. "'°"""" (D>up 12)Rioo_. 
Wl.-\fiOU<-.---
B-.ll!oA "°""'11 .. 
Carn moo! ........ ,,,,,,, 
B....d ond othor bokezy ,,.;,.i~olar ....1....... __________ 

ii"""'"""' '""P (o:rou"" 13, lt, ood 16)Co!!...... - - - ------ - --- ---

Thio otudy'o propOl'\iollB n~d .. oor-
oon<ap al 

FoOO .,oonditu.., A.ll ••oo!>ditur.. 

IL.I& :1.8.137 
. ~ ·~11.m a.Olli 
.~ 

··~3.818 ••... .11~ 
2,701 .61M 

il3.!161 7_71~ 

1.876 -
[_j\9 .3>:16 

'" .~. 
L!76 .31!.l•• _n1111 
l, 135 '™'·"' ·~ 

··~ ·­.178 ,HJ71 

·~ .~. 
:I.Ill! .1741 

l!.31' 
·~· 

1,.,ij -'176 -1.401 .811M 

1.67'1 
~· ·~ ••a.!ISL .8162 

l.!116 ' ••••217 ... 
."' .1100 
_373 -8.1!12 LS&IB 

·~ .97111 

··~ ~·•• ...
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i~ in tho fruit ond _...blo ..,...,.;... 

1 Indud,. dry bmno, ,_., and nulo <>I .312. 



+ ... +~dp,,. 

Dividing (82) by q,, 

l 1 {}"'- dq, = - ;;;,;;,> dp, T 
2· q, &p, 

+ ~dp.
q, tip. 

~ ""'d(log 'I1), 

" 

Similarly, 

l 21J. ~ J -- '.. ..J.E]"ii t,,u. og y,.
'1• ..y -

Suh5tib.iting ~ multi! in 

"~ 

d(log q,) "" ti, J(log p.) + . 

\81) + f,, d{log p.J (iM) 

(S2) 

When we take on:y finite diffet(lnces, the 
dilferetrtl!d$ •U (84) oon be repl1111ed by 
fust. diffetet.ttS and, therefore, ;;;quat.on 
(S4) ean be written as 

(8.3) 

+ e;, A :ogy. 

(8.'i) 
A log '1< .. {log 11• -J - log q;,) 

where11s, u5ing equation (8S) ior er~ 
aeetion data, price ch.1.11iges vani~h and, 
therefore, 

The prWlFnt inndy JT<i'kw ext~ uee 
of eqtu1.ti.uru; of typ!f (53) 10nd (86) TM 
1.1<1e o': 6~ di!Teren~ may :redu~ tl1e 
effect of l!eri11! ool'.'f"clii.tion if the serh!l 
eorrC!latlon eoeffieivnt i~ appro:>1imn.tely 
one. Howtver, in fl0ll1€ c~s, & double 
l1Ji;Rrith1t,ie fu:i<:tion gave- m~t;e;iJty 
better eztirnates tlmn the fin;t differ•\nee 
equ1J.tior. and, in W!'h eaeee, we hav>:' 
selected. tM nttimAtes with OOttet stnti&-
tica! proµertlCi!. 

\Ba), we 

Grouping of oommodities imo 11epa.Xtt­
ble groups. ····1'o obtain a regreMion 
equation simi!n.r to (85), it is neeelltbry 
to re:st.r:ict the nurn~r of cornn1oditic!l 
to be included in any given equation." 
Grouping of commodities acoording to 
ee:tain ehaniewristks permits us W ob-
tain a eon$ist\!nt estimn.te th.r.::iugh two-



"  
stage lllllJ[imization. From the previous 
section, we have a demand eque.tion for 
the j•h commodity belonging to 11:roup i, 
exp~Bl!ed El!; 

q,' = 	 9;'[p'i,po,' ···,p.'' 
' (87) 

y,(p,, p., ... ' p., y)J 

j=I,2,···,n,;i 1, 2, .. ·, 8 

where 

p,; p;, · · ·, p~. represent the individ-
u!ll commodity prices, 

P,, P,, · · ·, P, represent group price 
index, and 

y, is the expenditure on the i•h group. 

Equation (87) ca.n a!so be expr~d as 

(88) 
P,, · · · P., y). 

To use this two-stage lllllJ[imizRtion pro-
cedure, we had to classify our 49 com-
modities into 11. number of separable 
groups. Instead of depending on arbi-
trary groupingi:i, we adopted a grouping 
developed by deJanvry (1900, p. 112). 
DeJanvry took the price el11.Sticities, in-
come elasticities, and budget shares 
used in Brandow's study and developed 
the proportionality factors" represented 
by 

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

the between group 6;.'s are maximally 
equal for all i, I and k < K. Eventually, 
the following 15 groups we~ established: 

I. Beef, veal, pork, lamb, chicken, tur-
key, fish  

2.Eggi;;  
3. Butter 
4. Lard 
5. Shortening, margarine, salad dress-

ing and cooking oil 
6. Milk, evaporated milk 
7. Cheese, ice cre11.m 
8. Potatoes, sweet potatoes 
9. Sugar, corn syrup 

10. Apples, banaD9J:!, orangei, other fresh 
fruits, canned peachea, canned 
pineapple, frozen fruit;; 

11. Lettuce, toma.toes, beli.M, onions, 
carrots, other fresh vegetables, 
canned peas, canned com, canned 
toma.toes, dry vegetables, frozen 
vegetables, other canned fruits, 
and vegel.a.bles 

12. Rice, 	wheat flour, breakfast eerea.ls, 
oorn meal, bread, and other cereals 

13. Coffee 
14. Soup 
15. Other beverages 

The list of all 49 commodities are con-
tained in table 5 on page 46. 

Esrimation of the demand matrix 
Having grouped the 49 commodities 

into 15 groups, a dema.nd equation simi-
lar to (88) "''as used for each commodity 
in a given group. The functional form of 
the dema.nd equations, in many cases, 
was similar to (85) so that we were using 
the first diflereuce of variables. In ma.ny 
cases, the coefficients of the group prices 
turned out to be highly insignificant aud, 
therefore, in actual estimation, we have 
omitted a number of price indices. Also, 

"DeJanvry ueed the proportionality faol.ors to arrive "t groupinga based on fac\Qr analy•is. 
'The criWia. for the allocatiou of variab!os to composil.es will be that th..., reprodure for each 
vari.o.ble it.e inl.eroorrelation• with the other variableo. This oorreeponds lo the hllilding of cluster 
of variableo that have m&iima! oorrelatious in Lcrae nnd maximally proportional oorrelatiou• 
with out..i.U. variableo." (1006, p. 57) 



both annual and qull.rterly daLllo were 
ust•(.L wher>; a1,silable, to e,.;,1rnat-e th& 
dcmi!nd eoeffivients. Thuf, for mlill)' 

C()!l)Hwditiet, there '¥."ere Iii r.nmber -0f 
equat::ons tWiog lioth annual and c.ne.r-
terly dare at1d, &l>!O, using !r,ganthmR-
f<)l"•" &u<l th>e firrt differentc of luga-
nthma of variEi.blt& Demand tquations 
W('tf' !fjl('cilied with qllfilllitit!l! fill dc~n~ 
OOnt variable!! nnd ptic<"8 oi &Ii commod~ 
itltJI belonging to tl:e. ooru"' grou?, to-
getOOr with prit:>: indit1J>' of o~her groupi> 
and ineoltlll, as the 'nd\lW'nd«nt vari-
iU>leii. Tb<miore, it w$<> prn;:c!:b'.e to 
obtain th(' diroet price l'l&sticity !iUd 
erooa-priee u!Mtk)ties with respe<:t wall 
the <>ommodlties in the &lJl'iO !!OOUP frDm 
I\ giver. dem&nd equatiotL 

A nu111!wr of equa.tlon9 <>xistOO for the 
sme ~onunod'.iy, and one coefficient 
h&d to 00 c~iooen. Jn moot- ~!I.Seil. Uie tori· 
teria. for sele;:tion of 'Xltffieien~ were 
h!r.$ed oo the statb,t:eal properties sueh Wf 

tht fit of the ('quaticn (u; determl;-.00 by 
~ multiplf correlatiun eoeffieient), •,he 
l!igriiieat\te of the individual eoeffieklnt;; 
(determinOO by the l-st.&tistit), and the 
ct:istence of aer:al eorrelation (dere:· 
mloOO by the Durtrin-W&toon teso 91.A· 
ti~i~). The theoretktMly anticipated 
a\gn of the ~~on oooffieient W!l!i' a.lw 
eon~idered when WI'! had e$1.im.!i.tl:'ll 1'$.1:is-

fying m(ll'(> or less the wnne i;.:.Utistic!l.I 
properlie;.;, Ail the es~irnBtes of direct 
and eNw.-price el!l.stio'.ties for eommod-
ities belonging to tlw \'l<UW gro.ip aM 
obtblnOO in t.ld$ man~ier. lI011,e•,er, t.hc 
croos-t'lll-8ticity eoofficientg w<:re adju~wd 
to rre.tIBfy the fiynm~tf')"' eoftdition. 
Quantity and prie<: data on fivt! MJU-
modities (turkey, fi~h, fro= fruits, fro-
ien vegttti.bles, and br~) \\"ere not 
available on a eo1npa""!l.ble bn.i;i~ There· 
fore, we uard ei;t,rrcate,. ohtainOO fron: 
ollwr sources for t.~c direct price G!ns-
tieit:tea: of thwe eomfn(',dit,a." 

S:rnthfllill ot dam.ul.d ~­
&hipa.--·We have -.n tol'I thic direct mi:<:-\ 
erosi1-prlt~ elat>tklties for all eornm<Jdi-
ties be!or.ging to oocb. group are dolU>.l" 
min1;d. The ~tion on ino()me and eon, 
$Umption :.hows how varion~ meas1.1rts 
of 1nconw eln.st-ici~are obt&irred. tTlling 
tt..ese figures and the restti<:tlons im-
posed upm; 5-l< individ:Jal'~ dtlmand 
cooffioient.o by the :.heory oi .::onwn'ill: 
behavior, ...,."' oa:; ctili.'Uilite all the other 
rmnaining oooffieie':'lte. All nonfood items 
a.re treat<o,;l in one category. The demand 
interrelationships are repre!lelltOO in 
table 3. 

We crui aumrne.rizl'I th<" mstri<:tion~ en 
d1<nwnd roefficivnts s;ircifred in table I 
!Ci fo,l!ov.'ii~ 

(&) Row Re%f"llint (Homogt!»city Conditioo) 
o,-,_ -t-- e., +· · · + e;,. 4- e..,, .;., e,. ... 0 (I= l,2,···,00) (89) 

(h) 	Sy:nmetry 
e., = w,1 e,., - w,(t,:; - e,,) (t,j = t,Z,···, 50) (00) 

(e) 	Cournot Aggrtig_lltion 
w.ei; + "lf¥lt; + · · · + w...,,., --f- ~, = -w, {j= l,2.···,50) 

(d) Engel Aggfflgation 
101ti..+~+···+~~-r·u...,..,.= I 	 (92) 

"lliw1dow'o >N<tillmte.. w¥r~ llOled fi><' t11rkey, ti.oh, a•nl bnad. T11,, dirNl pri<ll! <!lil..ticity 
eillmaU> ;,,.,. ir<>$1!r. \'<&~Will' b.....,J. "" "" un;Afbiished ~tuJy l>i Ben C fl'Onoh, Ocpnrtment 
<>f ~twal Ji%nomi"" flt !h'lie. 
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(94)e;; "" -e,,w, 

TJ-.coo re.;\..rietioni> were ueed in the 
foll.owing m.imner to oht&in a!l tlY- ele-
moot.s in the demund ir,te~tiuuhlp 
r.>ll.tri11;, 
(a) Our .!t.Arting pmnt ii> the eslim&tes of 
direet--priMi el.Si!ticity (e,J, ineome els.+ 
:,icity (t,~), and expenditure prnportious 
(w,) for all 1;on1medities. We have al­
ready expltined the estimation proced-
ure a.dopted in obtu-ining all the~ ele-
ments. Al.!O, w<J hl\Ye &00n thu.t the croBii 
elasticities for CQtnmoditif'--S belonging to 
the Sil.Jne folJd group ba;;ically are oh-
tained through dh-l!!lt estimatioo procesa. 
The pa.rt.'<lul.u coofih•Jenk; u.'llll.i in this 
tuaUysis were chosen £Mn\ a l~ num-
ber of estimateu, using cerWn dulrabl.e 
prop<:rtie?l of the eiitl:rna.tet; aud oome 
element of intuitive judgment. 
;:b) Inrome tl!Ullcity f-0r &II food (er~) il> 
oht.a:ned as a weighted ayer-age t>f the 

income &.a.st;i>ities for indlv:idua.: uom-
rnod:ti.is, ~h<l weights bcir.g tl-_e expen-
ditute prop.;rtinW!, or 

$}); "' ~+:.~ + • .. + W<?"~ 
wi+fP>+·· +w•~ 

(l.15) 
,.. w1e1. +11.,.,.,. - · · · + ~~~l;'. 

w, 

be~ause the e:irp1tndituro weight of all 
food is the mtm Qf expenditure wcighis 
for individus:I fi;ood item;;.. T!.ie i:.\Mt.ieity 
obc.o.ir,ccl ir. ibis ll'Jl,ncier w&'>- .176.265. 
A'.though thit e'>-tim&te i-<' Jo.,.'e: than 
Brand<>w'e (.2."S007j, it ciJID~l"\$ ft.v-or~ 
&bly with il:ldep>'.!ndent estimates of in· 
t,'illne els.$tleitits foc all food in othe.-
studies. Fer flXllJ!!.plf', Hi~ {1008, 
JL J!J) <lbtAined t!W' following equ&ti<ll',£ 
by fitt!l14!: •nnOAI <lat& for the 194,;-Jgw 



period t.brough thll use of the single 
tqull.tion ltruJt-&;W:U"" mod"J 

Zt "'2.221- ti.l82:tt  
(.093)  

(00) 
+ 0.174 z, - 0.104 z. 

(.060) (.125) 

(R' = .733) 
where 

.:, = log }V't <»pi.ta food oorutumpt:m' 
lndc.x, 

:t, "" iog ..,tail iQ(ld prine index. 
:,,. = log per ca.pits. dispooabk\ pe~­

O(l1ml incom1"- index, and 
:r1 = log tonsumer price Jndex (a.It 

1t¢m.11 leEsfoud). All the ind\:JE!! 
Ate wrth reierer.e--e l-0 ~e hai;e 
period, 1957-1%9 ,,. 100. 

For the period JiMS-1962, Waugh (1004, 
p. lfiJ obtainOO a. ~QT! AfiJB,tl<lr. 

~1 = :'.!-19 - 0.24 x; + 0.14-:i:; \91) 
(.15) (.50) 

~~~~~~ ·~~~­

where the v11rie.bles are 11s defined above 
except th11-~ r1 aucl z. Me de&ted by tf.e 
corurJmf'J' pnce index t-0 obMffi rt* and 
x,~, rm;pectivtly Thus,. the esti:mAW, 
.17fi2M (nbtt.inod in this studr) can be 
compared with J74 '.n {96) rmd .14 in 
(97). HOW1lvt>r, inco:ne cla~t'.city ob-
ta.inM ftom 1965 troaB-scetion da.ta 
usiog expnnditUl'(' Mt-he dependent V!l.ri-
a.ble wM ,277111 (aot ta!:ile 13;. Thi; 
<!Stirna.ti'! of. t762W oorresptondr;:o q_<U1n· 
tities and, th>:n:i<Jre, it is ooncill'..t.mt with 
the ~nera: notlnn tl.a.t \n~ r111.&--
tieity v.'ith exp<end'.tu:re &s the depiindent 
va.riil.ble ii> high<!.:- than t.m COr!"'..apond" 
ing estimate with qua.ntity as the d~ 
pendl'!nt varia.ble. 
(c) Jneome e'.&f.ticit;1o· of nonfood (4r.J. 
FI'illl'. l'!quation (!-!2), we know that the 
weighl:OO sJm cl ali tire inoome el!W" 
ticities is unity. We lra.vf' alvo&dy tetl~ 
mll-W<i al: th€ expenditure wt>is;l:tll and 
~he income ekwt-ieities for OOClm<lditiee 
otliec th11-t1 nonfood. 'I11erefore, ii:: equa-­
tion (92), only ~•i is unkno\li'n, 

i:;si11g equation i,:ll5J, thlli e11.1t be "-Ti:tm; 
ti 

(99) 

{}sing (?9), the iru,ome ell<llticily of uor.· 
food ls ostinw,t<l ll8 

This tslin:u\te i$ i!l.irly ~onsi11te11t 11·ith 
Brandow'~ e~tima.te of I.22426. 
(d) Di)'(let cl!Y!tieity for all food& (t,<1)­

'C"1!ing (94), we e11n .,,,·ri:,i,- <?-fJ a,;. 

(JOO} 

(98) 

~ the r'.,ght-ha;i.d side of {l00), ll-!l t:W 
~:"JT:l! exeept tte \'ll.!ue of tllil ffi(Jney 
ftexibihty CO('ffieient (~) ll.:rt' krwwn. 
Since thll va.lue for equa.tiun ( 99) approx· 
imate;; that nf Brandow, it S('{!rml ta be 
appropri!i.W 1-0 \l!itl Bmn<lc>'W'i!- eetiwte 
of<(. a.t - .86. Thus, from ~qualion (100), 
the value of e11 u; - .236&45, wh\cb oom-
pare,; favotably with results abuined 
:ndcpl'!\l<lt'niiy. lising tht< N<sttltil ob-
ta.inOO byGirahiekand H.uvelmo (l947), 
Buchhol~, at 4/., {1962) have ca.lculat;id 
the c\11stic:ty of food consumption \.l'ith 
~.spe<:t to rot!li'. prices tu be - .25, In 
(07), Waugh had obtained th.: vah.:e of 
t:r 1<11 - .2.J. ('-0n2!dering :the rour&Jiug of 
d<:eif!lll.W in Waugh's resulb!. the figure 



------ ----------

cbta.inOO fr(lm rn:r ll$llnmtion pr::iced.1.:re 
ill oon\i.istent and W1J M"tt justified in 
ta.king the vaiue nf.; &l ~ J'.fft Brandow 
{!OOl, p. IB), hi:n11eli, agrees that hit 
estimate of -.S.1137 ~appears on the 
haais of l:ime.'*'t'i!lS ruialyii!J. to be slight-
ly too nigh .• 
(e} Direr.t. el&etitlty for nonfood ~ei,,0,; 
ia ali;o obtained in a ptoci:dure ;;!rpjJI>!" 
to that of direct cla:.ticity of all food. 

"' ~ l.Z431M:: .St8796 

= -1A'.ll7k98. 

ThilJ eetimate is consistent with 
- l.0'1500 Imm Brandow'z study. 
!i) CI-Olli! el&litit:'ity of all food with re­

'"' 

{h) (:n:,es ei&..'lt~ittim showing the effeel:E 
-Of nonfood prices oo t(}n$1.lmption of 
individual ioOO? (tru-) io:r 1' = 1, 2, · · 
49. From equatioo (93:) w: have 

speoct to nontoOO prices (e;g;) '.!'; obi.air.ed 
usir.g the Lom<)genelty t'llslr1>int W!a.l' 

(!J'!o + (ff+ bj; = tl. {l.Ql) 

I<'toin lrt-Op3 {hl nud (d), we cbt&iood it~ 
and e,.1 fl3 .17t2(1511nd -- .236845, ~ 
tivcl_v. 'l'herefore, fn;;m eq:ni.tior. (J!Jl), 

.,,.. - .23004,5 - .l762lit; = 0. 

Thus, \\'e obtain an estima.tt> of e_,., a.;; 
.060580, which is conaideni.bly lo11·er 
than llrandow'e COITellpunding figart' 
(.\.18170):. Ha'>rever, om e.:¢i10&te is 
grea~ tJuu:. at !east onl'c i11dependf'nt 
e<ltiu11>Ui with the <X><Jfficlmt, .(152, re-
p;m.ed in Bnm.dnw (lWl, p. 18). 
(g) ct(j,$ elasticity nf nonfoOO with tt­
~et W inod pri%t (e..,). L'sing lhe 
sy111.mt'try relati(IOI> ill equs.t.:.Oll (90) 

Hef'l, ll lll implied that ""ch iood is wane 
indt>pe1ide11t of nonfood ltema. Tte rigi'.t-
Mnd ~ide of (102) is l11dependent of i, 
which in1plieii tMt the r!ltio of cro&! 
elat!ticitiit$ 11howir.g the effect of nDnfrmd 
prl00!$ on eonsumptlon oi AB iudivid!i&l 
f<:md lt-0r.: and the 111,,omt> e\9.Sticity of 
the i;an;e food do not vary from com-
m4dil)' to rommudlty. In particular, if 
wt ci::iMider the total. food, using the 
£i)$1.lll$ from {i) and (b), tJ\e ratki 
~µJc1, b$00rotli .~/.1762«"> = 

.343687. We have !WS"Juted tlmt the CQ"'· 



IIVln r<1tlo e~~;1,,,, for all i to be the same 
M tp,JCf•· 1'herefort', 

,,..., = .343687 t;, 
(103) 

(i= 1,2,···,49). 

Thus, the er().!!& el!Cftil'itiC!l showing the 
drcctB of nonfood pricFS on th<s oonsump-
t.io11. cf individual foods iB 34.3687 pct 
e(!!lt of t.he ~ponding income e!G.S-
tieitie~. Brandow obtained the oorre-
ilp<mding pereenui.ge ii5 ll~t 
(\) Cro:sl! elnaticit~ei! showin~ the effects 
4f indi~·idual food prices Oii !!Qn..foud 
qnar1tlty (t10J f<ir i = l, 2, · · - , 41!. 
S:nr--~ we ha~ obta.!ned l'iN from (h), we 
~n U&':l tire llymrr.etr'f ro!&tionship iu 

(10) to obtain '"'' ~ 

for i "" 1, 2, · · ·, 19. f'rorn {a), (c), and 
{h), an the ~ci~nt~ on the right-hand 
side oi :im) r.:ru known and, hence, ~e 
val;;e;i of e,t. ca.n be CJ.leulated. 
J) CN$i elaii.ticities >lhowi."'lg the effect 
of all food price" on tl:e C(lllAumpt-ion of 
mdividuaJ food!; (1;>1), i = i, 2, · · ·, 49, 

+ w,,,,,., 

Suh\!tituting (107) In (100) 

(lOOl 

From (a} ru:id {i}, &!I the terHlfl on the 
ri,lj:hi-luu!d ride of ll08) f.l.ttl known. 

Fmnt the hP!llOgell(·ity restraint {89), ~"" 
h&;·e e,1 + e,, ~,,.+ c,.. ·+- e.., + 
"'• = (L But thE' Slnn, "" + ;;,~ +· · · ·+ 
e,a r-epNlst'Itts tif. Theref-0re, 

ezy + e;,; + e;. = 0 
(t'= t,2,···,49) 

(l{IB) 

Doth terms ;in the right·l'.and side are 
kt10\\·n from (a) and (h). Ther>?fore, th;; 
rroo; clu.stioitIBs showir~ the nfreet of a.ll 
food pclces on 1.he o:meurnpti<•Jl of a 
given eoo:modity ii 0btained at W neg-
ative of the ;;um (If the inePme cl!l.tt'.nity 
and the croSil el&.ttieity £hawing ~he 
effe<;t of ne>niood pritllb un the conau1np-
tion of that oormrJJdity. 
(k! G'roils elasticity showing the effeet Qf 
individU&l CPmmodity prie«i on food 
eon>lumption (e,,), i "' l, 2, · · · , 4\l 
From the C.11:rnot aggreptio."'! in (91), 
Wf'have 

(100} 
~~' = -w... 

If we define ft< ns 

= {w1 t- "" + '.t07) 

(I) C~ <)filsticity #bowing the effect of 
individUlll eo1nmodit)• prim?:> on t.'ie COin· 
moditir4 outside the group (e.,) i ~ f, 
if 1, n.nd j ~ 1. Suppo!li! tha.t w.o are oon-
<!iilering the i'" commOOity. We ha""e 
already estl!l"..a.tal the direct ehwtieity, 
er= elru!tf('ltk$ with respr;et t-0 oom-
moditlea ir. the same group, a.nd inoome 
et.stWlty, usL'lg (a). The non:'ood crlJfil 
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elasticity is obtained from (h). Thus, 
using the homogeneity restraint, we can 
obtain the sum of the remaining un-
known coefficients in the same row. For 
convenience, if we l!.S8ume that the first 
k commodities belong to a group, for any 
commodity belonging to that group, e", 
e,., ·· · , e,., e,.0, and e,. are known. Since 
we have 

(e" + e;, + · · · + e,.) + e"'+' + 
··· + e;<o + e... + e,, = 0, 

the sum of the cross elasticities corre-
sponding to the commodities outside the 
group is -(e;i + · · · + e,,. + e,.. + e,,), 
which is the negative of the sum of all 
known coefficients. Let us denote this 
sum by Ri. Having known the value of 
R;, our nei.:t job is to see how this value 
is distributed over the individual com-
modities. In (93), we have seen that the 
cros:s elasticities can be obtained as 

e,,. = -e,.w,(I+¢"'") . 

Since all the values on the right-hand 
Bide are known, we can calculate the 
remaining (49-k) cross ela.sticities show-
ing the effects of their prices on the con-
sumption of the i'h commodity. It is 
possible that the sum of the coefficients 
obtained in this manner will not add t-0 
R;:'"So we will have to adjust the indi-
vidual coefficients such that their sum 
adds to R,. Thus, the cro1SS elasticities 
are taken only as proportional to 
-e.,w,(1 + e;./¢), without assuming 
strict equality. By the time we complete 
this step, all the coefficients in the i'" 
row are known. 

In practice, we start with the first row 
and obtain all the coefficients in that 
row, then, using these figures and the 
symmetry relationship, we can calculate 
the remaining element.a in the firot 

column. Now, v•e complete the second 
row and obtain the remaining elements 
of the second column, using symmetry 
relationship. Thus, continuing a row and 
column operation, we can obtain all the 
unkno\vn coefficients in the delllJl.lld in-
terrehltiouship rrwtrix (table 5). The 
steps ta.ken in obtaining the demand 
interrelationship matrix are given in· 
table 4. 

Linear effeccs of cime 
on consumption 

The specification of demand functions 
in terms of prices e.nd income exclude.'! 
any possible continuous systematic vari-
ations in the demand 11.s a result of fac-
tors other than those specified. Often, in 
demand analysis, such variations are 
handled by incorporating time as a vari-
able "'·ith linear or nonlinear effects. If 
the purpose of the aMlysis is only for 
making projections, inclusion of time 
may result in more reliable projections 
th.an when time is excluded. However, it 
may be possible that variables s11ch as 
income and prices are highly correlated 
with time so that introduction of time as 
11. variable may result in estimation prob-
lems. An estimate of the coefficient asso-
ciated with time may often be an over-
estimate because most unexplained vari-
ations might be absorbed by this coeffici-
ent in addition to the effect of time. 
Further, it will be hard to provide an 
interpretation for the coefficient a66Qci-
B.ted with time. Considering thesefactora, 
we have e.voided the practice of using 
time as a variable in onr demand eque.-
tions. 

Use of the firat difference of the 
variables in the demand equations pro-
vides an opportunity to test the presence 
of any linear effect of time. If we e.dd e. 
constant to the demand equation in (85), 
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epecified in terms of the firet difference 
of the vs.riables, it can be written as 

D.log q, =a,+ e" J1 logp1 + e,. 
_._./ 

t::@t"i~g p, ·+.. (109) 

+e,.D.1ogp. +e;,D.!ogy. 

When the independent variables (prices 
and income) do not change over the 
yeam, (109) reduces to J1 log q, = a,. If 
the value of a., is significantly different 
from zero, it impiieii that some change 
in consumption 111ill take place from the 
preceding year even if there was no 
change in prices and income. Thus, when 
first differences of variahles are used in 

the demand eqW1.tion, the constant term 
in the regression equation r.epresents the 
linear effeet of time. We have used first 
difference equations similar to (109) for 
39 commodities and the constant teem 
was significantly different from zero at 
the 5 per cent level for ten commodities-
eggi;i, butt.er, lard, evapora.t.ed milk, ice 
cream, sweet pot.a.toes, beans, canned 
peM, wheat flour, and soup. At the 10 
per cent level, the coefficients of six more 
commodities----cheese, canned peaches, 
dried froit, carrots, corn meal, and oof-
fee-beeame significantly different from 
zero (see Appendix table A-6). 

Foote (1958, p. 43) suggest.e that the 
percentage elfeet of time in each year 
can be obtained hy t.aking the anti-



T.U.LE 

11k:MANf) INTERnELA'rlONSHIPS 

" 
" 
" 
" 
• 
•" 

•" H 

• 
" •• 
" 
" 
•" 
•
•  
•

•" 

" ..  ..  
..

•
•
.. 
• 

.. .. " 

• •
" 


J J()&:l.1&' ·-· l 

,~. 

lllml! 

fWUll ! ··Lro:!MS 

CWl;(ll i-GOOOO!e 
4 00',Hl 1-9.<>JI0\1 
o,OO)fl8:l i o oco.m 

:::~; -~-~~ii5; 
G.ootlll \ ,,ooi;;1: ! 
t - ' t.Gl;t;.1• ' 
i.-; I tl3l<a j
l$,1';!4, ,_, 

?JlmlOO ' 
9.<r.l'lt:··­

t mll!B i:.IUflU 
tJ!ll'IUl t.OOl"lill•.wnn 

·­d.OOOO'lt·­·­··~ 
o..;11"" ~-- <).tilWt

0.ontl'l'!I O.Ol!MD~-"'ii>l1 
0 (l)ljill ~.OO)IQI O.lll!Mll 

, - . ~-ml® ~.!l!l!Ot•; &.­
' All food -c-.-l -o (WllM ----1'---' 
, rf.-...""'4 -~.~1'1!> -Q.- -{>.Gi!lW 

~<-

I :;:;'."" ,_, 1 - "-~'J ' 

lo OUlilO!> '1 

& llLJ'11~ 
- t M.\:!'9 I 

('o_OOuoo' 
~-'.llliro · 
"001100' 
& :l'lm; 
" 00!81»' 

(>,(llllWJ ·-· ·~~ 

n JXl!M;7 O.l>JHH! 
QQlll!li.I -0.001012 
~ (Al)!~ o 00101a 

O.l>)ll~~.Wloo.l 

~.OO!Nl 0 0))13, 
O,\ml!I (> OOIT!ll 

6 OOC<<lt' tll!,.1 ' ......~. 
ioo:t~r.,t I *·Ml=> 
. 
•.OOIWl ·­"l!lill!lt 

0 COOlOO 
0 OO!Jl! 
o.ooo:iea 
O.llO'..lit ~ 
0_00l1lirl' 
fr_lllll$lt, 
&.;o)IS45' 
~-""""'' 

t 001<1'1:  
f.OOUM  
O.WlltJ  

·~~ UOO!~ 

' ' 0 00111111' 
O illlJIN 0,(W.fll'i 
-0.6!Ull -0.-l 

0.0011.W I 
0 <!!1131'1 ~ 0012'111 0.00lilt! 

~QI!!~ Q.OODOO &.!lll!i~,-I'- ----0.00!tHt 

ft oouw ~.!ll10S. 
0 ™Xll'Jll 

'1 

0 ((l:l:!&l 
ft,OOIO!a 1 O,ll;l!ll~ 

_, t!-' • ftlt9'11 
'00/11*' -u_;n..,;o 
)jXl))W. ' t l!'J'ltt< 
J,:JllliU; O.fJOOSO 
~.-· ~-ti-n ll,Ol!U ~ OOil!(l 

Q 61(11:t ··­·-· 
awi~;·­~ o;ps
o.oomi "-OO'i<l'I 
0.Miln' o_oom1 
0 OOIJ.\ll G.>lli!li.I 

fill.~~-:I !Jf'M~ ;,l,'l~1',.,.,.,.•.-1. 
t W"l#I' 
f __, t.tt:><U ··­·--· 
ll.WU!to> ·­.""" 
•M~ 

~ oouw ~.OOIHll 
0 oo.J.li!ll O.!lilf~I'! 

-•<ml~ _, 00!~ 
0 ~' ~.r11r.121I 

• - : ' Olli!!! 
100!1M t.lihl/111 
t.®'11~: t.tleaD 
J OOl'!Y,' •Mm 

5 00.lltt 
t.rot~ O.lll­·­t Will 0.-

~.OH~! ·­'!ll.(li7<··­
·~: ··­!.BlOi!! 
O@ltl \ 

t.eum·­f.fl<lll'I' 
~-OOUI~ ·­·­
!i OOfM!I, t.-

-&.!IOIJllfl' '. -?.:xl«ff; ··t.Olltil----0.- -{> OOW!'t ...>)__ • -l.-1 • -f,'i\­

3'·-' J - ' & wt'lk I n_!D!Jl!l I -_
~~~~~~"·-~~~~~-~~~~~ 



r  
'•'AT THE RETAIL LEVEL 

~ M"'lllino Eva!>O<a· 
milk kd rnnk c-~- ·~-·-··­ '""•- -· " -"' " " " " " "" 

O.OOllll O.IUMl!D 0.00071l 0.((ll'lll80.00ll\N! 0.WJl!i O.crol71 O.IXW91 ··­ 0,0026010.001311 O.Wl538 O.OO!Oll!I 0.00ll!Ol7 0.0111.\00 o.cmm 0.00IHS ·­ ··­0-'~0 o.1w:11s O.oor.1111 O.IW:l23 O.OOlllMI 0.000901 O.<Xllll! ··­ ··­·-· ··­0 001.n1 O.IW:ll<l O.OO!lOI. 0 OOllft:I 
O.Wllil O.!Dml O.OOlr.i:I 0 oo:r.1!7 0.00130!. ·­ ·­··­ ··­··­O.lllll~8 0 OOlll!D O.OO!llo\7 0.0Jlll7! ··­0.001161 o.cmrno O.l>Xl037 ··­ ··­ ··­0.00llll2O~M o.oo:wi 0.001111111 ··­ O.ID:ISI! 0 00118'1 O,OCIO:!Ol ·­0.003S&lo 0,00320; ··­0.W1'7i O.OOMOI. ·­··­0.00018' 0.00111&1 0 CO>l71 O.OOlllo& 0.001!1.! ··­0.001211-O.IU43! 0.007!:130.100!00 O.COJ431 0.00IWf O.OO!IU 0.0010!.7 ··­ ··­·­ -0.ICO:l:O 0,((ll'ITll0.100!7~ 0 000813 0, OOll 71 0.w;1176 ·=· ·­-1.0l~O,oo&IT 0. )700D(I O.l!DMi 0 o:ell! o.m82'1l O.Ol7'oli O.Olf.178 ·­ ·­ ·=···­O.lllUlll 0 Olll!7!8 0.1"171>1 -0.Nll!IOl 0.1!11"'6 O.OOOOIO 0.0CUlll O.OOleM 0.Wli"IL ··­ ··­ ··­0.00lH9 -0.~l 0 20lll08 -0.lll>llOl O.CWlll O.cmtM 0.000111 

0.!Mll-IOll 0.0laal!2 O.ooot\D -0.3<&51! O.Dl.0007 O.w:lll'l3 0.000113 0.lmJll ·­ ·­ ·=·-·­0.00Zll7 0,000014 0.01111811 0.00llllO··­0.000&411 O.l1411! -0.819:!IOll 0.001:1311 0,0007$11 O.Wlllll 
0.00!11!0 -0 !Ollll• 0.0lUll> O.!Ollll3 0 00121111 -0.oo:ulll -0.lOO!ti O,OC12;1.l7 

-0.!0lllll 0 OHlll!t -0_(0}[3.\O.!OJ11lil -0 OCOllO O.!OJ107 -0 OXlilll -0.UIOO!l 0 001480 ·­ ·­0.Mllm -0.!llXDU OOlllillll 0 OClllll 0.!0JTll8 O.Wl1!8 O.IMMlllll O.OOOl73 -0.-··­
0.0181•0O.OCOOJ'P 0.001107 O.OOlll1711 ·­0.00«611 0.13111&1·~~ 0,0012:111 O.<!Ci:ml O.Olmll O.Wlllll 0.001011 0.W'l'l'!7 0.00f67j D.Olllnll ·­·-·0.0lltZI··­o.oorw O.rmDl O.cmJ.J8 ·­ ··­0.00111117 -0.IUW!l 0.01111£1 O.tlll3118 O.OOllUll' 0.0011144 O.ooaMI O.lll!Jt8 -·­ ·=· ·­ ··­ ··­0.0l~0,0011111 O.tlll370 0.001127 ··­ 0.1111111611 .... 0.00ID'lll-0.- ·­··­-0 IMMlliO 0.0122740.00!1118 O.(lllllSO O.OOJ322 O.OOOOl7 -D-rlml6 0.-1 0.00333.\ -0.cmtd ··­·­

-0 <JJDH O.Wlllli -0.(0Jl46 0.0001.. -O.OOl'll7 -0.IPl281 O.ooat!IO 0 001:1:1! -0.CD:Wl:I ·~· 
-0,(0Jl\jljI C007!7 -0 !Ollllll O.Oltl:l8l -a.rums -0.ool!U 0.-1 O.OOllli -o.cmaoi·­0,00l:lll6 -0,!0lll611 0.001*1 -0,(ll!O,!ll - 0. O(J:Qtll -0 OOOJ,j8O.oo.\llJ 0.001717 O,OOO&l8 -0.Cllllftl 

-0 !Oll78 0.0IOiOO O.OOlllM -0.00MOO -0 ...... l .. O.OOlWO -O.rml!3 
-0.<W'rllll -0.0Clllll 0.lml:!O -O.twll88 -0.00o.\7l -O.OOO&l8 -0.00!IJM -0.00l'mi -0.00llB7- 0 -.nl!Ml:I ·­ ·­0.111!173 -0.~ O.Olllil!IO O.tollM O.OOl!nol o.ooxrrt ··­O.OOll>I! ··­ ··­ 0.011~O.OOlllN -0.CIXO!l O.rmlO!I 0.002310 O.OOlllU0.00<•.>n 0.003100 ··­ ··­0.0181111 o_oom11O.OOIUO O.IPl28! 0.11111!11 ··­·­ ·­0.(11!1!1:18O.OOl:l711 0.00001• 0.001119'!0.00llllll7 0.0016tl 0.00Ui8·~ ·­ ··­-O_OOllll(IOO.<mie!i -O.IMMll81 o.0111a O.IMMl!67 -0.000Ulll -0.(0)311OJll!Tlll 0.001¥11! ··­ ··­ ··­-·­O.OOlllel -0.!kroH 0.0111014 0.00111111 0 cmllll 

0.01711:170.002Zlll O.llllllll 0.001011 0.11171111 O.lll>!m ··­ ··­ ··­·­0.00Zl71 0.0!81111 0.001007 ··­0.00111111 O.cmlil 0.00119.1 ·­ ·-· ··­·­ ·­··­ ··­-0.0000l!i 0.0111811O.OOIMI O.Cll!:ln O.OOM71 0.(l(CO'I! ·­0.(0J]if·=· ·­··­O.OO!l!l -0.000llllll 0.013361 -0.00lll'I& O.OWJJll O.IDllOI··­·­O.lld18 -0.000!22 O.OOMI! -0.00111111 -0.00!l111ll -0.006J!IJ··­ ··­ -0.- -0.000!!16 -0.001!1111··­
0.001'27 -0.000llllll 0.0!3TT3 0.0W!i 

O.Ol7J6V0.00llll O.oou.11 0 OOll!ll D.OOID:l3 O.OO<llllll ·­ ·­ ·­ ··­ ··­0.llllli!IO O,IDlllO 0.0111614 0.00<lllll7O.lmll!I ··­0.00011!3 O.OOl~I O.Cll!81l ·­··­ ·-· ·­ ·­0.017i(lllO.OOIUl O.!Ol53l O.OllllMl ··­O.OCUl7 O.IDl!!lll 0.001311 O.OOIOl7 O,OOOll!i 
0.0!~ O.<Q718O.OOllCll 0.'°"31 O.\lmOJ 0.0071:111 O.OOllOll 0.-18 ··­··­··­

O,OOl:ll!i 0,018131 O.OO!HIB 0.111771.J.0.0006i6 0.008131 O.IXIH8$ 
O.lmllll O.!Ol531 0.017~ O.Oll1611 O,OO«lli 0,007!H 0.1101102 O.OOOM7 ··­0.00IMll ·­ -0.llmlj0.000111 0.0lm3 0.000118 0.001!1!11 ··­-0.~I O.OOITT8 ·­ ··­··­ ··­O.Olllall O.OOOlllO 0.013m! O,!Ollil O.OOOIU 0.00170 -0.0000!3 O.OOl8!8 O.OOlllll -0.mmtl -·­ -0.00IOllll -0.024~ -0.000314 -0.008llll -0.0000O.Ollll311 -o.ooom -0.00<Doll -0.000JW~.- -0.00371)3 -0.0011111 -0.0021112 -0.0)'.l:!MS -0.00JSiO -0.006i0! -0.0036" -0.IUIOlll ~-

o.oo;iU3 0.00ITHO.OXll!l o.001m 0.001078 ··­·­ ··­ ··­ ··­



• • • • • 

' ' '•
' ' ' ' '•
" u 

"•
" " " " "•
"••••••••••••
" 

-~ c,,,,,, ,,.,...._ So.., , "Y">!' , 
0-.t•r

°"""""' m..h1'0<1<!
J.)>¥).. ' &o..... 

