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Preface

Vaurious legisintive nnd economic groups concerned with agrteullural
policy have long been interested in tiw relation between charges for
marketing farm foods and paymests Lo the farmee-producer Tor his
producis. A marked decline in these paymeats relntive Lo consuner
expenditures for Inrt-originnted foods since World War {1 has focused
atlention oo the need for ndditional informution Lo annlyze past and
Mature trends in factors underlying changes in markeling costs.

The denmnd relutivos estitouted iu this veport weee developed s
part of o larger investigation of {actors allecting demuand, supply, aud
productivity  for food markeling services, lasight nta” lactors
affecting Lhe demand for foud manufucturers’ services compared with
those wifecting the demund Tor farm products will help expiain the
continuing decline of the farm share of consumer expendilures for
foods. A nmjor objective of this investigativn is to develop long-
range projeclions on the agricaltural Tood marketing bill which will
supplement Departaent of Agriculture long-range projections on the
demund Tor noad output of food products.

Processing costs for the food products tncluded in this study ac-
counted for whoutl $11 billion in 181 roughly one-fourth of the Lotal
Farm food smrkeling bk, This pereentaze has remained lavly
constant during the last four decades.  ‘This is the thivd report related
Lo the investigation of eulput and ulilization of resources in lactory
processing of furm Tood products,  The first report was “Quitpul of
Factories Processing Farm Food Producls in the United Slakes,
1909 58,7 Pechuienl Bulletin No, 1223, the second, “Quiput per
Man-Hour in Factories Provessing Farm Food Products,” Technieal
Bulietin No. 1243, Additional studics will be reported us they arve
completed.
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Summary

Frora the end of World War I Lo the late 1950's, the periud covered
in this report, T8, civilinen consumption of manufactured Lurm foods
erew at a substantially faster rate than consumption of all [arn food
products.  This resulted from the inereased consumption of processed
foods by households and, pechups more important, a shift from home
to Inctory processing.

This study uses a simple econometric model 1o explain the behavior
of households contributing to this trend. Three demand relations
asspeinted with household consumption ol processed leod products are
estimuted. They are: {1} A demand relution facing farin ood manu-
facturers for processed foods; (2) o demand eolation facing furm [ood
manufacturers lor their services: and (%) o demand relution [acing
farmers for farm products for processing.

A mujor finding of the analysis is that the demand of houwseholds for
factory progessing services incrensed between two and three times us
fnst ws the demand for farn food products during the period studied.
O all the vartnbles that might have shilted the dewand curves, renl per
capite income was the only ewmpirieally significant one.  Therelore,
estimaled income elasticities can be used to compare the relative
nerenses e the demaned curves over the Tour decades.

The estimuted income elastieity for food nmnulacturers’ services
was (L8065 Tor Turm Tood products used in manulacturing, 0.35; and for
munfaclured food procducts, 0.57. The income elasticity lor manufac-
tured foeds is approximately the weighted sum of the income elasticity
for furm products and for munulueiuwrers® services.

The estimated income elasticities overstate the “true’ theoretical
income elastivities hecause they reflect a seeular inervease in the ap-
portunity costs of the housewife’s time spent in home processing,
That is, they refleet a sebstitution (price) effect as well as the (rue
income effect.  The most we ean suy with availuble datn shout the
theereticul ncome elastivity for processing services is thut it is prob-
ably less than unity, and, with more cerfainty, no larger than unity,

Another major finding is that household purchases of fuctory proce-
essing services responded about as much to changes in the price of
fhese services us they did to chunges in income. The estimated
Lhmits for the price elustlicily for faclory processing services nre —{.79
using quantity as the dependent variable) and —1.68 (using price ns
the dependent variable).  These estimnted limits. based on the least-
squures method, bracket the theoretical price elasticity with respect
to the two sources uf least-squares bias (the “simultancous equations”
effeel and errors of observation in the independent variables). Tak-
ing to aceount binses in the estimutes due to errors in the data,
households may have even responded more to ehanges in price than
in incoine. By comparison, the estimated limits for the price elas-
ticity Tor farnt {fuod products are —0.09 and —0.44.  The eslitmaled
fimits for manufaetured foods are —0.12 and —0.72.

iil
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The strength of the price effect is not surprising. The houschald
demand for factory processing services is a resicual demand. Tt is
the difference between the household's consumption demand for
processing services (broadly defined w include home produced as
well us purchused services), and its own supply of services. Thus, &
decrease i the factory price of services will induce households to
consume more proeessing services and to substitute factory for home
processing.  Technicully, the “observed” residunl demand elasticity
is o magnified sum of the household’s demand and supply elasticities.