I io "' i ii i·---1--! "-1- ······-1 
' ~-J(l()(JM I 6.00IJlil~: ~-!>'>im7 I 

~ 1--·--
G,;IOOfl~, ft.!100!119-

'I I 111 
1---
i 

ft.ll(;m.. , ·--· , ' l.llOOJM ~.otieil!I · U®\<la.I 0.00IJJl<l-' COOW!l O_!Mil!M' 1.001!11$ 

'l!O°"""'°"·-· ll'!<l«l -\11iJ,, 
f'"""'"'1!ic 
E••!"W'l!<!d "'';
Cb___ 

!"'"'-'"',__ 
8•..•1»W- -
~WI"" 
Coro •r•up -
AoI'i.. -.-

'_,.. r- 00174~ l,OOGl!tf 
·--~ C.MH~ (~l_llOOUI &.OOJW! >;,,._ 

·--"" ~00!'811 ""'"""' ·- O.W/Wtt-ir ?.(>100% 

··- O_\mlTl 
.,__ ,__ , 
@_00!!1'\i t~' 
Q__,.' Q lml>lli : ·-- } __ _
Q.-· nnn~· 
V.OO!lll),I , l.:llll<!fl , 
~.f))O:j!ll; ' •) Jim~ ' 

~-~'1 : ~ :::: ; 
-0.5»111 ! 0.00111)1 

n - '--o.~1351! · 
o (l(IOOlO • u i31a1$ 
O.~ I O OOl.113 

i ._......., 0 (l02'!Jjll 

, __ • ~WW))' 

~~ ·-·400l!ill ai:oow 
t.<XJll!IM! e-•--t t.l'llm 

t®'Ml' ·­t.- ~--;•-«m.111 ,__tJ: 

4el!o;ll ~--1• 
i' OO!ll!li 0.-.!7 
$~ ,_QlllJl!!S 
Q illXfii 0.­
1 ru!!m "-­-0 w1~' o.w1n• 
~.Cl'.ll..1 i'!'IJl!l>'.l 
o.--...i "OOJ1M 
UOOOOlll C.O<:mlll • 
0 OO!IW 0.000!!13 I 
~ !IOOI:~ 0.IJQl')U~ I 

--tl.f,!(1()(1(\ o~: 
~.i11"""­ -ij,0!'987 ' 

e.e;Je'lf4 !>.-• 
I 00: !"<) {> ~\ 
3.-T' l>­tOOOC<l ,, __ 

0 OOl2h ~--14'·­ .. _
" oo;qn ;, imltl 

·- t-6.11..!l'<l t.m1111t 
l>.OOI~• t,<:UJtt/ 
{>_~ u <:u:>:nt 
(_\)OOrt~ 0 -
t.\:l'.!OOW n«m.-: 
I> 00!!111 I> lkl!'"111 
~ 00\W />,001\:i1
D.­ "--1 o DOOM? a.-00 
o001m I "-'"'1™
o-1 O!nl.m 
O.UM:i I t_OO!((lt&--~­ • ' -·l_OO:{l:.!S Q (JO!"'-"' i'l!U~ ·--'t.001(13~ I I __ 
~-000!1';' t M-00~ 

-J,(il)il!!>l ' 1.00!~•Cl_,_., _, __ 
Ot.., 1.... !.<>bl --·­c....... ,._,..,,,.. 

-t.00h9' ~--' _,_,, ~--' 
-t..,.;:i: -l!-«<l<l' 

t.®i!!l , __!! 

llri<XI '""'" 
-~-­:,.,.,,,..,_ '-~-­ t-li -~--; -e ;:wn;-I l __ e__,. 

n_OOl!!lt t~ 
o.- tOO.!M4__ i.-•1 

r·:: :::: 
f.-1 ~,1)11$1'
g\'ll;l!:ltt' ~-~ 
¢a.»'1i n_OOlldll 

,; ·Jl'.&'l •.W"il\Wi 
Q JO.());' t.MltH 

-~­~---­ ·-· ~-­t.- t.­-o- e!m¥1l -0.00'.lll') ~ tl'.l'Ml 

~-; tOO'llll 

~­·- ·--· ~-­o.ooom •--
•- ll«ml'' «aljft I> OO!l» 
t.-~1 ,,OOIMO,___ j\_,t.OOIOOl, o_._0 _.,., i'.toole\ ~(lit,, t...,k -~­ ~-~\!:! ~­n__ ·l·~!~ n.OOlll-l>l •.._,.C..oo..! p.M.•" ll,(l)l!ll! t_ami;;

• 
C..4oM«'l4 Q_lXIOOlfi" 9 - ··~ 0.<#;llkl °""""' ...,._ ijt«l(J;W ~-'.IO Q.'lli!ll $.001114S : f_(lj)j\lfj ; l>,l\ml! " 

~o.ll«ll'!<. ~-llU:l>I' , O.!Ot!l~ ' C tmm•• -~--: ~ (>'.:!)511Dey "'l"W>I••'- -r,..,..~ .,...:..oi.. .. -(i (l(>WJh ~ <lllm8 --0 OOH~l -~_OO!lj!.\ o_-. I -o.(IMllli 

" Othto- ....~ lr•"l.t .~d 

• 
\'~bi.. 0 0001'7 0 UllOO!I 0 !H)l)lll i 0,tml.. D.0041.. 1 0 00\IMI 

1\1.... 0,Q((IJJO 0.003111.<1 ~.lni/:1$ 0.(l(IOJl71 I 0.IDllll~ 0 oo&ooij I O,<JCllMI -·­w-111o.,,_ ____., ,. o.oim1!l ~-~s o.OOl:lalll I 0Jxm1:1 •".~•"·' •,·.~:!!o.oe;,m ~-tilt'l1l ~ _,! , ~-«nil!> ....,.. .,.,........" c.,..,._.,_1, •. - - -- ·­ 0 Oll!lil!U &•.W:b 9.-' 0 'ltllll1t a oo.Jl>lj! l.­
ih....!•"4'-"'n... ......... _ ·­ 0.00IJUI ~.Wllll!I ~--~I o-., ~-lolllJ* a._, ·­ t>_fll:;c• '-~l a__ 90'.W;;M o.- u.-.11:000011~­

••• ·­~. -t.- ~-Ml1M t_(mllo -n.:m»J 9 - o !lll\11 ~-'-"•_,_,
1.l\lw~ ­ &.0011111! t - ' -;.'.OlllW g - (>_i»flli ~-OOWll_,__M-. -t.-7l -~ OOI~ -·--, -0.- --t.om:1i1 -11.- _.__ 

-~_OOTflli -ii__ , -JJl'lUM -400IW -!!-.- -~­"""~ ' ·- ,___, ' ·--1 ''~-~-·-·-~-~-~-·----~-·-·_­~·--- __ -~--···--· 



, 
lj~, i~illl!l!ilil!liiiilllil!ill!lilil~liiil lllililliii!o-; dddddddddddddoodooddoddoddododdoodTodddd ooaooooTTTTo 

" 

l ' l l!ii!llli!il!iiillliiiliiilili~l!!liiili liiiil!i!!ii 
dododdoodoodddddooddddododdddddddddddddd 000000000000 

u ' I I I II 

! ' I 
' I 
i 0 l 

I 

ili!il!lili!i!iiilii!l!ili!!iiii~~lliii~ illllllili~I  
ododdoodooododdoddoodoododdoddoodddddddd 000000000000 

I I I I I I I 1 

iiiiil!ii!iiiilil!i!illi!ll!!ii!iill!!ll lliiillili!i . 
ocioociaocioocioocicioociocioocioaciociociofocicicicicicici TaoooooTTTTo 

li!iili!lii!liilllilli!!iili!!iiillilli! illlillliiiil ' ciciciciciciciociciciciciciciciciciciciciociociciciciciciciciocicicicicicio ciciciciciciciciocicici 

' "' • liilil!iillllliiiilli!iilililili!ll!i!!! !llii!l!ili! ' 0J " cicici•cicicicicici.cicicicicicicicicicicicicicicicicici1cicici•ci1ci1ci• cici•ci•cici•ci1Tci 

., ilil!liililii!llill!ilili!llill!iiil!lii i!i!!iiiiil! l~ ~ cio••ci•cicicocicicicicicicicicicicicicicicicicici~ciciociocicicicioo •••••••••••• 
II -- I I I 

]-~ gj li!iii!lllilil!liiiiiiiilii!ilil!liiii!i !iiiiiliii!i o. ciciocicioociciciocicicicicicicicicicicicicicicici1cicicioeoociociciT mooeoooooTTo 

li!!iiil!illlii!li!i!iiil!llll!i!!li!lll l!lilill!iii ].[f~ ocioocicicicicicicicioociciciciociciciociciocicicicioacioocioocio cicicicicicicicicicicici 
I I I I

·11--_l 
.~ ]J I lll~il~l~!l!!;li!~i!i!~~~~~lii~~g!llllii ~~~~~1~11~;~

ciciciocicicicicicicicicicicicicicicicicicicioci1ciciciciciciciociciacicif ciciciocicicicici~ici...__ ~ •1 • I 



• • • 

• • 

' 
' 
' 
' 
' 
' '
• 

•' 
" " 
" 
" 
" 
.. " " 

•" 
"•  
•" 

" 
" 
" 

..  
..•• 

•
.. " " 
..  .. •  .." 
.. 
••..
•

"
• 


v..i__ 
.Potk. 
~· 
Lo.re~ w;; "'~·­co;,._,_ 
f~­
a~,..,. 

~.. -
"' --· )If"""""" --­&M<.1.-•• 

; f...,trn;'.E 
;E-,,,;nih.,_ 
' .,,.,,,...., 
:--

P<>™"'""I' -·~..,., - -­c.,. <)'to~ 
:&\"AOM' """ 
~­Olll••;,,,,.,,>, i.w.... 
c..~...i _,... .. 
C..,,....J ,,_~~"" " 
11<'.cl f,-,..,-j­~..-Do.I•= 
,c-- - -
, otWU..L >~ . 

: -Co"""'1.~-""""-- , 
c••- ...,.·~­,°"' ,,...wn.... .,; r..,..,• ......,...,.,,i.. .. 

- -Otllu ....,,..i futild ••~ ...... w .... 
ru. 
Whm<Ao..­

·,' 
: 

, 
:' 
' 

JJ.-ld'.., ---C>t•"•>Ml. " " .. 
in...ti•~d ottw ....... i. . 


$,"" --- . ' --<'.ht..bo._ 
~~ . 
E<~-~' -

O.OOl!Z>l O.Oll0!7• O Oill!OO 
0 00l2lli ~ OOolfl!i O,OO)Oi(llll 

o.-zi ~-" o_-.i1i.00iil!M OOOO!il!Q Otwmi 
0 !)ol():)ll O.lill«!03 0/IW)IPI 
0 -"' Q__ O.ooot11 
l! OO!ill &.W!.00 ~-­
l! - *00!1'\li ( "11"'11*--'i {)- t­
' 1li!lll%! l!JWlllil OJ»lt!: 
,,_;n\jl! ' " - ,,__: 
;,oown, e- o.-• 
)OO<lt~' ~W<ll~ ,,_1 
ii oo:!lia ' l!.<'Dl:M l! ­)_Jrol>J' *~ ,,__.,. 
l! -:rn;11; Ullt!M -0 ~ 
{\.- ll OO(l;f,'J 0 (i(l(IU/ 

,, '*ll~ 0 -·' ~-­-0 000J.W O,OO\l17l C '100!$ 
o_, n_0001u "·"""'n 
(1_11(1(1281 O.~! 0 @11< 
0.(l(IO)lir O..l!QOIW o) (lQ(lo'.t8 
~J1001~1 -0.~' ~ ('(A'I>'~ 
0,(),'UWO ~.OO'.U\111 ~-­
~ - (JCoJl:'.j'J: ft.­
CW'll!i ft !lll9il I !IOilM(t 

COOOO'!O; "·""""'" ·--t.00<:.1!;7 1.-.~' "..,,,. 
"--' f.f'Bm : ,_oo;:.oo 
-!.~! )-;-!JJW)f;
~-­ ,,_, ,,__
o.- ,,_, f.imi'I#
cooixm o_, n_,._.,, 
o -.1: (I__ (1__11! 

-(I \- 0.-
·-- -0.:.0a» t -

0 """"* 
,, ~ -0 !l.!ll(;fl O.M:IUI 
o """'" o.u:uui -c 11«1» 
0 il'MllOO 0.~ C.<>IO.nl 
(I ,,~ 0 (;!(lj~) ~ ftlf!fl 

Q.lllOllU O(IJ)j,\Q ~--~ 
0,,.,..,01 o.wia1 o . .nii« 
~-tllllll.1 O,COO!OI! Q.!Ulll~ 
0 lnllll'J 0 0:0014.1. l o,OOollU i 
1'.(D)IQI! ~.Wl;ll@' QJlillld: 
~ r.n>t 0."""'11 ' 0-000ltll' 
<>.l'J'ml l.!IOll!Jf t.fliJIU# 

0.(01.~<q 0 OO<M}7$o.-. 6_...,..., 
~.00\lloo 11.aooi.• 
0- .;]_~~' 
OJ>Xllft -l.¥1:11» • 
'\'1«'1f7 1.~~r:
O<'<UOl ,, ,._, 
t ltll!M l! 1U'M'> 't- ,,_. 
o.~\U .,__·-.. <IWlml ..__ ·­

e.- .,.....,,.~~ ·-­
0 QOO\$ 0.00!HM 
OJl'l<lll!ll e llOO!il,,__ ll.­
b,(ll)OOM ;J-
n tro<ll<I! '1-"'-"IU~ 
~.OOOl<t n_~ 
G.tl\lll13! O.OOllUO 
~ [l(l()[I(;\ 0.0000!~ 

e.oow:i~ 11.0002~1 
1'J10011,o n rirm~ 
0--~ 1)~5tl'

',__ () c'(Qjj~ 

'-~ ll'Jl,l;Clli@_f;<i;l<l ll (<(ff,31 
t.Wr.-;1 11-
t "11100' • (j)lW'J 
• - ' fl. JIM'll,,_$! (I.QI­,,__ 0 "1ll;O 

~- O<ll­0.- n~ 
Q.W«M o~ 
,,,:«!'! D. tt:Qilf 

"' 14:1l.1• Q -_, - D.JliMTJ 
ft,~r i -1 \lll!W 

' 
0-1 VOJJW.I 
Q (l(w;l•<IO I O).(l(I;!!~ 

-Ciq:!<;o' -11.00IUOO -1--9' 6 .... 
-•m:m1- -o-- -~_,, u­
-G -n ; -t:flilll;,%: -&:-.. '1 ~-· 
~llll!Mi----l!.l(ld11)i-1--l'J. -'l-.t 
f.00:.tl~, 'OOU$J , ¢.- t.-

Q.!IOlll~
~.OQlll~ 
$,(100:.:t 
?.lOOUJ 
J,\l(IJ®ll 

0 WTI!~ ~--! 
!l,OOl;llll &.OOllllf 
~-OOJtJI ~--iii! 
e./JJ:!~ 
•.OCtl.th t- 00i11•t 
•~n ·­

11/lfllo.J 
G,:lll!li!! ·-·Q oovu ·­,_00:.<ft 
l\JWh7 
e.1m11; ·­·­t- """'''' 

$".w1a ·­f."-'»ll ·­0 {W\tl ·­._oo:;1&3 
1.00!'11 IJ «;U;ll 

&_\Mlol1'i1·-· 
~-Wll'> ··­ij 00[!:1& : ·­0.000!11110 ll00l'8 o_QCIOllO!l I ·­
il,CWI!~ 

Oom4!1 I ··­....... ·=· n.Ollll811 ' , ll>•'1i• 

·­
l,fl(LJ'lli  ·­·~" !l.fliJOO'!I·-· 
"'-~~11'11 
~--a ··­·­·~m "-ilOO'IW ·­·­n l<ll!M•-n 
0.00\lllT j " OOl!a; 

, ....\!ill 
j lolln!! ·-·0,l<l;Ji:, ·- -Ollllll:!:t·~~ 11.00llOI ·­

t-.OO:itJJ 
0 tDltil ·­•~m ·­

0,00!(1!(1 
P.OO!lllll\ -0.&rom -·­··- ··­0 lllaOO:I 

-''~~~·~~~~~~~~~~~~~~~~~~~~~~~­



__ 

- 
I 

i -'lf:W•..i Co•~ - .....i ! corr.., I ~ 
ID..lmtm' 

• -·1----" -~· - - -:• I fl _I__._·'­

U.00\\1116' :=: 
,,)'l'IOlll ; ).WU'!f
Q 1.•1n:ci 1 -0 -
1.- ' ornnm , 
o-1· o rnum 
~- u.­
~-~1 l't O:(lllji
"www ,__ 
1.!IWWI, •.io!IWW 
o.O!ti16 I o_l!&fP7 
•.l'AJ~ 1 O.i(l)lfl
f.- l,~' 
~ - ' J,(lo:lCW!Ol ;·-1' ~Xlllltl'
o:lllrntJ ; '.W8!1! i 
i::1 ::=

t 00"%' 6.00!'.&t' 
l> ­
~ -~ 
0 <:Ml:<• 
0 Olll~l 
~ OOU(M) 
u w1112' 
.;.OOcl!:ti 
? (>'{Wll 
)'*"11 
iJ'.nl«ij 
OOll!'ltffl 
~ ~11 
Q -
~ OO((!tJ 
·­
0.11<.'!<m$__  

, ~Jl!llWT , 
' 1 l!lOOQI! 

,__ 
$.~ 
~-®IM 
t.w11<m o-.i, 
4 00l12S : 
0,0!>&3(! I 
~OO'_m1 

i_~ 0 OO!!IOO 
;.1m1,.,, v 001~'• 

-0.!!l!Ut -11.(')J<H 
-o ro::miJ -q_;:mw 
_._.~__'_,_.____'_., 

~= :...wu, 

~-' 0.lllXlil!' 
O ooim'I ~ ;J)JIO. I 
o _,I' ~ )((r);g
O,\llM1J $.".lll'.:I 
O,lOlllil ffllDI! 
t ooirnt 1.Mrat 
V tln\\41 C,@i" 

(1-1Q,_, 
1 ­
411Yit1' 
1«11m 
-0,<llH~
0 ~ 
o'ooo;st 
~-OOl!r:ll 
ft__@ 
~ (lf'lll' 
~ «»>!• 
-0-11' 
0 -

~-=  
ftln)J;~
-0 @ns 
-0 -
-0.000MJ 
0 OO!ll~ 
0 OOOWl 
6 0061'1lll 
t -1 
·--
~ ifll­
~--re 

0.00!IU$' II.~~ 0.-, 
O.(DJl!>.'.I 0 ii000.1<, U.- , 
l.00ll?211 ll<lli!IV• l00ll1ll' 

1 
CX1161 1 Q_~y '11m1~ 
Q lllli'llW ~--• r.oooo:n 
.__ ,,._, COO>!ra 
~- -6­

~ - ' o.\il­
n.l>'ill1!lil 
o_OOflJM 
t.owrJ 
·--
• - : U oo;t(;i' 0.oo.l<mir.-- •.-!· '-~ 
n.1nw ' ~ Jtuaa 'I ii.ii.Im! 
0(!U15$: 4@17\ ~-l)(ljt«i, 

~ (11)3!70 ~J~Vl~ I' Q,1)(1)1(1!' 
O,llWltl C iml'<O 0 QOO;!Sj 
3.00l!'1$ I~ D-
0.9''1M; O.llWOO.I' 9.-11! 

O."'-tt1lo.w1n 
O.Wlllll 
~-~AA 
?Wi!IU 
{-
-0 OOWI$ 
o~lt 
~ °""''" 
O!IDilli! 
~ (l(t3DU 
"-""'310 
1.00!:11 
~ 00!$7 
1lltl$.l 

Q mn« 
,,. oo:i""" 
-O•<e!NlOO$__  

• <l):l.l I O_t'l<llioJil' 
o_-19, ~--" 

----ll-•-)®~tll 
-D-OOlm 1-ilJ>r.iJJ 

aOOlll$ ~""111 

:.=I := 

),(llllrn ' l,ootffl;I;__ I • l<ll"'!i 
u_001.14'l , o ldl'IM' 
t_001u1 u OOOl57T,•--i r..xmll6 
I - , U 004!1• 

~=1· ~=i i::S, ~-=! =t::  
0 - ' O.OC•lBll ' '!UW~ -~ tl<~VffQ,(iJJSll

t ooi1m t Mlle : 
'-~~I - $ - j
~-m~ l u !llmlO 
0,9»1113!: Q,(WITT"OI!' 
l> OCmf' ~ ll«mO ; 

n_;to;1-tn I o__,1 , 
l> OOIWI 
~-"'""""' 
0.00:;11'@ 
O__ 
~ ©:llM 
l,llOOll(l\
l «tll'l!l. 

o !l<>Mll , -0 -
<l OC<J!l'l i ? <)l!lllln limll!ll 0 00!>!11 
1 "4~ I 0."'1'1111 
• -
• (1(11\!Wo.(llll)l47' 
V.~ • 
-0-"-'12S~ ,· 
D'X!lla-l 
Q-<:>1(!!~1-
~--
8 -
o.-1 

l>~' 0.-. 
,, _; 
0.-
U.tl)l!l::l 
b Ell(IJ"1 

fr_tll'UB!l 

; ooiw t 
o <:>lt\U. 
0­

Q,(W)(>), <lOO!C:lC 0\l(tillt;'
0 O!t$1S' ; (W)(>) -0.2'llil00' 0 ~ 

~=~; :: :_::: --:.: -~=: 
<j oo;;~ 
1 «W.41 

•--IW , 
~.-..-1 
\\.~U , 
II 00J!5< • 
ft.00&002~ 

o OO!m ' 
o.Q007111 ,
•-00'-"""I 
,_OO<<l!),
\\.OOlmt • 

mi- Ml 
f><!>N.... fo<>d 

__..__,____._ 

~= ::·= 

0.00\0\l ---0 l?ll:01'' 
~ w14'lll -0.1..,(1<1 
t ,_ .,o_bJ;!<'!J 
1 - --~ r.;1:1~ 
~-ti! -e_iq.ii1 
-0 -l -•.tl;'l'>q
0 OO!iil! -~.i\'I<.-. 
&.0!10r£1 0.00::111> 
& ill\600 -t!JJ;Mw 
l't00Jl'l6 1.-
-0 >X>Xll -O.Jll218l 
1 - -•.21l:l:I•-0- tl:l'J(<(<)
O.OOli:~ .-..~; 

0 001<\1111 
"tmOOll 
& -1!1'".I_. 
,,....,M 
Oin:ll!!2 
Otw361! 
q <)IXJ<l3 
o ooo::u~ 
0 !i11Dm 
~tmll> 
; _, 
-0 OOl(<lll 
0 (l)JJ!I;! 
~ '.l)M4 
OOO«lJ 

o._. 
• -
·-­

-t.~;11 
_, ~~ 
_,,Will 
_,, -
-tl_&mn, 
~o.~M!I -o mu~ 
-0 IOlllf'l 
-;.mllQI 
-@\l'.UW 
-tzmtt 

b - ; 
-~ lilll»'' 
-0.~2'1n 
-~:WI»:! 
-cou~m 
-~-~7'1l 
-0.f'.lll!I 
-'l lt.i!il 
----O-

-o-~ 
-<,1,(fl;11.111 
•11,UHW 

O.ilOIW'-tlff!W< 
0 00!3ll -<,l(!U'l<I 

~:=1; ~i:g~ _:: 

-0.~WJID '~ 

t 1!:!1Ji13• -• d-
--0~ -;,00!1'01-I~ 
----0 - -t-*l!UW -~--' 

OOllRn •-~· O.(l!lll:~1 

O.!rrtu 
-~ 1~' 
-~-~ 
-11.:r.•lilW 

"' "' 
O,OWli!> 

t $11)1.0 l«il"5 '-"""" 
t.lll~&__O,l\'11.1118 r.~nti·~· 

~-'l!W-1 
,_l01Si>' ~ 7M::Oi 
~-WI~' t.llOOJ:l),_,~ ~!AAl'I 
0,!0il!3! " llM::.:C 

-~-•1nM -·--·­·­a !1'1'1111 ··­·­~.:it!'!><! ·­::I: ·­
O.!laill!J ¢ ti!.,., ·-· ·-­
D.!lll>Jlll;I l,'1t&l::=::__ , ·­r u. !ll?it! ·­J.l~IOO 
)l!­

~ (1(1$!% l} MM 

J.ll7413 r.oro:ro ·-· 0 !1100'/ll ·-·'-~ 0.f1"lr11 
{<.!)Kl>:! ' ~-1'14!<l
c.=rn' D_,.,!f21 

t_lll!!I:; 
0.(16611111 

*-"Ol;jj 

q_)J'.11"'1! ·­
, "-'l!H! ·~w ·­·­3 lOO::U, u.~l!ll0$ 
t.<ll»Mi 
t.0!1$1 i ""'"' 

,_-~l>.Wil.. 
¢_0'l<..,4 ··­~.l'la<,in 
U.!lllll~ t Ull''16 
,.~\Ill~ t.Mtllll! 

, ~ o.>:n.1JJ 
~ .,_ • a MM111C-,'\itM'tl' ,:~iu 
0,~);'"j OOO:el't 
0 OltO!lO t.~

:.:1 ~-= 
t.l!ilim' 0 llUll'~ 
o__ , o.\1!'.1"'100 
~-O!IOOW' )l~ 

_, 0!1"!! l : !l_l!M 
~·-~-·-·~-·-·-_.::L.:_;um} 



--

" Gmrge o>nd f(it.g: C<>~<r p,,,.,.,,;i fM P1'<>d IJff!l'll'l!IJit<r~ 

TAAtF, ~ 

CLASSIFICATION Of OOMMODITIES Af'AX!ftl)f)'i!(; TO L1'.SEA11 'OtEXP 

' ' l toJ t-wi Q;.,,.s
i---i···---L-­
1 11..,,_ )d.,.,._~.. . ""'-•• 

Sal..d .u.i -i.. 
;o,: .;1 

E~mU• Co'~"""" <~..... 11..."""; ; ,_ 
0=..- : Avrlo> ' si..,,,.,""!i ' Let"'"" 
C..,,"'4. ,,... ' c.......i ~ ' ?~""'- ' T!i""  

C.-4 -'*1·-~~ n.,,.; ~-tat.loo 
j:\~.., fion< 

Ootilm..I,,.. 
TOTALCOMMOO!TlES 

' ' 

logarithm ()f the oonslAot term plus 2, 
if a'.\ varil;.bles in the .first differtnoo 
ans.ly!'.is 11.r.:; eonv!'rted to log&rithIIDI 11.nd 
if the const.ii.nt term differiJ aignifiantly 
from iw.m. For 1',XS,l'nple, in the c&Se of 
ehee!e, a,i$ eqi;.o.1to,{11722211n:l we- t<:Pk 
the &ntiillp~itbr:> of 2JJ172'-:.:.! as lW.2{!. 
Su Wt> oould S&Y that time tttnd a-Ione 
wouid in~ e<:>nsumpt36n of cheese by 
i-.20 pereent&nnu!i!ly. Frrngp, ~ ha•e 
a1 equal to -0.025019 and, t!Y'tt:'()l:{!, we 
f()und the R.Titilogarithm nf 1.974\181 as 
94.40, which means that time trend a.lone 
W()tl\d decrease the consumption oi eggs 
by 5.00 pe; efill~ amiua:ly. Thoogh aome 
d the oomrr,oditles aw-arlng: in Appen-
dix table A-0 Woo·OO eooffv:Wnta not 
s:ign!fi.imntly di.'ierent from .wro, we 
took these eooffieien~ &!oo to obtri.in ~he 
pemen~ effecti! of time hi e&ch year 
1Jn the consumption nf t-heoo commodi-
tie!J. Sumn:w.ry te.ble 6 is ba!l«I o-n the 
penwn!age ehan~s glven in Appen.d:X 
table. A-6. 

Seasonal e1Iect5 on rlme trend 
When q·J.art.erly rather th!lli am.1111.I 

data a.re used, eom.ider1<hleetlWlon&l vari-

!)o-.,, 
~--.,... ,,.,,,.,,;. 

' ----------··~--

&tion ia po!lll'ibl<;. Therufore, it nie.y not 
be np;>ropr'.11ti; to assune tha~ tht e!ieet 
Qf se!lllQn in the &1me for all the t!'lllior:F. 
To tellt the ~onal effects on time 
trend, we specjfied two different type!>'. 
of regreooi1;n eqi;11tions: 
(!!.) 1'!1e flrrt type;,. the 11&ID!) a..i in (1W}, 
txtept thnt the first differencei> l;f;l'rfr 

spond ti'.! differe..ne>'-" in ohscr-vauun$ f l'<)m 
scaw:-i W $<'-$0011, T•111 coll.l!t&nt tnm in 
thil! eq;untion ean be Jrrte;rproted 11.s iill 

indie11tiun Qf the linear effect nf !lf'A.'>llns, 
lll'!~uming thl!.t the trend during differtnt 
sir-Mnn<!- J.oeg not vary. 
(b; The $~1;>nd type &&r.imed ihat the-
tirne trend vi;.ried fmm lA!.1$-0n to se&Sfill. 

I~ fJi J>utting a single oonirtll-nt, •~ 
BfX.<:ified foor eiJMt&"-1..'! t-Om;t;p<:;nding t-o 
f0ur ~ons (t.i>i"g dutmn)· -vnriab!es} 
Rnd a.II th.~ other vari&bJ!:!!; we~ riithi."l.ed 
a~ in {100). In this ca.oo, the ('OCffir.ients 
corre~pond\ng to eaeh duron\y variable 
f-au be lrtc-rpret.;d fll' thc time trer.d 
&!lliOCi!lted with that }r&ttkulw.' st&scn. 
fu.ving f'$tlm&re<l bot..1 typi;t of Ntua---
tiou;i, we V:'!t.;d the aigni6umoo (If indi-
vimml efleffir.ients, U-ilng t~\Al\ltftl, and 
the difference in the two epccificatinns, 



using fi'·va!ues, For this study, we hav() t;f tin1e Wl\5 not signifieantly dlff-0rent 
confined thk: analysis t-0 fiv<:l uimmOOi- from aero in tbe N.l.i<:l of all commodities 
ti;J:s-butter, rna.rga.:rine, :>hotteninl!:, 11that 1!€alWll wat. not CT>IIS~, th!t!!i! 
mlari and cooking cil, i>ud l!Ud, In tab* eOl.'ffi<eients ~e:>me iiignif.canWy diffefl. 
7, column a, CO:Tel!pond!f (.<> ti\( ~,nt\­ cnt from JJCT<l ir. ciglit ==when !X>lllJCU 

st&nts obtained when no dummy var1~ was introduced, ThE' F-test showed that 
able wl!.$ introduced and s1, ~"' l);i, and s1 thr('{) out of live commoditiei; sh1lwed 
COITet!Jlond to t.>-ie c\lE-ffic~nt£ of the four variations in t1:t~ eonsU.nts fl.ec:Jn:llng te; 
dummy vari&blN:, der:<)t.ing four qun:r· SCli,-.:;qJ. 

ters ef the y.mr. While th.o lieear effect 

AcalYJis of the Farm-retail Pria: SprC!ld 

Thio retail mtlrktC. is only one l\nil: in "is the tlilfereno<> b\!tween tbe r.;tl.lii: price 
!l. ~hnin of institutions or B.genci<:'s aff cc t- of a pr:Jduot D.od it$ farm v11lu~the 
ing the T!lfl.rketing prorr,i;s 11.rid th(' price~ paymon~. (adjusted for by-produllt val­
D.t 1heae levels tu'B linkr,d by murlw~ng uesi to f,\Lm>er$ for !l.D equivalent QllliC-
charg('.s (dt>!l.11M -lo inelude cm;w eud: M tit}· of fn:rrr: px<luets" (l.'. S. Depi!.rt-
t.-&ospm'!Jt.tir>n, proce&ling, pm:kqillg, ment Qf ,\l(rieo!ture, 1957, p. 11. Genefl. 
and profits). Oitoo public polmy rleel- &Uy tbe spread lneiodea the eortf! io-
sium w.ay bt h:;fh:eneed by tI1e bl'liav:or turred and profit& enjoyed ~y ~I i>g(lll·· 
of r.mril:eting !'.l'il.rglns and an efJnu..,xnic eies. inVtJlved in the tJ'li.r..i;fer of ;iroduets 
an&iysis of fll<"tOl'll influencing priu:s will from fwmera to eonaum!'rs. Often, thooo 
not br complete without prnper con- chfl.rges include the payment~ flJr the 
sidcrD.\,!cu ()r tJ1is aspoct. Jn many 11itu~ service$ 1;ueh as n.AAe1nb:y of raw nw.te-
&tiona demand theo:y .>111.!l Ot'l'rloeked ri!ils f:r.1m th<'.l !11-rm, proees:*ng, storage, 
the l!pmi>d belWOOI1 pri(ttl &l tbc rot.ml trn.csp<lttatinn, whcles!Jing, and retail-
level and at th(> farm level., snd only a ing. 
limited numlwr of s1.udie$ llliw lreo.ted Thi;> ~udy divide.I mms:im('r expencii· 
UUY"!':im cxplkitly. 'IM !&ck of un<:kr~ tun;:;; on foad ltr>lnl! Jr.Ju two p,i.r",,!<: p!l.y • 
standing oi the !lilture of mll,fgint a.'!d !Ile':!ts to the farmers M c!;:.11rui; for 
their behavior on the market Btriou;Jy production of ra•v food prod..,et$ (far-
limit;; our understanding of demand n1er's share) nnd puym<>uts to the agen-
theory'. 1'hi;; seetion analyzes the nature eics ':.hat ru>~embl'J and pr!X'e'!S th<" raw 
oi prim> tqrrtmdll OOtwetm the tCU.i'. a:id rw;terillls and diirttlbut~ the fin&! pxe-
fsrm !!wt;!!;, and explore! the jl(!<SihilitJes duct to eunai;rnM'l! (iitttn-retrlil sptemi) 
ol ohtaitdng demand elastielties at one Both of ~ together equal the retail 
level ot the marketing symem from a pri~. For ml'a&l1'\)rt';etlt P\l1'll08ea, it any 
knowledge of theoo n1ea.&Jrf!s. !l.t ano:.het tv.'O of theoo fa.eh.In! a.re known, t..'ie 
leveL thi:rd ~an bt> deduced. The practiet> of 

the l'. S. Department of Agriculti;te l&  
Marketing margins and the to obl::l.i11 rel::l.11 price ll.nd farmer's sh11.Nl 


Jndepmdeotly nnd to deduce tf.t r~rm­ el<Ucicity of demand 
retal! spree.it Three ~ul'(<rnente u.sed 

The Co»et1pt of the J'um-rmail ~ in obtainilljl; e:sl.imates of fanncr't shMe 
Spread - A farm-retail price spread are dls!Jui'OO<l by Ogr!m (1956/. Th~ 
(marketiog margin or w.arkc'.iug ohil.!'ge) o~ure;, together v.ith the tttai! prleC$ 

' 
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published by the Bure.au of Labor Sta-
tistics, provide us with data. on farm-
reta.il spread. 

The importance of marketing services 
varics for different commodities. In gen-
eral, the farmer's share decreases as the 
number of intermediate operations in-
creases. Fox (1951, p. 68) points out that 
Illl!.rketing me.rgins for food crops show 
great v11.ri1.1tion. Grain products undergo 
much processing between farms 11.nd 
consumers. ~le11.t products move through 
the marketing system in a. short time. 
Fruits e.nd vegetables, during the pro-
ducing sea.sons, ma.y go directly from 
the processor to the consumer without 
much procesBing. In other crops, trans-
porte.tion costs me.y account for 1.1 sub-
stantial portion of the marketing spreed. 
In the present study, i.·e could obtain 
de.ta. on Illl!.rketing margins for 32 com-
modities; among them, the farmer's 
share varied widely. Table B shows that 
the highest percent.age of farmer's share 
is for butter (about 75 per cent) 11.nd the 
lowest for breakfast cereals (about 10 
per cent). 

Pricing methods.-Because the ba.aie 
of calculating farm-retail llpread is the 
retail prices po.id by the consume~ a.nd 
the payments received by farmers for 
equivalent quantities of product.ll, 11.n 
understanding of pricing practices is 
necessa.ry (Bee discussions in Oxcufeldt, 
1966, Ohs. 9 11.nd 10 11.nd Kotler, 1967, 
Cb. 15). No Bingle method of setting 
price is 1.1pplic1.1ble to all the products. 
Oxenfeldt (1966, pp. 289-294) discusses 
two types of pricing methods--complete 
and p1.1rti11.l methods. 

Complete pricifl{I nwthod6. The prices 
11.t ea.ch level may be set, using 11.ny one 
of the following methods: 
(a) Cost-plus pricing and avere.ge-cost 
pricing, calling for the e.ddition of some 
base cost Ell! 11. margin to oover profit. 
(b) Flexible mark-up method, calling for 

T~S 

FARMER'S SHARE OF RETAIL PRICE 

Commodity 
Qua:Wly d•to• I Annual data! 

·~ -,.. 
~-Chio<~n . 

'"' 
F.,.on4ol!. 

B"t""' . 
Shortoni.. 
111..._;no .. 
SaJ.,J d"""'in1 . 

Milk ,.-°'.a. 
MUk. 
Evaoorat..d milk . 
Ch-. 
looo....m . 

Ii.<•." 11.1.16 
~.<I 

lo<\.16 

71,00 

••••••al. 70 

«.••• 
!!.11:1 
17.18 

...11•• 
p...,,., 

Whi<.e. 
s ..... 

,.. 
Frutl 

11.ool.., 
Ora-.. 
C..n-~. 

Thiod fruit ........ 
Lo\tuoo--h<ooh tomatooo. 

Oninn.o . 
c.,.,,ota 
Conned -
Conned °""' 

3!.116 

•• 
!l.22 
it. 10 
17 .JO 

••••ll.ll••••ll. 11 
12.llQ 

37.llO 

•• 

H.!7 

"" Cu"""'°""'-·Driod....,r.abl.. -wo.... llou>" 
BnU.f.... "'"""1 
Com mot.I •. 

'~ 

16,2:1 

3..1.16••
11 2l 

16.91•• 
io.a 

18.It 

'D..la Im !OM to 111117 obi.al- from USDA (!!IOR>,
"""""' ;_..,).j D.la for 1&17 to 19&1 ~from USDA (111116) ....i 
datafm 111116....i 111116obtaioed from usn... (!!l!ISb, -
;-). 

Illl!.rkup to be varied on the basis of 
severe.I polllllible considerations, includ-
ing demand conditionB. 



GeMge <>ll<iKi110: Co"""mcr Dema11d for Fooa Commodities 

(c) Trial-and-error or experimental 
pricing method, calling for trying one or 
more prices that seem t-0 be appropriate 
and choosing the one which gives best 
results. 
(d) Research method of pricing \Vhich 
is bMe.d on actual market trials through 
experimental markets. 
{e) Intuitive method of pricing which is 
baaed on the price aetter's intuitive 
knowledge. It may not involve any sys-
tematic techniques. 

Partia1 prieing rne!hods. The prices at 
each level may be fixed through price 
maintene.nce or price followership. Price 
maintenance implies that a constant 
price that h!l.I! been proven effective is 
retained for a long period. Price follower-
ship implies that prices charged by the 
~followers" will, in some way, be related 
to the price charged by a ~leader." 

In addition to compleW e.nd partial 
pricing methods, two other forms of 
pricing are known a.s price-line pricing 
and multi-stage pricing. In price-line 
pricing, the price charged for a com-
modity is retained at the same !eve\ for 
a long time but adjustments are m&dc 
in quality to offset increased cost. ~fulti­
stage pricing is done in different stages 
such as selection of market target, choice 
of brand image, choice of marketing 1nix, 
selection of pricing policy, selection of 
pricing strategy, and choice of specific 
price. 

Hoos (1954, pp. 123-141) clas.aifies the 
fa.rm-reta.il spread as systematic and 
non.systematic. Systematic methods of 
setting margins include: (1) fixed ahso-
luW margin, (2) fixed percentage mar-
gin, and (3) costs-per-pound margin 
which varies with the store's purchase 
price. NonsysWmatic methods include: 
(1) following e!o.scly the price of near or 
strong competitors by uslw.ding" uoder 
or "padding" over the price set by a 

"leader" or 11. "competitor" and (2) short-
run profit maximization. 

Types of price spread.-'l'hese pricing 
practices provide guidelines to deWrmine 
the relationship betwe<ln price spreads 
and prices at different levels of the mar-
keting system. In an analysis of this 
nature, it is possible to incorporate only 
"systematic" margin policies. In many 
studies on price spreads (see Dalrymple, 
1961, for a review), it is assumed tlw.t 
price spreads are deWrmined in one of 
the following ways: 

Constant percen/afle spread assumes 
that the margin is a pereentage of prices 
at the farm level or at the retail level. 
Although it is not necessary to MSume 
that the percentage remains the same 
for all levels of volume, in many cases 
it is MSumed to be conatant. Let p(•) de-
note the retail price, pU1 the farm level 
price, and M the margins. Under con-
stant percentage margins (say, k per-
centage of retail price>1), 

(110) 
Therefore, 

(111) 

pin = (1 - k)p(•J 

Abs(llute Bpreads add a specified amount 
to the farm-level price to obtain the re-
tail price. In some caaes, the amount to 
be added may be a function of variables 
like price and quantity. However, the 
simplest case is to as.aume a fixed quan-
tity e.s the margin (M0). 

(112) 

Price spread and quantity handkd may 
hwe certain relationship. In this cai;e, it 
is often assumed tlw.t the price spread 



If p,"t and p\ll <.h>:iow the retrul- nod 
farm..Jevcl ptitl('S, 

M=a+bq (l 13) f•/ ,I' 
Pi = p;-, + JJ1, \116) 

Thmforo, thet<lh1.-t,i¢r.,l:ip bm...-eell farm From (115) and (t16/  
pr!~ a.nd r<;tail price c..n be written fl2 


P(" ... ,,,, ...... + "' ,.,
J 'P; ' «; .,,p, -

(ll4) 

Though these thret" assumptlous re- 
garding the behavior of mArketiug mar- 
gine may- be uppEcahle to certain situ- 
ations:, it ~ appropriate to assunm  
that the price !lJU'tmds are di:termilwd as  
a oombination Pf percllntag;i !Cld Ab$0-
lu:"' ma!'@;iM, Dalrympl<" (1001, pp. 5-JI) 

point.I! out that who:«al;<tn; a.p!'*l\r to  
use a con>ta11t pt'Jt<'--OOtage rrw.rkup ;rud  
roteilers appear to rr.akc use of an aboo- 
lute margin ITT> that when we CQTI~idCI"  
Um w.11.rkl'lt as & ~billll.tlt:m of ,,,h<:Je- T.:singtbe<l!iW.rep1;rted by O. S. Depart.  
st.lero IV<d ret&3lm, it may 00 11.ppl'l;;- me::it of Agriculture, we hu.ve fitted an  
priat-0 tu colll!idei: marg::oa ll! a. ~oo:bina- cqoaiion of type (117) for 32 ('(>mmOOl·  
tion tii tlu:-f!C two approaches.. A:So ties 11nd the ri-sulta &re presented in  

table 9.studies by Thonisen (1951, pp. 221-223)'.  
Sh~ph;;rd (l!J55, pp. 2.33--254), and The tu.b:e sh<;i.,,,·s :hE.t 19 eonmoditl<is  
~;ko (1951, p. 157) 1'1:l'ro&l that f!UIJgin h&d both slope and ir.tcttcpt s;gnifi.  
lll compoaed of elements oi which about cant<y different from ;wro; W, pvri::.  
5() pet cent are !!.beolu~e and ll(l ntr rent l&mb, chicker., ~' bvtt.cr, shott<:'"nio~  
&re Pfl'COOtll.g{;ll. Waugh {1964,- P< 201 milk, ehe<-.M, ire cr«irn, f!(l:atoel!, sugW',  
report? that, ". . rr.;my ~tutlie~ of thi~ o~ngei,, ~ar.L(I(! ~bee, letl.uce, boons, 
matt.CT (pen:>entage &nd ahrol".Jte Spread) l)t\!(10$, ('ll.M'()f,S, &lid btimkfMt !.JeTI:lll\p, 

m the l C.S. l Department o! Agriei.;l- In Jl eon;mOOi:ieii the intercepts were 
t!.lre iruggfilt thnt the ptice spreads are not rigaifirant. but the :.la~ were: 1n11.r-
ru;lthet OO!JJjf.ant percentlig(!s :tor !Xlll· 1!a.tl~, $1!1d dl'l$iling, sweet ixita.taoi.. 
~ta.nt abeolute amounts. but SQmewl:e:e a.pplH!, drierl fruit, tm:t1atoes, canned 
in b;:!w1*tn the two.~ H.ete, tle margins pea>1, C!b'l.ned tou::.a.Wes, dry vegetab:es, 
are ~Ji!ed & ii lineu function Qf whee~ /lour, and com u:ea.L The non-
l"lltail price~ Bignifu:anoo of a, imp!il\~ th11t u, iii.so is 

nonsigni!ica.'IL 1'herefore, for these oom-
M,-.. a,+ ;i;pj'l (1!5) mt-0.itie&, the hypothesi1:1 th&t mgrgio ii! 

a linear ionct.an of refb.j'. prices i' not 
where ?iffcrn:i.t from & hyp<>theei8 that mgrWll 

is a fixed pruport..inn of rto!Ail pi"...it'll. 
i stun& fDr t.'u: J'" commodity. Finally, in two oommnditieir--evapo-

rnted milk Ami canned corn-the inter~ 
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cepLll wa't' signi6cantly diffettnt from 
zero b11t not tile slopea Nooaignlfieanoo-
of the !lope (b; = 1 - fl,'j iroplfes thA.t 
{J, ia not elgnltiumtly different from one, 
implying tti&t the farm level prices me.y 
not eha..-:.ge with & ehai:~ in rot.ail price.. 

The neg1<tlve nlope f<>r eewal,, given 
in tt.ble 9, illueth\be» one problem in the 
a,bovti analf&ii. The negl\tive &ope may 
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be caused by (a! widenJng msrg1™. wul 
highe:r nit.all prica. o<rot time due to 

mrn'\l clabol'llOO ptlekaging, eb&nges ill 
the pt'Oduete themtielvfm, the exerelre of 
ros.rket powet<, or ~mihu· fa.et-On>; a:rtd 
(b) a genera.I downwud vend ln tht< 
fs.rm µricee of ~~ine: that may be 
~!M with !'fll>rk(!(.s other tha.n 
domestic uoo in ~I~. If gmin pricl!ll:! 
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v.~ to me, holding priors of all ot.her 
ma.rli,$-:.ing costs oon.a:t&nt, .iereal priou 
would tend to rise in time, gi'#)n the 
expectOO ;x:ifiltive relation OOtwoon f&r.n 
&ru:l retK:l prioo. A lirnimtiim Df the 
aOOve !IJllllyeV! is that & dcta\\ed study 
of marke:.lng mtt.rgi~s and <)l)l!\.ll wW'! not 
under!a.lreo that would nilow aoalysl-s cl 
tlm rel.Rtion Ii farm and r<"t&il prices, 
holding nlllrketing cc.!lb> conwmL 

Mm: of martins on derived db-
mand.-InIMny empiri<:aletudioo it m!ly 
be necelllSElty to derive demsnd p&.-'"!r 
ro<:ters at -0ne level of the msrket:ng 
ir,.·srem from a knowledge of colTfi!rxmd, 
ing p&l:'ll)lt¢tel'ii at ano~r levul. When 
we ~ons.ide:r the inletmedi&riei; such B.S 

pro~l"S, whoJC86.lel"!;, and rttailern, it 
is ~le to di!rive detM;t1d fur.i!tione 
for I'll theac levels. Tiw quantity do-
manded by prooossore, quantity CQD-
sumed, retrt.il price, .!'.n.d fu!ll·level price 
can be det.crioined 0iJ\>.1ltaneou~iy ul>ing 
u. s:roplifiOO model >'})nfilsting oJ the  
following element;;,  
(.!'.) Ct-nsume delll(J.nd.  

where 
q, = qUAntity conS1.111Vid, 

pl'' = ret4il priC!'J., and 
Ii = cunmimer income. 

(b} !'.larlrntlng group btlhavior. This 
oon.._'<ists of the impp:.y a.ud demand for 
the nw.rketi.ng group •rul can be ret!noOO 
to a lli,ogk! equstinn of the f.mn 

(119) 

q., p(•l, and y ruv defined M< in (118) 
and V, reprewnU Ill! other varist~ 

infiuenC:.ng marAeting group OObAvior. 
(e) Produeer supply. Let ff' he the 
quant.it)" iiUpplied. The prodUOOl'--5upp\y 
n411.U@ship mn WJ exp~ Ill! 

V • nptei;(lnUJ all other ext-genmM 
vari&hlt;i influencin11: aupply. 

If equilihf.urn couiltinns areMSUmed, 
'b = q,, = q. l'sing (ll8), (1t9), &nd 
(120;, lt hi po&>ible t~ eliminats; pr•l and 
o. derived dem11.11d equstmn" e&n he 
nb+.air.ed of the fonn 

f.(q, p'.f', y} = o. \1.21) 

TI1uf{, u~ing tbe t>eh!iivlora! equatiOJ'J'. of 
v11.rlrn;1> marketi!if groups, we C!J..."I obtain 
derived dema.nd eq:ui.t\onn for one levtil 
from the et::>ITt'Sporu:ling ®roa.nd ~!ta~ 
tioo for another level in the m11rketing 
eystem. 

Boor.ng this in mirul. let ue imalym 
the impLCAtions oi the bebAvioml 11&­

..umption ti me.rgina ~fled in (ll5} 
on elttstielt!eg c.t the farm lev;,l alld 
elasticit.res at the retall level. H<':w, it ho 
o.a.surn.M. that there are 1; cummodit.ies 
q,, q, • · ·• q., with rel;e.il prioo pi.!'', P•(", 
. .• , p.(•l. The e!Mticity at lhe :retail 

levct i$ defined by 

{122} 

r..et the corm;pooding fann-le•'ci prinf'.s 
be p1ift, ptU\ · • ·, p,,:.tl, \1.1\d the corre· 
®Pnding m.ll.rgins be Mi, ,';{., '' ', M~. 

--;--Thio';., Iii~ w tt... .WWOO OOw;and rebti"" ~P™!llied in Hild«tth ~w Jbl!'!ltt (19&.'.1,p, 
lOi!l). AlM """ Foot!! (l\161:1, Pl'- 100-®j. Thie f«nllll&!.i{)n a&itlme.! Iha!. IMm ptlec U>d .,___ 
laJj price &>'ti ~·mllled ill W., Mme thw:> periud, wklth ie »o:>t ne~ly ti.. .,.,,e, A mi>lT ~~ 
i.rtl!! fO!'mulJl.tiwi ;:nighc. do:ml wi.<.h ~. rather tbn. l!quilibri~l'th ptlO"". 



If it is assumed that the margin is a 
linear function of retail prices, using 
(117), it is possible to specify a relation-
ship between farm-level prices and re-
tail prices as 

(123) 

Therefore, 

,,, 1 (/))
'Pi = (1 - fJ;) (o.; + p; . (124) 

The elasticities obtained from 11. derived 
demand equation ca.n be represented a.a 

(125)E;; 

'vhlch, in this ca.se, can be treated as the 
farm-level elasticity. Now o../ Op/fl can 
be expressed as 

Oq; Oq; ap, "' (126):...(f) = ;o....(•I • iJp\f!
up! up

1 
) 

:From (124), the value Op,<•J can be ob-
tained o.s 

1 (127)(l-fJ;)' 

Substituting (126) and (127) in (12.5), 

~~!_ oa,
E;; (I - fJ,) ap~•l ""',, .• 

I Oq; Et_ . tl_'. 
(1 - fJ,) • .<.n(•) q, p<:J ' .,, . 

(128) 
1 if'_ 

= (1 - /3;) . e;; . p/•l !llld 

=e;1·(l 

Again, we can express (128) in terlll!; of a; 

by substituting the value of (1 - f3;)p/•I 
from (123) as 

E., = e;; (129)
a; + p)f)' 

The relationship in (129) can be used to 
derive conditions under which the eh.r.s-
ticity at retail is higher than the elas-
ticity at the farm level. Special cases of 
this result are shown in Hildreth and 
Jarrett (1955, p. Ill) and Foore (1958, 
p. 105). From (129), we have 

E;; ~ e;; if a., ;;::: 0. (130) 

Spei:ial ca.ses.-Conslanl percrm.tnge 
spead. \Vheu the price is a constant 
percentage of retail price, we can write 

p, = 1P1 · (131)"' k "' 

Comparing (131) with (123), 

a, = 0 and (1 - f31) = k,.. (132) 

From (129) and (132), 

(133) 

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

Conslant ahsoluW spread. Here, we 
ha., 

M; = a;and/S, = 0. (134) 

.From (128) and (134) we can write 

E,1 = e,,. (135) 

The elasticity at the fa.rm level is ob-
tained ai; 11. product of elasticity at the 
retail level and the proportion of farm 
price to retail price. Because in mOBt 



t:L'!Cll retail pr~es J.re hig:ier tha,., <;,he 
Wm pr:ku, the elasticity at the f31m 
levcl is (ower th.an the e:.Ut)eity at the 
retail ltve! JIB di~usaed, for exnmpk;, by 
Waugh (1964, p, 78). 

El&s~dtr ofpriGe tr&Jam.111sicn, --· Elas-
ticity of prioo tra.nsmis.sion i* th(' r11.tio 
of re!ativo change in reboil price to the 
re!11-tiv1J ohango in the fllJJr,•.t'Vel pri*-
If we denote tJris 6.a;iicity fnr the ;&. 
commodity fl.1J J;j, 

(136) 

Wl-.eo we a'>!l'.JnuJ. that the marketing 
w..a.rgin i!r Iii line&r funetion oi retfl.ll 
prices. froir, {127) w.: have 

Sub~tliuting this in (136), '!i ia ohtainOO 

" 
1 (: ! ., - . P.f-., {l~.,, ~ {J - fJ,) pc ' 

' 
Gslng !he nYcre.ge prices 11-t the farm sud 
rel.II.ii level8, we have 011.lc'Jloted the 
elast.icity of price transmi&Uon for 32 
eomnmdities included in !he prooont 
&--"llllysie. In the majority o! the \:ilse"" 
the elasticity of price tra.'lsmim:-On was 
!es.11 than one. Hildreth and Jamitt 
(t955, p. lllj e'tfllain t-he implit«tioM 
(If an elasticity of p~ice tnmmr.iwITT!r. lft( 
lelJ!l tl'-.&n -0ne as fo:JoW1:1: ~, , lf pl'Q· 

ducat~ price rises while quantity prir 
ce'll!Crl and sueh other facto™ llJl pri~e$ 
ol input& ull('d !J.y procetll!Ots remain 
fixed, th!!' re'ati~'e <::I-Ange in eor.1'trrr&r 
µrice will not excood the relative t'.hsr~ 
ia pmdUet!'1f' p?'ioo, Th.is would et>r.. 
t.Aialy t< t.¥ue if effective competition 

existed Jr proc<#li;ng, and ni!,ght be e>1· 
peckli W bf typj<;11,I of otber lllittanee> 
&1 well.~ 

Derived farm level elastkities 
As ;:;ta.ttd before, eh1.i;t.kiiifls a.t one 

level of the marketing system can be 
derived from a knowledge of the ela..J· 
ticitie.!! at arwtJ-.er level; the direct ff.fld 
~ elooticltie<t for ffiliny eommodi~ 
till llloo b.l obW.ioed at the rct.J>il level 
This &O<'tion shows how ela.slieity lilt the 
f&rnI leffi can 00 .,t;rained from clas­
t:eity r.t the tet&ll l-wtel snd tte cll;_,,. 
ticlty CJf pri~r tre.n~misslon. In (128), lt 
wa.s establi$hed that the relationship 
betwe1'h wt&il·level elasticities and farm· 
!eve: elast!e!tles fo[<iws ti-.€- pattern, 

A:,o, from {!37), 

sbowt! that the ela.stlc~y Rt the fs.r:rn 
level i~ tl1e pmduet -of elaatieity 11.t the 
ret&il Jovel e.nd the el11.sticity of price 
tmnsrni\'.lliOn, Since, for mfl!!t cnnunodi· 
ties, ela!l".icity at ~,he f11.rm \eA·t>l 41 JQ~r 
thitn th« elMtleity at the retai: level, the 
e!Mtieit.l' of prke trummiseion W:iu!d be 
!eea :hsn one, 'l'able iO filloW? th&t tlw 
elaati\lity (If priw trruismiasion wu lr4il 
th&n 01u; for 2;1 commodities. In IWQ 
commodities (corn meal a.nd c;mnrd 
tomatue.!i) thll margin behavior is anch 
th>i.t or..e of the ape~ta.l co..se;i (pereent!'lge 
margin~ i1! &pplie&ble and when we have 
eomitt.nt pmoontage spread, the clAs-
ticit_v of price tra~n i11 ¢tie, Tahle 
11 pre!!t-nts the <'l&sticities At the f!U"m 



••• 

..  
TABLJC 10  

ELABTICITY OF PRICE  
TRANSMISSION, EXPRESSING THE  
PERCENTAGE CHANGE IN RETAIL  
PRICE TO A l PER CENT CHANGE  

IN FAID.1 PRICE  

Commodil.J' El...icily .., 
-· 
 .<ll.<1'111 


.1111:1211< -
1-:ib.. ­
COl<kon. -"'~ 

.""7!7J 

,,,,,. ••~ ..:i, ,_ 
BOortorlio.-. ),jOOlll:J ··- .,_
llluwmino - 
Salod d,_,..,' 


i.rw..i.,...-. -· 
)llilk 
i;,..pon.r..I milk _ 2.!11!1"20,_ ·­2.14Dll:I! 

,_··- -
Wbilo . ~'" s ...... -·- ·­
rr..b •ppl.. - -~~(ll -·Fn.ho....._ - Me11~ 

~~-D>iod /ruilo - .NJ73Q -,..... 
u........... ..1..!Q 
- •ll!OlQ --- -· 

OolOUI .• .«Ml!llO --·- .311N23 
0...ood.-o.. 
Caa-iootn 6.1-·­c....o..i imn..-.' 1-11071• 
Ihlod...,.bloo.. .ot1UIO --llour .$1"<19 

C<nmoal .... 1-0117!0 -- -·  
level obtained as the product of retail-
level elasticities in table 5 a.nd the elas-
ticities of price traruunissioo. correspond-
ing t.o 26 commodities. The commodities 
a.re mtained aa at the retail level and no 
attempt ill made to convert them to the 
l!Quivalent oommoditie!! at the farm level. 

Seasonal variation in 
margin behavior 

Seasonal variation of prices of many 
a.gricl!ltural products differ widely among 
commodities and commodity groups. 
For example, fresh fruits and vegetables 
grown locally during the summer and 
fall may move directly from farmers to 
consumers while in winter transporta-
tion costs on fresh crops absorb a sub-
stantial portion of the consumer's pay-
ments. Ge.le (1961, p. 5) observes, 
" seasonal changes (in prices and 
price spreads) for most fruit.'! and vege-
tables were relatively large, but those 
for dairy products were small. 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 smal\e:st fluctuations. n This 
study uses 11. covariance 11.nalyais to test 
the significance of the intercept and 
alope of the relationship expreBBing price 
spreads l'IB a linear function of retail 
prices in different seasons. 

Cova.rianee analysill.-Usinii; the quar-
terly data for the period 1955-1907, we 
have specified the following three rela-
tionships: 
First, all the four seasons are con-
sidered together t.o obtain a single regrea.-
sion equation without incorporating any 
seasonal factors, or 

Second, e.11 the four seaBOns are con-
sidered together and it is ILBBUmed that 
the intercept is different in the four 
seasons but the slope remains the Bii.me, 

" 
{b) p[f) = d1D 1 + d.Di + d..01 



where 

D,, Di, D,, and D. corroi,po"d to four 
dummy vuria.hle~ fjuch that 

fl in the j" qusrtcr
D,= 

'.0 elaewhen\ 

Third, it is IU!lurrxrl that 1.:oth JdcfTu &nd 
intertept a.re different duri:;g the f(lur 
se&•ons, or 

where 

-p/T atrd p/'' rep:-esent the f1Un;.level 
&nd retall-:evel priees, respr-0lively, 
in tlw j"" serot1n (j = 1, 2, 3, 1) 

If sh s1, t.nd t, oorrospcnd ~ the $utrt 
of squares of deviations corresponding 
to these three different ~pecifie&tions, 

we ean c&!culnte P-vEi.lu"'s Ei.nd test. the 
!iignif.oonee Qf th<" dif!'e!"(';1;ee~ in thew 
!lJ!ecitleation4 On!y fo::ir commodities 
(f')i.ii;ken, p<Jt«toes, ;i.pples, ilnd arrrols) 
siww<!d Slgnifi.ca.It~ variri.tl<IDS in margin 
beha-vh,r i;i both slope and i4terccpt 
{W.l>~e 12). Jn three commod:tiDs (pork, 
shortening, and ooled dre%ing), thn in· 
~rcept did not vary from $C&$1)n tu 
season but the ~inpt did. 'f·w<1 uo1nmQdi-
tie:s ~milk &I1d to1llll.tncsj, shnw<i'd sea.-. 
sonal vn.tilltiflt ln interoept '1'1-ithout any 
V<iriation in t.lopes. The remlrintng 18 
commodltirll lncluded in t.he oovar!Anee 
11.Miy&is aho11.red oo change ir: e:ther s.lcpe 
l}I" inr.ercept ov~r the 88&8U:l& 

AJrernative ~fkations Qf 
margin behavior 

In th!; pttvioo!': 11.--.!Vysis, 6pe¢ific&w 
tinr. of the marketing margins flil n. iincar 
function of ret-0.i! prices was b!l.~d on the 
hypothesi~ th.at the pricing pr9.i;.ti1;es 
f&lowed h}" th4 tnll.!'keting group Wllil i11 
aeccrril>n<m with thIB spt'cification. Al~ 
though, in lT!AllY eases, this hypcthea:s 
gave a. rei;;v,nable expill.r.e.tion of mW'gin 
behavior, theM ls. no reaaon wh;y all 
oommodit:oo sho'Jld follow the mmc 
pattern. Anotbnr relationship mtty give 
a betwr ri:"w!t. The approach used in 
the pri:"VlO\J'! 11evtlon~ w oht.aln the na~ 
ture of .;harit$ s.t diFerent !eve!s l!l the 
tnarket ~ !l.till vii.lid under alt!:rnAte 
specifications of 1nargin relationship. For 
example, if we have re.&SDn to believe 
that the prire tprw.d ~ deWnnined as a 
eombia11tinn nf an o.b::lolute spnied and 
o. percento.ge of farm-level pri<;<;, W(' esn 
write the margin relationship a~ 

• • 'Fl (l3\J)m, ""r.; + fl,-p, ­

(140) 

11:
P; "' "'

• 
. (141)(I·+ {J,) + (1 

£q11atian {141) is similar to equali&n 
(117). All \.h(' remiU!ling rclatinneh.ip.> 
<:Rn be develo{l{\d t<imilarly. Aga.in, the 
re!ationohip 1\Smuned here i8 for agp 
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g&.t.t sprMds. If "·e ar!l lntcr<Jfl(eo:! to priate b£h1<v1emt 1tSSumptl"lns for i:;rioo 
"t.udy tlw breakci<>\\'n of r;ggregutf'. spreo.ris at Ml/h Qf the:!e o.tfl.gC<! a."'!d .:111-ry 
epr"ad~ to diff¥rer. t elemrnt'i lu the mar· <:t.<t "" analysis simil1>r 10 that f:>f L':e 
keting !ly;,ii:m. ttY enu >pe..:ify npprt."' ag;;regate sp!'e11.d_ 

Inrom~Consumprion Rcistioruhips 

This 'le: t:qn J)u~tralet dlff(r.::nt ap· 
pr,:;a.~he& ta ineom~On$\Unptiorc l<'l!l· 
tion5hip~, uoiug tl-.e 1&55 i:1:d J!J(};} 

l:·:iusehnld food-<:vr;;nmption da,ta ob.. 
ta1n('d irorr_ the l!SJ).i. (t9&6, !P6fl). Ir. 
))articular, it analvze~ the 'ffftx'.fl of irr-
tnlY.t, h-0uS'helc. ,:~<e, and roi;ivi1 in 
de:tcrmiuing the e.-,u~u:npti<1n pattern, 
n:"i ('\j:Aa:n~ tl1c :hangeo> in demand ee>-
efE(it'nt.« ru:; a re:ru:t of u$ir,g quuntJly 
oon~un1R,! or c'<penditures nit different 
ii.em~ a« ti:" dtp&'1dent vnrlal>lt'. 

Estimation of iru:.ume. ~las(icities 
Choke i>f data..-- Of!kn r.h<.> effRt of 

income (!han)l;i':>l on consumption is mnwi-
urOO by the elasticity of d'Offillnd <>ith 
res)Tu'"l· to it:-rom<;- z,nr-<;mo eLlslh:ityJ de-
iined as the rnt10 nf relative change in 
the quanti\Y C(1n~·~~100 to the relat'.ve 
chang.; in in<:'orne, holding olher- fact.on 
L'lfluor;c1ng derniind at. a ~n&.t1nt level. 
Th\l~, tha i;1oonll' ehtfiticity for the 1.,_, 
.-ommciit'.)' is g:i~~n by 

,). "' f{p,, p,, ... ' p,, yj 
q, = cnnwmp".ion qf r-~ conimodity, 
p, = pri;:e nf 1"h commod:ty, a.nd 
if == :ne<lme. 

Bo!h time-scrle$ t!a!a from rnuket 
~tat.;;;tks and crooo-:iection tlata fr1Jm 

hou'<!'"D(Jld food eoru;Un-.p:Jon sui-veys &ff 

a:;eri tu obtain !Il<:'OlM f!:t..>.:icitie~- For 
time-"lMtiM: <laia, \Ve S!)P:ify I\ hii-rr1 !lf the 
dernnnd funMion in t<irm~ of prkei< 11nd 
ineome an<l obri:.in the :xveffitient8 
1hroug3 a reg:-resion eqiw.tioo. F:on• thi;; 
tlema.ntl f'.1ncti(ln. the ineonw el1>stieity 
can :Jc obttJ":uqtl 1>s a psrWlil derivativt 
w.r.t. ineoroe .,,,.1-,on a Uonhlc logari~hmie 
fcr1n is used. 1'\>r ttOSB·'!<'Ction da!..i., 
pri..,-.i; remain ap;.rni:imatcly ihe 5fillle 

iot all eonfil!mers and, thtteiorr, ~~ ean 
specify th<" demo.ud nlationshlp on1it~ 
ting pri'.:<ls u Howevet, it is r~blii> to 
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give two different interpretation~ for the 
demand elasticities obtained from the~e 
two methods. In a. static ana.lysis, 1>·e 
nssumc tha.t the consumer ffilikes a. 
cha.ngc in consumption, if there is any, 
as soon as there is a change in income. 
A lag n1ay exist in ronsumption adjust-
ments as a result of income changes. 
Generally, the items ine!odcd in family 
budgets have different durability and the 
purchases may represent a Ieng-term 
consumption pattern. On the other hand, 
a .~hort-term expansion in income may 
lead the consumer to acquire goods fer 
immediate consumption. Wold and 
Jureen (1964, pp. 227-228) point out 
that, for the rrw.jority of consumers, the 
income level is fairly stable. For a group 
of families included in the cros.~-section 
data, the changes in income over time 
nre, on the whole, small and infrequent 
compared with existing income differ-
ences bet,.,,·een the families in the group. 
Therefore, "the families have usually 
adapted themselves to the income level 
at which they have been recorded, so 
that the budget data primarily reflect 
the demand patrern in the sense of long 
run income chang~. In other \Vords, the 
income elasticities derived from family 
budget data. can most immediately be 
interpreted as long run elasticities." 
From the point of viey,· of prll<'tical 
applications of demand analysis, these 
long-term elasticities arc more relevant 
for many policy decisions than the short-
term elasticities obtained from time-
series data.'' This is one reason v>hy we 
cho&! income elasticities obtained from 
budget studies over those from time-
series da.ta. Other reasons \Vere: 
(1) Time-series data on prices a.nd in-
come a.re highly correlated which makes 
it difficult to obtain structural income 
elasticities from time-series data. 

(2) Estimates of inconie elasticities may 
differ, depending on \Vhether \ve 11se 
qua.ntity or expenditure as the measure 
of demand. Comparing the estimates 
obtained from these two measures of 
demand, "·e can dra1v certain conclu-
sions regnrding the quality conscious-
ness of consumers. It is often difficult to 
obt~n consislknt tirr1e-series data ou 
these t1vo measuree; of demand because 
of limitations in collecting a.nd reporting 
data while, in a budget study, it is easy 
to incorporate these t1vo measures. 
(3) Demand elasticity may shift over 
time. When using time-series analysis, 
often we assume fixed coefficients if 
we do not include ~ome shift variables. 
It is difficult to estimate the coeffici-
ents, using an assumption of varying 
parameters. If y,·e ha.ve data !or differ-
ent croSfi sections, it may be possible to 
csti1llll.tC one set of coefficients for e!l<'h 
cross section and, then. taking these 
coefficients, \Ye can estimate the trends 
in the coefficients if they follow a. sys-
tematic patterns. 
(4) To compare the elasticity measures 
for different commodities, the data. must 
be compara.ble in other respects. If we 
are using time-series data. to obtain in-
corne elastieities for different co1nmodi-
ties, it is difficult to assure con$istency 
in a numher of other factors. Therefore, 
to obtain meaningful comparisons of in-
come elasticities that ~a.n Le used to 
as.sess the changes of diITerent com1nodi-
ties due to an income change, it is de-
sirable to keep a number of other vari-
ables constant. This is effectively han-
dled iu cross-section analysis because it 
provides a measure of the reaction of 
consumers' dema.nd to changes in in-
come y,·ithout complications of changes 
in distribution nf income, family size, 
and other social, economic, and demo-

.. Wold &nd Jureen (1964, pp. 228-230) point out th&t irroveraibility of derR1Lnd function• 
&ud continued introduction ol new prodlll)(9 lend to ffilLke the income cl&&ticities of family budget 
data amaller th&n the income elasticiti"" obtained from timc-serie• dat... 



graphic fr:wtflrt whith :J.re pl'<lOOllt j., the 
time.series d,;tta. 

We also tl:ose W uoo <:.ros!MiCCtivn 
tkta beOOUR det&iled dttv. L"!l C01'eutnp· 
~i(10 and ir~u-.e \\'el'(' &.v!!.1lab;e fro1n at 
least two oetion\\ide si.;.r·.-ep; (in 1955 
and 1005) '"' fond <~on!nunption. Tt.e 
tSf._"\ sur\·ey Lad a brf.nd objective and, 
at the tim(' of tl:is a:nalysi~, ::inly Ja•,a 
rclatil41; t0 th<i ~pring quarter wel'<! Itvail· 
able. Tlwreior.:, t.l1e present an&ly;;)-; i~ 
restrictCTi W :~ dnta. 

Oltoice of fU.11.eliun.--To cnlcul11lc thfl 
in<."<Jme ela;;t!Clti>'\\, th<' fitlit job is !0 
lll'.l"cify a tun~tillnrr! 11'1at!vn$ip of eon· 
su1npti\jl1 ar,d ifli'(;trte. Various funr· 
tione.I torrns ru&y be approp;;aU as for 
tiffi&&\:ies l\llaiysl.1;, A+i>Jtning t.hat th<'l 
B.1'.ett ii uli other varlti.hle!< &11' neg!igi-
blt\ s, linell.l" rclation~Jii;i hetwCt<> d11rnand 
and iric,,me 1;11.n he speciFed 11.'S 

(142:) 

lo. p.anie>Jll'.r, \\'hen tbt var:ables q and 
y &re HJ ll'.>gllrithms, the Cl>effi<:i<:<nt b is 
the inoo~ <:<l:v.tirity. If the dtitA shuw 
the prese::too of a uuit serl'l.l <"O'trelatim1 
ooefficienL firnt difftH'lJn~eJ 0f t~ie vari~ 
ahleii "'di'. get rid of this f{ll'UJ.l eor:e'.a-
ti(ln. In this e;,"", it it ti:.nvenlent tr• UG~ 
a regl'('mion <:q:.ul-~iuu of 'he forn1 

{143) 

'"' 	q and 6 Ii repreM:nt the Qn<t differ· 
rnce1 !.lf the variable~,'" 

Ai!;a.in, the ine<mu.' <,~Mt.icities n:re <Jb· 
t&i:md di~ectiy i( ~h<' variables nre 11p.,..,i~ 
lied in logarithm$ as 

A (log;;) = a + !> u. (logy). (t44) 

Ol'din&ry verslttl weighted regres-
sion.-f\1bhsh<xl detu 07• (()U(l eon..~:imp-­
t'.(;o. from :he ero"*lleetion survey" ;1tt' 

repo:;,rtecl by ir.'-'-'1ne gr<iups. The tffi!f't~ 
Di i11d11effi hctr:roskl!<lasticit-y can be 
ehuiu:!itell by 1mi11g a wcighttd t(·gres-
sion. Io. tJu; prt:>i'nt study. we hs.vc c&:-
culated the iaenme e!aati<::!ity f,-ir rliffer-
ci:t c'<)ll!rr,0>iities. u511ig bilth or<li:!!<ty 
snd '.•-t4i;lt:ed regr;;!\ci-011 proeedurez. \\·e 
hti.VE' 1,;.e<l tte pCN·!l.pit.-. q.i&ntity t\>1l· 
surt.cd and ~t-<'Apite. inwme"' fnr ob-
t1>i::iin11: 1> r~.greR11l0ll D(juation of the f<::irEl 

On -:;he \\hole, ':.he efi\ill>l>t<es cf ihOO«ie 
-::.asbc1ly rihtained from both orrl':u1<ry 

s.r.d 1veighted mgrewicns "-ere not Ye<y 
dii1M"£nt., but i1: many CB.l;('s \\·here t;ie 
e!s:.iicitic:; "trP pcsitive, enefficie11t~ 
frr)lll v:Blgbtecl regn'BSiOI\$ 11c(tnl ~Eghtly 

higher tbtu\ tho>re from ordinary regr~ 
,,.ion~, I\ ri;:11;11i '" fQ!lformity wit!; that 
ef Iye:•gar (19{:;4), Table 13 gi\·e:1 the 
e~tunl!.tw cibtaincJ !'Nin~ two 1neth· 
oda Further analysis cif theae daui, with 
hou!ie!tolcl mre an added vari.abk-, cndi· 
,;,ates sntnewha.t dif':errynt estimB.lH, as 
is dIBc'.1~$CJ lu.:ff. 

Conswnpti.on differen&ls.-'I\> shaw 
the re!atioit0•;p betl\·een tht> .;onsi.;.mp· 
ticn differe'"*"' in the upper and Jower-
>noo:ne g-rou ))~ 11nd the inru1ne ela:;t1cit_v, 
e. bi>-i>r'ilte c\u:isiJic!lt:On of cmnmodities 
1vas <:Ollln-1'.'U<JteU as table : 4. T~1':' incoll1(l 
ela.s:irities u,'*IJ ar'i' the sOJne rui in ~ol­
un1n 2 of table l3. The quanti~y index 
lz nbt!l.ined by 6pre..sing the Avera;v 
pe!'ei>pita ~onwuption M 11- percen<;age 
o( t'ie J*l'-€&pltJJ. ~or-~umptk>n n! pi:rson~ 
in (~e low~ :ucome1tJ'OOp {Q-l,00() 

"!11 tim('-fl~ri.s $\U, Wf dt~ne <i.q, .. (J!< - q, ,.j wl:die, uoing tMKl·ik'~tioo. da!A, "'' hav.. 
w wke the ditiereno"" bet"'"""'"'""""""'"" oi:-rvatK>rui (AAlllpl..) during tire imme )><'riod lf the 
auw-,..,1,.twn CO•fficiNll ;,. <:>tlwt- th;u. unity, other mclh<uh of cstillU'.il)fl """"''"'"' t1.ppt()pr\a~. 

" 'the l>"l'"""'?iW. inrome ;~ W.t.lM<l by di¥Iding the (nmily ine11roo by the ;,«ft'~ Q{ p~rwn' 
in tho i&mily, Tiu! filmily io=.t! «!.,_ta tha twully'• lllW mooty !n•orr.e alk~ detl-etioo of 
ots~ nnd :''L"lloral in~:»><~ !.o.x.,., Soo Appendix;\ fur ti. tleacr'.p'-.-i<:m of tb~ d»t.a. and thcir ,.,.,,.,.,,._ 
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T . .eL!c 13 
O:J:<1PAltlf10'.:'.>l (jf' JNtXJME ELASTICITIES on·rAt~-;j{p l<'ltO)l OP.DJNAP.Y A!•<J)  

W};f(;Hl'E!J P..£GUCS$IQ...,;s ll;;.SEL' OX RO!:SEHOL:J F!lOV CO'.'li;U;'.fl"TIO!\'.  
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dallsr.s)_ Thur, a quanlity index ,,r ~ 
th.an 100 rnMot; that the µer...-_.-11.pita. con-
sumptitlll it the lowe;;t-ineon1c xroup i.~ 
highe-r ti-..ln ave-ra,gt <:-Oll$1l mp~oi: lev6. 
The l"ff,u)t~ in wbie 14 are u;;eru! t-0 per-
sor--"' eng&ged in mu.rlwt)og farm ·com· 

mOOlties lie<A!lill': it µmvidci; a frame-
work W tletennlne the n!l.ture cl ernph&--
$c;; tu be pl!Wi!(f on riifferent lnoon1c 
graupi; "'hi1e dcoigoing e progtam for 
prom.oting the a&.le of a p&rti-C-cll!i.r 
commodity. 
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Quanti.ty verMUI que.Uty eJ.,sticli]'.~ :ive chMgn ui inr.ornf. It m ;:w.s;<ible ~D 
While di&"'i;!;~ing tb<e inrnine elll.~ttcily, define dt;uand in t;:,rrris of f'J<:pen<li~nre& 
W\! have delit111rately dcfin<.'d inctirut '--'" a pa.rticul!!.r eoinm11dity o; in le!'llli! :if 
fl.asLicity as tfui ratio of uJativ& cJ--.a.ng:e quantit~fs of tJ--.e ilOlll!Ylndit.y ~::.r.s<.JmNJ 
in ~he qn&'.ltity ooJIBumed and the rela- \'ll-vn ;ve w;e these difl''-'IT-nt varia:1!e~ Ml 
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the dependent ,·ariablc in the demand 
equation, \Ve F;Ct two diITerent estimat.es 
of income elasticities, namely, "the elas-
ticity of expenditurcH with respect to 
income" and the "cla.~ticity of quantitie~ 
consumed 111ith respect to income." The 
difference bet1veen these t1vn types of 
clastieities can be intcrprctrd aH a meas-
ure of the quality consciousncs~ of the 
consumers, because the quality of a 
product and its price can be as.~umed to 
be directly correlated. Quality here 
merely assumes that the consumer has 
e.t least a subjective reason to rank dif-
ferent varieties as superior 11nd inferior. 

Let x denote the expenditure on a 
commodity 1vhich is the produ,·t of the 
quantity consumed (q) and its price (p). 

x = pq. (146) 

The elasticity of expenditures 1l'ith re-
spect to income (hereafter referred to as 
expenditure elasticity) is defined as 

Ox y_ 
e,. = iJy x· (147) 

Fron1 (146) o.nd (147), 

= f!!pq) 'Jj_ (148)'• iJy pq 

~ - iJq + 
iJy - p iJy 

Substituting in (148) 

~'" = 

(149) 

The fir.~t ter1n on the right-hand side of 
(149), by definition, is the elasticity of 
quant.ity consumed 1vith respect t-0 in-
come (quantity elastieity). The ,;econd 
term give8 the relative change of price 
1vith resp~t to th<'l relative change in 
income. A.s 1ve have as.5utned that the 
quality of a commodity and its prices 
are direl"tly correlated, the higher the 
price, the higher the quality and thrrc-
fore, the relative changes in pril"es can 
be interpreted as relative changes in 
qualities." Thus, the oocond tcrin on the 
right-hand side of (149) can be taken a8 
the ratio bet1veen the relative "hange in 
quality and relative l"hangr in inco1ne, 
1vhich can be referred to as the qualit.y 
elasticity. So '"e ho.ve split the expendi-
ture el11sticity as the sum of t11·0 terms-
one reprc~ntinr; quo.ntity elasticity and 
the other represcut-inF; quality elasticity 
(See Gerra 19.'i9, p. 149). The quality 
elasticity can be ta.ken as a niea.sure of 
con~u1ncrs' desire for i1nproved quality, 
given the present average or standard 
quality. In general, it is expected that 
th\J quality elasticity is positive, because 
higher-income groups tend to consume 
more expensive or fancy i:-rades and 
varieties..'\lso, upgrading nf diets, "'"ith 
increases in income, is reflected in the 
fact that changes in quantities consumed 

"We have excluded the possibility that consumption of food commOOiti"' is influenced by 
snob appeal or scarcity. Although we reroi(nize that, in reality, higher pric"" need not ncceosarily 
reJ!ect higher quality, we ai;sume that, for the market as a whole, higher average prices imply 
higher average quality. Seitovsky (1945, p. 100) supporl.s this view as, "Economis!B are wont t-0 
minimize the import.a.nee of this facl.or (price) fearing the havoc it may wreak with the whole 
theory of choice. But 'mass observation' of one's friend• and [their] wives shows that more often 
than not poplc judge quality by price. The word 'cheap' uswJly means inferior quality nowadays; 
and in the United States 'expensive' i• in the proce"" of looing ii> original meaning nnd be<oming a 
synonym for superior quality." 
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1nay not be ~o lnrge a~ changes in expen- ties met this expect.at.ion, t.hough some 
ditures on food itr1n~. In the preoont of the1n did not (se<"! table 15). 
analysis, the ma.jority of the commodi-

TABLE 15 
COll.fPA.RISO!\ OF QL:AC\Tl1'Y A'\IJ QUALl'l'Y Elu\S'flCITJ!;:S HASElJ OK 

l!OlJSEHOLll FOOD COKSU:'l1P'l'l()'.'< SUilVE"\" DATA, SPRI~G, 1965" 

Ex0<ndLtu"' EJ ..t;o~I­ Qu.onbty El..tidtyCommodity 

27ij•• ' 

1·••1 '"' "',,, .~"' Pntk .,Lamb ond mutton 
Ch,<kon "' ••.~ ,..140Fioh ,.Tu,koyF.,,. .Olfj 

Bu'"'' _, "' 2:la -1 :1\17wo. 
~Shnnon,ng ... , ,,. "" 

M•t'<fltlno . 
Bolotl d .....;•• -'"' ,. 

mr,.,h milk .31~ 

Evoo. milk 
Cb..... ., "" .,"" 
loe o,,,.m .~ '".01~Pow.too• 
Sweet pnlRtoea. "" = ~ 

.118SUI>'" '".~Cn.-n '''"P 
Appl.,, "" .141"' m.192 

.HO 
0NDl!O•. 

a'"'""' 
~ "' C•not<I ""''"" 

.470 "" 
llry ftUl"3 -
C•nned pineoppl.. 