There is no indiention that the income and price elasticities changed
significantly between the pre- and post-World War IT years.  Also,
there was no Indieation of » lag n the response of households to
changes in ineome and prices that was longer than a year. House-
holds wppurently adjust their “actual” consumplion levels lor Tood
and proeessing services fo Fintended’”’ levels within a year,

Finally, the study includes experitaenis with an “expected’” income
series bused on the coucept of an average economic horizon for all
eotegories of consumption,  On ilie whole, the results show that the
use of such an aveoage expected income series is inapproprinte for
the fonds and services ineluded in this study. The results indicate
that even if an expected Income series were constructed specifically
Iy food it would probably not significantly affect the magnitude of
the income elasticities based on the usual “measured”’ incowe series.
Lt would therefore not affect agriculture policy considerations implied
by the estumated size of the income elasticity.
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DEMAND FOR MANUFACTURED FOODS, MANUFAC-
TURERS’ SERVICES, AND FARM PRODUCTS IN FOOD
MANUFACTURING—A STATISTICAL ANALYSIS

By Wiiliam H. Waldorf, Econunist, Marketing Economica Division, Ecanomic Research Service

Introduction

sinee ot least the turn of this century, the earliest period Tor which
dute nre wvalable, household consumption of foods originating on
U5, farms bas included an inerensing proportion of food manufac-
turers” services.  Consequently, the faem share of manufaclured
fouds, after allowing Tor price changes, lins shown a secular decline,
This trend refloets botl an increase I consumption of processod
fuods and, as has been commonly observed, a shift from household to
fuctory processing.

This study emplovs a sitnple econonelvie model to explain house-
hold belwvior contrtbuting to {his trend. More specifically, it esli-
mnles three demand relations ussocialod with domestic civilinn con-
sutuption of processed Tarm food products: (1Y A demund refalion
frelng manuluelurers for toial wnoinefured farm loods; (2) o detnand
relation fucing wanufactueers Tor tetal fond manufnetarers’ seeviees;
widd 3) o demand relstion faeing farmers Tor total farm products
consumed in food maaufacturing,

Pritvary nterest in this study is in (2); relations (1) and (3) con-
tribute ndditional evidenwee about (27 and also help to “round oul™
the study.  Originally, attempls were abso niade to estimate sisniar
demand relations for individunl foods; but, beeause of duta problemns
the present sludy was Hunded (o the Lotal; work enindivideal foods
was posiposed {or Tuture studies, Table 1 indieates thal there was
same change in the produet mix between 1818 and 1938, For pur-
pouses of this study, the change was appoarently not large enough Lo
signifienntiy wifeet this estimated income elasticily for the {otal.!

The ewpirieal part of the study generales an nteresting i unloe-
tunate  byproduct,  The weasure of Tood manufrelurers’ services s
based maindy ov Burean of Census data on value added by food manu-
Factwres adjusied for price changes, so-called double-delluled value
added  This series is particularly sensitive {o measwrement errors

U Tsinge ineome elusticities by eonunodity gronp estineied by Clack Trou
househiold sutrvey duta (80, the estimated ineolse elastivily Tor the ageregale
el o Lhe 1958 welgghis shown o table b owas less than 2 pereentape poinls
top 1B pereent: lurger than the agerepale estimate osiog the 199 woights, (Halie
maabers in peerentheses refer (o ileins i Liteetture Cited, p, 330

Hdealty, the quaatity angd price series for food paoulaeluress’ services should
inefide Tietory processing sersvices ouly 3 aetuadiy the Unae sevies bused on census
it s refleet some distribulion secviees performed by food mapufacburers.
For detuiled deseription and annlysis of the dade, see Appendix O
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Tavwre 1.~ Distribution of manufactured foods pracessed from .8, farm producis,
in 184748 prices, 1919 and 1968

Cammodity group Poolmg b 1938
— .

_ | Pervent Pereent
Membs e e 1 #2001 8. 9
Manubactwred dairy products 2 ___ . ... . 1} 11,8 12.8
Processed feaits and vegetublos 5. L. ... ] 4.4 144
Crrgin will and cevenl produets oo oL . i 12,3 0.8
Bakery products o 12,4, 28
Sugar and confeetionery® o o ... .. __. .| 9. 8 2
Miseellaneous Toods T oL . i 7.6 8 4

TOLAL. oo e | 1000 100. 0
1

'Toeludes beef, pork, veul, mufton and lamb, and prepared meat products;
exeludes poullry.

*lncludes ereamery batter, nalural chieese, econcentratod milk, iee eream and
ives, and speeial dairy products; exeludes Buid wilk and eream.

? Includes ennned Fruits and vegetables, dehydreated fruits and vegetables,
pickles and sauees, frozen fruils and vegetables, and eanned speeialbios.

fIneludes flour, meal, eereat produets, rive, and blended and prepared (lour.