.roe 
.278"' '"' 

F=>h '"'""'°""· "' .411f,...h bo•n• ., .~Oniono '"' c.n-o,, 
Lei.tu"" '" '" ·"' Conn•d"""" "" .."" 
c.nnt<I '""" 
Con-i tomoW.• 
llry , .• ,,ub1.. 
Fn>ren ,.,..,ubla . 
Wb.ot flout 

., 
~ 

'" 
m 
"' 

.JI!"' 
_, Oli 

"" 
"" 


~ 

'" 
on"" ., 

~ 

-C~ 

"' 
., 

"" 

The t"·o assumptions, that price~ re-
flcrt que.lity, and that income and qual-
ity of the goods consumed are positively 
correlated, lead to the conclusion that 
persons in the higher-income group pay 
more than those in lo\ver-income groups 
for the same quantity. To see ,vhether 

t.his is true, 've took the 196.5 eonsu1np-
tion data in ternIB of quantities and ex-
penditures and 11.f"Sunied that their ratio 
reprcsenl.s the price. Taking this esti-
mate of price, \VC obtained indices of 
prices paid by different groups .,..·ith the 
lowest group price as the base. We found 
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TABJ,F. 16 
CLASSIFICATIOX OF CO/lil~IODITIES ACCOHDIXG TO QUALITY ELAS'l'ICI'J'Y  

A:\Jl J)JFFf·:ltJ.:XCJ·~ I!\ PHICES PAID JlY UPPE!l ;\:-ID LO\VElt I:;{C(l;\IE UROUPS  

Diffe,..Oti•l 
Priee lode>' 

No..ti,-• I 0- ~! 

Qu•lity El""ti'ity 

0 0"--10 >.10 
--
Toto I 

N"'"""' l,•mh. ohn"'"'"'· 
fceoll m'li, ""!' 
m<l'-'"""·'"-
"'""'" d•> fruit>. 
"''rut., lettu"'. 
, .....i "'"""'"'·
_,_ 

llll 

1.,. "'""'· "'"" 
""' '" 

11'1 

"' Cann•d ,,..,h.. 
m 

Butt",&...,.,,.,.._ 
tal<><R, h....... 
fresh,,...,, 
oaonol oorn, wh,.t 
Onu,. "'"'P 

'" 

1,..,, ""'<urine 

'" 
Tu,k<y, ""'""'· 

co'n •>"<up 

'" 
(L<) 

15-lO F._n v..,tahl.. 
m 

Appl08, "'",_i P"" 
m 

Po•k 

'" '" ••• Chiokon, """'""I 
pioeapple

:i: 
' Rttl. vcul, MIDd 

d'°'""'· r ...b ,._ 

.,,,,,.1."''"'"" "'""'f"' 
I '" "' ,. ~,, 

11: 
' fioll, •w«t po\o!oo!, 

&y ,,.....,1,,,, ,;.. 

"' 
' 

"' 
-----
Total 

-- - .. --
ni: (ll) 

-------

r m I 
-

(13) (<3)1 

• S.. lh• te.t !"'th• definition of d;fforontial P""' ind... 
I Fro ..n fru;t. ..duded. 

le.rge varie.tions among these indicc~ for 
different commodities. Table l6 eon•-
pe.res the que.lity cle.sticitics obtained 
from table 15 and the calculated pric.P 
indices. 

The price index in table 16 represent-~ 
the difference bct\vcen the prices paid 
by the upper income group and the 
lo\ver income group cxpressOO aH a per-
centage of the prices paid by the lo"·er 
inco1ne group. Thus, a nege.tive price 
differential implies that the price paid by 
the higher income group is less than the 
price paid by the lo\\'er income group. 
Incidently, most of the commodities 
\Vith negative quality elasticity are those 

with a negat.ive price differential. •.\!-
though there is an explanation for the 
negative quality elasticity fron1 this be-
havior, it. may not be proper to conclude 
that high ineon1e groups pay 101ver unit 
pricr-s for theBe eon1modities because of 
lo"·er quality. It is possible that quality 
may be only one factor influencing 
prices-the prices paid by consumers 
may be a function of many other factors 
like quantity purchased, nature of de-
mand for the commodity, the availe.bil-
ity of substitute produet~, and family 
economies of scale. }'or example, if dis-
tributor.; offer quantity discounts, per-
sons in the higher incoine group ca.n buy 



:11.hu!k r; u11.11tllih' i :i obtain a !<_11•.;er unit. 
;;;i;t c-om11al'\'J to µer,()t!;< in th!' !Ow{'r 
ineoml' iV"~JV 11·1!,-, t-an aff.-;rd '.\>buy Dt:l_y 
,;r.,all qoantitit's- Jn otb< r ;;·nrd:<, i~ is not 
possible tn rux..-:tniu wheth<:r the pri:-oC 
vatiatinn frr.,,, fill,.. i1H,rl11:;; gro1,p ".n lhr 
nrxt is due tn soeti infLirnces as di.'.fcr-
en<".e~ in <1uality Df the J>rodt;.t1£ µur· 
thas(--0, fxtenl\iv!' buying hsbi:,;, nr 
hea,yy pureh;v,e.; i~;;u f.:i,rm2 f() t.>u<C 
nogJJhn· :i1arke1.:ng <'ha1n;tl1', Riner thf 
('ITF,{'t;; ;if t;,P.~e difftr<>J1t f1fv::>r~ al'e l\('t 
thn l\i!IHC for :;.I: t'(>Inmod'.iiK. it 1v<:uld 
b.i IJ$eful t<:> ;;.:;aty~e ;>.;;.~h rMr sepanticly 
tu explain the fat'W:.lrl! infltH;nring the 
«egati\'t' ptil'l' di!fertntUll. Hc"·ev1Jr, be. 
l'll.uo;.> &ieb detailicd ll.Hlliysis "nuld re-
quire do.ta ;;01!"1.'.:ted Pp€'rifit!t<ly for this 
pvrµone, 1ve hare e:.:,..Juded it frt:rn th<: 
prewnt ;c'..udy. 

Effect of household size 
s.-, far. ti".<· £1a!y~i1 i~ ba;.t>d vu the 

a3S1Jn1ptinu ti:ti.t 11;e\1me is th;; <>nly 
var'1ab(l' influeneitoi: rvnsuniption in ll 
eri:1:>'!·>f'cl10r ;i.1:n!J;;i". ,\ltlu11<gL !l. nuin~ 

ber of ntber lart0r,,: may al~-,., '.nfluene<' 
the lev~l of ~or.>uniptWu. the data ava;J. 
a~j,. let t:iii<. n..:Htly&ia i;or.ta'ned only 
ittf<Jrmation en qufl.nti•y :'OU&lmtd. ex-
penditcrei. in<ome, al!<l h::.tsehold sit€ 
Jn stu<lie~ 1i;;ing earEnr cro&J-«('{''..ion 
data, i~ wa~ fn11nd tha!. th.,re «·"!'{' eroro· 
ruie> µf &4;1<' in foJod 11se in );>rg,;. hoo'<C-
holdN. Analyzir>j: !955 <'OllITTJ111pt'.on 
~urvey d11.la for ind:v:d:111l househrJU;;, 
RQck,vl'll (19.5fl, p. '!) ohwrveH, "wtnl 
liousehuld con~ump~t11: of foud in~ 

erell.Sffl 11·lth io,•roo~es in the number "{ 
perrol\s in the hvu&ef::old, hut c.vn~Un)p­
t:on ;ier peri;o1: d,y,hnts a.~ hou:Xthold 

sizf lncf'Cll.""". • Th~rcfllrc, >\'<) i!::~ud.~ 
t'1e hou>l(>hnid size variu1!e tn tei;t 

whr~h1<r !hf: ~~f>!i survey data sho1•1 a 
~lrniliu- re;.,1 '.t, \Ve iLW!d bntl: .;>'<pendit•xre 
::i.n<l q11antity a;; Gependf'!'t va;iahl<H and 
ohtained a ,~;,,,, eq11!l.tOou vf the 
typp 

!,>gq ~a+ b\<l~y + clugs, 
!Afld (150) 

Ing .~ ~ n." .,.._ !; ' log 11 + a' 10!'; t 

iJ "" tier r;i.piis. q;1u.:1tity conru1ned, 
.: = per eap1la t'xpru:d\!ure, 
y = per eapita )li(:<J!rl.f, 11.11d 
;; = hnuooh,,;.d 8i1i' (me!i.Sured 1n 

ttr:ou <>r' acu\t equi,·alent \ll•i'..s, 
w\t.h nne u1dt «qua\ to 21 11".cAL\ 
!:!!Len at h<JU'.(.) 

For ('Olttl)ari:ron. the reo;u!:s OOtrune<:l 
irnr.> the t11co diffr,ret.t forms vf regf,-.¥· 
Bi<•n equntit1ns are tabulated for quan-
tlty Mid &\P"'nditurt data in 1\ppendix 
ta.Oles li.·1 a.'"i ,\~'~. 

Bigniaea.nte of Iha eoolfuli&Dta.-·· 
Tshle 17 prest:tli a irJ1nmary of the re· 
11u!ls from .-lppendix 1;;.hlrs A- l iu"l .'\.,2 
A n('ga.:i·.-.: eoeffi'."i~nt ir:(!'<";ate& that here 
i'xi~t «:OllO:nies nf ~~nl(' in food uw 
!L'<;:<:Jeinttd with lwU#!bt>ld 3)ze wtile a 
pm,.;live sigr: in:li<J11.te& clic uppasile tt11~ 
d<m<:y .N AY ""'{Wt'ted, t{ltnl food ton" 
i;umptio!1 j){)r ct.pita. ha:< a negntlve 
;i.clfi~;ent arrociav:.d 'vit.h hcn:;iefu1ld 
~1lD 11.t:h0~11;.!i the '...;<eill<'\c\\t it..mlf is :-ic~ 
~1g11i!l<'antly di!T~rent f:urn 'ttrv. \~'lien 

using qU11.ntity a,; the diepcndtnt vari· 
able, 24 eoeffKient» ,1·cre po iiit iv,; a"d 20 

"&th ttnnc;.rni,,s (I<!\ r,,, >dtribu100 r-0 a number ui f&<::Llr11: (") 1-nldin;r lwul\eh<>;d inoouw 
oon8t..:.r.t, lll<-llil• 1'"' po1r,an <l<'-='MW o; f<lmily •iic :~~ wlth "' high.,r r.u:r.bcr uf chil<i..-,,« lo 
~uch lan1il,v ulliw ,.ij.;.. difforont wrw>.'7lf»imi p&tl~rn•. Fr..~ ~xiunplfc, '.ll. tabla 17, milk !w. ll \l0$~­
tiv~ OOfffid~n' ~11IM v;ith tami;} ""~ wlwrw• ooffee h"" "'ooptiv~ ~"°"'"ciefit; th!~ rmtW= 
prolnhly fo s•>0~\;l;:;ed .,..;;;, f=dy L'-Ompru1:\.:m; (hl tr"°"' mo.y b~ ""'";"-"¥ in 'xpendlh1m• per 
pt"'Wfi """"'"":«l with buyjng b:rge qu&ntlllc• "' i.m..,,, ,,,,;, priceo; .,r,d (o) th.:ru mAy bE ~ '"" 
ductiGn iu kft<w~r fond ,,n "µ<:i~~hl \»11;,, for l~rga f.....Uy unit& 
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RFY~ OF HDCSEtI<.lLI) lJIZE O'S: C(JNSl1bU::R l'0RCHA8ES, QUi\.~TlTY, 
AND t'.XP£'.'i!)!T!Jlt1<3' 

s;4n >[ """ffi''"'' """""'"'<'\! wi<-"\ Wo..,oM'1..,,. "ht """'""''-' ""'"M>:.t,.. ~"•oh!y"'
""""'d"""' 

<l••ntity I_+) 
~:~,;enJ"""' (-)

' 
., '· 

'h<·• 	 ' L'"'' ~~j ~><•tr.1 
;°""'"" c~-
 ""'""'"" 
'""""""'41ii;•,,,.;<l-~ 

I 
Ch..,..Mil~ I p,.,.a ''"'' 

, Evor.onl«! """lk 
' ]"' <'""m 

:"''"" """'"""'a....,,,_,_ 

'""' :-"""" hW\"'"'"''"·¥ ,,.,.,Jy; 

'1rno•.. 
; c.~... o peso!-..,. 

Aopl.. 
'n.,,..., .. 
: c.n•.M ~'""1>Vlo 
: Dnotl fr"!< 

' c ••,..,., '°''"''­' D"°"' "•..._.h:., 
' 

~.....:. ""'"lt<O
"'"'h u.;,,,,,,(),.,,,. 
,w-i r,-w, .__,.,,;.., 

: !lb< 
- llfM\:!..t""''""' 
, to..,, m..i 
' Cots'"" 

All(-. 'I All loo.J 
: ""..•tl(t~" oclyi 

ooeffif!H:tnvs W<':r<l nega.tiv" (Jn!y fivr> <;<r 

elf1ehcnt$ wfff signifim.u1t at the .~ per 
r<:l"il le'l('I a"d a."lctli.er six eoefEoClents 
1vl're si~if\c4ot st tJ1e 11} rwr zcnt !cv~ 
(see t4b\c 18). 

J;;ii:i~t.;r.re of er.flnnmif'~ in con~ump­
t:on was mo.re revealing in thP case of 
eonwmptio"I e:.:pcndit1rt'<'" nf dif:erent 
l:uud \temB-26 cooffitJM:\t& were nega-
t'.ve 11dt.'i. 6 of Wm being :tlgnifieanL 
Only throe positl•:c toofficitn~ Wl're 
sigi;ifi.~n.."l.t. 

Effc<'h en quality da.<>tit\1-.y\ 1\ tt<•m-
riScisun oi tnbleE 16, A-1, 11t1d A-2 th•"W!i 
tI1at-, "-'a result nf tfu; introdu~l\011 of 
hu1,;;;~holci ciw in ~he ff'gte:s~hln (·qufl­
liOn, th<:> sign of quality t-lasticity ha" 
chn.n11:00 fn:1m negative to po~lt1vc for 
seven t<'!1nmqJilie~ ;iamb-, frei.'l n1Ek, 
S'Jgil!, c.0rn syrup, oranges, canned 
phllches, 41'.id c:o.nnml wnat.:ws.) HQW-

e\'tt, ti:< <:Jo1nmoditics (shorwn.ing, eva;.;c-
rsted n1ilk, dried fruit, 1'Sf«lt'5-, lelt<Jw, 
and coffee~ d:d t•O~ change the negr.tlYe 
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COM~.i()J)ITIE:.S '.VTT!t SIG'!\IFICA;.<T COEFFtCIEN'J'S ASSOC'!.'<TE:'.l \'fITII  

i;...,,i "'""1"'1""""'··-1· ·­- ­ I 

HOUS~;110L:J st:t:E 

~-~ --·~--- ..~!---
S.""-'&m>.•1 - v..i 
r.....,.,.,,,,. !l'>o•t<n,~ 
C•oo.d -~ F""~ <nUI< 

,,,,.,""'"" 

quality el.:islieity repr,Jind ;n table 16, 
and Cl;l'll m<'al, which had a mtall pot\-
t\ve qua'.ity. l;.e;; ,~l-w.nged jt>J 'lig1·, to 
;wgative. Th•1;;, when b;iusehold zizc also 
is in.eluded ilS a variable in t-he regression. 
eq·..1a';lon, tt_e number cf coo1moditieo 
with rt<igatii:e q-1ality ~1witlcity i;; re-
duced from 13 bl 7. lncide11t.a.lly, th£ 
wggeot-8 th&t, tht• pr<'stnee 1)f nega~ive 
quality ela~tioity, in ';}111 111~'.ill of these 
eommodit~ ran bo explained in terms 
of wmo ot:ier va~lables exeludOO frnm 
the dt>roond equutii>na- Iwlaticn of !mch 
addit-!Qr>al -.-arlnlles infh;enting the de-
rn;1.nd fee thl)i!P com1nod1ti<'sma.y require 
an cxhrnv•th:e a.:rukytl!r of in<llvid\.l.lAl oom---
mlJdity denw.r.d, 

Comparison of 1955 anJ. 1965  
oonsumpt:ion  

'i'lhen d!!W. trou1 d:fferent <T<fiill ;rec­

tio11s are r:nmps.red, it is neeesNoy to 
-W.ke into jU'eount any differences in thB 
popula:ion e!-.tar&('teristies,, u.1npling :iro~ 
redur('s, and otlmr i.truetur&! cha;~s 
that have ooourred dll:ting the inteni.I 
bet~ i:.."ie 4f'JS$ aecti<J!l!;. ln the trnited 
SW.te~, nationwide survey~ on -food eon-
oomptioo o!" fs.mil.if'S were <'ur_.:lueted :n 

(']1<•~·· 
Anol.. 

• 

• 


,, 


~-;-, 11)% 

i;,_,.io'*'""¥ $h-nl14'!C.B-'•om 

"""'t 
;;,..,,..,.: "'"""""' 
D~«! r''-"'
co11.. 

' 


1 ""'--4--_-
I ' 

' 

• 

!006 (I;, s. n-~1'(11\\ <Jf !Ahvr St:«ti~ics, 
1940, ond llSD1\, 11)-1111. and 194lb), 
liltZ fUSDA, 1!U4), 1948 (Ctark. >Cl al,, 
lit.Yi), ~'.J'lt> (llSDA_ lif5b), anrl 1005 
\{;SD_.\, 1968} 'l'hct\' are a num\,.,r u1 
eoneeptua! and fl.~hotlnlogical prt1b-
]en>;!, discl)5!;<'d in dflt&il by Clark, ft al., 
1954, and Bush, 1901, such till <lilierenees 
in the univeroo oovMetl, S11-1npling design. 
std t~ type 1f information go.~h<:>red 
assoc'.ated with Cl)ID;Jflring the riata fr<>nc 
thei!C r.ross }('ttio:il. Jn pn:ti('Ular, i~ is 
di!Eeult tG adjw;i. tl'.O d&ta from 193t1, 
1942', and 1948 to a c-r>m;:iilrabie fortn 
·.vitl1 thlh<C of l95fi a.nd 1\¥:>5. Therfl .i>re 
a number of fnetorn ;ike ihe SEfll!On, 

univerae, ruvl &ae o: lll'lmple tf-.<tl a:e il1 
comr::ioti ,vith ·.he J%:> and lW!:\ spring 
cr~tion survejffl. 'I'herefore, W<J h!roe 
used only diei!c tWtJ t?~ftio:i data 
!'.0r ccnipi:.rnwu purposeos. 

Changes in \he Jeni of com1ump. 
ti;:m:,-l-sing the 'flft--<:api'.:a eonsump-
ti(•n of different commodit\.os during t.hi:; 
period (Appendix t.n.blr, A--3i, t!l,b;t> 1!! 
show~ the <lireotion of charge in eon~ 
&.intpt:on of dil'!"erent cnrnrnodities for 
tlm s.ggregate of all ho'.J&:hol& und by 
low, medium, o.nd high inet1me groups. 
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TABLE )9  
CHAXGE IX PER CAPITA  

CONSUl>fPTIOX, 195.S TO 1965  
Commodities with """""mptinn ""°' .JI hnn..,holdo• 

All"''""""'"""" :11) All '"'°m' """"'· (1"1
Beef, <hickon. fi•h \'o•I. lomb, tu'k<y. o_ggo 
M••••~ne llutl<•, oh&l<nin• 
Appl"' Mnk, <YOPO"tod mHk, 
Conned "''"· coonod t<>- patotoe• 

mo<oes, 1...,,.. '''"''"~'" O'•"~· ct>nned pine· 
lli«. '"''"I>. "'"P opplo, frozen frmt 

T~·o .,,,.,.,"'"""'on/,, (3) 
Two '"'"""' "'""" "'""' (61C•nn<d ,,...,b.. (L, M) l.a>d IL, Hi 

c;i,,,.,. (L. HJ Su.., (I., ll), e-01£.., 
loe '"'"m (L, HI (:.!,HI 

Beon• (L, H), oanno<l 
f""''(L,MI 

Swo.. p;tut""' (M. HI 

On•'"'"'"' OT""P oo!"' (J) On•;""'"" """P .,,1,_· 1~1 
BononM {LI Pork IL)  
S•l•d J,.,.1,,. (HI Dnod vegotabl.. (H),  
Lottu<e (I!) <l•ied fru;t (Ill  

Corn m..t {!.]. '"'" 
oyIUP CJ!) 

T""'l oomm0<hti., ~21) 

• T~..-.o ""°""" "'' cl"'ioo.tOO low IL), mOOlurn {:II], 
••d "'•" (H], ond •ll hou>cholclo. 

Of the 44 commodities, consumption in-
creased in all income groups for I J and 
decreased for lfL" For the remaining li 
commodities, increases or decreases were 
shon·n for at least one income group. 
Summarizing by income group, the lo"'· 
income group had 20 incrca..'lCs and 24 
decreases, the 1nedium income group had 
20 increases and 21 decreases, the high 
income group bad 18 increases and 26 
decrcMe~. and all households had 17 
increases and 2i decreases in per-f'apita 
consumption in 1965 as compared with 
1955. 

\\'e can further analyze these changes 
by considering the relative changes given 
in table . .\-3, summarized in table 20. 
The shifts in consumption behavior ,vere 

not uniforin; wide fluctuations existed in 
the extent of variations in the consump-
tion of different com1nodities ...\ll income 
groups redured the per-capita consump-
tion of three commodit.irs-veal, butter, 
and frozen fruit-by n1ore than 40 per 
cent. If we consider that an arbitrary 5 
per cent ch1<nge 1nay be due to reporting 
errors in the data, 19 commodities 
showed a reduction in conRumption by 
more than .5 per cent and 17 comnlodit.ics 
sho,ved an increase by more than 5 per 
cent in the low income group. In the 
medium and high income groups, 21 n.nd 
24 commodities, respeetively, sho1ved a 
reduction of more than 5 per cent 11·hile 
15 and 13 comn1oditics, 1\lspectively, 
sho1>;ed an increase of more than 5 per 
ccnt. 

Shifts in slope e.nd eonstant coemci-
ents.-To compare the nature of shifts 
in regression coefficients, 11-e obtained 
both ordinary and 11·eigbted regre!'.Sion 
equal.ions of the type 

logq=a+blogy 

for the t1vo periods. J,ooking at t.bc ~izc 
of the coefficients, 1ve classified the con1-
moditiC!; into four different groups sbo1vn 
graphically in figure 1. 

GrmJp I (increa8e in the inlercepl and 
deci·ea.ie in the slope). The diagram sho1vs 
that the gap hctv;ecn the regression lines 
corrcsponding to 1955 and 1965 dc-
crcabcs as income in(•rcascs up to y•. 
\Vhether these t1vo lines 1vill meet a.t a. 
finire horizon 11·ill depend upon the rela-
tive size of changes. Lo1ver income 
groups experienced a relatively higher 
percentage increase in consumption than 
higher income groups. In fact, beyond 
the point of intersection, people in the 
higher in<>ome group reduced their con-
sumption of the commodity under con-
sideration. 

'"This is consistent with the tim&!ierie• dalll on consomption r~porled in HieITlljlra (1968) 
except for the commodities, apples, shortening, and onion•. 
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COJ\.IPAllISON 0}' CHAN(;ES IK PF.H CAPITA C()'.'/SCJ\.1PTION ()F IlIFFEitI:;NT  
COi\IJ\.10DITIES DUilIXG SPRING 1955 ANlJ 191)5  

do!lo" "'' ,,,.. 
·= l'..J. hut-

t<t, fro-

''" fro;,. 
(3) 

L..,b, '"'key, 
lard, ,,,,.,,.. 
;ng. fro•h 

mil<. ""'""'''-
"''""" pino-
•PiN<, wheat 
nnur, -·mm' 

"' 

i;.1..i w...... 
,,...._ •ug-

.,,to•••"""· 
0,,ao•. "''-
rot.., lettuce 

'" 

'-· ""'k,
•••P- m<li<. 
3woet pota­

""" •.,1.....;""",·-­""""· cannod 
\om•l<>•" 

"' 

Fl•h, chre.. , 
;.,. ,,,..m, 
corn oyrup, 
i.. ...... 

oanned ""'"• 
dryv-
<-obi... co{f.., 

"' 

B«f, dll<<,., 

m"'S"'"'""· 
!!Ty fruit<, 
broakr..1 
O<rool• 

'" 

Canned 

"""""'"· fro""",,.,,,._ 
hi... ''"·.., 
'" 

= ..,. \'•.!. 
lamb. 
butter,....,... 
""""'d 
pin ... 
•pplo•, 

'~· frui,. 

'" 

Molk """'°'' 
"' 

T"'key, okm<-
...... •••p. 
mHk.ioa 

"'""'· """'" '""'· "'"'' """'°"'· """.....,., "'"' ... 
« .... "'"""'· 
I"'"""·..,..,,;! ..... 

, Pork. ·-· Mlll<fdt..... 
'""· .,i...... 

'"'"'· •ppleo. 
b<>o~ fro..o 
vo..tobloo 

:11 

1...,r, "'"· '"'"· OOtn •YrUp, 
'"'"al <om>-

""''· """" 
'" 

........... 
osnned 

""""""'· "'""""d 
'"'"· dry 
"'"'''"b1... 
bn::akr.,, 
oe.-e•l• 

'" 

Chiokon, ,., 
r,uo,., 
,;.,.,,-· ··' '" 

~h,.tfio..,,-··(13) 

= Lo'"b, 
...1. 
turkoy, 
bu<ter, 

""' """'­"'""''"' 
'~· r.w.., 

"'....... 
""' '" 

!Md, '"""""-
ing, <V•P-
milk, et.lln«f 
pinoappleo.·-· '" 

I.on mLlk, oo-
'""""' '"""" 
""'" Of'UP, 
dry rrul.,, 

""""'°"'·-,. ooion>. 
wh..t fioOJ", 
••• 

(II) 

Po,k, oh,,_,, 

'" '"'""" b>-""'... ,.,.,..i 
"""""'"·canood
""""· ,..,... 
vet<.,Oleo 

"' 

S•I"" d.-.ooin.g, 
opp].., le'-" 

'"''· ..... ..itom••-· 
""' "' 

lt«f, 'hi<k· 
on, fi•h, 
morgsr;no, 
eanne~-· '" 

Jt;.,., 
o..... 

'"' -~ 
'"'" 
""' '" 

"··-bold• 

Lold, "" fru;,., 
f"'"'" 
fnll'-' 

""
,_ 
~,. 

(I) 

l'o>f, l..,b, bu~ ............. 
i"<,•vap, 
mil<. i.....~ 
OW«!,,.,.. -. ......... 
wb..._ft,.,, 

""" mral, .......r pino-
•.,1.. 

(!!) 

Tur•e;·, ,..,, 
milk, -~ ""''· '"""'' 
""'" ""'"·un;on., .,.,_ 

"'"" '""""'-'" 

l't<k, ...,.,,... 

"''""'"""·-·· "' 

}';ob...lad 

d""'"""'·ch..,..,;,,., 
'""'"m, •!>" 

P""· '"'"ed 
"""'"'· lot-'""'· =•ed oo.ro. et1nn..J 

"""""""'· """'1"_,...' 

R..,f. oh;ck­
en, m.,. 
garinr, f10-.......... 
<•ble&,.., 

'" 

ruoo 
"' 

I 
\JO) 

Group II (decrealle in lhe intercept and the lines corresponding to the t1vo years 
increase in the sl1Tpe). Here, the change are interehanged. Herc, the lower income 
is exactly oppoaitc to group I. The dia- group experienced a reduction in the 
gram sho1vs a similar pattern except that quantities consumed while the upper 
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incornc groups 1nigbt have experienced 
an increa..e in consumption. Again. the 
boundary bet\veen increase and decrease 
in consuinption (the point of intersec-
tion) depends upon the slopes and inter-
Cf'pts of different cornn1oditie~ in these 
t"·o periods. 

Group III (inci·ease in both inlercepl 
and slope). In this case, both upper and 
lo1ver incon1e groups increased consu1np-

tion and the percentage of increase may 
be higher for the upper income i?;roup 
compared to the lo\ver incon1e group. 

Group Ii' (decrease in both intercept 
and sWpe). This group's behavior is op-
po.sitc to that of group III. Here, both 
upper and 101vcr in"ornc groups have 
reduced cons111nption. The 1965 regres-
sion lines lie cvery1vhcre below the 1955 
regression line. 

TABLE 21  
CLASSIFICATION OF CO".IIl>l<llllTIES ACCORDING TO CHA:SGES IN  

REGR.ESSIO'.'I CO.EF.FICI.E:'>TS FRO~I 195.'i TO 1965  

Q..,uo I, Chango ;n ;nt..e<pt ,,.,,.,;,, 
oh•n•e in olopo n<~•~•e 

----- .. -·- -
lk•""'lon 

' 

Group 11, en• ..,. inlntex""P' ~ G;oup l!I: Ch..""' ;n in,.reopt poo;-u.,ativo 
obange ; • .Jopo po.Jtiveoban.. ;n •lopo poo;t<vo 

·-·-­~----·· ---· 
II.«!•..,; on l\og<e,.;on 

.. - -·- ·-- -- - - -- - - - - --·-~- - . -----
Wei•h"'d 

'•'Chiokon,_u• 
Mioo..rino 
EY•p. milk 
Swee' ))Olatoeo 
Su..r 
Corn '>"'"P 
Oran..,. 
BoMn., 
Canncd peooh..  
Dry fruit.o  
F,...h boono 

Canncd oorn  
Dry v-tohl..  
F"'""" ,.,,_.ble>  
Wheat ftou;  
f(;.,.,  
Cnlfoe 
Soup 

\21) 

Non~·eirM«l
i
In.., 

Chicken 

""L"d 
).[••...-in• 
E''P· mHk 
Sw""' pntotoe.• 
su... 
Cornoyrup 
B•n•""' 
Conned °"""h" 
D,,. fruit. 
l'...n b.... 
Cnnncd"""' 
D,,. '"""1ab1.,, 
r..,... ,.......,1,.  
JliC< 
Coff"" 

""' (19) 

Weirh"'d Nnnwe;•hl«I 

Veal 
. Pork 
" 	F;,h 

To,,koy 

""'"""S.lod d!'eo•nng  
!'..,,hmilk  

I"" ''''"" Potatoeo  
Appl"'  
C•nncd  ,,. '""""j>-
FrPob tomat°"" 
Jore<h le<tu"" 
c.n""d"""' 
Canncd tnm•-A 

(!~) 

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

Testing Ule equality of coefficients.­
Table 21 gives only a qualitative estimB.te 
of the nature of the changes in regression 
coefficients. To mB.kea statistically souud 
statement on the variability of regres-
sion coefficients obtained from these two 
cross sections, it is necessary to apply 
certain testing procedures. Here are t\\'O 
such procedures: (l) To test the equality 

Veal 
P°'k 
L•mb 
Turkey 
lluU<r 
Sho,...ning 
S.lod d"""'ng 
Fuah molk 
lce«••m 
Porat""" 
Aooles 
Cono<d pin'"J>-,,. 
Frn,.n frult.o 
Fr..b tomatoea 
Lettu.. 
Conned'°'"'""'' 
Curnmosl 

(11) 

Nnnwe;1htodWtl<hl<>'.I I 
ci..... Fioh  
On>•n•  Choo" 

On inn>JJ"""'"" u ....kr..,  
Co•n meal  
-w• 

"'"'"'' 
'""' 

Group IV. Ch•nge in'""'"""',,.,. 
.c;vo  

<h•nge inBlooo -•tivo  --------· 
llo•re.,inn 

Wei•hl«l Nonwei•ht<d 

o...,..U.mb 
Sbort.enLng c""''"F..,.;,n fru;" l'ih.., Hour 

"·­ "' '" 
of coefficients obtained from t\\·o cross 
sections, 1>·c can pool the data fro in them 
and ohtain a covariance analysis to test 
the significance of the difference in 
income elasticities durini?; these t\\·o 
periods. 
(2) The second approach is similar to 
that of Middelhock (1968) to test the 
stability of input-output coefficie11ts over 
t1•<0 different periods. If i:i1 and iii are two 
estimates, with standard deviations iJ~, 



111,d &~, tibtnined f,,,.,, tv.·<:· CfOffl ;;cutinn;; 
of sit& n, and n1, the d1fferen<.111 i;wtween 
th;;s.; estiru&tes is signlfie!\nl ii i fi1 - ,i,I 
< hii., + &.ii~, >Vhf-IC 1, a"\ci t, eG~.n)>­
"POfld to the I-value;; "'' 41;d """ rEs,uec-
ti\•tly, at the desired lev~\ of toirrun«r. 

\\'a niied the get;)nd 11.ppro!l\'h t.o test 
t1* equalit,y vf int:otne elastieitieo vb-
t:tinnd from 1955 ti11d l!K>i'i ~urve:' <ls.ta. 
1\t thto 5 rrer rent levl"l, »nly four »t>m-
in'Xiltlw (bt>ef, ew, fthh 1nilk, a.ad 
cannro p<'.1l.ehru) .sho"·OO s1gnif> 11111 devi-
ations in tllf ;,,,::ome c\astiti<lM;, .>\~ ll:B 

10 per fii'nt ievcl, thr<X u>.:>re (Ofl>mOOi-
tiet, (i!Wet't petat<.WJJ, tettu::e. and !l!>gp) 

&fl'.' w:l<l(-<l. Bu!', ~~-~ iiWele! }!Gtal<><'s, 
3nJ ;;cgp dr~:"l!L"Vl in Jn,:;c,me tih.st:»:ty, 

th.- others bhcwed "" incretose. 
The. inr,omr e)agti,,ity of all fo<idg re-

n1uincd relativf'ly stabln durhi1, this 
period There is clc~ ~inli!1>:ity bet>ttl'c 
:lu· c;:;.-;ffi<:i~nts c.f re1"'<_,.,,,ion eq.i11ti0n\ 
Y&ing: !>xp<»nditures fl'!;1rr 1955 and !l)f~"i 
<'ff>i!S+M!.ion 'illrveys whnn !he dt>pi:h· 
dt'lll ;.!l.1::1tbif' is th<e per~rap,tn ~\pendi. 
t!.ll't' <•Jl tow.! food. T·i1e r.>,greo'lion CfJil4· 

tion~ ol>taine<l for these t'vo pedOO:; 1vere 

195-5-: log x = .132 + .256- log !fi R• "" .flZ and 
(l 49) (9.00/ 

1005: log .f = _132 + .277 !og y; R1 = .!IB, 
\3-66) (S.43) 

z. 	"" rwr-1•upite. ""nsun,ption expt>ndi-
turo:: rn1 all f,;,Jfi rwms. 

y 	"" JN:-.,api:.a 1rsorr:e ;the l1i:•:r°" in 
th<- parr:nthc1t> are t-va!we). 

A ti:>!:JP3f)SDa ,,;11i BW!lt of thr pl'e'-·i-
-(;IJ~ W")ltj-St!ctio~, cstim"'JJs s,.\.;('l\\'S tJ~t 
the iu<:on<e el&.sticity btt.'! b<Jen fll.!ling 
over the last three dc<:i:tde;, and has be-
eo-mc mlat-lvely stable. Fo1· exar11ple, 
us:.ng ear'.ilcr cross.;;e.:;tion dat11, Burk" 
(lf!Sl) t;,;~imi;ted tl:w- irfi•ir;, ela~t!<:!ties. 
in l00!J.-t936, lf\41 \lwn), 1944, and 
1!;+7 WI .49..49, .58..33. 11n<l .31, "'J'lPe<:-

tC vely. Froin thci>e !1-..:: B~ti:o1ato;. :<r.-d the 
t1~'') <Jstiffill.t-O~ <>litainttl in thil! study for 
J055 and 1955, it appe11rs that the in~ 
cume ~llllltkrity !or all ft;txl espenditures. 
l~:i. r~bil:tRc )r, l>oot1v01~r. .21> uud .30. 

Eiteft of a. ehange in i.uoo-rnt\ distr:l-
buttou.-Thr. rnm1mriwu of inoome ela:>­
tieitlBS obtal:tw.d fr;:m 1955 and !965 
cr<J>\s-.eclion data i;; proper nnly if the 
~tructure of the fK>Pctlation;; "-'a:l .;on<-
p11rable in thes~ t\l'O period~, A, closer 
look at, ttw ®mp!e;;. used in both 8urv~y;;. 
revM.ls tht.t thc~e vta~ an imp.rovcment 
in ~hi< C.i1':,ributio.'l of fanli:ict in ditl()r<Jnt 
incpm:<J gvJ\llffl, In the 1900 Min:p\if, o"lY 
32 per rt>ut be!ongcl tu il:w gmup with 

"W-4' ;111S:i ·~pm:.. tho f<:ll,,wl~ .-ew-"4on ~.quiitWnt: 
J93~l9:W !"!!'"•"' _!$&""" .4\llogy,;R' .. _fl(; 

llli! ''*"'- \lll+.4\l!Qiy,;1>.'=-'39
1941 lug,,,~ .G4+ 5Slu..:y1;R'= 99  
'944 log z, = 41 + .J3 logy,; f(' - 95  
19i1 !og "'' = 61 + 31 l~ ~,; R' = 96  

•"-
" = "'"ttSfl!l fxpoodif.uro ptt <:%;>it" fm food and J\ln;imh<: h<M!~ tntal pl'>p1lb.tinn:  
lfi "' 11v.,.._ ;>eT -0 ..piu. ~ lM01llil, "'1mmt d!>Jlam, t»\"1 JX>?!Jlatmn;  
$; =!Md t:<pmditure JM r.a;n!.;i., .,,b.._.., fumilie.i, Afld  
!h '" d\'-"""ab1'l inf<n»e rer e\lpil.i<, u.-U.n farnili.,, curmnJ. d!:!;;ara,  



1955 

1%3 

1155 

Ct'<>Up Il! 1955 

flg:. ,. Cu,.,,ukl!i"" ""'iPl>CY di>tnbu(l<lfl of fvmj\iA by irn:o>mt 1...,.,1 in 1™ Qnd lra.•rlcmtili<>~ 
!\! 1'1155 .i..u..... 



-------

hP:.schold irr<.lJnfl g:w11tcr tl:s.11 $5,C'Xl, 
ID the 190...) 111.k"lllJI<\ Af! per f'Cnt. If thf' 
mn:ples dnril11i: tli~ two perio<ls "'ere 
nJJlre&tllt11live, tfli5 l<><'T~) rnl~ht hav,. 
been the r<:sult of t>wo fru:tor~ g<'ncral 
i11crea.&1 in the pri<'<1 !ev0: .>nd a gcreral 
lmp_"'WeffH!:\t. :n t11c in~0rr;e ~!&tu~ of 
fanilics. To :naKe me1u'.11v;ful ('{•lnpiui­

l!OTIS 0£ da!a from tbrffl two sampl•ls, \Ve 
isolated the price effrct frorn the i11-
c~~!:'S 111 !l;Cllernl in!:oroe Ju othnr I' ords. 
we ad)usted the 1965 infQ1ne-siie di~tr;.. 
bution to a di!rtributi(ln WJlVng i:ul'.>llW 
elBS1<Es. i.'"! !R>rn13 of 1955 dW11rf!, wlth.,u:. 
& cbang;, in l'f'ln.Live dl!llrlbulitn of in-
eome. ·ro aeh1t"t1' thls, >ve used an 
approach l!Uf;gert<:d by Burk (19&1, p 
56). Tlte p~cre is ilh;a1.rul.OO in ft11;11re 
2 &!!d iavo:ve,; 1.h1> iollo"·i:>J!' 'tefJ'1: 
(1_1 Tn.k<'.1 tJ1t di.itr1buti<lll nf w.1up:~ in 
1965 H.:'Ui pl;)l thc !)('f<1COU1g(' ~1\m~laTi\'C 
frequenci,~ti ot1 the ordinary v<ll'tielll fl..'l:is 

of a sernilogll.Hth1nic pri.pt't' against. ibc 
up.per cla;is limit- of each inPf11ne cl8.ss 
t11.ken ak:hg t'it !ogarlthmir hor'.i:onta! 
a"is. 
(2) To adjust t~e :llttrih11t~0n fr0n• th<' 
J!155 price :eve!, t11" •i:l tJ1e ~rve <Jl>tai:ied 
nl:mvetCTthe left by the raoo of el!ll$1Jll1ff 
prlec index in 1Bf0 tu t!mt in 1965 
(&J_!j86 per ttnt). 
(3) ~eW otT the tu1:.-1uh:.ti'l'l; frequene0€s 
fm the atl;usted <:".tt\C at- th" rJarn bt"itH 
!J.lld ::a'.eu!ate tlw frix·p1rnrie.~ ior each 
c'.s..oa by ,;ubtractk!IL The adjustro fro­
quencie~ a~e sho1111 ah in table 22_ Com-
p.ariHg the disti1b,ition of .'!Rmple;; in 
1955 and ln J%ii ii;tlju*'tcd 1't l!f55 pri,·n 
leve'.8. it appe~N that the mo-.:e=t wa.~ 
1'tli11ly iront the ntidtllc 111c11me group :..=> 
tl,e hlg.'i. i"11ome groaµ ,~ith ooiy mint>l" 
ehim~ iu the lot\' illtnr:1t group. 
~Ill> of th• wlhrtn"hution of 

~Jilt: Oh llUMf&tion.-llere, Wl' 

Hhiill dew.or.stl'ii.tB !he implkaticn~ of the 
mi:.8ttibuti:in ;.I rot:r.pk p~vporlit>ns fl!: 

in en me t;la1Jti.,ities obtained as an ~re-

T.<KI< .l'J  
l'Hf' TRAS'&l'olL\fA'rit•~ OF l%:>  
SA\fl'LEi.l T(i !!l&. ?lt!('~; LEVELS  

=:.":~-"° :::.=·c=--..··.·.·.·- -

I i•OO>S~""""'!0!1m'4V IW~~"""~ ;.u;a""'1 
: {~"~'" '""'wd) "'>'1!lll,,,.,,,,1 ..~1" 

f" "'"' 

rr:i·.·~-·-~-~_c:~~-:~--
TAlli" 23  

Wr. .\L Ffl()IJ E..'l:PE'.\'IJJTUlll;'S I!'  
H)SS A~1J 1%5  

------= 

•"1··· 
<; J,((t ; ~)." ." 

(1".~) l2!1l.J.,. 
".•• l,"""-1"" 
'~la) -;o'"10) 

~ 50 rn,ii; ·~ 3-
()! 11'.' -'~ .., 

n,,,., Th•~'"' u., '''"'""~ "~"""'' ""'-
=~ ""'°"'"' '""' '"" ,,,,...;,""" "''""'° '~ !W 

gAtl' •J! sul>gmllpE "·itl1i11 a eru."' BC>.·tio11 
w!tL reftf<m(\' tn toi,al food f'xµer.dl-
t:Jre~, Compar!n11: tfw hital '.c.od .--xpen· 
ditureo in 1955 aud 1965, ~he lou· iPt•_ilfil' 
group h11.11 1-eg':etered the highest per· 
eeutagc \uercne«> in fof,d consu1nption 
expenrliture;;~:;bout 18 per eent -corn-
p&rcd to !lOOul $ per t"Cnl in other 
gr;n.p!:! (~oo tablr 23)_ 

'J'o ('S;i1'.'l!l.Itl the aggre,gatE cl:i,.titity 
foc all group.s v.·it.h k;,,1wn h1con1e eiM--
ticities (E.',l, the aggregnte elahlieily !'.' 
csn be 1vr:t1e11 1111 

(i.51) 
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Since k, for a given group is dofined as 
the product of the number of observa.-

k, n,e,, tions and the per-capita. food expendi-
n; number of observations in group ture. the elTect. of a unih1.teral reduction 

i, and in the sample size in a group is to reduce 
e; pcr-;:,a.pita food cxpC'nditure in k, '\\'bile the elTect of a unila.tera\ increase 

group i (in the prrsflnt casC', in per-cllpita expenditure is to increase 
i~ 1,2,3). k,. Therefore, the changes in the value 

'VEIGHTS ASSOCIATED WITII l!\COl\1E GilOUP 
(VALUES OF k, FOR 1955 A"'.'<D 196fi) 

looomei<roup I !llM" 

.. -------~----~----~----­

< 3,"'"l 138 ('I 
(22 DE) 

300 96 
(JO 39) 

>5.0ClJ m• 
TOTAL 
<~••) . 

1•1 l.J).,.
000 00) 

"Column 2 >n table 22 mull;pJ,ed by oolumn 2 in .,.),Jc 13. 
t Column 3 in table 22 mul"uhod hy oohunn 3 ;n l•blo 2:l. 
! Column< rn table '2 mul<>Oli"! i,, <olumn j in table 2:J. 
, Column< '" t.Ahle" mul<i"licd by culumn 3 in t•ble 23. 
ll"oT"' Tho fi""'"' '" the """'"""°"' "'"'"""' ""''""'''"' o! lil'81 w«•h<. 

of k, for each year is deter1nined as an 
outcome of these t1vo opposite effects. 
The values of k, for each group in 1935 
11nd 1965 arc presented in table 24. 

'Iht' con1bined effects of the redistri-
bution of the samples and the changes 
in per capita expenditures during the 
period, 1955-1965, is to reduce the value 
of k, for Jo'" and n1edium groups and to 
increase it for the high inco1ne group. 
In the case v.·here the 101vcr income 
group ha.s higher income elasticities, the 
changes ink, described above reduce the 
1veight given to higher ineome elastici-
ties (a.nd increase the "'eight given to 
1011·er in(,ome elasticities), resulting in an 
a~regate inco1ne elasticity v.·hich is 
101ver in the la.ttcr period than in the 
origin11.l period so long as the income 

(']abticities within different groups re-
nlB.in unchanged during the period. 
Therefore, 11·hen con1paring the incon1e 
elasticities obtained as the aggregates of 
subgroups in t"·o cros&-scction surveys, 
the effects of the fo\1011•i11g factors are 
important: 
(1) Distrihution of samples into suh-
groups in both cross sections after r~­

moving the effects of price changes. 
(2) Changes in per-capitfl. consumption 
among subgroups belonging to the t\vo 
cross ~~ction~. 
(3) Changes in income elast.lcities in each 
subgroup during the i11Wr,,a.1 between 
the survey. 

In compa.ring any of the above factors 
the effect of cha.nges in other factors 
must be removed ..Further, it is possible 
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w cbtlllll tOO ~!lil!li' u1r.o:ne ela:;;tieity 
from two setz ot <:mK~tion d11t-a as a 
~wit ol 0)ffip.lH&>ting a<lJu.~tmf'nts iu 
the abol'e fact<lm. 

Regional variations 
1,J,'~n ~·e dlWJu•~ tL<' t; 8. f(><!d ~:..n-

1n1mtJtion p!l.t'.-tl"1, ! ;you!tl bl' Uiil'ful ~" 

,,. 


t•Ol... 
..h..t 

"""" '"''"... 
"'"")
(W) 

"'"' tht! <'xt,Ant of var.ation am;11:;;; r~!iJtl$, 
1;nrur:.:1nilit<'ly, detailo:'d data on con-
illniptlun ll'vel11 hy reg;ous m.'€ not a.vnil· 
ahle fot cxWndOO fkdOOs. The 1005 eon­
nutl'if:lion 5\ll"Vt:)' data i$ tabulated for 
four re+:;ion~Xorthta.'>t, Weet, NDrlb 
Central, k1YI Snuth. From the flvrrage 
L-OMumptk;n a.'1d 11i1« of t.fi(l h1rJooho!d 
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'l'~ll•·•· 26  
VAHIAlllJ.lTY IN nEGIO'.'AL CO"ISU)l.fl'TIO"I !Nll!C~:s  

Commodity Out•ide the '""'"·•I Out.id• the ln,.,.,-•I
15-ll& 

OuUido tho •nltt,•I 
95-10! llan•e 

. ~·· 

'"'\"es! ' ' ' ' 
26 '' 118. II 

Po•k ' ""L•mb ' ' ' l~l !L 
Chicken ' 17 .JS 
Tu•'•Y ' ' ' 118 21 
Fl•h 
Egg• ' ' ' 

" 
2l 

60 
80 

"""'°' ' ' ' ~­Ls•rl 
$ho"'"'"" 
M•.-.•~ne 
s.1.d d,...; •• 
Fresh m•lk 

' ' ' ' ' ' ' ' ' 

159 9! 
103 ,, 

27 60 
,, "' 
11 41 

F.''"P'""t.ed milk 
Ch.... ' ' ' ' ' 

100 81 

"" l<e ""'m 
Pot;toe• 

s~ .., """"'"" 
Sugar ' ' 

' ' ' ' 

18,q 
31-11 
88 ,, 
39 24 

Cotn "''"'' Appl., 
Otong" 

' ' 
' 

' ' ' 
100 88 
" ,1
j6 61 

B•nonn• ' 8.23 
Connod pellOh.. 
Conned pinooppl.. 
Dt> fruit> . 
Fro,.n fruit. ' ' ' 

' ' ' ' 

31' "' 
!i.10

".
31, O! 

Tomotoeo ' 3! 67 

B<~·· 
Onion• 
C•nots 
L.ttu<c 
Conned """' 
Conned'°"" 

' ' 
' ' 

' ' ' ' ' ' 

116 M 
26 " 
12 O:!I

".
"" 30 48 

Cnn•<d (Omatoc.o 
Dry ,-,got.hies ' ' ' ' ' 

61 1! ,., ,, 
l"roun ''eoetsb!., ' ' ll ~9 
1\'hoal ffou' ' ' ' 11• !I 
Tii<e ' ' ' 11> 18 
Br,.kf.,.t c«eai>, _ ' 31 8~ 

Coro meal ' ' ' 2<0 08 
Coff.., 

~"' i ' ' ' ---~ 

16 08

". 
Total " ' " " -

given in the regional data, the average 
per-cJJ.pita consun1ption of the con1n1od-
ities \\'ere derive<l for each region. l:sing 
the per-capita consumption obtained in 
this manner aod the per-capita consun1p-
tiou for the United States as I!. \vhole, we 
derived I!. consumption indell' for each 
region by ell'pressing the per-cs.pita ('.on-
sumption in regions as a percentage of 

the per-\·apita consuinption for the 
t:nited Statl'~ (1\ppendill' t;i.ble ;\-4, ~um­
mari7.ed iu table 25). 

Table 25 sho1vs that the importance 
given to different food ite1ns iu the four 
regions differs considerably. The con-
sumption pattern in the Northeast is 
closest, JJ.nd thJJ.t of the southern regions 
farthest from the t:. S. avrrage (sec table 
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TABL>: Z7 
nE(}lONAL l~DICES ()F PRICES PAID({_;_ S. AVERAGE 110) 

Prioe 
lod•• ~ ~" 1~•• ''"'"" ll»-115 125-11!0 ,,. 
~··· ----- --- - -----

North...t 

(R,) 

T'"",., 
'.II 

c.....i ""'"''""'" 
dry fruic., '"'"od 
oom, "'"" "'"" t•ble•. oornm••• 

f5) 

L•mb, bul«•...1.0 
dr.mog, '"'P ruilk,

""""'"· ...... "'" 
"'"'· •ppl<8, .,,._ 
........ b""", "'"''--
'"""· onioo,, """"· 
loLtoe<. =•00 -· 
""' 116) 

H..r. ve•I. oork, 
<>•iokto. r.,h, '""'' 
Ja.d. 'h"'"'"'""· 
m>!k, "'"''"in<, 

''"""· ie< """'"'· 
"''"" """''"""' ..."'"'" <&an.J P"&<h-
... , ......i "'"'"'"''· .,,_,.,.r..,"'..w. m, 

F'o'"" ,....... 
<•bl.. 

'" 

""''"b'"' """' flou•, tiee_ ooff.. 
1211 

w.., 

1R,) 

,-~. l>mt., "'"'"' 
i<lluo•. ,..,n..i to-

"'"'"'" !roi<o 

"'""'"""' '" 

Bod, pock, <h«O<n, 
..,,,, •hrn-,.nin~, 
•••raorinc, milk. 
<h<..., "' "'""· ,,,,. 

"''""' '"...-. "''" ,Yrnp, ""''"..!pin.. 

T\ll"koY, ~·-lam..... 
od d • ...m,, .,.,,_ 
milk, •Polco. o;-
a(lgeo, bona,,.., 
"""""1 '*"'he•,
<>1nncd"""" 

Bu<tor. 
d•.•,.i,,.,,,;,,. 
'" 

,.~ 

N~ 

~. 

oorn 
'"et>I 
(2) 

""'"'"· d.y fooi•~. 
"'""'""'· """" frni'-'. °"""-•. ooioo" 
'"""ed oom. •b<>< 
!ow-, Ornld..t "''" 
al•, coffee,"'"" 

'"' 

i 

(10) 

Norlh 
C.n<,.I 

111.: 

&•o 

'" 
B..,r, ,.,1, '"'''" 

'"'' Wd, ob..,., 
•01>le>, o....... 
<>nn•d pe..,b... 
cann.d pin"'""'"· 

'"""'d """'' «>nn.d """· dry 

"'''"'"'"'· ""'""' ll<l 

Perl<. '°''''"· '"'· butl<r, '""'"';,,, 

ma'""'"'·"''"'" 
"""· '" "<>m, po-'"""'· .,,,.,_ ··-
...,.., <lry frnil-!. to-

""'"''" '""" flo••.hreokfa•t ,.,,..,.1, 

i 

~amb, oafo.d ib-.,.;og, 
fr,,), milk, "''" .,... 

"" t->~ onion~ 
ctltTOU, lettuc.. 
csanM tomotoe.•, 
•i«, oorn rn°"I 

(11) 

s.-.., 
•"·,_ 
fro-en r,,,,.,. 

"' 

Froion..... 
tab I'" 

"' 

(I~) 

South 

(R<) 

Benn•, 
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F""~" 
ftuii. 

"' 

26). ()f the 44 commoditif'b considered 
in the analysis, 15 had a consumption 
index falling outside the range (50---150) 
in at least one region, 24 fell outside the 
range (75-12.'i), and all thP 44 con1n1odi-
ties had at least one index falling out~ide 
the ranii:e (95-105). Thus, even after \Ve 
n1ake aJlo,vanees for a ,'i per <'Cnt devi-
ation from the l:. S. average consumption 

puttern due to v01riations in reportin~ 
datu, ull the c·onunodities shov>ed sorne 
regional variations iu their consumption 
pattern. Thf' range of consumption index 
(differf'nrc bet,~een the highest and 101v-
est regional index) varied fro1n 8.23 for 
bananas to 240.08 for corn meal. Thir-
teen commodities (veal, lamh, turkey, 
butter, lard, shortening, evaporated 



,.-,;r", ffirn syrup, bean1;, d::y ;.~:al<<'$, 
wheat flour .. rice. and e<)rtl nwnl) had a 
rang.;> {If more than 100.. 

The p~ner uf s;;rh w\de variation~ 
ti'. t}u> qU&ntity cm~u1n1><l in different 
rc~icn~ enuld be explniiJ<:d in tP?roo of 
(l) ii iE"t>re11ce~ in prir;e:;:, \2) ;h!TeCT'llCCil in 
ineo'.'!1e~111Eu:'.llptiun relatinn,,h:p. and 
(3i oth('r rogi"nal factors_ \Vr Mten1p1.ed 
to 11.1u1lyze the influence of price~ fl.nd in-
enrnr in r<'ginn!LI ean3urrµtion hBh11vior. 

Didm-enees in. prtc~s paid ..·-Tt-"' <:-J(-
pe:uiito..re a11d qJa."ltity dattt publi.strnl 
in the ,;..,1rv,-,y reµ0rt.; u:ere uood to Jlnd 
the µrices paid by >"<.>Mumet~ in Ciffment 
rPginnil1 and thelill "ere expre:l/led w; a 
pen..'<=ntng.o oi aver:igc (-. 8. figul'\-~ l!l 

obta'.11 tht> i:irl~:o;: 0f prilX$ pt<itL l'.sing 
tb,,-..re indief'~ '.}\ppendb: tkblr A-0) >ve 
luivt> prePJir!'d tah!e 27 corr<'l>p0ndin!!: t0 
tabln ;'!;":; f0t q11aI1t:ty indie<Cs. 'fhi; ~pread 
or pric<C indices i11 different reg1ons j~ tiot 
~" 1vide a~ tht spread of quantity indic€><, 

A!t.hougf; the er<ll<H4'N'tinn da.!1> d0 not 
prr,vide in'.<>:w..ation tr:; ¥!udy '..he <>N'f<'<;t>; 
0: priet> chang<>t;. •:-:-1 11:111nt;ly ~on~>.:.m<'d, 
it denotesnn("point nn ~be <lenumd <Ccx;-e 
for each eomnioclity_ Fne <'lV'h f\)fll­

m1-0ity, the <juantity index ;,, .4.ppcndix 
mbk• M ac:l t.lie pn..~ indei,; ;n .\ppen-
dix t&ble A.-"> pro-..!de fou:- JlmITT'vations 
~i11e fo:- f'o;.ch rrgion~u priee-qi:att-
tii.)' relation~hipH. T!Jegc priint~ can be 
l<)rat€d 011 a tv;n..Jimtnolona\ ~Pl!."" and, 
if the d€n1&.n<l ('!Jf\'e is a&~uint>d to be 
downward fd.;.>p-ing, there 1vill \;(' an in-
verw re'.at:O!ll\hip bet1veer. t:itt pri,~i: 
lnde:.: ar-,d ~lie qc111.:it,ty :ndex. Sin'-"" it 
W!ili !IH!>umed thi<t the average l} S, 
Qlillntlties a.nd pr,;. e,, lorrn 11 batis tl e-:im-
pa.rioon, this point wlU be rq;ret<nl-Ni by 
(lOO, too)_ \\le can lo(J>t-e t!w pnint.<1 h);'-
~ndlng to the ;;r'.ce-rmmnn1ption rt. 
'.t.tions.liip in •,he four rog1011s W:th R"fer-
tr.<:e tP tf'..c b:\~is, at1d if the dernand 
P¢llltio.'IS:1ip fDllt>wil 1he conventional 

s..'iti~ .. !I P%Jivo dcviltt;,Jn of priC<O ind<'X 
f;om 100 u:il! Ix: UM,.-1ated with a ftf'J\11.· 

thee ®vlntion nf q\lant<ty inde" and vie¢ 
v<:>na.. Therefore, if the deviat!ons nf 
prl~ inde:. ft!ld quanhty ind;;x !'ron: 100 
&re oppf'Alitr in ign. ii ~·1 '::>e c0ndndr,;J 
that a hi¢\ •;r low ~Ansuntpti01n inde:.: :n 
!l. particul&r rrgiun is <:ffN:tM a~ a result 
of !011' or hiid1 price in that R'gion. Alw, 
if the deviations of pi·i<;e and quantity 
'.ndlces follow th<C f!&rae ~ii;;u, it !'ould 
m€!\!l i"'itlwr t/mt the ri{'J~t::nd cur'>e ;8 
not do1tilward elnrnug <:: :hat the n-
gi<Jn'.l.l rlii!'...:ence in "''nsurnption j,,. not 
influeit('_ed by wnie fJiielGI;S other thiilt 
p;lcei>.. In table 28, dFviatlon« (lf prii:e 
indlc@ and quirntity· indie1IB in differeut 
«',giouz at!" M>pKr;.,'0<;l in t11rms ill their 
~Ogns--a. p.-Ml~ive ~'.g:11 rl~>nt!ng a:i in<le;: 
gt"!'l!.~l't than 100 .:k"lrl a >0;;;gative ,;ign 
dc:ioting fill index leAA tha:n l 00. 

AsBuming that th(' de1T1.11.nd eqrvcs for 
all thf'~C rommorlitieo are dn1vn1vard 
s!<)pi:'lg, a )){1f<i:iv0 sign can h(' eJtpecl~d 
to be i;,sso,-:Jt1.tt>d 11·ith a r.ei::ativ-c.- sign Jf 
the {x.>nsumption diF.eren~tc j ir.lluencc<l 
!:.y price ClJ'ierentM; alone.. R0wevt>r, tills 
"n&S nor tru<:l for 16 oommmlitieo- in tbe 
NortheaBt, 14 commOOit-ies ia th<:> \Vest. 
17 rnntmoditi<:J< in thf' North (~-"tral, 
arni 13 Mn1mociitics ln t:1e Sullth_ 

Table 29 shou·ii t:1fl.t th>' rr;;i<)ua: dif-
ferent>I' iu -runsunipti•)n can bf. ~xplainffi, 
at lell.0<\. partly, in t.Brrn1; nf pri-c,•s for 
seven commoditit>~-··po1·k, ~hortcni11g
margil.riun, ~wect 1wtnto€$, corn syrup, 
berns, li.ud frozen \'l')((ltl\b!o?s. c::in~un:p­
tiou in all ntl-.~':' (Oll1.1r0i'Ji~ \l'as i1:1\:1-
enced by l1Wtur1; o~hcr -:-han ;ir:ee;; :n at 
lea.st ob(· "'glun .. Ther«f!Jrt, it j~ not. 
p<lSitlblc to rejM:lt a hypnthw-ii>; lh11-t c\'r~ 
ta\n regi0n11l faM:-0r1; iafiue_.:,-., 1)1Hi$ump-
tion of vt.riout< i'hmn;odili\'3 ;,, different 
regjn.'l& 

To anu2yai> t21e Jtcond !!.f<",>('t•t ('-'ari-
ntions in inco1n~onmnipti<"Jn l'f:la•,ion-

1 
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C1>V'11.ri&nee a.naly!li~ fOl testing td· 
giona1 Ytriatkth,-l'$lng the e/lflSUlU[l· 

t•>:>n data fl"JFt four cegi0ru;;, "i' 'ipetif_ed 
:hr<'e types o'. r~l0n eq_i.;.atiGm; a~ 
iul'<!ln: 

..\-1'.Jdel l 
a, + b, log !IJ (152) 
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q.; "" ron~urE.ptiun 01' i'" <:oir1:modily 
in the j"' region and 

v, .. inoc::nc ir: :he j•'- Ngion. 

Hi!''<" fqr a giv-0u wmmodity, t.he dat-a 
frccn the four reg-,on5 are ptAlOO to ()b-
U.111 a single t<'gressioi: eciua.t!Gn, With 
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JJ :u.:nine l\T<>uµe.. ;ve I';;!\£ 44 <>hMr•:li­

tinn~ 1" fit the rriqe-.~i"n {'fpiatiou ill 
(IS'.!} 

Model:! 
\op:4_ 1 = O, lop;;;,+ c1 io,,; d1 

t!U' ,·;v:iab!cs. q,, .ind y, arc as h1 the 
p~-inu~ mntle! and d, is a durr.my 
vru:U.bit """'ll'iated ;yit.h 11-.e J'"' reg:o11 
such that Ing d, = 1 in N{!;ior. J 

0 (>\;J<;\Vhtt(\ 

An ahtl'nativx• n·:i.y to exprei<s equation 
(153j 1~ to specify lhr~ dnr11;,y \'IJ.fj, 

zh!m1 aswcmJ:e<l -i>·itb tbrtl:' mgiof'J, !l.nd 
to reWu the oonstant ill the ~fi!'\on 
tquativn. Thk difference l>etv.1:()1\ model 
I znd modo! :! i~ tb.&t the li>~W :nt(;r;:io· 
ratei different int-er\'cptP. for different 
region$ 1vhile the forml"~ li~~umvG the 
:iame intenoopt~ for !l.ll tl;e "-'!llQns. 

\I:itlo: 3 
l.-.g q,, "' a,,+ b,, logy, (154/ 

wherr 

the vnri!lhlr~ aw definM as above. 

'\Vhi~c 1no<Jq];; 1 and 2 used o.il t.h<' 14 
nh.$ervatione ;_;f i;. (Ommod!ty t•:> <_;l)tftu1 
a aingl;; rcy;rv-Silon cquat-.inr., mn•ici 3 
providw fQur rtgiession e1uaW<Jnt <:<Jr-
re>lJl\\."\ding to frn;:T regi0ns. 'fJ-1-."mfpru 
:u<Jdel 3 i1;r.-0rpora\e5 variation;; ir lx-11; 
ihe inWr~epts and slopcB of rcgreooion 
criuati(u,;; fQr a commodity in different 
region;;, 

T':nm, model J 11>SU::ned tl:;i.t ~b<i i:itl:'r-
cept and FIOI'# Df tJtc dicJr11.ud r•pi:atii;:u 
remairw<l tlle same .-;v<>r the f;iur fl"giQn;;; 
node; 2 (l.!,41;m!J'l lllat true io'\l:nx"pt ''"lW 
dil:eten;; ir. diff-erent ttoginoe, but ~lie 
!!lope¥ «nnt>ined the sa..'ll.c; an{l model 3 

1-' <41.:f. 2? 

CO~C\lUi•I'TlE$ \Yl".:'H: REGH)'iAL 
Pit! CJ<-{,';!NSl-~lPTJ\)X 
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assu:ned that ll<Jth in~r"'.ept i.rd s~"P" 
Va.Tied ()Vflt the reg\<)IJS. [,et ~l, •t, J.fld 
.,, be thP s11n1 <if i\quares of :rosi<lua.ls 
a.ssoci11ted \\'1th mnde!s I, 2, !ind 3, re-
speet:,-eJy, and 11,, "-•· n,, :'C'Spci,tivcly, 
be rile degrmB t;f fn:Won:. Bce!ll'.JK: th<: 
number •fl :fitri<.:tl9ns 11re least in ~b.; 
case of the third- model, s~ >vih he th"-
sr.iai:u;t, Shi:illl-rly, lt e;i.n be shown that 
t, > ~i > ,,, l'or t%lL'lg t!i!' hypo-the-is 
that variiatlon~ ll'•~t i:i ir..tercept~ a!""'\ 
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l'ie use the sum of squares from the first 
and second models and define an F-ratio 
given by"' 

(155) 
(,~, - s,m,
(n,-::. n,)s,. 

If the cal~ulated F is higher than the 
table value of /.' at the desired level of 
significance, "·e reject the hypothesis of 
zero variability in thfl intercept.~ over the 
different regions and conclude that there 
exists significant variation at least in 
two of the intercepts in diffflrent regions. 

Similarly, for testing the signific!l.n\•e 
of variation in slopes alone, '~e can u~e 
the second and third models and define 
an F-t.est given by 

(156) 

As before, if the F-values obtained in 
(156) are higher than the tabled value 
of F, \1·e reject the hypothesis of non-
differences in the slopes (in this case, 
incom<' elasticities) of the regression 
equationH in the four regions. In other 
words, a rejection of the hypothesis that 
income elasticitie~ are not different in 
the four regions makes it necessary to 
use diffet<'nt incon1c elB.sticity ineasures 
for different regions. 

Combining the t\\'O t<'sts, if a par-
ticular con1modity shows significance in 
both caf'l's, variations f'xist in both inter-
cept and slope. 1\lso, it is possible to 
repeat the 1vhole analysis, using expen-
ditures on commoditirs in diff<'rcnt re-
gions instead of quantiti0S consumed. In 
the present analysis, "·e have used both 

quantities n.nd expenditures a.~ depen-
dent variables to test the r<'giona\ vari-
ations. In most. casrs, the intercepts 
sh<l\ved significB.nt rrgional differences. 
Only three eom1nodities (bananas, 
canned P<'AS, and bt('Akfa.~t r-Preals) pro-
vidcd nonsignificant difff'ncnces in inter-
<~cpts \vhen quantity 1vas the dependent 
v!l.rin.ble, 1•;hilc the intercepts 1vere nnn-
signi fi<'ant for fiv<' con1n1odi ties (bananas, 
cannrd peas, s1~eet potators, caun<"d 
peacfiE's, and frozen fruits) \Vhen expen-
diture 1\·as the dependent variable. \Vhen 
using quantity as the dependent vari-
able. the inco1ne elasticities y;ero sig-
nificantly different for 31 con1mo<lities 
(2ii at the 5 per cent level of significance 
and (i at the 10 per eent le1·<'l) an<l 11on-
significant for 13 cnminodities. Ho1vever, 
the nu1nber of <'Ornrnodities with non-
significant regional differences in income 
elasticities rose to 20 when expenditure 
,,,.as used as the dependent variable. It 
1nay be possible to attribute this change 
to the iuflu('!l\'C of price~, that is, a sig-
nificant rei:-ional difference in inco1ne 
elasticities, with quB.ntity as the depen-
dent variable, might have been olTset by 
price differences "'ithin the rei;:ions to 
sho1v a nonsignificant regionB.l differonce 
in income elasticities, ,,.jth expenditure 
!l.S the dependent variable. 'l'heoo fB.ctors 
are revt•a\ed in table 30 where "·e have 
adopted a cross classification according 
to the signifi!•ance of the slopes and 
intercepts of incon1e-consumption rela-
tionships in different regions. 

When quantities were the dependent 
variables, 28 eomn1oditics sho11·ed sig-
nificant regional variations in both in-
terC('pt and slope, 13 commodities 
showed significant variation in intercept 
but nonsignificant variation in slope, and 
the remaining 3 commodities ~howcd 

"'When we are inlCl'f'-'t'-"" in tc•t.ing the •ignificanC<J of a few dummy variables, " I-test on 
individual coelTicients will suffice. However, here an F-test is u.00 to I.est the si~nificanoe of the 
coef!icienta oimull-aneou.sly. 
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nonsignlfiti>nt variation Jn intereept hut vati1<t-l0n. Howevw-, th010 >vere some 
MgnJir.fitlt varitt.tion in iilopu. Th('!"(< Wft.i mOOiilootioo;; whfilt expendit.:re \~a\! the 
r:o cr,:mmOOity with l:::oth ir.ftttept and depend1111~ variabh. Hl!rl!, Z2 conunodl· 
slope ~how!ng nonsignificsnt re~k1nal ties had oignificruit- regio!lll! nriation in 



t;,)t), xi.<;!H' ;;.nd in!t'rti!pt, J; had E.ig­
n.ifitui va.:riati:>JIB ih int..1n:ept but non-
Nt;n1Fuant variation iii tlope, 2 eom-
1nOOi!i!.if' haci no~1s'.~ni(i,,1111l v&riatio11 in 
itrlnrtvpt bnt sijl:n~lii·a11t vari;;.ticn ii: 
il0pt, 11.nd t.hc re1nll.ining 3 ccmincdities 
had ncn~ignifica.nt varil"tion in both 
initrn11pt and s:opn_ 

Seuonat variations. 
Senwnality in fnud oon:iu :nptlnn origi-

i::iteu fr,,,n1 f1tt,'tnr.s hk<: erop produnt'.on, 
clir:-iat1t frw.t<;;,.,,, a::id l!imii&r ntl-inr ri;a-
~OrJ\, Thrn.ig!t modern pr<.>etwing, trar--$-
portnt.ioo, and refrigeration fn~ilitiP~ 

h!!-\'C rcdi,ic;B<l the incidence of ~<'./l.•i>r>ll.lity 

iu food ,.,,r,sumptlon, n1""Y focd :t<:rr~, 
tl$j.l('Cii<liy f1uCLs lll<d \·(Jµttthltt. 'ltilJ 
'Ofi,,11- ntn4'1>'il en::,;umptio:: pattt~flt. 
Sj1,,;e the 1000 COl1~"..lmption sun·•?>' \VruJ 
i<prM.i.d over ~he fo:ir 'iCU!\i.YlS, it was 
')rignmlly plll.nnfil to e.n&!yie the 1n~0me­
c<u1iju,nption patt<Jrn durinl!: thr foi,ir 
~•mscno, usin.v, n.10 appr0&ch ITTnii'.1r Io thr 
one used fer nne.ly;;;ing regi1Jtit.I varia-
1icn~ Later'"" it u-as revealed that thrl'c 
data ,,-j!j be uvJ>•!Jl.l:>lc only after wme 
lime und, Ll:C-"'<-ifwe, it '#fill n«t powiblc 
to inwrpora~- t>,j~ lll!pect hl tt:-0 pn~seut 
a1ta!ysis. }/nr thB 5ame rt:1.lf'Oll, it beee.me 
neco~ry t<> i;x(·[ude n di~cus~ion on the 
inter.lotion of f('g)o:-i~ nn:l. f!'-ll.OOflG 

Demand Projection$ for 1980 

This J\!.\ttiou n;viev.•s alternative ap-
pt'.l!Vlht'f t.o dcrna:id pto!e<:"Jor:;; and als.; 
projects eon~:impt10:1 :-;y t:.>tl!':lodity :t! 
l\ili;O fl!\ t.ht s.;;surript.ion of eonstAHt re11! 
pt!e(IS, time trends, D.nd ll pnrticular 
\netenoo :n >eal ir.torne. To !'a()iiitate 
Mpet1~ior, tLe oon:.rr.od:tie;; J.fe dis-
(><S$i':I under Uon l';h•'.1P£··· n1es.t, eggs, 
law and nils, dairy produetl>, fllll<>tm'S, 
wgar, fruita, -..·£#t1lile.~, ;:eretl and 
\JAl:Hlry pr;;duets, d!!d (l~ier -(<)fl'JlltKLlieo. 

Alternative approaches to 
demand projections 

Presented are 1->;).';3i!Jle \160!; t;.f the de-
tt..md .ntern'lation$h;µ nAi.tri.x fi;ir pr"-
j;x;;,!1¥ future level~ ,:J demand. 

f.;:)ng~ran efil,,ge» in P«*"apita enn-
'lumptiun ci di_lftre."lt food oon:n:vditie~ 
oetnr !l.t a result of inriividua! nnd j(lint 
effects of niany fal'toro such (1-$1 cha!1ges 
in ~lath·t~ pri~es and income, ~hll.ng<J~ in 
W.Stctl w;,d pfl.lfercnces, intr.-x!ar,tii;n cf 
new pcud>;ct,c. .;:.ange:! i::i ocG'.Jpat:c;n and 
ul'h&eimtiou, aud clmngf'S in thf age 
ooniµmition of the populatwu In t-he 
ib.ert!\J" it ls convenie11.t to~,,., th~l 
ooci()l$);io1nie faetf,ri' oth<:r than price;; 

and in' '.HU!l re1nain e-0n,;t-ant. Thtrr"inr<' 
,;hort-r<1n tl1ang>)~ in ~:-ila;rita. IN!l· 
swr:pt:0n will '.:<e 1;1f.uet:.(ed hy priti."and 
ineotnt< <'.lhangeo. Price (hs11ge5 rei;u!t 
Jrul.inly frotn SUflply conditions $UUh as 
;:irt.duttinn 1:yuleo., season.o.I \'llrfu.t:.un~, 
\\'e11thtr <.-0ndi'..i::uu;, 11J:ld :echuo:ogi~ll.l 
d'iihghi. ft mt<y b.. pUMlh!e to obtui" 
f<)l\"{>.Jl$t$ of theaf" variables for ihort-ruu 
J'.l(>riOOs The!ll;' forE"::11Sls cl ,;;:pply ec:H1M 
dio.,11·;; ea.n be u!l<"d to f'"''-'j>cct tl:e pnre 
level$ 111 th11 Ju1med:&te fnturv and, t.hua. 
chat1ge~ in consu1nption levels for the 
h1111wdi1>t.e fu>,ure earr be prnjl!cted. llo\V· 
ever, projeetiilno for longer periods (•': 
tU:ne ~!l.!lnot i:ie haru::lled ui the \lilff,e 
manner. bees\.W' we n1ay not IU4UlU1' 

that all the #ther fa.\"t:<,m remain thJC 
san:e. T:.l\e folluw:ng di5Cll&!i.nn u:d!.;attil 
seve1a! nlterua.tiv.J po5S!bilitici! st to the 
use 0f the demiind interrclation$hJp$ 
for projecting <;Qnsumption level~ to 
1980. 

Proje<:t!l)ll,ij wiQi eonsw:i.d dam!Uld 
m&ttiX t>llli ti:nu; trend.-Th<> <lemund 
interrela.iinnil!ip matrix 1>-us developed 
under eond.il.i<Jns <>f st&tic equil:brium. 
T:.'le Qti!y d,yna."nic <'llement iutrodue~ 



i11t11 tlie 11011!~" is lbe l!'lefl$ll:rt;1ITT'11l of 
tile rim<:' lror.d d .,,,,£11mpii0n f11r ;;e:r· 
tain wmntnditles obtillnffi lrom the oor;~ 
$1.&lit (Oi!fficim::t ;if lhc- Er¥t d11fen::llfe of 
log1>rithmi:.: e.!tiw..aticii: eq11alio'.1. On<: 
!i.ppMMh to prnjocting rt>l>!Wl".'lplion in 
rt future period i~ to u~o the demand 
'.'.llal:ril( pills the tin::e tc-0nd_ 

If rhr denw.nd :nii;:;rix ;'I dtnnterl ty 
fif. \\'C h:..Ye 

(J M p (Ji'i7l(•"'\ <•><•+'• 1,.;,;x11 

Q "' \'¢(•tor of quantities, oxpt~~oed 
in l<>;<;~; 

JI "" matrix of price sn(l inN'.Hn(l ciAr 
ticit.!w; and 

P "" \--.x1Dr of pricl'il and u1f'Ulne, 
C'<Pl'e!bed in lags. 

"'her. (!Sthn&= vi I' ar<; avt1il&b!e f('f t. 
future p1160d. an estimate of Q can be 

where 

q, = qWJ.ntity of the 1-•• ~•)ffi!llodity 

dem!lflded, 
p, = price of j•h cQmmQdity, a.nd 
fj "" a 1nea11ure of real in('ome. 

Let y denot.<- the in•.'.()Ji:e !it Clll'ren~ 

" 

ot;-,ai!:OO from (JOi; under t:'le l'.ls;ump-
tion of ronst11;nt demand elssticitiet. i>tt 
thIB estl!nate for th" i'" l"Omm?ddy be 
'1" •.\lil<l. let tile a11nual t•me trer.d ior 
th<C f"- coo1modi~y be s,, expn;ssOO w; a 
p<:NCl~tagc rhange i::er year_ If the pro-
ject.ion is far K periods u.hea.d of the 
pr~.oont pe.~ioC, the 1-inl.€ trend ttlorie will 
ia1rOOucea mclt:p'.ier of (I + S,)!i_ Thls 
r.iultiµlier, :.ogethff \\·ith the projeotOO 
static ltvB] (1,), prov-ides the fo!l0W1ug 
tquati"n for 0.)llii\lmption for K perlrnl!:! 

(1.58) 

Project.ions wiili ohangine: demand 
matri.x.-.>\nothr-r :11tthod of incrit;:nf-
t!l.t'.ng dynamic l'lemenIB 111::0 !l:M pr0-
je~tion fmme·,york i~ :.y aw.;mirtg i!. 

ve.ry lng demft1!<l inten-els.timu>hip ffiil-trix . 
Here, it U. pGMiblt> to a.l!Sume th&•, the 
ele111£;lta ir, t3e mt.tci'.<: .~f vary over tlm;,; 
in a teruih manner. t~or example, con-
sider the dem.i11d equations 

;i. j "" I, 2, · ·, n) 

µrJ;e;;. Th<Jn the 1:-Xpenditure propotti?n 
on ~.he i'h ('n:n:nodi~.y is ;;iven by 

(160) 

Mult~p:ying (154; l:y (100) ·.vc obt1tin: 

W,·A!Qgq,-= ~ W,e,,Alogp,-+ W;',,A;u;;y 

" "'L: ~1;Alogp, +~,,A logy (16-1) 
'"' 

where 
~ ., = W ,-e,; a..nd 
'!lw = W;e~ 

If Ii ngrei!i!ion equati(J\l <Jf th~ tyj_X) (I 61) 

is lit:rt:I, tv;iug tilrn~-seri<es data <m qu1>11-
iiti<'s, pr:e;,;ll, Jn!lo;ne, a.nci e:o;-perAiture 
propo.-t.ioni, it :t implied that ,-,, and 
"J.., renmiit the same over the yearn 
wl:el'ftlS, in (159), it was 11.&ru.mecl th&t 
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TADI.E 3J 
ELASTICITIE8 IN DIJ'FEiiEXT YEAHS 

Commodity 

Veal""' 
Po•k 
Lomb ""d muttoo 
Chcckeo 

'"" !"' ""'"'" Po"''°"" o.......  
Coffee 

Voluo of 1" 

-•-0.5M 
_, ~13\lh 
-3 Ul3\lJ 
-1 OlfliO! 
-l,J76» 
-0 01BIOJ 
-0 6001< 
-0.319\2 
-1 :nl>l2 
-0 OJ7.1' 

"" 

-0 6fl:l60 
-3 7'32S 
-0 44!\1 

- '- '"''' 
'"''-0-0 ,,,,, 

-0 OOOll 

-0 '""' -0 81J13 
-0 2'lM2 

,~ 

-0 00:23S 
-J 19136 
-0 lOi:lO 
- I 11•61 
-0 5'i131 
-0 211567 
-0 51107' 
-0 2Llil8 
-0 7l 18i 
-0 Ol'17 

"" 
 11170"  

-0 "'10lS -0 11.1009 
_, 79''4 -•.<0217 
-0 1300' -0 42152_,_,5.;00-2 l1'1f"1 
-D 17431 -0 19129 
-0 26661 -0 260;01 
- 0 8'oll1' -0 56(]1' 
-0 21!0\IJ -0 '"" -0 <J.1233 -0 <ll02t 
-0 ;Joor.I -0 37'.. 

e;; and e,. remain the same over the 
ycans. But 'I[ ,1and 'I[,, arc obta.incd from 
e,, a.nd e,, by multiplying with w,. Since 
the budget proportion W, varies over 
time, a.s a result of changes in the prices 
and consumption pattern, e,1 and e,, 
also vary over time. Thus, if expenditure 
proportions are kno\vn for different 
years, it is possible to obtain an estimate 
of the demand matrix ilf for the different 
periods. For projection of future con-
sumption levels, t1vo different approaches 
could be used. 

Estimation of changing demand coeffi­
cien~. Using the values corresponding 
to each element of },J, obtain a time 
trend for the coefficient and use this 
trend to project the value of the coeffi· 
cient for a future period. That is, if JJ,/ 
corresponds to the (ij)'h element of the 
interrelationship matrix for the period 
t(i, j = I, 2, · · ·. n; t = I, 2, · · ·, s), 
the s values of ,',f,, could he used to 
establish a trend equation for lr!,, and 
this l'Ould be used to ol>tain fr[;;•+" 
,,here K is the desired number of years 
for ,,.-hich projection is required. Having 
obtained the value of 1\f ,,>+K for all i and 
j, equation (157) can be used to project 
the value of Q if the price and income 
levels are kno"·n. For practical reasons, 
it is irnpossil>le to isolate trend va.lues 

from price effects froin every element 
of i1l ,1. 

/<Jstimation of expenditure proporlion.EJ. 
Insttiad of obtaining B. projection for 
Jf ;,'+x directly, it iH possible to estimate 
the expenditure proportions and to de-
rive the value of M.-;'+x. f<'rom the C!lti-
mation procedure used, 'I[,, is 11.ssumed 
to be the Ba.me for all time periods or 

~., = ft'\'l1u;j1• 

Therefore, 

,,-(_<) ,., " (lfl2) 

To il!ustrat.e this procedure,~;, was cal-
culated for a fe1v cominodities using B. 

regressiou equation similar to (161). 
Table 31 sho,,,,·s the value of ~" and 

the direct price elasticities (e,;) for 1955, 
l\HiO, and 1963. These are obtained by 
dividing 'I[,, 1vith the expenditure pro--
portions corresponding to these com-
modities during 1955, 1960, and 1963, 
respectively. The last column (5) gives 
a projected value of th.e direct elastici-
ties, assLJming hypothetical values of the 
expenditLJre proportions in 1970. The 
saine procedure could be used to obtain 
projected values of M,,•+K for all i and 



J and, onre tl<ese valc1c.i &ro kn0w11, as 
~'.ore, eo.;:uaticn (158) t:l<r. 00 Ui\CfJ to 
pr;;jNt the coosu:nption l<!vels for- K 
perinds ahead. 

'l\> utt. (lti7) for projettion of price~, 
it ca:'I 00 rewritten a~ 

{1(53) 

Whotn tht> objective of the $~Udy iB W 
pre<l:'t pricce, it is mO!:'e 11ppropriat<; w 
fit demanJ m1wi.tion~ •vith prices as de. 
pendent vnr:t!!.bles and to obtain a pri<;e 
flexibdity n1v.tri" ~tilT£1!pondin!I; to ,\f-1• 

:\ff'!lt qi th,,. reEtrif~ion., ir. deriving t.!ie 
durn1L"ld !nterrelul1onsh:ip!i in ti;rms of 
o;lasti<;;ti~ wn he deri•·OO :n terlrul of 
µr:ce llm.1bitnes (;ee, for exaniplo, 
ilo<1«k, 19Gt\). H:nvevur, the inveroo of 
tl;e clw.ticity m&t•ix, M, can be ~ken 
a~ a rt1ugb apµroxiinaJion t(> ;he price 
f111xibility matrix .i.nd ran hr :iood fot 
projecting fnt11r<' pcii::cs if the qnan~itk·~ 
eonsumOO 1tn<l 1ncome srn known. l«nr 
a,gr,..ultural i:o1nrr.odllie:,, bowevet, pr!Cfl 
predLelinn equ11.tions j\encra[y reQllire 
speeificatiol\ uf ,1Jt11rnar.ive •)uUets tl'.rn!ih, 
processed), susk e31.1;ngC$, and e"pcrl.!!. 

'J'l:ie ahnve di'.Jt"ussitn in<ll.:at<-->, lbm. 
111·;:,jectini:~ cf fN:-tispita oon~umptinn 
levels U: 198!} could Oi.: nbta:ned eitl:er 
by using a >ilujecte<l <leman<l int<!'r-
relatioJ1$hip matrix fer I 980 ur by J'!!ing 
pro;ectcrl ex[}€nd:ti.:.re proporthl"'.J ftr 
l'dSO. Bo~li thelie method'! req11lni th.at 
pri<:e5 and ir.tome i~<'ir are availabie fo:r 
1980. [n the ah8enc<' of proje<:tion~ nf 
fi.:.ti.:.re price levt;k, v.·e have obtil.ined 
pro,eclion~ of df'X11and assurnlng eor.-
$1.l)nt retail ptl!X'$, il:<:'::'eil$ing income 
1'1ve!s, and a timt trend fa.t!:or. 

Demand projection~ by 
commod.iry group 

There d(·nlJl.ntl projecti1w1s are ba?OO '": 
(a) a p sxt ieu lll.l' a'.lllu:::nptinn a.<; to in cren.srtl 
:eal inronw. oy 1900, ;lJ) the intnme 

el&stiniti('s \Ji'<:>d in 1,h" Jenia:u! mat1:l~. 
and \(') t.::ie timt'·t:e:1d cceffic•iente nb-
t.air.<:d iron·. thne~oeriw analyaci; (If indi-
vidual coronnidities. I" parlieuW, per-
r.ap•ta consurnption lev(,Js for individu&l 
oommodities sre pro;tcted fur 1950, 
RMoming eonsta.'lt rr.al price~ (lll!J2-
J9Gtl average); real if:,zome per ('i>pite. 
will h:?.~ tron1 $2,298 (th<' 19<."12-1966 
averRge) w $;1,'Ull in 19SO ru< reported 
by Daiy and Egbert- (1966); and t}.e 
ertimatOO lime tron<l, \Yt.ere staL:&ti· 
ca]y signlfieant, will cnntinue to 1981:). 
The a~ SJ'lnua\ pc:-capitaeoe£ump-
:Jor. during 1%~ J!JOO "·ss taku1 I'll> ~he 
bl'l"'1 periOO. The cumular.ive effm:t of ;he 
tiaw tr"nd (Yn this l:iw;e con~u:nptinn 

Inv'-'! v.'ml 0l>1aiue<l as 11 product of the 
h!We cO!l~umption level M!d the mu!ti-
pEer (l -· S,}"' whi!r<:' S. is ths a.11nnal 
Jl'-'f<>entagc chang<: io \X>nITT.11npti<J11 due 
t" incnd and K lit the ;ii.;mb•!r of yeam 
tn :980. Fur 1nnn:r oont:unditi'-'<>, the 
time tttod \\'n.l< nut :;;!atJ'!tiCslly sigv!i~ 
cant. and proie<'tions nre l:a.se.d only on 
the income ellliili<:ity. Jtc;;i.;lts are pre­
:>tnted by (<01nn1m::lity gr:illp, gi'Nlr ttti-
m&tex of oonsumption arJ axpenditurm 
per ca;>i\J. f,,~ 1962-1!161) and JtJ80. 

Meat, pooln-y, and lleb..-·Thi:~ tO-.'»­

P--lt><l:tlei& ll.CNJU::ite<l f0r about illl'-'"thl:rd 
of tlv.- 1962 .. 1966 a'·vrag<" food <-xpendi-
turi"s. Detailed analyses ct time'{;erie$ 
di!.t& """~ ni4de :or only fiv>J lten13-
Lecl, ;-cal, pork, h1ll'.b nnd 1nuttou. a.nd 
chieker>. Qt.her iten<$, a-J.1ch as tu1kty, 
f.Jl.h, im:J edible mral offal> are included 
f0r tQmpletei:_"*1; t.111 timil"<trtcnd rN<Jill-
;_;knts are not av11Urible fm- the>e ~nm­
modities_ D::i.ta on per~ca_µ;ta Cfill&to.Ir,µ~ 
lion are "howc in ta.bl~ 32 for the biise 
ve~•oo (J962-I96G) and f(!r 1980, ri.00 i<re 

in tfil'tr.S ,-.,f retail v."B'.gl:<L Itor purposes 
of oouparioo:i, et.t\m&itfls by Da!y and 
F:gberl (1966) \Vero converted h> ~tail 
wcif:ht and alro are give-n iu the t11hle-, 
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TABLE ~2  

:\l~:A'f, POULTRY, AXD FISH: CO'IS!:/l.IPTI<lX, Plt!CES, A'.'<ll EXPE'lllI1'UltES,  
1962-1965 A\'ER,\.(JF..o\.Nll PitOJFCTFIJ 19ll0  

Co""'"'"''"""'"°""''" 

E"imn<;.J 11<111 h•>e<I ""' Cnmmnd"y 
11Hl2-1116<· 

ln<nme Poly-
"'"'be"""'""" I 

""""'' :c"oil •·<igh<) 

llet..;1"';.,.,
1002-l{l(i(l 

""'' 

E<J'."'nd;""" "'" rovitn 
ll!HJ:-1961l Jollu.-.) 

-
'"2-!000 I ·~ ... .. ----

Jollo" 

M<Ol,_, 
\'"'',.,, 
L•rnh ond "'"""" 
F.J,bl• "ff"]' 


Tot&] m.., 


Pnul"y 
Ch;c~'" 
1·0,kcy 

Total f>OUl<•Y 

'"''"F"'oh on<! fro.<en 
('onn•d 
Cu1td 

Tn'"I f.,h 

TOT.\L 

'!nolud.,. voaL 

,,.
." 

57 "." 
10 2H 

-
"' 18 

" 
-' .. '" 
,, " 

... 
•-

". 

19i '° 

.,,
."I ." 
." 11 rn 

100 23 

39 22 

' " -
•s SJ 

"" 

219 ,, 

I 80 6' 7' 10 

" ''.' ". .,••." 

".
" " 

'" 
,. ,, "" 
'3 lO 

!J " 

43'"81 

"' 
--' " 
100 " 

" 16 

--' " 
17 \0 

." ." 
----" -, ,, 
'"-'" 

-
". 

<! >S.. ~, 

---"' 
113 "' 

"' "' ." 
" " 

-
; " 

"' 03 

t lno.-.a.., ,,.;m.icd ut 0 P"' cent "'""00nd;n• to prnjee«d lneto""" ;o i-r plua ,...,,k conaumption. 

The income elasticities for bct>f, veal, 
lamb and mutton, and turkeys are 
1veighted regression cot>fficicnts based on 
tbe 1965 survey data. Those for pork, 
chicken, and fish arc based on the 1955 
survey data, 1vith estimatt>s fron1 the 
1005 d11t11 negative in sign and not 
statistically significant for chicken 11.nd 
fish. Income el11.~ticity coefficients and 
annual time-trend factors are sun1-
marized in table 33. Ikeause none of the 
time-trend variables "'ere statistically 
significant, projections are based on the 
incoine elastieity coefficient. 

Data on expenditures per capita, 
given in table 32, 11.re in terms of con-
stant (1962-1966) dollars. J•:xpenditure~ 
are projected to increase by 9.5 per cent 
in real terms. Thr level of beef consump-
tion in recent yeo.rs would suggest that 

the projected 1980 level 11111.y be too low. 
(See Appendix A figures A-1 to ,\-14 for 
post,var trends in actual prices and con-
su1nption per capita.) 

Eggs accouut for about 3 per cent of 
consu1ner food f>xpenditures. The income 
elasticity is close to zero. The estimate, 
based on the 1965 survey data (using 
weighted regression), was -.076 but the 
log diffPrence equation result of .05.5 1vas 
used in this study (see table 33). There 
was !l statistically significant negative 
tiine trend of more than 5 per cent per 
year but consumption appe!!.rs to have 
leveled off 1>t about 40 pounds per capita. 
Thus, the estimates of consumption e.nd 
expenditures for 1980 are hased on the 
inco1nc effect only. The estimate is con-
sidered as !l.n upper limit e.ud is some-
wh11t higher than that reported by D1>ly 



--
••• 

•• 

•• 

•• •• 

Giannil>i Foundation M OJl<Jgrapk • .Vo. t6 • MarcJ., 1971 

'fABL>O 33 

HETAIL INCOl'llE ELASTICITIES A\:ll TI:-..IE 'fREl\l)S FO!t '.\lAJOll FOOD 
CO'.ll!'l1()JJl1'1 ~:St 

lmoome AnnuoJ t;me looomo Annual time Heon .1-;..ty el-.io;\y'"• I 
'""di ""•di . 

M'°'• poul,,,, ""' fi•• """"' C..nnod_, .,P...ch.. -2.M" 
V<t11. '" p;n..pple-•.82 .«7 -0.&I 
Po•< "' O<hec. -~'" -·.•• 

'J,.mb ond mutt<>o . sn n,,"'1 n•uneo .. .l!S -s.oo••-·.Chiokoo Fro"'" . 
Tu,key. '" "" f;,h, ,,,....oi.. '"-~ 

F,eoh 
-~.oo·-~ Le<tuoo J.10'"' Toni•tooo. "' -I.IOI'170.. s.11 • 

llu<t<•.. 
Be•= l•=P on<! lim•)r"'""' ,;i, 

-3.22" Onion" _,_,,..L.,.d. -,000 -! Oii"" .019"" c"'"'" 
~,.Shor!ooin,: 

••
ruo Other  

llf•<v•ine  
llfoyoan•'"" ond ..,,.J  

-o " 
Coooed "" ,.m -1.10"''""'"• Corn ~ -1.11• ·-

Torno..,.. o.nd p'oduoto. '173Doi"'"'""""'' _, ..Mol< 0th" 
""""""'ted ,.,;!k  -a oo• Pty odiblo be•no. -1.ao•• 

~ 

co- Fro,.nvopw..bl..,. .610 "' 
~ 

··~·· -2.71'"'lee '""'m c .. ,.i. ao.d Oak..,, ,...a.,,. .. "' "' 
' p,,,,..., llico (mHled) , -~ 

-0 71Pot>.toee (ft..hl Wh..t flou• (wlutoon<\ ' " Sweet J)Ol>.«>eil (!M&ti) , -6 46' who!• ""0..<) -1.ll-~ n...,r..,.,.,,..i. -0 I! 
Co,n me•l •nd hom;ny, .. 

•• 
-~ 

-l.!18"-~S_, •n< '"''"'""' ., ,.Su.., IJ-.J and oth" produ<\a  
Cwn •yrup.  -2.12',,. a..,,,._, an,/ '""P 

Coif....p,";' .~!7 -3 1··· 
Soup, i .70'_,,..,Aool.. Othe<bovo"'8"' ·-· Bono...., ,..un "" o .......  -S.trl 


OHier 
 -•• 
1 In""m• el..tloiheo ,,.. hoao;! on"'"""""""''"" dol.a •nd \,mo \"'ndo on ti•n ....,;.. , ..i,,,;, (aoo Appondlx t>.blo A-I). 
I F>&U"" witho"t ouboc~pt >nd;<>to eoeffioiont not oi..t;ou..u,- •l.<nrn ..nt. 
• s;.n,licant ., <h• s "'" ..., 1.,.i.  
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and Egbert (1966) as shown in table 34. 
P&t:s and oils account for about 4 per 

cent of consumer food expenditures. In-
come elasticities, derived mainly from 
the 1965 survey data, are relatively low 
except for butter (.318) and Ill!l.yonnaise 
and se.lad <lressing (.285). The trend 
coefficients were negative and statisti-
cslly significant for butter and la.rd (see 
table 33). Projections for 1980 for butter 
11.nd lard are based on income and trend 
effects \Vhich result in consumption 
levels belo\v those for 1062-1066. 

The consumption of margarine is pro-

jected at current levels if 1962~1966 

average price relationships hold. This 
estimate may be low, ho~·cvcr, ii the 
current trend in prices and consumer 
preferences continues. The consumption 
estimate for all fats and oils of 47 pounds 
per capita is below that of Daly and 
Egbert (1966) of 49.5 pounds, a.s shown 
in table 3.5. 

Dairy prodnc&s (excluding butter) ac-
count for about 15 per cent of coll8umer 
food expcndtures. In this study, only 
major dairy products were analyied, in-
cluding fluid whole milk, American 
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T3e inoo1ue 1Ja:;;tici~y for mi~k ob· 
taioad fr(lm l!l65 sJrvP)' data '" :.xi 
whttb GO!J'.parts fa•·(!l'll.b]y \vith tha·, le" 
por1,eri hy Rojko (1957). Furll1llr, :H.ojko 
reports cltt ptreentage ~1ect of time per 
year &4 -· 1 32 i.'E eompatOO with - l.42 
in this >it.'1dy. Although our cooffirM-r.t 
is l~Ot ~t.aticlt:K:!i.lly slg"i Eivant, a i:Egat \\t 
thne •.ft'nd apptaN eorv;istent 'vith fl\). 
il<i1'Ved t-recids and with R~·jko's st.udy. 
Thns, t},e coiubined ;,-ic.,1ne and trend 
effectk Arv W'cd ii: pro;oetmg ron...:mp· 
tin11 t<J 1980 {Iii> indiented ic table 3f>). 

Fnr Anli!ric&11 eh\l&>t, Rojko rEportr; a 
pflfit.iv-e trend of 4 Zl per cent ,,.bich 

c\lmpn«!! with 4.20 in this sludy. H\lw· 
\Iver, our \ur<::me elit!l!icity from cro~­
k!Ction dlll.L <:t .249 diff€re ir.ttrkedly 
from. R<>jko'!! time..;;eries e"Jturmte of 
- .WJ, an estimate that 'vil-li nt>t statisti-
cally ,,:gn)ti<::ant. Fer pro;«:tions to i.980, 
tht Nib mated level, t-~ on the inoorte 
t!Mticity ruid $lgn'.!lc.a!lt ti:ne-tmr.d 
t!Tec:, was lZ.O.f pmiud::s e.ntl (:nly G.78 
µoundE bated_ '-'" ineorne ~ff>Mt t1lone. 
Tl:e!re "~titnaw~ >1-m-e averi.ged te obtain 
tlu; 1980 i:on!ll_imptCon J<Jvel givEn ia 
tnbl<l l!U. 

f<:Sdmated co1~;;11tnption of e\'apomted 
1nijk :s based'-'" a ~h;itiffitically slgr.lfi~al\t 
negative timt trend obtsinOO from time-
Eeries 11110.iy;,,r. The inc(IJlit tlt1.Sll('ity 
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;J't•<t- ;.,.re-"""'""" O'l"-"l ' ' i'><\ "'' ,1.;,,.,,;,.n ••-· · 

I ;:,.,;"""" fw <>(!#.. ,i­
l'<>r6t>-IU• ,.,.,_ ""'""'"'" "'IWl-l w 11,., 1t>< '"""•'~"''' "'"k-

h l4<iM>-w r"' ;m,#r....i ""!k. 
"Al'.,... of"""'"""" b-1 on ;n<»m• (1(1 001 •ml!""""'' •M vtncl <!~ <ll. 

"'t~ D~""'...i •bou\ 1960-!llll' lov•I­
;; &\!m•t.. for Moi•t ,l,y o>ilk, 

(Mlown in li!.hk ~) was \!Ct !It z<'nl 
&lth.augh the r.;ooirr.eetio.11 data for 19&5 
provided fl .ll'igati1'<o income cl11!!'titity of 

.674- it is m;pecte<l that <0<!1f-J.i:-;ptior. 
·11ill eo:1t:•1<J.l! to dre'.i1:e in the fu~ure, 

E$tiinal"1 wnsun)ptivn Df ice cr11an<, 
hal!Cd Qn t<ll income cocfficicn t, was ZQ,66 
pound~ u.nd t-ba; for '.ncnmc t1-.-'1d a &Ulti&-
tica!ly ~ignificant tir.-1c ~d was 14.-H 
po11nd~ Tf.ct1<: estimaWii were avem~ 
in maklug projm:t.ion;; fot 1900. 

}'Q\at¢&s.-T't'r eapi:.a cons11:nptl0n of 
{)!JUI.Wee and S'NOOt pl'.ltllt~ ab-011ted a 

deeli::iing tmru:! d-.ir.ng the poot1Ynr 
period (r.e(! Appondix figure A-5). The 
det'Jine in fnxtlt pots.too« Wel"t' &m:lewhai 
offset t:r iocreaw-J ID ~he eord'lumption 
rif pruce-sood potaoo products, fil\ptcia.1ly 
chips ilncluded with fresh) and frotetl 
french fries. Retail prices fot fresh pot.a· 
toe;! and sweet pota:.oes incretwld over 
the )}€"-riod, oontributi"E to ti-:"' down~ 
t•end Jn 0011;1111mpt:0n. 

'!'he lnoome t'la4V.ity e-oeffieWnu a.re 
from 1%5 ii!Jl\'f'y da!a. The rlMtklty 
D-Oeftieier:1;, Mood on tl:e 1005 i>urvey 
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data, W(,,"V .008 for µols.loos s.nd - ..'.Si' baud on renent t-Nnds in c-Ot1$umption 
for t"-'*t po'..11.toc~. F<Jr projf>!~OO$ tQ Sweete11ors (eutadin,-llOlll:Alorica).­
19BO, the oomb!Jicd _.tT~t of ine1;me rttvJ SugM is the rnajor it.t>m ln this group 
time \.rend i$ u>ed for fresh po;,atoos .ar.d that acoounts for mor.; tf-Jtn 3 per ~en t 
!w<Hit potatuc1 (V,i;ble 37). Tht ooliniatei. ol consunw.r food expeuditures. Con~ 

for potato p.rod~1cls are J:<YJgh fml,lma!.es t'Jmption per capita !111s rrJmair.ed rein­
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tiv1:ly constant at ebout \Yi pounds p€"r 
e;;.pita_ T~ lneOlnf elMticity filr sugar 
(Rnd also for nom syrupi is ~ed ar_ 
1903 SUT'r-e}' di.ta 1>·ith the eoeffieia:1~ 
obtained by a ;og d1fferoooo equation. 
The fmnual time trend oht..ine<l from 
the timB-&Jrles dAhr. an&J;rllis was not 
ttatisticsll:f significant. P.rojectio1:s, 
thITT"dcre, are b!i.>ed on the L"lcome e4.>· 
~klty eoeffie:itnt ffe.tt:d the f}."tlje<;"'d in· 

crease in per eapit& dispO&l.ble iacome 
(table 3!1)_ TOO &tm!l" &ppr;:.ach W&li ured 
for ecru r:r-rup Th(! t<Xcli;.>ion of non-
falor;<.: ,,,.-4('.tt'nerr, :li<! demand fgr '>'<hich 
nu ~ ineri'aSlng, is &ll important 
JimitAt\._,., en ihe pcm;ible &ll1luraey of 
tb.w pro)&ctioni; 

FrWU includn a rlr~e nur!lber of <:orn-
F.iodi~e!l, but stati<;!Jr-&I 11n1>lyses were 
mil.de 011 only a few oI the i;npcrtant 
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1'llllLE 40 

VEGETABLES: COl'SU)..lPTJON, PlllCE, Al'J) EXl'F:!'J)JTIJRF:S, in62 Hlli6 AND 
rnM 

Con•un'"""" Ol<f c.1>ioa 
E•penditu.-.. pet '-•PLlo 

11'02 l ..Gdolla"'l19'!0 "'tjmute b11•ed on: !ktai! pciceCommodity 11162 li.. 
IU62-10!6 looomo n.1,--looome 196'-1900 1980.i...todly '"''"'"dI I "'"''"'" I 

,,, •••• 1..1.;1 .m,11) <loUo"""" 
v.,,tab1., 

F,..h 
Lcctuoo 19,()l 20 21  
Tom•toe• 10 ,,  I I_ 19 32'" '"00 "' "'' 

' JJe.no, '""" 11nd hrn• ' " • ' " 
Onion• "' 10"'i4 "" ' " 00Catrnt• 7_31 ' " ' " 
O<her 7.f~"" '"' "' '' 10 '" 00 ' " 

,, 78TOTAL H ITT 11 OB 
Canned p,., j' 1i IB 70' 00 ,_.",.Corn "". ' ''Torn•toet" wholo "' 13.90 ,_.•Tom•to ptodu<l• '" "' 14' 10 3 7i'' !O' " 

"" 2s 00gsOthe• 10.3< ' " ' " 
TOTAL tt 07 1L42 

3. 71' 00 

33 ,,31 13 

"' 
; Jf, 2.30 2''' 

TOTAL 3! JO 

' F."''"'"J at .2S "" comp.o,..d to _17 for """""" •·liole tomuto<i!. 
I Con''NIOO from lam> W .-.taH """' foc\m of ii 2. 

fruits. About 8 per cent of consumer food 
expenditures arc for fruits in fresh, 
canned, dried, and frozen form. The 
existence of many commodities and 
multi-outlets prohibited a detuiled ana-
lysis of each item \Vith the adopted ap-
proa<'h to demand analysis. The fresh 
fruits studi<"d include apples, bananas, 
oranges, and all others. The demand for 
prunes wa.s selected as un important 
dried fruit and frozen fruit 1>.·as taken as 
an aggregate. 

All items sho1ved positive income co-
efficients based on weighted regressions 

of the 19fi5 survey data except for 
cB.nned peaches ( - .002) an<l dried fruit 
( - .043) for 1vhich alternative estimates 
were used. 

Projected consumption levels for in-
cluded items are based on income elas-
ticity estimates except 1'."herc trend co--
efficients also were statisticully signifi-
cant (canned peacheR und prunes)_ 
Other items 1vere 11.&~umcd equal to 
1962-1966 per capita. consun1ption levels 
(table 39). 

Vegeta.bles account for more than 8 
per cent of consumer food expenditures. 
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TADLE 41 

CEREAL At-;!) BAKERY Pil(llJl:CTS: COXS!L\IP1'J()"/ AXD EXPE!>.-DITURES, 
1002-1960 At-;D 1980 

"------~~----~~~~~~~~~ 

! 
-----~----

11801Income--1 Jnoomt ""d 
elMti<i<y trend 

"""""' 
l---~---,,----1-----~---

Rk:<, mill<J 
Wh..t flou,. "n;u: •n•I •·hole 

whe•(. 
Breakr..1 .,,,...,.1,. 
Ca,n m"I •nd ham'"> 
B•...t ""~ ""'" o"Xlu<ta 

' t8 

IDS 20

'.
' " 

TOTAL 

'"' 
II"'<S,. 

Ji.er.! 

2 ,JO 

".
'" ". 
,, ,, 

• ll...d on tho rnl•li>• imp"'tnnoo of <•pendituu:• an .,.,..1, ood b•k"~ pH>:iud• in th• l!LS """'""'" ou•v•>"' o! 
ll>lll •nd ,,... iH'"""rn. 111<1'!. p. 1721 of 2 <8 I"''"""' of t-0<al ••peruUtu<es. Thi• l"'""'n"'"" wao appL;aj to the ave..aco 
of d;,poaable ;ncome ;n 1~11;1 •nd ,... of l•.300_ 'rh• d,.tnbution of ""P""d;tu""' by item,. b.-.! on da(a fN)m the 1001 
'"""'Y-

t With oonotant p,;.,.,, th• change'" ••pend"u"" '' prnpa.-toonal W th• change ;n P<'·<:aPita oonoumotion. 

As 1\·ith fruit, vegetables are sold in edibk beans and froun vegetables are con-
many varieties and forms but only a sidered also. 
limited number of commodities 1vere Income elasticities shou· considerable 
analyzed separately. Fresh vegetabks in- variation, with frozen vegetables esti-
clude lettuce, tomatoc.'3, snap and lima mated at .610 ns compared \\•ith neg-
beans, onions, carrots, and "all other ligible income effect, for example, for 
fresh vegetables. n ()anned vegetabks in- canned peas. Several vegetable items 
clude peas, com, canned 1vhole tomatoes have statistically significant negative 
and tomato products (product 1veight), time trends·-such as canned peas, fresh 
!l.nd "all other canned vegetables." Dry beans, and carrots (table 40). 

TABLE 42 

BEVERAGES Al'D SOUP: CUNSC~!P'TIOI' A~f) EXPE:-OurruRES, 1952-lflOO  
AND 1980  

t:xpendit~;e• ""' cop;taCon•umo«on ""'"""'"' I --- ·-·---.' Co•nmod;l,- rnso ..tom•<e.......,., on· ! Ave'""" ]!!OJ• 
lnrome :O.ly- 1166 

.1..ticity 

1002--1160 loo:land 

I ~-· 
! 

doUo""""""' 
Caff... g'"" bean eouh·alont 
$oup_ 
Othe• i>ov""""'' 

TQTAL 

,. ,. "" 
 15 54 

17' '" 
oo
'.'" 00 

i3 ~5 
-

ID 01.., 

• 00 

2'.1.681 

"l'iith <O'"ltan\ """'"the eh•n•e '" ""penditu""' io ""'Nrtional to the oban.ge ;n ,..,_..,.pita o~n•umotion. 
1 B.-l on rt:l&t.•o irnf"""""" of e>pend;tu•eo on no...,lcoholLo hove,...,'" \ho HLll con.um<• •m;eyo or 1!1611 •nd 

I~! (Heim""'· 1168, p. l 72 or LO!S por "'"'or totale<penditu,.._ Th"' P"'""n'- ..-.. appHed to th• s.v<""'oo! diooo,.ble
iD<Om• por capita in IQ63 and 19!! ol $2,3.1<J. Tho di•"ibuhon or expend;tu"" Oy ;;em,. b...d on da(a from th• 195.l •un<y. 
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Conrurnption level;; in 1980, ru;sunJ.iug 
et:mstant priNB at 1962-191)6 Jewls, are 
projected to increase for nwiit vegc:.ab'.c 
prodi:cl.a·~ecO.llly (or frotoo ~l.ll­
ble ;te!YJi, Df'.crmses: a...., EXp;l(ted in <::::m· 
sumption per ea.pita of dtlOO, rdible 
heal'IS and lttrr.:> suth ru, catned peas, 
wr..ere frozen products w~l! 1Y1plw:e mat· 
ket demand for the produet. f.xpendi-
turct \n 1980 a.re proje<,ted to incl'l."ase by 
6.48 pw cent. 

Cel"fl-.ls and bakery prmioets &t"caun~ 
for about 15 per cent u£ tOrit:WJ1tt food 
expenditures. This group posOO diffieul-
tiet; for anfuysis b«:.luSI\ wrt.e.in itenra 
eud1 tu; whffit flour &re pur<hn.!:-Hl R1! 

such by the eonsuu-1er hut 11.l~o l$ used in 
pr-Q('et.Sed product..~ such ag bread and 
baJ1:try product$. V•'c analyzed four 
itell'l.1 -m:!JOO rl:_>e, wb;w i>nd whcle 
whest flour, L!Mkfa>;t ~a-ls (taki;igtho 
prle? of corn &.kas 11.s represeetatlve ;;f 
;i.!I items), and c-0rn ICeal a..'ld hurr-Jny 
(WJ!ng tOrt• n'.IWI priues)_ Bread <1.nd 
other bakery products were lntlud-00 by 
nsiui:;- the diroot elasticity of ~.150 for 
cerea6 and lm.kery product!> IJN:d In 
Br;;.1td<'H• ~1961). 

Tfre inconu- elaEticity rela.tctl to rM&>· 
eect-:nn d;;.ta for whffit i!(alt pureha-'ied 
as wch. The time.trend e<:ieffieitott;1 ob-
tained from time..se:riei! 11J'l&lyttl' of f'.JlCh 
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('.On1n1odity u;;ing log first difference 
equations, arc nega.tivc CX('ept for milled 
rice_ Although not statistica!ly ;;ignifi-
ca.nt, the;;e time-trend coefficients plus 
income ela.stieitie;; arc used to adjust 
base period expenditure levels !.() lVSO 
expenditure;;. This appeared rcas()nable 
bccau!;(! of cnns\unption tr('nds in recent 
years. These estin1atcs are given in 
t.able 41. 

Beverages and soup.-(_)nly two ('Onl-
modities, coffee and soup, 1•;crc ana-
lyzed based on survey and time-~rics 
data. Another item, "other nonalcoholic 
beverages," 1••as included since expendi-
tures are important as based on the L. S. 
Bureau of Labor Statistics consumer 
expenditure surveys of 1963 and 1966 
(see table 42). In projecting expenditures 
to 1980, the income elasticity coefficient 

alone "-as used for coffee and soup, al-
though the time-trend coefficients 1•1ere 
statistical!y significant. This jud~1nent 
fact-Or 1•;as based on inspection of recent 
trrnds for these commodities (~ee Appen-
dix figure A-15). 

The summary of per-capita expendi-
tures for I 980 is given in table 43. The 
distribution of expenditures changes 
slightly 1vith the 1najor dollar increw;e in 
expenditures (in 1002-1966 <lo!lars) for 
meat. In 1962-1966, foud expenditures 
accounted for 18.6 per cent of disposable 
persona.I income_ 'I'his proportion is ex-
pected to decline to 13.5 per cent in 1980, 
assuming real income per capitn in-
creases 42.8 per cent and real food ex-
penditurrs per capita increase by only 
4_4 per eent. 

Conclusions and Implications 

Conclusions 
The maj()r conclusions, based on the 

results of this study, are listed belo"" in 
the order in which they are discussed in 
the text. 
(1) It is possible to obtain a demand 
interrelationship matrix incorporating 
the ideas of neutral "'ant association and 
want independence. 
(2) I<'or most commodities included in 
this study, the behavior of marketing 
margins appeared to be a linear function 
of the retail prices. One advantage of 
this specification is that it includes both 
the constant absolute spread and the 
constant percentage spread as special 
cases. 
(3) Both the intercept aud slope in the 
relationship expressing price spread as a 
linear function of retail price did not 
show significant variations over sea.sons 
for most commodities. Only four com-
modities showed seasonal variations 1n 
both iutercepts and slopes. 

(4) In general, higher incon1c groups 
tended to consume bigh-qua!ity product.ls 
as far as quality can be measured in 
terms of prices. In the cases "'here qual-
ity elasticity \Vas negative, the prices 
paid by the upper incoine group was lei<S 
than tbe prices paid by t-hc lo"·er income 
group. This 1nay indicate that quality is 
only one of the factors that influence 
average prieC!; paid; other factors aro 
ahility to obtain quantity discounts, 
facilities to shop from 101v priced arens, 
and direct bulk purchases from farms. 
(.5) \Vith per-capita quantity consun1ed 
as the dependent \-ariable, economies of 
food uo.c "·ere revealed for four com-
modities and diseeonon1ies of scale were 
revealed for seven commodities. II01v-
ever, when per--cupita expenditure 1vas 
the dependent variallle, the nuinber of 
commodities 1vith ec()nomies and di~­

economies was six and three, respec-
tively. Economies in food use '"'ere more 
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predominant in per-capita expenditures 
than in per-capita quantities. 
(6) l•'or most commodities, incon1e e]ag.. 
ticities did not change signifirantly be-
tv.•een 195.5 and 11)6.'). Though there v.·erc 
some readjustments in the quantities 
consumed by persons in different ineon1c 
groups over this pt'riod, a redistribution 
of population in the income groups offset 
some of this effect and the net result v.·as 
that only seven commodities shov.·cd sig-
nificant.!y different inco1ne e!ai;ticities 
for these two years. 
(7) }'or most of the commodities, a 
relationship, linear in logarithms, be-
tween consumption and income shol'<ed 
significant regional variation in the inter-
cept over the four regions, '\\'hen quan-
tities 1vere the dependent variable, 31 
commodities sho1ved signifi~ant region!ll 
variations in income elasticities, 1>;hile 
the corresponding number was reduced 
to 24 1vhen expenditure "·as the depen-
dent variable. 'rhe existenee of such 
11·ide varialions in the coefficient,~ of 
income-consumption relationship over 
the different regions makes it necessary 
to place emphasis on regional estimates 
rather than an approximation to national 
estima.tes "·hen a study is intended to 
analyze regional dem11.nd chara.cterist.ics. 
(8) Projections of per-capita consunip-
tion levels and expenditures &re de-
veloped for al! major food iteins. The 
aasumption of constant prices at the 
1962-1966 level a\101ved estimation of 
consumption and expenditur~ in 1980. 
If further rese1<rch on supply respon~e 
at farm, processing, and retail were avail-
able, the constant price assumption 
could be relaxed to n.11011• more realistic 
price consumption and expenditure esti-
mates. 

Implications of the Results 

Implications on metbodology.-The 
implications on the methodolog}' of de-

mand analysis prec;cntcd here an• not 
ba~ed on theoretical ronsirlcrations a.lone, 
r1<ther. they provide empirical ~upport. 
to so1ne of the existin~ throretieal 
analysis. 

(!) It \\·a~ concluded that grouping of 
household~ iu::eording to income groups 
does not roustitute serinus lo~s of preci-
ion on the c~tin11<tes. i\.s !l.Ialin,·aud 
(l\JHG, pp. 242-±6) points out, the loK~ of 
precision lvill be sinall if the exogenous 
variables are hon1o~eneous 11·ithin a 
group and if there are at least ten groups. 
The results indicate that the cla.o;sifica-
tion of houBeholds, 11ccording to family 
income, into t1velve income groups in the 
1965 household food consumption sur-
vey is appropri1<te. l'or such cross-sec-
tion studies, if the objective is only to 
obtain the incon1e-consumpt.ion rrlation-
ship, it is enough to retain datB. accord-
ing to income groups. 

(2) 1\ltboui;i;h it can be argued that in-
come elasticities obtained from time-
series data may be 1nore appropriate for 
projection purposes for most of the com-
modities included iu this analysis, in-
come and prices were highly rorrel&ted 
and, therefore, est.imatrs of income elas-
ticities obtained fro1u the time-series 
data seemed to be inappropriate. Also, 
the income elasticities obtained from 
time-series data reflect short-run ela&-
ticities. Cross-~ection de.ta provide esti-
maWs of income elasticities that are 
generally considered nlore accurate than 
those obtained from time-series data. 
This indi~atf!s that it may be appropri-
at~ to use a combination of cross-section 
an<l timc:-f;('ries data for estimatin~ de-
mand interrelationships. In other words, 
e~timat.cs of income elasticities can be 
obtained from cross-i;ection data. and it 
can be u1:1ed as 11n eJCtraneous estimate 
for time-<ieries analvsis. 

(3) Comp11rison of income elasticities 
obtained from different cross-section sur-
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veys requires that thf" effects of changes 
in general price levels an<l the effects of 
a redistribution of income ovrr the \'ross 
sections should be removed before Hhift~ 
in income ela.stirities can br nnaly~rd. 
The estin1atrd income elasticities \vill be 
inlluenced by the level of priees and 
rehi.tive proportion of individuals in dif-
ferent. income classes. In this analysis, a 
graphic approach \\'as u&ed to convert 
tbe 1965 distribution of ffilnples into the 
1955 price levels and an illustration 1vas 
provided to shO\\' the implications of 
redistribution of incon1e on aggregate 
income elasticity. 

(4) Analysis of covariance 11•as used to 

test the variations in income elasticities 
over the regions and to test the sea.sonal 
variations in margin relationships. Ag-
gregate income elasticitic~ can be ob-
tained as a v<eighted sum of inl'orr1e 
elasticities for different regions. Ho\\·-
cver, given an aggregate income ela.s-
ticity, if there is reason to believe that 
regional variations exist in income elas-
ticities, there is no method Lo disag~re­

gate for regional elasticities. In such 
circumstances, for regional demand anal-
ysis, it may be x1ecesf\liry to obtain 
regional estimatt's instead of approxi-
mating it from the agg11?.gate estimate. 
In this case, disaggregation of an aggre-
gate income elasticity int-0 regional 
elasticities is a more important and seri-
ous problem than the generally recog-
nized aggregation problems. 

(5) lJse of the first differences of the 
variables sometimes may improve the 
reliability of the coefficients appearing 
in the demand functions. In the present 
study, the demand functions \\'Cre speci-
fied as linear in logarithms of the vari-
ables and linear in the first differences 
of the logarithms of the variables. In a 
numbt'r of cases, the first difference 
specification gave demand equations 
f!litisfying a priori expectations of signs 

and significant rot'ffiicnts. In most eases, 
a higher R' '"a.~ obtained \\·hen the vari-
ables we~ in logarithms rat.her than in 
log differences. Ifo\\·rvcr, thr higher R', 
in the \'!l.i'C of s1in1c C(JUations \\"ith 
logarith1ns of original variables, could 
~ partially explained by thfl high inter-
corrrlation among snmr variables ap-
pearing in the equations. Also, in some 
cases, when the logarithms of the origi-
nal variables were used, the Durbin-
\'{atson statistic sho11·ed either the pres-
ence of serial correlation or it fell in an 
inconclusive range. V.'hen the first dif-
ference of the logarithms of the original 
variables 11·erc used in the regression 
eqlllltions, both the intercorrelations and 
serial correlations >vcre reduced. Thus, 
specification of the regression equationH 
with the first differences of the loga-
rith1ns of the original variables iinpro,·cd 
the statistical properties of the estimates. 
].hi~ reHult is in \'<Jnformity \vith ]'arks' 
(1968) empirical comparison of alterna-
tive functional forms of de1nand \\'here 
he concluded that the specification 
\Vith variables in the firnt differences of 
logarithms (referred to as the Rotter-
dan1 n1odel of Theil and Barten) gave 
the best statistical properties among the 
models compared. 

(6) Frisch's procedure for calculating 
all the direct and cross elasticities im-
plic~ that tht' utility fullctiou is addi-
tive in a cardinal sense. Although this 
assumption may hold fnr commodity 
groups, it may not be true for all the 
individual iten1s of food. Therefore, 
,vbcn the goal is to obtain a demand 
interrelationship n1atrix of the type dis-
cussed in this st.udy. Frisch's approach 
alone is not M-tisfactory. It 1vas demon-
strated here that concepts of ordinal 
separability can be utilized to identify 
separable groups and, among the sepa-
rable groups, an assumption of strong 
separability per1nits the use of I,'risch's 
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appn::m,;h sun, the approach u~cd here 
Joo~ not ha.ntile '.he ~hnu'.ta1n:1m~ nature 
of demai:ti roW.tionships ~iuef' Un· pro-
cedure •i~cd in th<! preseur. ,t1Jdy m based 
on e. i;ingle oqUllliun npproach Tlw sclu· 
tion of d<Jmand eq'..lw.fh)flS incorpo:raUng 
the ti'.llul~ancous calnre of deJfl1\nd 
,.;'l!l.~terii>tic0- and the clu:on,!icitl re-
$trit'Cions 011 de:nand p1L"Hffiet('l'S may 
Qf~.en lead to !he <;C>!ution ')fa nonlir,eer 
:system of rquatmn<:L \Vhcn the rn:mber 
'If oommodi~ies int'luded :n the ft.;udy i3 
lnr;e, 4;; in the pteswit c11se, the it()ra~ 
tive pr.;('(!durus u1red for Llie &:•:u~lcJn of 
the nonlin;;at 5,f$ten1 wlil clteit btcoiuo 
cumben;;om(' fr,uugh not illlJY:S1';hle. In 
ir.ich ()l;.i;t<;, nfton it rr.n.y becnme nece;-
S&ry t(> detern1ine a. trade-off betwten 
inelud:ng more commillllty details nnd 
tstimating demand pat;llnat"'rs tltroogb 
timaltaneous relat\on~'.~ips. 

ImplicaUons cm dcauwd PJVIWltilera.~· 
Jn e.dditi:)ll to the f.iMors poir.tOO out ln 
t:ite text, heru are Wino:> v.sf"'tl~ ;;f th!' 
rc<ml!s which ,:!l.ll hB gi;nerali~ed: 
(lj Altbnui:h the in("OftW l'la..~tl{'ify frw 
Wt!l! food :.S 2mall, 1vit!,; variation~ ridst 
flmvng differe:1t food :terns. Fur 00111~ 
111odlcies ~ueh ac !urd, ma.rgar•ue, Cl'll.-
porated rni'.k, 4WWt pomtoe~, b<:>11.u11, ru-,d 
bread. the iu1:n""" ela5titiciue~ 1VC7C very 
elooo to ~ern, ,,,h;Jr ftt4ell fruit$ ar.cl 
fro.tea V'l'getable6 had :nt(IOl!.' t!a>tk:t-
ties of nmre tlcan 0.ll. The e!aw<fication 
of incoine eb!sli<:iti~s. nccor<l;ng to their 
magnitude, prMl<:'nted in tllh!e 14 may 
be IIB<)ful for mlll'K<.'ti:ig rr~uageN in 
lerm" af planuinr; th<'i<' ,-.,11,,rkctint; str.;t--
.egy alth?qi;h IG'•tt' df'tli!le<l fil1a!y~& 
111ay be needed . .Similarly, the reg;ioncJ 
chll.mc1erist1~s of inron:e ronsurnpti41! 
re.Jatious:iiµ will t;,..;p inarketlng m.aoa-
gers to determioo tt'lc nature of emplmhl~ 
to be µ!ared llp<in difff',J'(·nt regions in t1w 
uverall rna:keting pt0gram. ."-l!lO, fur 
tt<'flt comn1oditic4 st<>wiog eton<"rmit?!l or 
di4i;;co:iQmies in conliurnption pettern, 

eha.':lge~ in h•mily ;;trueture also wiL be 
an imµ<J:tl<nt cun.•irlt:n11;io;i, 
(2) _\ u <'rtli:n;i.te nf deluli•:d lnk-rrelationM 
i!hipo i~ ITqui:cd for m.acy pclit'Y cieci· 
~ion~, ~JJe<:il>lly in th(· arl'm'! of oopply 
eont:rnl and d>'mand ndjustrncntll, Our 
dt:,,l!n-.<l inte!'T<'laiinnsl;ip 1natnx lil for 
clw llnitt!<l Statf'S li.ll & whn1c 11nd. a_~ 

euch, it is applirahle ouly J.$ an aggTl~­
gau- rf'iationship. Variat•on!'f amcng rt~ 
gions tu:d prr•ble1n1J. of di~f'gll.ti.ou 
1r.a.k~ it Cifiltull tn diorivl' sirndur d,,., 
ma.nd htttrrtlationship5 fuT different 
regiHn& dil'ectly from the e&tinllt-<'~ fc:r 
the !:nitcd States as a ,.,.h0Jc. Thertfore, 
1vl:en pt!hty decisiOliii are rastrietOO tu & 

statt (lt t.o & regiDn, it ma.y he nN'e>-Wy 
to obtain ~parate regioua.I eiiirn.atv.r cf 
dcim.nd 1n:e-toluJiu:v;hips. Ano~.her M· 

pco~ to be k:;:;:;t ;,, 1ni:-1d is thet the 
procc!s of rynth(!>))~ adopted !.n nbtaining 
ttc indivl>J;;i>l cO('ffitienis appeilring in 
tht' in<errell>ti::in8hip n1atrix L; su~Ji that 
the esli:nnlei ei>nnot Lre (OfJSi<.:le-red as 
pre(•isc. Alli:., it ls not po•sib'.;:; to obt11b1 
a tr-'"asurc (1{ &txurocy ll.&JOfiavx:I "'·ith 
many cuf'fficients. Howcvqo, theoo '.imi-
L'l.tlc1i;1 !ray nvt red(;~ the uoofulness 
of ~hi! nm11l~ fl" thr:y are :ntvnd.od to b.e 
mily appwxima:.e relativt<<Jl<ips. The aii.~ 
il'Jmptivn~ tIBed ~n obtaini:ig a £J:a:ic 
cil!llll<n<l lnicrrelt.tk,;i;,'.iip as ii: tahll' 4 
i:m!l<l be n1od'.lied to inccrporatl' dy-
nITTnie e1e..•net\1~ n..nci tlicre n:o:Jified <.ll:'li· 
1nat~ euu.ld :ie useG. :'or pro;!!!':iug the 
de1ru:i.n<l interrelatinn$hip? in a. ~uture 
pttio<l. 
\J} The 1:onrtjb!',tior. of the hyµo1Miw; 
ti:1a.:. ftur.t retail $J:!ft'Jills can be .ei. pte1'¥'tl 
a,; 11. iir.ffir iunft\Hn of retn] prices >;1per.s 
fl ;n;mber of \ntcrc~1.:ns: &S))U',U\. l1ernand 
theory haii often emphwiwed only retail 
markets and, t..'icrefore, mmt.; tJ1oori~s 

art bruJed or1 u.tail prices .iad qJantitilt 
00118U..1Jcd by the fina: ~<}llSUl":l~J'S. Th!l 
retail 1narkot is m:1!y on(> :ink ln t.1.11 
pipeline joining produters 11nd cor.-
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~t~n-..;ti, llJlri .i, th('Dl'y ,,: rnnrkets w!Jl be 
wmplele oaly ;f nli tl¥J d'.lfe:oot link>i 
SJU enr>cidi;nxL In particular, lt w·mild 
bu ccn•-enkmt if the demm1<l thn:ror.tcr-
IBtie; at one level of '.Jie nia.v+:et <'.'.<luld be 
eot11rw.ted frJm R ;.1~01vledge of <!OTre~­
pondlng ehnractoristics at nnother h1vel 
of the 1nnrket It 1vas in this <OUnnertion 
L'iut. the farm :eve! elast'.oltie.;, wen; de-
r:veu '.row re~ail le.-e~ elo.i,ti~1til'5 nlring 
tht> eloi!lieity of pri<."<: tran"mis.~iun. 

Sin'* mnr11)a dnta W\!CTJ not u':ailn.bl<" for 
all the "qn>m?d;tie~ included in the 
µre1rent study, ft<rm !<eve] el::wtititi~ 
"'U:'e <.lerived fo; on:y a few non11nndit'.($_ 
l-loWBver, 1vit.11 margin data t'rir all cnm" 
n1o<litiffl, it i~ pussible to obtain n rnm" 
plete dE'mand int.er.e-'.stion11hip m{'~ri;; nt 
t..-'ie f11.rm levl:ll llirr.Har t" ta.bk ·1 

Suggestion1> for further reU\liit<:h 
'rhis study has dra1..:i hen.,ily ir()m 

Dt·hBr demand s~uCice- anrl it is hoptd to 
serV1' a~ a :ia:r_s !or fi_;rtl1r.r ;;tuditt. {'\)n-
sidE'ring the large number of commodit.ies 
included in tht- pr('Stnt 11ralysis, lt was 
poosiblt> 01Jy -:.o fl.nl(yze s1me brood 
cht.!'iU't<"r'ktit3 oi demar:d wt.ii:h are 
;i:pplieahk W all \lnmmoditloo. However, 
in<li\·i<lulll c-0:nn1odiWJs n:a.y often ))i'>S­

oos.!'; c-ttta'.n "f*0ial th.'U'ilttt'ristic~ of 
dem.!l.ud lvl1ich. e.:i.nno~ tc brocr;ht into 
th(· irnmcwork oi 11. gencl'l11 study nf this 
nature I,imitatic;ns of d11ta and 'J'het 
!iv·ilitle& rl".l'triete.:i '.he knpo 0f tLl& 
$tudy to tertsin aspt"tt* o( Je:nauC 110111-
ysit., Heru al'f'" oor1* oi tho flWWr& 
omitled from the pu;l!i'nt i,tudy which 
llffffl" great {j::iti=nti!L f-or further r€Wftfcl!. 
(l.i While defi:iing t!:e q;;atity elllstieity, 
it waa ass11rued tht.t it r<;;prooonUld the 
difference bet,voon expenditure eln.s-
ticily a.nd qtw.ntity elasticity. The impli. 
ui.tioot. oi the n"'..tro1ption tWt qw;,Ety 
tactar&!U!Cil\,ne for the-tliff~nce int~ 
twn kiMB of ekwticities are diw·W>.<¥:d in 
the text. Sinw tf-.e eslimatc1' Di 1.p.mlity 

eli!..i!ticity (I.I:'(' derlv~-d {:Sti:na-•,('s, :he Mli· 
&l::li'..y r>f theHe estlma->es wlll dtptilld 
upon tho rellahihty of expenditure t>lru;­

ticity and quantity e4"'t:<:!ty. E\:i\iWni!i' 
uf omllt-00 variables will a_,lf>Jtt tx.th "'""" 
pe:-.dit>Jre and l!Ur>ntiiy ela.stieity. Vor 
exarnple, inchw\lln rif housch(Jld hize in 
the regrl:'S$lrir. (~qua.tions ru..~ cxp!aine.<l 
so:tie rif t-he :icgfit:ve qu11lity ¢Jw;tieity. 
l'. d!lt.& Vt(>te ava;la.ble, it w(»1ld be P''*" 
sibl,-, w identify other sigri<fimint vanw 
abll:!ll. Thot, it mny he urlul to '1Lndy 
t.1-ie i:-ff()tt of other variftblt!i infioon<'intt 
rien!Rn<.l n_;!otionship;; on qU&!;ty e)'l.<1--­
t:,~:ty 

Apart from the problem of refi\1i11~ 
the nstin11<.les pf qlllllity elastioity frrin1 
eru~"1':lct:on datn_ it n:ay be i:n:p•l!'tl'lt~t 

to study <'OHSU!T.<:-r l:('t'll.<inr in te11r)~ Qf 
,_.._..,_,tions to qunhty c-himge:s fnr iudi" 
vidua! pmdn,__.µ_ }'<;<;>d prol*&liug flnu~ 
and ms:rketng 0"$'.'u:izr.t:om; oftf''l face 
ilie prnb!er:-. o; det<trmi-:1ing thl.' ( '.1art10--
terist:cs nf thilir lini<\ prodnct8. Tn ma.Ire 
effective decisio;n& on the ultimate qua!~ 
ity of tho product offered i:1 th~ nw.rkel, 
it i;, ir:-.pqrta:it to ob~erv•' h•>w c0u.~um­
ers in difftrreni ini:\Jroe nnd ~h:itiJ cJ!l!l'!(W 
f')Q(t to producls with differi:;nt qllllli-
ties, It ls, therefore, f\1:'f:C!'l5'ity w handle 
ea.eh product ;;Qµaratcly. f"nr a given 
0orr1.."llodity, different varirt.ies (quali~ 

ties) c!l.n be identlfi('{j_ aud ~piY:lfic atud" 
ies ea1c ~ underi:aken r,o L'iO!&~l' tte 
EllLlient footure& in!luencing buyer oo:~ 
sior,i;. Most existing ti::ne-S€ries Ca.re. ure 
not suited for tt.is typio of dew.lied e.nal-
ysit and, thertiore. it is Il0.'tllsa:ty to 
devit:t": ~int ¥urveys of t:uylni habits 
;;.nd eo:i$U!IW-r renetio!IB to~ards qualliy. 
Alf;<;, it ls imprirl.ant to obtain proper 
mea.sures of qllllhty which can be quan-
tifi>Jd_ 
(2) The ;;!'!'ccv; of ir,c-on:e, hou~hold si:w, 
and region nr, qwi.nlities ~suroeil w{>ro 
anAJyrod in deta;t lt was aloo polnttid 
out that W..'111-' nt.he:r ¥.ariahl~ <>nth M 
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alw \llfh:.e-n"'°' oon~umpLion. Al<hnugh it. 
niay bi> di11ieult to obh>in dl\ta on all 
there il!4:t' >1'11, oo"'e of th<:u: \"!l.1'1 be ob-
l1<h1ed. }"<.>r r:wi.mple, the 191)5 1·0•\ilurr..p-
tion 111rvcy ubtaincd datft for th'l fflur 
$Nl.~()O~ nn,,I the eDmplete ~~t r:.f data ina.y 
he availnbte in the next fc1v yOflr~. The:ie 
dtt.W. wJI provide an cxi:cllent :W\ll'<;!e of 
n:.atl'ri!M" for 11ni:..\ysii:g tl'.t' 1¥'awn:.W VMi-
Q;tk>11:; in demartd &nd thf' interactions of 
Mm&>ns and regim>B 00 c011Tl.lmpt)on 
lwh&vior. l8Mtion of >limilll.r other fae-
tom will ecntrlb·..1te towa-xls beLl.t-r 1111-
demlanding of conor.1mptioa bvl-nviur. 
(3) ."-nother &rea of theoretical nod em-
p1rirnl rclrvan~ i~ the apph{'nti(ID \lf 
8<7pll.rJ.bilily ~(,nceptl.! in oh'..ah.ing dc-
ma;;1d interrt>ltttio:Js'.iipt. <lur llr¢iy~i:l 

ro1nbiued ;;&N)inal separal»lity n•:d Q;di-
ruJ;! B\'fl"Tlib'Ety. The m!lJ<JT pr<Jb!cm :n 
nBi:<g o«l\Iia! >->eparab'.lity wu:nptivn 
a'.Jn<: 1n estimatir:g a ;;imu!tuncous SJ-'3---
t~m of d-0n111.nd equat.i<JH!\ is thll.l· ·.vben 
the numlmr of commodities is lurgo, the 
r(·~ulting no:>liuear systen\ i., tliffi:;;:ilt to 
$<\;Ve. Alfn, it i1> impur'Ju1t to abti:.in 

Rt:tit.:.blr ;:rit.-:r-l< tu grot:tp the <'On>nx.di-
t.!ffi in.to ,,;•~ral:>l" group,i. 1'h1.15, ldenti-
tication of pr\lf..:·r sepii.rahk !l'fflUPf! aud 
e.«tirm.W0n <'ti~ris <U'I;'. tu» prom~'!ing 
t>l"'----1.f vf ap:;:i!:ffi e!ati~~iti4! t'M!<::!tttl:. 
C-tJ1nµ11...~isnn <Jf re;;nlts o'.;tained /rc>m 
~\11;h diffc!'ctJt. inrth(•<l~ to <leterinine 
their relative ac1:urary '"ay bll a related 
oopir 
~4) A.'UVle op;>crtu:.it1e;; exi:Jt f,ir re-
S>!areh i:i the urea of price &pttit<l;; Our 
ruialytlli •::ss 00.'\Cd on one part!,,ular he­
hs.vklruJ rclati11nstHp hetW1'en !arm kve! 
prire;; and ...-:ta1! price;;. I~ is pu1tiblr to 
ex:end t.hi~ !lll!i\ySi~ t-0 i-:-iclude a llUJ!ibf'r 
uf other int('rn1ediari<>s sprtifying their 
::.F.hav'.nral rl-.arartl'ristic"' J.L;o, i:, may 
be pn!#ih'.0 to t:y :ithe:r '..;11"11:~ of 00havi--
0rll! 1"<':1ri:':on~!iips :;,nd t~I r..:!llp!irn f.he:.e 
fcrinB >;'>lb lho results obtained from 
thi~ f't1:dy, Poosib!e genen:litat!ons (rurr. 
ti~ behavioral ~tionshi;;s w01dd !z. 
a valuable addition to the pre<>en~ 1i;1:ier-
st.anding of \Jehavi'-lr of diffl.'rent mfl.r-
keting gr0ups and the ~cchnn~~r::i_ of 
>*~ling prices in tlie roor:.O:rt. 

APPENDlX A  
Sou.rce cl Data  

Crms·section data 
ln the pre:9ent study_ \VC have made 

eJ<tentJ.ve ilii" ;Jf <le.ti. frun1 the h11w,,-.J10'.d 
eonimrnp~ior_ ~9r..-ey5 in 19&5 a1u:I t005. 
There tn'Q surveys \Yenc ened!letvl in a 
Sy-¥tenatic ID$.nner iilld they h11ve roony 
!l.$?t'¢~ ln t'(lffi!:lOE. 

'!'h-e 1900su.rvey. (l!SfJJl, !tl!W) pro-
vides dB.ta "ll food con8un1pU<n1 by ;;li 
househvld.$ during the i;.prinp; of 1055. 
The ohjeetive of the ~urvey Wtli' li>tnd 
Ill.I "to oht&1:i eurren~ itJo:rmat:on en 
pw.U.trne of food cons.impti<>n, expen;:l;-
tu~ diew:ry levels, and hoo11:hoW food 
prac\,k"OO. Tl:ie houwh(11d.s 1vnre grooped 

(I) by region-Northeast, Nor-th Cen-
tmt, South, and \Vest, ; (2) by 
urbanil!atinn---r1Jml fa1r::n. rural non~ 

fami, ;;,r.d u~h4:i ..-Jtl.ir: e&cli rvglmi; and 
(3) by aeveral ftsmiiy ;ncom(' elaucs 
\'iith\11 regH)ll-l!fblmizaticn u;legont>J." 
_,\ deo<oriptlOll (lf th1' 5urvey, prO«'dum> 
fer 'tror..:ih!!: wit.1 <·h'i' data, a:1d C\l\r'lp;a; 
of U!le of the data ir. eeonomie attl!.lYNig 
are 11vo.ilo.ble in Burk and Lanah{Ul 
(1\:158), 

The MU.tpll> !ncluticd C,060 lm;1,,..-
hul<l&, nclecterl frorn n huuse.kli'eping 
populatios of abour lfi3 million civili-
{Ulll. '.<r.1t uf a t-0tW of 162 n;;:l!ion, !,\mil-



lio" P,.'XlJ.!IO we-I\' e:><('.uded bft11wie t!iey 
t:,-t<l in i\. ltm1S<::.oJd Jl(•t hav1og at lea&•, 
Qrte j:mt&)!l who ate ten or ~ mfmls 
ftom tht OOaaliold durlng the ;:;urvey 
wei:k or be('!l.11'><' t:tey li\'1\C in l\J<;mii:g 
hJuse8, howl~. or :nsii:u~X.1:11.) r:i.e 
6,060 Mmple h0usehulrls 1w:re eJ».;flfied 
into t\VO groups: tht> first, co11ti:11niog 
4,605 hou$Qho!d.., was sr.le<:-ted on a JX'f-
CE:'.ltagif·prebabiEty b ..•.,,.;s and Gtr•·e;I ll$ 

thio basic eurvey ;:ro:;p; tl',,eweond grou.p 
of l,4:15 fnr1n hom,ell<_>\d~ m;re w.kon es 
a supple1nent!1xy &1.1nple to uwu:rn rBli-
ahle Jnta or: far1U-1:011sarnpti<>n patterns. 

Dimi. cclleetion..-1~neJ>urvRy '""g to~­
dutt«d by a private marketing reooaroh 
firn; under the direction of oll!.tlGticiions 
!1tcd eoonomist:o froru the t:, S, !>\i;l!ll"t­

m;,ni: 0: ;\grieu:ture. Actua.l data ,.;;::Jet-
ti!m wat do11e in ~rrop11J inte:vlewa hy 
tt!!.lnM inWr'l<-ieweIB. 

Period of observation.-Eirr!ie~ stu<:!ir>i 
;1!!.<l lnd.icioted I hat :.he spring season \V:US 
the most reprm;en:at.iv.e period for t:i.c 
cousumptiPn pf miony fo0d itenut 111cro--
fnre, the int<trvi1<\\'S were ('Onducted ii~ 
tCle Ap;il~Ju1:e pl'r:od and :h<o' dsttt eo!. 
l'ltted related to food consJmption ii: 
the wi:mk µN<v"f!d>ng tbe ioterv&·w 

Tyj;i&g of i:t:tfi;nnati¢n,-Ttii: ques1.ion" 
rwil"e!I used i:1 the surYcy were designed 
tD 0(!~ L'lfQnni.tio.:i abo:;t family mem" 
1;.eri;hip 1>11d hou;;ehold composition, 
1noney inoo1ue in 1954, u;;c of individual 
food ite;ns at home i!l i:.he oovoo days 
preeediog t:1e Jr.terview, &i:d expendi,. 
wres for moo!;; anri snaek<1 a.way from 
heme by 1nllmbt>xs cl the family. A n;;m · 
her of reports have IIBtn pub!li!hed, 11&ing 
iht- 1M:tc dnta C(l[k:-c:ed. Rrportr ! to 5 
tonte.in informa~ion (lfl in("Orn<;, hoill<r.­
hold Hize, expenditures on foOO ltern~, 
quantity consur11cd, a.--.d ~ntagc of 
h<Alrehold:> oor11Jurr.ir.g the pa~ti.-:1tlar 
!tern, These five r.~pnr\-S l>f>!Te&p<.><>d t<:; 
live ~he f..rd.ire Unitvd StnW"!, tm<l 
lhe Northcil.:lt, North Oiutn>l, South, 

and '.\'ei!t; ff)r ca11h region_ '.iew.il~ li.fe 

availahlr iM'COrt;ing to ;ir1a.r\lz1.1t\0n 11,nd 
inecme <clMil()f. P..eport-s ti to IO uonthln 
in(ormfttioti mi (a.) less detailt<l iab!t>!i 
on tho q1111.n!lties of food! uiled than 
eoH:.air;:;il 1L •\"!""'~ 1 t" .1, (b) !11• :iut.r:~ 
t.iv-e v11Jut• of fund~ 1J~d, and {e) distrl-
hutioJC of por.v.n$ into r1ge and sex group~ 
ings. Repott I l provides dat[I on hwr.e 
C!l.."ll:irg !Ir.cl '.:-t('zir.g, Ruport 12 pro­
vidf',.s da;t<> on home pro:lu-ciL:m in 1954, 
and Report ta i! on home·baking prae-
tie<:~'- In the preser.t study, we were 
rrJJ.irJy '.nWrret-00 in the &rJctul'l' cl t:i.e 
-cor.~unpt.ion of fooC 00mrcn:litit~ nu<l, 
therefore, 1ve have used the quantities 
of individual foods u~ed fl'om a-11 oource~ 
Sinoo the prescat sturiy '.lus cmphMize'.i 
dcrr:J.nd ir,terrolatio:i~"-iip>. und 11.hi!w ln 
~cnJUmption patterns, 11'£ ;;unsiderud 
~r-tapita qu.antilies of fomie tv b1 more 
s.pproprIBte to r1!euln.te '.11eome elatiiti-
t.ie~ tl.llti other rnerr.sures tf:a.n Bxpcr;<ll-
ture dats H-011-·ever, ,v;: 1111.vt used ex-
penditure d11ta when \\'C were \'onsirier-
ing t/'..c 4u.ality aspe.l'ts. 

Thti 196$ surve:;r 'NllS &nJl11.r to that 
in 1%5_ As the v.pert (USDA, J;}tJ8, p, 

3) poinls oJt, "The <'.hief differentf fA-
twecn: the l00'.\---00 nntio:t.,.'lde Al:r>-e.v 
aud the earlier o:ar•reys is tf:al t!w 
1%5- 65 n.irvey is the only 01:e 1Yhich 
coYered all the four r>easons of the year.'' 

The s&mple for the 1%5 aurvey con· 
~i.sted ui l '.1,101 fwu!l!'holds o: cne or 
more owmb-c:N. As before, it ,.,;is selooted 
froni 11.U hnw;eh0lds excludint: (s) nlm•1t 
5 F.f cvnt of lhe p<:ipulatlon who 11-trre 
not hom;eka!ping; (b) about J,1) per 
eer.t who \Vere livir.g :n f;rt/..lP quarters 
suth a... rooniing houses, hospitule., and 
prisons; and (c) 11.buut. 3 to 4 per cent of 
the populatior, who ~ived ir1 household;; 
in w:iic/'. ~c merr.ber 11.:e- ilt le:t.'lt tf:'ll 
w..e&!! fro111 th<' hn1oe ~uppl\e1L Half -:.he 
sample (7,532) wll.3 ool!eeted Jn the 
spri..ng 0i 1005 and the othei- ha.lf wfili 



dlstriiiutOO t1cually among the 1rther sea-
SClllll (su:n:'l1er ar:d frd'., J 1161> 11ud "''L'lter, 
l\Jf.<j), "The sample dcs4;n provided for 
a natir.naJ self-v.«'rightlng W\c ;;ample 
pl\JJ< n supplementary f!:J'm ;.A1nple whi-ch 
Dverweigh•-'> ti>-~ n;.itnb<tt cf !a;m hvuse-
hc!ds in the sppt~in1aw pri•portiori of 
.5: 1." {llSDA, 1968, p. 204) 

The households to be int.orviev;ed 1\'ere 
oo'.Cl:'tcd in a(Xorde.nce "·ill1 11 rr.uitistage 
area SE.mple d{'Sign with added contrr,: 
by fi()M(1n. For the ha.,i,. ll&mple, 144 
fimt'11tii.ge units of exp.x;tctlmw of 10,00iJ 
h<\Uf;t'ho!di were s.;lected 1>t ralu:l•)!D. 
\Vithin each fi~st-s';age uni;, seooud-
l<tAge units of 3Q expU\1ted ho11sing unit.s 
1~cre $~lected at randc:u. });ch of the 
!l'!t<1o:nd-ffl:111\{! units ''"'"' Yt~ited and !l. list 
al hO'J~ng units wa.~ pn:pa-red. 1'\y "Y~te­
tnatie S!"kct'.011, huw;iug ':nits w<:;re 
clu::nwn for interview in the Apring in 
;;uf!1.<'i<'nt ~1uniben< ln yi<:ld nn &verage 
{If 1f:T<)f' 'H)o;;ehoJdl! pa' $CU)nd~lage 
unit af!.er allllwi":ig for vacno"i"* and 
other omi~8ions. The hsts were upd&ted 
in ~umw,e~, fa!!, and l':i'.it<:r, nrnl u suf-
ficient nuinlwr of J:ou:>ehcld& w<:I'(' <:hosen 
:o yield J<r. ;;,ve:a~ <;f on<: 11<';!\xlule per 
seeon1!-*~ unit ;n a>'.b of thCF¢ ~.ns. 
Se!wtion of housing units from t.he 
seco:nd-;;tage u"k.s "a" indepe:idcnt for 
Ml'h R'll.!!Qll and"" ~ub~trlutm were pro-
vided for hollseholcis urw.ble or Ufl\\•iiling 
to p11.rt.ieipnoo in the survey. 

The dAtii. collectiiln was by mii>r-" of 
f"!t'5')ni:k interview wit..'i n1embl:'ll:! of ~he 
houst'hnld CQndu::lffi by exp.;riented in--
terviewel'$ wl«;:> were ~peeially tminud f'll' 
this ll\l.t11ey. _,;._ det&iled ~i~-t rl food items 
'lffil! cJed W help the rr*PQ'*dOTIW to 
rocal: the items eon..umcd durin;J; tl:.e 
at<ven days pri;iceding the intcrvi(;w. 

PWd ol' obsetTit.tion.~-,lntorviews 

fnr colleeting dat& were cnnduet«'I ir. a!l 
ttigion<1 during the periou, April 3, 1965 
to April 2, \Wfi. Si:ift' m> :wt%titutinns 
were ~ in the sample!', inten·iewcrs 

v.·;;re !ustrJcted to cnll a~ m;;.ny ns three 
timns ii n£ceBSllJ')C tt• '"11-l>e the (rrigin4" 
{6n«V-t in rum: ~, f<:>uf Lluiti in the 
uthan ar<:as, and six tirt.le% in 28J v:oond-
>1';(1.ge Nlntpk \}nits in 15 ~*rgo; eiti® 
'.l'l><7<i c:il'«ti.:.1: dii:'icu:tie~ w(·:(' Ji.r.tici-
paled 

TYJ)OS of inlorma.tion.-As b('f(>ll). the 
data eontn~ned the kind~, quruitlti<'.'o>, and 
cOl!ts uf food i:.e-cn~ u"'°'tl at hnuH; durii:!!; 
the ;even days p:<JCL-ding tho interv:ew. 
F.xpendit:1ws f{>r me1!l~ und *"aeks 11:<.-ay 
fron: ho.-ne paid by t..'1e furni!y me.'Y!bers 
·.vcro ali!o 0ut!!netl. 1'1 uddit:r,n to famEy 
i.'!co1ne, data 1vere ool!eetrd on age, edu-
cation, &nd omployment of th-0 ho!f*-
maker. :vood fonsumption wa~ mea&uh.'d 
at t~ie Inv~:'! at. which th.: f<10dt ean:e 
into ttw kit(~><m e.nd, thrrcforo, tt-.e data 
eon:esµ<Yl>d t-;; (-.;ono~nic l"l!.ther than 

pby*ical tnni!lmption. Althn•;gh !Im t;;l'­
•~y covf'......-1 id! the four 'Seaxont, nt the 
time of tl:o p~s\!nt study, ::1nly .'i'N 
repor<.a r-0;11.tlng to !'{)ring, 1%5 were 
relea~ed. 'rho-;;o live reports gave data on 
househn1d r.~zo ar.d rnn,,nmpt!on oi dif­
feren".- fuod iWm'l in term6 of qufill1Jties 
and vali;u1 for tho l'nited S!atez and the 
fnur region-;;---Northea~ct. North Central, 
South, and W;mL 

Gompa.cil!Oll with tho 195.S Sut'V&)',-
One rt the o!J}oct.i·•es ol the 1005 tun·ey 
wa" to obtaln oomparable data 1vith 
1.hose <JIJt11inOO in the 11!55 SUT\'Cy. 
Tharoioro, t!:i~- survey method* had a 
cumllor of ~im:Jaritit'!-, Hl!ro, we shall 
point out oome differcn{>?f; thnt ml!<ht 
aff~t tomparability (this ii!. tsktln from 
Report 1 !lJSDA, 196$, pp. 202~]), 

Jf00i1'ii:,ti'-'n <ff uhed•;/f. (a) T3 fhcili-
t!l.te m;;.chine oornpuU1ti0n, !be deffi~n 
of the 1965 schedulf.' \V!l.S different from 
that of 195:>. 

(b} I:i 19:>&, a figure for icPl'U:e was 
derived f!'(::!l a oc1c of questions Mlktld Uy 
thB inwtYicwur, For tbi" 1%.'l survey, A 
"gll!b&l" lip;urf' for income WliJi obteined 
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by asking the respondent to estimate 
1964 rnoney income after first asking 
about ~pccific sources of income. 

(r) Separate inforlll!l.tion on donated 
food iasued to lo1v-income families was 
not obtained in 1955. In 1965, this was 
obtained separately. 

(d) The 195.5 questionnaire contained 
a section nn hon1c baking. This was not 
included in the 1965 questionnaire. On 
the other hand, the 196.5 survey obtained 
data on the food intake of individuals-
a sect.ion 1vhich 1vas not included in the 
I95:J survey. 

Treal1nent of households of single indi­
lfiduals. The 1955 data by income were 
for households of t1•10 or 1nore persons. 
In addition, data on one-person house-
holds 1vere sho1vn ~eparatcly on each 
table. In 1965, t.hc income classification 
included all households rcgardlesa of 
size. 

Excl1tsion of money value of food used 
by boarders and help. In 1955, the money 
value of food used at home 1vas adjusted 
to exclude tho value of food used by 
boarders and farm help. In 196.5, this 
adjustment was not tnadc because the 
effect had been found to be slight. 

Difference in lhe handlinu of homemade 
mixlures. Homemade mixtures on hand 
at the begiuning of the seven-day period 
and used during the survey 1veek in 1965 
are included in prepared form 1vhereas, 
in 1955, such mixtures 1vcre included as 
individual ingredients. 

Chonue in gr(ll.Jping of foad items. 
"Half and half" and "baby cE>reals" 
were treated differently in the two cross 
sections. 

Time-series data 
Length of time inierv&l.-Published 

data on consumption and prices arc 
generally on an annual basis. If demand 
conditions are fairly homogeneous dur-
ing the year, it is enough to use e.nnua.l 

data to estiinate the demand equations. 
If demand conditions vary 1videly within 
a year, it is necessary to use data 11•ith 
shorter intervals. Quarterly de.ta on con-
sumption and prices are available for a 
fe1v commodities. The choice between 
annual and quarterly data depends upon 
the homogeneity in the demand relation-
ship and the purpose for 'vhich the model 
is. built. Hien1stra (1967, p. 9) points out 
that "use of annual data appears n1ost 
useful for the in1mediate future, that is, 
for the next two or three years. Short-
tcrm outlook up to and including one 
year ahead, probably should be based on 
q1Jartcrly data to account for near term 
variations such as the effects of stnck 
changcs." In the present study, 1vc have 
uood both quarterly and annual data to 
estimate deinand equations and a choice 
of coefficients was made based on the 
properties of the cstin1atcs. 

Ye&rs considered.-lt is 11cnerally 
believed that, for most commodities, the 
consumption pattern before and after 
\Vorld \Var II has changed. If 1ve h.ave 
to handle data fronl different structures 
in one regression equation, special de-
vices such as the inclusion of dummy 
variables have to be adopted. During 
thfl immediate period follo1ving the war 
years, enough tin1e-series data were not 
available to use only the post1var years. 
No1•; enough data have been accumu-
lated since the \Var to permit analysis 
of the post"'ar period alone and, there-
fore, we have used data starting from 
1946. 

Colll!umption de.ta.-Ofwn consump-
tion of food itcnis is expressed in terms 
of three different mc11.sures-(l) weight 
of food items consumed, (2) expenditure 
on different food items, and (3) nutritive 
value of food items expressed in terms 
of calorics, proteins, fats, and other vita-
mins and mincrn.ls. When 1ve are inter-
ested in the demand for an individue.l 
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eollllt\vdity, ti",c most appropriate mon'.<-
Utt' o1 tlt:'mand \\llUld be the qtill.nrJty of 
the curnm:idlty btic;: used. How<.'V{;l', 
\<;he:. \Ve dell.I vrith ~gates of indi-
vidulii ~ommOOitie>i, it ic difli<:>Jlt. t-0 
a.urcgate different comr.;•J<l:lies if they 
11rr 11v;;re9W:! '.n terms nl physical \u,it~ 
B.11:!, therefore, "'C hav!J. oo ccnvcrt 1)1,"< 
inw romparabii; 4111ts. In :.his ait1111.lion, 
lt OO!:omc~ con~er<ient W tni!!l$Urc dc-
m!Ul.d in termf!. of expendit.U(C or nutri-
t.ive 1raluee Al,,.n, '"h1lr: \'at:1somption is 
measured u: t""""' of quo.ntitic'!, aggre-
gntion ro.n be mwic u'l.ing index n;eai;.. 

UfM! Of :onsumption of ioID'Jidual food& 
\Vhile ct•m;ia:ing ~h<" trend \n the cor_-
~un1r:~rHl ui eomn1oditltt, it is poo:ib!e 
to obt!!Jn different directior-" of ireLd 
fror.l n~a..;nre;, of eo:1s;;mption in tctl!C\ 
of '{Wl.ntit.ie:s and ex.pcndiv.1r<Js on !W-
cotnt of the inftuenec cf price rHovr:--
men~. So king n.s t.hc demand turve is 
down>Vfl.tJ illopit1g, &. decre::.oo in fh(! 
price will ca\P0 an inereMe in o:;_ua.nUty 
eoosu:ncd, re~\ll~ing in it'J up1vard tl'!):;d. 
\V:i.elher o; :icl t.IHi tl'!)n<l in <:xpen<liture 
!'.llso Eho11';; ti'.!' '*tine di:-ectisn dt.;iends 
upon iM elamieity of the e!fnunvriity_ 
Usii:i; the ehwhl'ity :.henrc1n~ (Baunhll, 
19&.3, P- 179). "i:' 11. de:nnnd eur•·e hn~ 
e!W>lieity JeJli; tha.'l -.u:ity {:t :;; Cnelastie ), 
a rise in pricc ,.-;u increa-YC ennsurl!Rt ex~ 
penditure 11nd vice verra." ,;J~u, "if the 
r.ur>'e has &."'l t\ru;Cc:ty grM-ter than 
unity (it i~ e!ll.'!tic), a f!ill ln price wlll 
inereai,\! 0011sun1er expenditure o.nd 'lee 
'ffrs!S." tn tr.ro pri>f;ent t>nsi.ysis, nu< 
ehoi(·(I of the ql.M.nlitil's ;nearurod in 
term~ of physi<'al un'.t~ as the rnefil<ure 
oi <lellli\nd 11·;i.a l:lA:md or. ttw foU.;i"·ing 
to11ildera~kiiw: (1) in moot cases, we 
were inik:rwtcd in tl:-R <:iema.1d for o. 
single commodity and, t\1! sueh, aggrs-
gation p:\lb:ems were not important; 
\2) for m;;.ny µr;!icy de;:;is)cns regarding 
5Upply adjustment$ ln a.gricllltul'\2-, we 
Rr<l inWestcd in tt.e w:.tuno of <::hangeB 

in qillU\~.ities rle:nand«i rath.-~r than re-
a;icr,,.thln :;f f1<1nily ::'ood b1vlizy: ac>:or<l-
ing to ihe .:ht1r.g:CB in price,; of dlfiererit 
oommodil'.01; (3) denuu1d t:1e0ry speel-
fi<f!! 'JUtuit.ity tO:J'illrned a; (l. fun<ct4:o 11f 
?ciem nud other -.·:.riah!~l<. and (4) ~inee 
:he expe .. diture on a cl)1n1nodity ifi tl1e 
produc~ of ins prioe ll.n<l qunnt1ly r<.>IJ-
s.Jmc<l, 011clw;ioa CJf both <:xptnditure 
und price~ in the si:i.n:e equutiou umy 
Cti'll.{e W!l\\l Stat:stie&J l>rob]tUlS of ¢<ii• 
ffi'1tiO!L 

Quantity <la.ti:. is avui!a:-.1,. a.t dif:'erout 
IEvel~ of th!> 1nru·it:ttlng sysk'fll. Qull.il· 
tity produced attd qua...,tiiy corrnv.nred 
de1t(\'!tici1Jly sre <>v-aiiable in separate 
t.alr.tlii.tioru:L In our ~tutly, we were only 
itlto:i">Osl'ed l:1 dc:nc~tic ~(Jn~umptio:> ttnd, 
tJ1cfel'Dre, "''0 have U$ed &ta \'-Grres-
Pl-•n<ling to dcIDthtlC food consu1npl)Qn 
aion<:L t>fost of t~ per-::ap:ti. i·o1"-"Unlp-
~lOU figures uitt;d ir' th,,, Bl:udy o.r11 taken 
frvm Hi<:m$tta (1()68;. 

Trend!! m r:mmn(ld!ty oo~.­
T-rer:.>ds in pr.r~:apita food con$un:p:iur. 
is avtilat.Je in Jiie1n,,tta (196-8, pp. 7·-15) 
and <J•dy a brief di91:u;wion ;,, given here. 
C-0-nw.tmption ol' beef and poultry hav<-' 
\n('rta>Jt>d couside~ab~y dutlng the poot-
"'&r period whi:e pork and vtu; <:onsurnp-
t''-'n hi>ve dce!inEd_ I,amb ;>-0nsump!Wu 
]1&>, rt;na:ned fair'.y stable. Per-cap:ta 
eon~t.mption nf ~ggi; aH<l rot&! dairy 
PN<lntl.:5 haw; dtxl\ni·d; ttow of µ:rn­
cesoe<l fruits and vq;e-~abl?ll have in-
<:'reased &t the CXp<1n& (l( fresh frui<S ::.1:d 
vegetat:oo. (!onSJJmption of wtul fat;, 
und (lils ha'f(l rcmainOO Iairly stable and 
the con:n:mption of t0t.al cel'e!i! prc.due;.a 
has dropped. In>:•OO~<cil in cort$')ntption 
of ln;;;rant r.ofil't ~ offmt thv d<:clic1e in 
the enr:swnptl<)n <Jf wgulnr coffee. The!W 
trends are iih('=> in fig-;iros A·l :.o A-14. 
Fig';iro A~lli give; trends ir: actual per-
capita. food expenditures (u.1deliated; 
1U1d expcnd:ilurlY' exp~ ITT! a per-
\!f'ut&g<1 of petoon&l disj)(Jdllib!e inciJn1e. 
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Appendi:x figures A·i f-0 A·l4 illustrate 1946-19('8 prices fot selected 
commodities, and theit pet-caf'i.b COJJ$umption with projection tO 1980, 
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Part A; Dri"d Fruits (Prunea) 
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Fig, A-9. Dried fruit (prune,), frozen fruit, and fruit juices. 
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Part A: Frozen Vegetables (Price series from 
processor level). 
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Fig, A-12. Frozen ~egeioble• ond Cry edible beans. 
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fig. A-15. Food axpendilurM• Ac1ual per-copila expandiNre> 19'6--1968 and expenditures as 
percentage al per>onol di•posable income. (Source, U. S. Depar1mant of Comman:a a• reportad by 
Hlam•tro, 1968, p. 181.) 
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Prices.-\\"· h;:,ve ,;wd n:t;;.i: ;:iriwo 
(a.:iin1a'. atid (!J!ltltrly) inr nhte.iaing the 
demand i-elatlu1±h.ip;,, and priceg at the 
fll.nl1 levt'"l {ilJH14ftl an<l •iuarterly) for 
obtainio~ the rtl:ali1;nt:hip helv."eeJ1 re-
1.liil pri"&s ,,,,,J f1trn1 !e•;<;-1 prir,ea. }1.1:nu1!l 
da:a. vn n-::,ai! p!'<C"<5 were de~iv<'d fr<;nt 
va:cious rU;;wt~ of the 11. S. Bure&u of 
Labor Statistic~ {l\K\3)_ r.nd annual de.ta 
on farm level prlces from tho l'SD,\ 
report on farm-retail ~p1·e11d~ (USDA, 
~91i5). Quarie::y data on Nth ::et.ail 
pri~eo '1-n<i f,.rno.-le\-o: p::ior-s wic= derived 
(wm vatkrll1' istU(i; 0i \'n!lri<:eting 11t:d 
tre.r.sportati<_•n i!llht.tion {t':5DA, 1955). 

Trends in r-AfAil priees. -Ia gem'"rcl, 
priees of mi,,,t f!.)fnfnrxl•tii's have in-
crcll&ld, Hew,;\<'t', tbtrl' 11~s ~uOOltu:tial 
redaction it tht ptc'.<:'e -of p:iult.ry. ,\L'JO_. 
;::rices ,.f "*' <'T<,11.JT. and han11e1n" hi<ve 
derJi:ie<l ?rir.;f:l t;f cuJTe<:>, margari•1e, 11-nd 
egg<> re1nainPd fairly stable The highest 
incrca~c of retail prire$ 11-e.~ e:otporienced 
hy frDsh fruit~ and v<:get11-tle&. Thr 
;,rc,-irl,; in ;::rirft' ~·nr llll!'jr,~ eoni~n•>di:ic-s 

a:-i: s~cwn in Egurw A·l to A-14. These 
priet~ al'e ill ""tuol rathc~ !hru1 cic.'let~tl 
values. 

Deit&tfun <Jf prie%.-Tin•c-oc-rir_s data 
"" priem repl:'nWnt tho ael®l pn1ts in 
each yw.r. '111e priM lcv0; in a .givf!n 
year'.;; i:,fL1enet<l 3y1n;pply ar.d de:rrAnd 
fact~Jrs a'.;!lil" wit-11 eh.a.'"!gt~ in gene-ral 
price levrl~ Different appnmehet' have 
been sugge~teJ to l'\OmDve the cffeets of 
infle.tion and df·flali<ln in the e<'.'nnr,1ny 
fro in t.he price~ reported: 
(J) .!... gc:ieral :.pproa.ch t<; removr :he 
eff~;. nf <:ht.Li;% 1n pr'.rr le>el ~~ t<; de· 
flate the ol:Hlft>'OO dat-a usinf;t tt_e ,~o:i­
,;u<r,er pritr lndtx (}'or p!"-)hl'lom4 aswci· 
atttl with deflation, ace Fonte \1958) and 
Sheph<'rd [1003, pp 121-31). 
(2) A. s:ezetd ii.pprooeh is t<> !nthl<l{, the 
general pritc lt:vel aJ a 1"p.t.ra!->; \'ariablc 
in th.o regre:\ifiDn equa<,,101:. l\uh and 
Meyer (1955) ~ugw:mt different o·ritetia 

t<; d(·t\"r:11.ne whrlher tl""f data sh.,Hld he 
dct!awd or thP Ji!lllit<.>r 810'.lld be in-
cluded ;µ; a teparnt# vMlltble in the 
nnalyei,.,, 
\3) \\'nugh (lili}I., p. lll ll!l1'gCBt'> tl:a.t 
•vhl'n tte 0.1111\J"'i~ '.\Jlle<tfM only l\\'O 
~-ari!i.hle<> (tl:c q•JIL"'t:ty "<'l:.JIJfll<'d and 
so""'· kind of dtiintt>d pri•><,,,), "it 1nfiy 
often !J(• \"011vc11ir.nt. t<> df'fla.tc J,y divid-
ing price~ by <:on~uni1·r iuc1>n1c_" 

Ao Sheµherd (l!l03_l poiut~ our,, no 
sl11r..dard Wrhnique of tle!la~:in l~ ll.ppli~­
"hlc to all prol:.:.'-'"'-"· Ccr>•idcril>g r.he 
fili't',to of all the e.bove >,brcc &ppruat>l:0.1, 
whEe tbin;r t1me«l'r;e£ data, ''-'<' ha•·c 
!0\lowcl the pr&i:tiN> of d>:et!&ting prk:r.s 
and lauome hy th>' t.tllS\llll(:!' pru;e inde:o:. 

Prita-qua.ntity r~ are :rti..tk 
iJ1 natn:m ~u;ee we have !1.-,.,,,-u:n,yJ that tte 
·,--arimi~ cooF.itien!:s- rr.nld iCJ th<-, sai::-.e over 
tho ciiF.erent yr-llrs. Sto('La;;t;c e:crr.cnt~ 
in the l"O\"fficieut" 1111<1 ~,fher dynainic 
faetor8 cnu be inr(1rpf!rated unly ••·ith a 
n:imber :.>f esthru:iJi<.>ci problems acid tl-:e 
large !lfitulmt ()f ('r,u1moditics includP-d 
in our au!!..)'l'!b- prit\'f'r-ted i:~ fron-i intr1.1-
d-.iring 11.r.y dynan»( ci;:n9dcra:ior.s. \Ve 
e»u~d •fttly iw:>law ~hf' shn\\n e!leets i;.-f 
linear t«':ui-;k 

Matkt-ti1Jg !JUU'gin:s 
l:<'r:r th<.' ;_:>>;rpDJJe .,f this st\ldy, "''£'.lave 

defir<-d 111.11rket1ng margin as tl:e d'.ffe:r-
i:nec between the prices paid by eon-
~urtt(lr" and the priQfl~ r""'eived by t~ 
produ<:er~, Thu~, th<: data eorre~p1lnd 
t.; aggregatn prite ~preud;; in th\' ~en"" 
pr0ducers. Thu&, the dal!i oorre$pond to 
il-gg:"('.gale p~ix; ;;µroad;; '.n \.he ~cooo 

thti; they lr.c'.ude prooe~ng rh.ugt!.!, 
handling tha:rwig, and profiw ra;ncd by 
diff'~nt marketing Af::l}:tele$, 

A ~tatiirrical nore on grouped-data 
re~es5ions 

Conside:r !I. i.~er!I.! linear model ir. 
wl;ich tht tk!)endent vnriable y is a funL'­
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ti on of k predetermined v11rie.bles ,y, and 
an error term u. There 11re n observa-
tions. In matrix notation, the model is 
expressed 11s: 

Y = X{J + u. (164) 

The assu1nptions required for estimation 
are the 1vell-kno,1•n eonditions, n, that: 

E(u) = O  
E(uu') = "'!, (165)  
X is a set of fixed numbers  
Xhasro.nkk < n. 


The esti1na.te of /l is given by S 

(X'.Y)-'X'y. 

In the case of tv;o variables, the re-
gression equation can be l'.·ritten as 

y, = °' + {3X, + [], (166) 

and the estimate of IJ is giYen by 

"L,_, (X, - k)(y, - Y) 
(167) 

" L(X, - X)',_, 
Often, in cross-'5ection analysis, the size 
of the sample is large, and it is difficult 
to calculate the sum of squares and sum 
of cross products of the deviai.ions in 
(167) for all observations. Also, niost of 
the published data give the averaf>:es of 
a number of observations after grouping 
the observations according to certain 
characteristics. Therefore, it is impor-
tant to examine >1·hether the grouping of 
the observations introduces any bias iu 
the estimates. 

Grouped data.28-No,v e.ssun1!' that 
the n observations are grouped into k 

groups 1vith n., n,, · ·, nk observationB in 
each group (n1 + n, + · · · + "• = n). 
Al~o. lct. .r,, and y;1 be defined a~ 

X ;1 = i"' observation of X belonging 
to j'" group .and 

y,1 i'" observation of y belonging 
to j'" group. 

The group averages of X and y are given 
by 

x, 
" 

(J = 1, 2, .. ·, k). (168) 

f, y.,,_, 
i) j n, 

When a regression equation of the type 
(166) is specified for the group means as 
variables, 11•e have 

f/; = °' + fJX:.1 + V;. (169) 

If (166) satisfies tho n assumptions given 
1n (165), i', will equal 

E(V,) = 0 and 

(170) 

f'(l',) = n, 
' (T 

L'sing the least-square estimation pro-
cedure, from (169) an estimate of {3 can 
be obtained as 

i,)(y, - :/,) 
{171) 

' L(X, i,)',_, 
,. This section is partly based on Malinvaud (1966, pp. 242-46). 
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The expei'ted VAior el b '1\-i!I I:><' the &J.mn 
!IS fj and, her.cc, b it fln unbi!i.1l€d la1ear 
estim&tur of fJ. f{oW(lvor, the variance 
of the estit:rH<t<;s 1vill be different in both 
case~ (i.e., using original da:.u !l.nd 
grou[Wd dat&). '1'he exten~ that grcup-
ing eaus.:·15 l<YAA or pree'$ion "-iE depe1~d 
u;mn the vti;riatii:ity within ¥;?\•;1p;;. It i;; 
pot.:sihk· to grtmp the ohser,·a~i'"''"' in 
web a mann<:'r thli.t the io,;g '" pffl<:irion 
is brought to a minim1un F'or ()xsmple, 
:.he 1%>! >!!. 7roc1sioo h:> .tero wh(!o al! the 
y vu.luK witbu: a 1;;ivei: j;\"tQ'.JP lire tI1e 
S!Ur.e_ However, this 1n!i.y Ix di±lirult w 
aelci~'V<' in prne~ioo 11nd, th<Jroforo, t:i~ 
n.:xt be~o thing ~ to 1,\Jta1n groups sueh 
that vll.\neB of y '"ithi11 a gr0up aro close 
together. If the '.!Ample ls designed to 
have t\..c 1J&n:e :1umbtr o! ob$e-rva.tions 
i~, ea.:h g:uup. the observation ,-,f ye.an 
he !lmlllged ir: an ~r.d;ng or d~ri­
i.-,g ordcr al!d thim make the fiM (11/k) 
<J~wrvatiorm t<1 fall in the fiNt group, 
the next (u/k) •1t>O?n11;tku11; WWI in ihc 
'*"n1:d gro11;::>, · · ·, and the last (u/k) 
ob5erY&li0ns to fa:! in ihe Asi {/; 11~ 
group. If it is n0t n0<'.c!9iary lo ho.v;: an 
equi;.I 111i..""Ubcr of vbserva1.ions h: each 
group, and if the total numbt'r of df'f\ircd 
groups is giv;in, it is poosible to form 
clsss ir.tcrvale of y and to <:bta:_n a frc-
'J.'-!Cncy distribution of otSl:lr~·ations ~l'­

lor.gi:ig to e!!.Ch group :.o dcrlv,; 11~- Y'''.lP 
sv~rngJ<S. 

From (170), it tan 00 sec:1 ihat ~ 
haV£ introduced lwterookedasticity as a 
roarequenre 0f grriuplng the da:,a_ 
Though the original da!Jl were as.,---urr-.ed 
to h.:tve hot:1usl.:e<lnstleity, V'O"Tpjng ha.<i 
:ndi.:~ed heteroskedastl(llty. To est\ID$.tC 
i;hc parameters unde: sueh irrduct-<l bet<'!-

f\l!:>300asticity, it i~ pvsti':;]<:l to US€ A'.t· 
k\"r:'s gic.11<.'tali'!'OO leru:<t-squarns metfill<l 
8in«i thi: v11r:anws &re '.'hanW-'d by a 
multiple <.'If the 11umlwr Df rboorvations 
in f'nf'h gwup. :h:S pro::e<lnre reduee;; t-0 
z. 1•:eightod WWBSSlcn (Draper a11d 
Smith, 1961\ pp. 11-81). 

Weighted reerer.sion.-Jr; ch" uW' o: 
.'l.itktn ·~ gcner-nhrrd lf'!Wt squares, the 
estinl.i!.t<o'~ of S from a model r· "' ,'(~+ 
U "-h"r"' E(U) "" Q and E([/[/') "'= "~~ 
i" l\"iv"n by 

I 
n, I 

I.. I ' 

z • (172)
' 

~J 
' 

Sin(i:' x··• is k:iown, tl'.e eatime.t.M (life t.i 
obtwned iiS 

II'.. particular, if ~here are only t·;;o va."i­
ables ha\·ing a relatlDnrihip of the type 
(166), the NJtimate of ti is given by 
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that e.ach term i11side the sum is 1,1,·eighted 

I;n,(X, - X,)(y, - Y,J] according to the number of observations 
s "" , (173) from 1,1,·hich the group average \Vas 

[ - , formed.~n,(X, X,) The tables A-1 to A-6 on the pages 
follo\ving prel5e11t certai11 statistical re-

1,1,·hich is of the Bame form as (171) except sults of int-erest. 

Statistical Tables 
TABLE A-1 

CO).JPARISO:-l" OF REGflliSSIOX COEFFICIEXTS ODTAI:-l"ED FROl>f TWO  
SPECIFICATIONS ',';'HEX- QlJANTITY IS THE UEPE'.'<llENT- VAilIABLE -

1,,., ••!·blog• loo•••'+b' 1,,.,+,'loo• 
--- ----·Commo<li•y ,.•' •'• •
' ----· - ' 
- .!~ ~ '219-•  ( 18)(9 10) (-! Oil)~· (-7.IMI ll ·~)"'"' " 

v..1 -3.l(tl .326 I 088 n-·•Jo 
(11111)"' (-1< 41) (2 ~) (1,1161(-14 'II) '" 
 .,- - .211Potk. - 21a oo• • 
 (\ 71) (-1 IO)(-1 46) (. 41) (-l JM ""' _, '68.,Lamb and m"ttoo -3,210 .591 ! -a.412• 
 (-2 1<)(-11.9<) (lj 17)16 811) I~ &>I 

- .132Ch;ckon,, - 00>~ ,_ - -~ ,_
(-2l0)( 1!) rn " 
- ., "' i 

' " .,- .342F"h - '"
,_ -
,., "' '' (-1 <II) (-1 2ll (-2 Jl') 1-1 "' l'i) 

- "' " 

Tu•koy -3 !13 -3.!IO.l . l!l -~,.,(-6 iU• (2 17)(-7,11;1) ''"'11 on "" 


- .. 00>,_ -,_'•• .,, (-1 111 (. 02) "(-< 01) 
- "' '" - "" "' -1.171 - .OlaBuUe• . 213-1, "" ••  ,_ .,(-3 !1) (!. 16) (-1.'91 (1 101 _,,.., 2.149 -1.4!1•2 82l '912~- ••  ( 49)(-6 10) (-J.<2)(<."-') (I 311 

Sho•\<n;n, - 1.~I-1 088 m n 
(2,..,)(-1 1111-S ll) ( lll (-a'"'"' - '" ,. .. " - .173 -Mot,.noe - ,_ - ,_ ••70) (.o/I)(-6"' 61) (-l. 7") " 
 ,,,-1.001l>ala.l d,,..... -1 109 .122.. ~ '" •  (I IWJ)(J, Ot)(-\B,21) (8.•1) 1-:i.l"-'l " - ,.F'<">h milk - .2a1 .!IS-~ 
(L, 90)(I 11)(-9 !I) (lJ,1111)"' (-9 36) "" 


Eva""""d mHk . I 16' ." '"' (-2 '2) (.30)(3 16) {-~.111 (3 21) 
- .. °"- "' " 
,_ _,m-1 183 ,_ -

(-9,0l) (5 4'1)'" (-8.01) (S. 03) "'.," 
 .. " .121 -1.l.. . 012- l 4•8I«'""'"'·, =•  ,.,(6 Sil)( -23.l!) (JS 6!) (-20 !!:JJ 
m.016Po""""· (_, >Ill (1.ii)(.19) (I !6)(l rn1" "" 
 '" - "' - ,.sw... o<lato<>, ... - '10< • •( 73)(-1 0::) (-2.<Jl(.") I l!J"' 

'" - .216 .!13su..... - .1!• •  (-3 -"l) (1 !l)(J l11 (-<.37) (3 76) " 
" - - .128Corn •Y<Up - .700 . l!l ~ ,_

(-2.02) .62)(-1 ll) (!' 70)12 11)"' " - ., - .!alAppl.. ,_ - •• " ( - l, 91) (2,11)(-8.l•J <• .T.l) "' "'" _, ...o .......  -!.002 .122 -~ "'• (l.O'l) (1 07)(-6,ll) ''"(• !<) (-S."') " - ,.I!OJ>aD.. , - .009.IS! - .m ,_(2 26)(-9.04) (-1.!l) '"' 'l<)(4.!l>J "" 

" - . l21C•nt>od ,_<heo .012 - m- 'ill •( SQ)(.31) (-1.11) (- ,19)(-8.1111) '" 

' 

00 
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TABLE A-l-C01'tinued 

C•oru>d p;nooppl" 

Dry fru;u., . 

Fm"'" rru1"' 
F..,,h tomat°"" 

f·.,.~ b..,,. 

on;on, 

Carroto 

"""""' 
Cann•d,,.,.. 

Canned '""" 

Conned tomotoeo_ 

o,y '""'"'"1.. ­
Fro>en ,..,.tab].,,_ 

ll'h,,..\ "0"'' 

Riec. 

B.-..k!..t "'"''""'­

Co:nm.,.I 

Coffoe 

-1 12< 
(-1 05) 
- I ;2; 
(-< 69) _, m 
(-12 5(1) 
-<~ 
(-i 49) 

(<_ 19) "' - "' ( - '.13) 
_, a>• 
(-!JS~) 

-! n: 
l-\J.061 
-1 017 
F 30) 
- ., 
(-4.73) 
-I 396 

(-17 &ll 

(S '"' 35) 
! 

-2 001 
(-!3 30] 

(6 '"' <;) 

13 -'" 'l)-
(-lO"'88)  

2.S2l  
(S 12)  
- _;gs  

(-JI 16) 
-1.281  
(-9.36)  

,.

(< It).,
,_ -

m 
(0,31)'" 

.161 
{4_?7) 
- .<Sl 
-(9 10) 
~ 

(.IOI 

(1 <8)"' 
rn !ill)·''' 
., 

( 14) 

' 80) "' 
"' (6 00) 

(-! SI) 
- "" 
(!_29) 
- "' 

'" 
1- l 16) 
- ~ 
l-S.96) 

{2.81)'" 
-1.~ 

(-161) 

(2_ 1')"' 
(l .9!) '" 


" -2 s:6 
(-9 II)_,_

·" (-101) 

-3 '"• 
" 


(-1! 00)  
-1 078  
(-9 36)  

IJ !II"'" ., -
(-6 Jg I '" 
-1 8(>)• (-12 LI) 
_, 19'" (-JI 7!) 
_, 005• 

• (-• 32) 
-
(-j ii) 

-1 '"" (-15 01) " 
" I, iiO 

12 ,., 

" -2 039 
(-12 OI) 

(S' 03)"'" • (2 &:l) "',.
" -

(-12 8'>) 
.ITT 2.4"' 

(!,0~1..-
(-1180) " 

" -),2(1!1 
(-8 72) 

., 

(3 19),. 

(2 31) 

(1 33)"' 
-'" (J '74) 

1-3 G:I) 
- '" 
( ")"" 

(3 00) '"" 
...  
{<_ 18) ,_- .,"' 
- '" (-1.6:1) 

(2 2!) "' 
- .~ 
1-2-~J 

{< !.I) "' -
(-3 "'"l 
-
(-2 '"811 

.119 
(3 .32) 
' 
(-3 13) '" 


-'" (4 68)., 

(1 11) 

_, 1(1;) 
( -1,l\l) 
-1-023 
(-2,\M) 

<WO 
(3 32) 

,_ -
"'l"' 

(-•.02) 
- "' 
,_ -

_j8)"' 
'" I '11 

,_ -
-41)"' 

.306 
{_ 11) 

I 2!6 


12,r.ll 

."' ( 8!),,. 
(.IS) ,_ <6) 

- '" 
~ ,., ' 

~ -
{ - _21) 
- .~ 
(-2.0I) 

{- .31) 
-

- "' 
{-3 ll).. "' 
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" 

" 

" ..  
" 
• 
•  ..  
" 
• 

•  
" 

" 

" 
• 
" 
" 
" 

" 
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TABL>: A-2 

CO~lPAil!S()~ OF ll!,(;JlESSIO'.\ COEFFIC'IJ-:N1'S OUTAINJ::Jl FllOJ\.1 T\V()  
Sl'ECIFIC'AT!O'.'<S \\'llEK l·:XPEX!Jl'l'[lllE IS THE lJEl'ENlJEXT \'AltJA)lI.~;  

I_•_

I o• 

(0 30) 
000 

{8 '" 

"" (1 '•11 
.!m 

(o a1) 
00 

{2,8') 

{2. l!J"" 
'" {1 IGJ 

- 016 
( - I II) 

(3 .,, "' 
-1 o.:10 
I-' •SI 

<111- '"" 
(2 ,,, "' 

(13. '"'"II 

(ll ""12) 

-(-f• "" lDJ 

IS 1!J "' 

.33! 

{OW) 

(1 <21 
- .293 

"' 
(-1.01) 

- "" (_, 82) 
- ~ 
(-S 1<) 

201 
(1 01)..  
(3.08) 

(1 116) "" 

~ 

I H;) 

·'"(!.661 

{-- "'!0) 

(6 52) 
- .41! 

"" 

(-8,1') 

{.6') 
.268 
"" 


(8 01) 
,)J8 

(1 15) 

{2, °') "" w 
(1.01) 

'"'' - •'~~lo•'+" 1,,., 
,, _____ ,___.. -~T 

I 1'2  
{-7 '4) 
 {! II)"' 
-0~.. '"' 

~ 

• '" {C ·"''(, 22) L6) 
-
(-ll "I 

~• {-0 '1) (3 001 ( 101 
- 3 ..,, "' 

- l '"" (-13 211 {S.01J"" { - 2 5'1 
- '114 

l-L2 90) (-2 '"" DH'" -
(8 '" -\ \88 m - os; 

1-1 20) {2 ''l {-I ll) 

-4 '" {-10 3!) {3 •SJ"' "'" 
- .. .~ '" 

(-LO 93) I- 0-.i 4'1I- "'' 
- I g,9 OO< 

I- l!I(] 661'"' (-1 '" 
2 OOl " 1 317 000 -;8 

(2 !7) (-2 <ll) (.18)_,_,,16 - 33~ ' l" 
(-! 27) 1-22'1 12 '" - ~ 

{-11 iBJ 
-I i20 ~ 

(1 10) (- .01) 
_, 411 ., 

( - 32 17) (<l '"00) (2 111 
-1.313 rn 

(-1' !!) (I l<l)'" (1 26) 
m - .611 . l!l 

(1 38) (-2 8,)"' I l~J_,,.-L 517 o• 
(- ll&)(-10 "') 13 <8) 

.006 
-l '" 14 ()4)'"{-L! 13) I lOJ 
- 907 

(-LO 61) (- .28) (I 07) 
-I 288 

"" 
 "' 
- .3>0 
(- 81) ( lO) "'(-2 run 
- 2;4 ,<13.n - "" ( _, 00) (1 4!)(3 80) - m- ooo - '" (-1 ll) {-1,93) (- '78) 

- 4'6 -·~ { _, to){0.8')""(-'2 "! 

'" ~-1 88' 
(l 3;)(-fi 43) (- 02: 

-1 700 - .17~ -;1 
(-IS 18l {2 18) 1- OOJ 
-1 <JEJJ ,. "' 

- r.:ll 
{-9 03) 

.ll• 
(C OJ) (-t (Ll) 

-3 <)SI) 
"'"{-_,l 31)( - ts 00) {0 "!., 
 -l.8"_, """ 

,, 2!) (-2 8.2)(-,\ 61) " 
-1 084 .21! 

(-[3 32) 
o• 

(3 1.3) (- .<JO) 
- HO - JOB .000 
1- 111 (- 01)1-' 121 
- I 6fi8 •{ •• 1'){-13 02) { <Q)  
-2 ,,,  '" 

.261 .. 000 

' 
{-20.90) (8 U) ( 10) 

-2.21< - -'"' 
{-I 12)(-14 "-'l (< 38)'" 

~_, ''° 
I <Si·''"(-W.21) { 12) 

- !01 l 017 
(-8 69) 
-l,/;9-1 

(-1 80) {2. E6) 

Commudoty 

v...1 

L•mb and "'"""" 

Tuckey 

[.ud 

Salad"'"'"'"" 
Fr,.h milk 

Fvaoor•lod mHk 

Joe '""'"' 

Apploo 

Or.no<> 

Onion• 

C•n""d,,...., 

_,,~ 
{ -9 0<1 
-3 61! 

1-1' "·l - .. 
I-JO ""I 
-3 2!11 

1-lO,!I) 

(-l1 "" JO) 
-t LOii 
<-a 961 
_, 421 

(-ll i\2) 

(-12"'It) 
- t' '" (-8 81) 

l 953 
(2 &II 

-1t-• '" <E)J 
-t.320 

(-20 50)_, .,, 
(-2702) _, "' ( - l1 18),,, 


(1 50) 
-l '98 

(-11 41) 
-I 95G  

( -· il _,0)  
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- 112 
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(-20 00) 
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- .. 
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I 68\ 
(-J! llO) 
-2,119 

{-23.98) 
-2.2(17 

(-l<,46) 

-1 "'' 1-11.72) 
-1,7'2 
(-8 02) 



•• 

•• 

''" !1cwpca11d King; Gmw"""" Pcma>idfar Food c~"'iMdi!ics 

't•11t.t A<J...c,,,,i;.,,,;,t 
==··"-····====c~···=-·°""""' \,,.,..,.,.. I

°"" ,,.~1.. - I 
r._...._t.ol:l.. I 

' 

Rioo. 

' 

Al!lo«! I 

-2,.,! .WI 
;-:1 w; (,'I. 17j 

.m - .Ml 
{...,'..~(

' ill•-;Lnl 
( . )! '.ii> P-"J"' 

.~ - ~" 
ii~) (--% tt; 
-m - 311' 
(-l,J;J) '.-%W 
-Lfel m 

(-!!_)0) (l ii'l 
•M -: tu(--1w_.~ft) -m ·""i-·H <MJ I.SJ••-\.1<\;l 

t-:.\.1111 ;~ ~1) 

.il• m 
(S'101 4 ~l; 

.a --~ OOS 
1-w MJ 

l1 $! 
) '.11\ 

Jlll ·!Ii* 

ilO 
!-••«) 

i'>I 
<)_l:l) 

,1 

!fl 

-w 
(-l..Ml 
_, '"* ,_,, 01> 

~7 ;'.nil 
(1 «>) 

(\> - '"" (-!tl .,, 

Ir -LSl'>
1-11 i~) 

&! "' 
1-~" 

--~------C",~~~""'~ 
.U! ' J;j 

vu, (-,NJ 
-M< .m 
(-iM (- 11) 

m; .'M 
,~,.~· 1-L17> 

- irh 
(-3 S'> ' •.""' • 
-l•1 -m 
;•• ,,IM i- Jl' • 

-~'l' 
i~-~l) •l-1 !II) 
--,.in• ~~ 
,_, .,, (- IA' - ~ ,%:Oii\i st) (-•-~) 

-·~ 
11 '6l (I Sil 

.:m (-- ·'""_f!IJ11 '\; 
-~--~-·--------· 



---------------------------------------- ------ -------

•• 

•• 

•• 

•• •• 

•• 

•• 

•• •• 

•• 

••• 

•• 

•• 

•• 

•• 

GL41Hli11< }"oun<tation M<m<>gra)Jh • No. Z6 • March, J97 I '" 
TABLE A-3 

('OlllPAllISO'.\ OF \VEEKLY PEil-CAPicrA CONSl"llll'1'ION IN 1[155 AXJ) 1965 
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TABLE A-4 

REGIO'.'iAL CONSl:~Il'T!O'.>; l'.'illEX ((~ ~- AY~:l{_\CE ~ l(M)) 

Beef. 
Veol. 
Po'k 
Lamb and mutton 
cti;okon 
Turkey 
F"h 
~· 
IJ\lt""'•"Short•nin• 
ll!•ro•"""Elalad o,.,,,;ng_ 
l'«•h milk 
~:vnp. m,I" 
Ch..,.. 
loo '""'m 

"""'"""8w..t po<•toe• 
s""'" 
Corn'"'""F"'" oppl"
om"""'n.,,.,,.. 
Cann•d peach.. _ 
Cnnned pin..oplco 

Ory '""' Fro"n fr"'' 
F.-eah tomotoe•.  
Fre>h bean•  
Onio™  
Curro'"  
l.<ttu« 
Canned pea• 
c.nn•d '"'" 
Canned''"""'°"'·o,y , .•• ,u.b1,. 
Fro"n ,..,,,u.blco 
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APPENDIX B 
Mathematical Proofs 

Here, \\"e shall introduce a proof for some of the results presented in this mono-
graph. \\'e sha!l firnt derive the conditions on demand functions in the classical 
theory, follo\1•ed hy the modifications introduced hy Frisch and by Barten. 

Classical model 
Conditiona for a m&rimum.-The first order conditions for a inaximum for the 

n co1n1nodity case arc given by 

{/1 - Xp, = 0 
(j I, · · · , n) (174) 

y-q,p,=0 
where 

U, is the marginal utility of commodity j, p and q arc vectors of cominodity 
prices and quantities, y is consumer income, and X is the marginal utility of 
income. 

The aecond order conditions for a constrained maximum are that the Hessian 
matrix bordered '.l·ith prices has principal minors alternating in sign starting with 
negative (thnt is, the bordered matrix is negative definite). The Hessian matrix is 
design&ted as A with typical elements [/,, = O'[i/&q;Oq,. This is a symmetric matrix. 

Effect of .che.nges ill prices &nd income.-The goal of d<:!mand analysis is to 
determine the effect on quantities consumed of changes in prices and incon1e. 
Small departures from equilibriun1 1nny he evaluB.ted by differentiating the first 
order conditions given in (174). The total differential is given in matrix form as 
fo!lows: 

I 
A l-p 0Q, q, " I 

,, - - -,, - (175) 
-p' 0 q' -I 

where 

Q, is a matrix of price slopes whe~ a typical element is &q;/Op,, q, is a vector 



'" 

oi i:it(llrtc slopes such as 1q/&y, and 1 i~ a:1 itient'.ty mstrbc _fl_ typieaJ elerr.ent 
in thbA a-.Atrixis {/,. = a•ft/eqiJg,, 

This J)Ytfm is ,;olverl for pri<;e a::al '.ntvme ,;J.;.pes hy 0b!.ainit.g the ;nv<::l"IX! nf the 
Lonlered ,4 ,,-,..tcix (}£ 

(176) 
[ 

_ J'• j-[_'_ --i=p ~ '[-" 0 lQ, ­

A, X, -p' I o J q' I- I J 
Q, 

(177)'·]-!B ,'] [v 1'][ 

" 1', Lb' 1b"_ 1· 1-1 

(t7S; 

(179) 

Subatit~:r:ng (178} in (J79), we lmve t,he Sluteky eqllil.tiM ir: whi;ib the first wrrr, 
liJ. the subi;titu.tion e:'1"1et !llld ihe &e<:o:id :s tf.c ineor;:W; ef\eet or 

The sgmffiffTJ! ;;f the sWmfibdUYn sjftd mR;\'' '::ie pro\en .as f0Ui11>'S, The ho.'\ieri.ld 
A rr,atrix •ii aymmetrie or 

Any t,en1er.t :n the bo.'"tlered B ttnitrix, obtai:1ed hy ;nvert~ng :J1e hnrdere'.1 A 
mu.trhr, aJw is symmetrir m: 

(lfl2) 

K,; = K,, (183) 

(1s-;) 



'" 

f1S5l 

Couve:rti:ig (lK;,f h:ta cl!lstieities. the wla~ittr, !wtwtcn ru1y two l'J'O.«r;;rwe elns· 
':.ititiel'! is give:. by 

(tSil) 

Tht <>wn tmbtWuiWr l'jfiYl alway>i ls •'egative ill< ::an be seen tlimrt!)·. Tht ;l)llf· 
giool 11lihty of 1noo1ne, A, is t.lway$ p<Y!it<:·f- Consid('r the term, K,. = BJ/A. The 
val•1e ..,1 II,,;., ohU.ine<l by Jivn:ltng the wfa<:t0r 0f 1hc l!<ln:.lered H~ian r::iui:ix 
(A,,; by the <iet-l'tm'.na.'!t D. Tht< sign of cof!«'tor ,1,, rnW!t '.le oppooiOO W tt:at « 
D since D i'l of order ,.-, ·t- l i;.nd th" cofacto-.- jg of order 11. 

The f)nyel ay9re!Ja/;on m.ay be seen front the condi\,1ot1 that the inveme of a matrix 
multiplied by n :'.Ilntrix eq111i.k- !411 ;dentit,.v mat.-.-ix or A-'I\ "'"I nr 

where 
Q' 111 the vector of income slope!. 

Th~ (!&urnol aggr.egati<Jn ~W.te! thnt the pritt-\\'eiglited sum o:'. a !¢ver. eolu:nn of 
t:"\X'· ,,'.nP0\ equa:a the n~&!<G"-e <•f th<? budi;:et. proporlkln o:r 

B(-p)~.o nr 
(188) 

t'.lc elements of the lJ mat.r:'.x arc eonipensated price ;;lopL'il. 

;,, + ,,, 
= ~, q, dy· 



q, = 0, (!00) 

l: ;;.,,;. .. l. p, '" il{I 

w we rewrite (190) as 

Frisch model  
Fr'al'h sta.~ts wltb the hr;,t e:dtt ,,.,,-mdiiions of utiiity rn11.ximlt.t1cioa ~P1Jc\fierl ;"  

!XiCllti.m.'l (174), 

ll:tlJ 
where 

/_f' and 

(l!IB) 

(194} 

All b>Jcr<", the dem&nd cJiot~eit1es w.r.t. pf.:ee (e,;) and intmne ~las<.Jcities \&c.-l 11.re 
defi:ied l!S 

r,, "" U.'ld "',,"' (195) ""' 
' 

" 
~.i, J l, 2, .... ii,/.'" -"' Qy " ' 

TM proport.kin of ex:pend'.tuoo on tti: i"° comrnodir.y i~ dnnote:i by 

(196) 

The matg!Ml utility nf mw1ey, /.., is deliaed as the common ratio 

u. (1!;17) 
p.. 
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Since utiilty, ty dcfir.ition, iB A funetiun uf qi;p,ntities ei:m&Jlfll:1d, we havtl 

{ltfS} 

and ti:€" inverse f:.tn<'tien can be writW:n o.s 

9• = 7;{t:1, t'•• · · ·, U,} {100) 

( u tilu.y aceelerat.Ol'), (200)  

(want el!lHtieityj, o.nd (2-01)  

\money flexibility), (20Z)  

'.Fr<Jl:i. (l71l), we hi!.~ 

[Q, Yl
l , ... pl '. Al 0], (203),, ,,J -

., 
rJq_,_ ~21'-,-ap, .,. ,,

[!1. - Piru,. 
~~ 

'"A 010&0 

0' 0 0 

~£!!! (Z04)ap, .,. .,, -
Ot. 8A1...tlc~ · u... - 0 " "',, ""' 

Writing the frat eqwotion in fu'.!, 

' Q.gi
'" ifp, +­

' 

{205) 
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Using (195), (197), and (200), (205) ce.n be cxpre~ in terms of price elasticities 
and utility accelerators as 

Fnen + · · · + F,.e,. = I + >.. (206) 

Similarly, expressing all the other equa.tions in (204) in terrru; of price elasticities, 
income elasticities, and utility RCcelerators, (204) can be rewritten as 

[':· . . ''"] ["' . """•] ll + I+X. " :: :1 (207)= >., " 
F,, . ·F•• e,,. · e.,e., 

·l+>..¢ 
where " 

1'·=~p_.
' i'Jp;>.' 

From (207) 

(208):: :1 
. 1 + x. <I> 

No"'· Frisch shows that 

[F;,].,..:i: [11,,]0.,. =I 

therefore 

[o-,,].,,. = [F.,]~.',, (209) 

From (208) and (200)

'." ... ""'"] ['." . ''"l ll " . :~ :1+ " 
· = · x, r+x,  

e,, · ""' "•• X1 >., ·l+X.</>J e •• e,, 

Therefore, 

e,, = <f> L 11,,. and (210) 
' 

{211) 

Further, I<'risch shows that 

l
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Summing over j 

w, L 11,, L w,11,, 0, 

' ' (212) 
1L 11,, .. Lw11,.. 

' '' 
From (210) e.nd (212), 

e,, = ± L w,11,; !llld 
w, j 

(213) 
w,e,, = ¢ L w,11,;. 

' 
Summing (213) over i, 

(214) 

t:'sing the Engel e.ggrege.tion, 

L w,e;, l. 

therefore, (214) oon be written e.s 

1 1 (215)• L (w, L 11,;). 
; ; 

From (211) e.nd (212), we ha.ve 

= >.· " .t.., w,11;, + _!_ 11,,.e,; _!_ 
w· 

W, , W; 

From the Cournot e.ggrege.tion, \\'e he.ve 

(216 

From (211) a.nd (216), 

4: w;(>., L 11,; + 11;,) = -w, and 
(217) 

>.; L (w, L 11;,) + L 11;,w, -w;. 



"" 
From (215) and (217), 

Frisch also shows that 

11 1 !+ L 1l',u;, = -w, and 

'/..1 -(w, + L W,<1,,).1>. 
(218) 

w,e,,. 

= 

= 

<P J_ L w,u,1 
w, , 

</> L w,o-,,., 

[using (212)] (219) 

Interchanging i and j, 

w,e,, = </> I: w,u,;. 
' 

(220) 

From (218) and (220), 

Using (211) and (218) 

>.; = 

= 

-w,..p - w,e,. 

-w,{<1> + e;,). 

and 
{221) 

e;; = -(w,. + L w,<r1;) </> L u;1 + "'h 

"'' - wp I: u;1, - <I> I: w;u,; E ",,,, ond 

= "" - w,e,. - e,.w,e,.. q; [from (219) and (220)]. 

Therefore, 

In pe.rticular, when i = j, 

e;; <7;; (- w,e,. I '")+ -;j; . (222) 

e,, u;; (- w,e'" I "·)+ -;j; (223) 
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A gnod i Wdefined as want i~nt!ent of gi_>od J lf U,f "' 0. Since ~;,-ls the (tjJ'h 
clemi:nt nf the inV<'J"SC of !rtAltilf ( (!;,}, it fcllov«S that''"' = 0 fur want indt)pt<ndl'nt 
wmmmlif,u>S. Therclnre, {222) can lw writi£n as 

(224) 

.<\.loo, if a good i is ''<an~ independent of an othel'" goods, 

(225) 

Solving for rf" f:mm (225), 

eft ,... t'•(!. - W<i'<~l. (22(')
e., Tu.·;;.,,, 

Having obtained a. value of <f> from (226)., (224) tt1n be U!'ed to obtain any cross 
elasticity e,, \\'i~hoi,1t making any i;.'!~un;p~inn beyond .,-,1 = 0 foc t.fiat pa!tic1Jar 
(ij} oon1b\no.tio:i. To obt..in n relW.ble eilima1e of ¢, we n\!00 orJy the direel prk·e 
cia<>tic\ly (If a $ingle guod nnd illi'Gme ela!ticities of al( gimds. Thus, knuwing all 
iormne cln.>Jt;e:tioo, w::p<'miiture wrights and the direc! price tlaslicity of a N.ngle 
"'.ornmodity, all t!'.e remaining p&rnmetera ea...., !;,'€; <Jbtained_ 

The nssump~<J!\ o:: want indepe:ir1.ene.~ impol'!CTI complete additivity of tte ctility 
function as r.<Jti,d by BaTten (ln&t, 1967). Flarten a.luo shows lhe ,,,,'s are o<Jt 
invariant for Ii. transformation of the utility function. Deranse of these propttties, 
the prot<>duro for computing the i:Qmpletc !iElt of <:'lasticitiF.1!, using t1'Js approach, 
l'IBtri~U un !-0 11 C".,.rtain cllUIS of utiEty indicators ~ ?t:.ggest« a:> Uppr0&eh 
whlch tu;:;<JTpomtw !I. %Uke:" umu:nption 0i.: th!O' utility ful'U'tion-t-he ;;.w.umptton 
of complet-0 ruiditivity IB repl11eM by a;i as;umption of an almQl)t additive utihty 
indirat,-,; 

The Barten approach 

Bart.en a.inn l)eginR hi5 arw.Jy~i~ with the c!asai~i;.1 model where a given consumer 
m;i.Jtin1\~es his utility subject to u budget rea~raint. Ht> expre."8e:i (175) as 

Q~]-[o' 
(2Z!J 

->.,, I 



From. ('J.'%i), 

"]
-q 

C (' )-' '('I o-!l 1P~'1; p "•il 
-~~~~' p(U,,) -<p• p(U ,,)~'c 

__ , ' 
. .,} p[('' 
-1. " 

Thetclore, 
{22$) 

(229) 

wl\\U'(] 

Equ&.tiel'. (230) is iden;ical with l222) tnc«cpt f(lr the !inrt ter:n Oil the :right..Jiand 
<fide, Wiler, it W!i$ pointed nut tr.at «<; ;,, {222) wa~ not inve.ri&nt und()I:' tn.m>­
f¢rlntl.tl¢rt!I but that (fJ.,;-1 ls invariant under tmrulfcrrnatiollS. TbLll, irom & theo-
rolieal point of view, Ba.rten's fnrmuIBtion iueorpnrates legs restrietive aooumptiorul 
t!uu. Ftl$Ch's form1,ilation. 
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