# Tneludes Lrends, rolls, pastries, pics, biseuits, and crackers.

¥ lncludes sugar munufuctured from dowmestieally grown sugarcane and beet
supar, and enndy and other confections.

T Includes louvening eompounds, shortening and cookiug oils, wargarine, corn
produets, favorings, maearool and spaghetti, and peanut bubter.

Souree: See Appendis Q) p. b,

in the datn, and it was necessury to carry out a number of experiments
n order to estimule limits for the parometers with respect to these
errors.  ILappears that measuring double-deflated value added vields
some ol the best evidence available on the alleged existence of measure-
ment errors in Bureau of Labor Statistics wholesale prices (37).

Previous Studies

As far ns T koow, there have been no previgus attempts to estimate
a demund relation for Tood manufacturers’ services, which probably
can be explained by the intractability of the duta, Tn Tact, lhe most
novel part of this study is the attempt Lo estimute the responsiveness
of household purchuses of Tood manulacturers’ services to changes in
prices of {hese services. Also, the statistieal analvsis of the otlier
two demand relations is the most comprehensive altempt I know to
estimate these relutions.

Lowis Fourt (16) as part of s broad studsy ol empirical Income
clasticities for food and its component values eslimaled a demand
relation for total manuluettived foods {(including foods not originating
on U783, farma) and income elastlicitics for food manufacturers’ serve
fces. Using quantite as the dependent variable and total consump-
tion as & proxy for Friedman's concept of permanent income, Fourl’s
estumates of the price and income elnsticities for manufactured foods
lor the years 1920-41 and 1946-54 are 0.38 and 0.94, respeclively.
His estimutes of the income elnsticities for ‘processors’ own iuputs’”
lincome originating] and “processors’ nonfarm purchases” [including
transportation and assembly] are 1.17 and 1.20, respectively. Fourt
concluded that “Services purchased by manufacturers arc not more

9
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elustic than other portions ol the food markeling sector. On the
utlier hand, neither are processors’ own inpuls” {I6, p. 95). His
eatimate of the loneome elastieity for total fwem-food marketing
services (including distribution as well as processing services) was
1.42°

Besides ourt’s study, there have been other econoinelric attewpts
Lo explain (e historie deeline in the farm shave of consumer expendi-
tures for farm originated foods, I we assume effective consumer
cholee in purchasing farm-lood muarketing services, then lhere is o
sinple hypelhesis o explain this trend: The income elasticity for
marketing services is Targer than the income elasticity [or the basic
larm p:udU{' ingredients, given only minor restrictions on refalive
prices,  Fourt (763, Bunkers and Cochrane (85, Burk (9}, Daly (12),
and Schaltz (47) have all estimated income elusticities fram time
series Tor lnlzli farm-food markeling services and for farm food
producis in order Lo test (his hivpothesis,  Despite differences in their
estimated income elasticitios {(which range Irom 0.72 to 1.42), they
have all come to (he same eonclusion - the income elasticity tor Tood
nutrkeling services is fargee than that for farm food products.?

Fsseniindly, the sume hvpolhesis can be employed to explain the
(rend originally pobiied oub in this study. The problem is that
neither the income elaslicities estimaled in fhis study nor those
estumuated Iy the other researchers can be used to test this hypothesis.
Coneeplunlly, this study aud the others (at least, unph(‘ll[\) view the
household as both 4 consuniption and a pr oduction unit. Tiore ser ies,
howsver, wre nol svailable te eaplure the effects of chanees in efli-
cieney of & howsehiold on its purchases of markeling services.  Theo-
reticul und empirieal considerations ingicale that the estunated wcome
elaslicities are probably binsed upwards heeause of this specification
error. The best we can do with avallable data is estimule an upper
Hit for the tvue income elastieity with respect Lo this specification
Lins.  Sinee factors affecling houseliold efficiency in food processing
are demand shifters, we tesled a weaker hypothesis to explun the
historie decline in the farm shwre of manulactured foods: The demand
for food manulacturers’ secvices Increased more than the demand
far furm prudmtq

Mincer (34) and Beeker {2) have pointed out and generalized this
elass of HJ)(‘(III(‘alIl(JIl bins.  Applied Lo our problem, they show the
need Lo consider opportunity costs (foregone wages) of nonworking
time in studies of household demand.  Omifling opportunity costs
in household demand studies tends to bius the estimated parameters,
An amplieation of Boecker's theorelical analysis Js thaf an incrense
in wage rates relative to nnuLel prices will increase Lhe incentive to
eeonomize Ume relulive Lo markel poods, In tevms of this study,
Lhe incentive will be fo substitute commercial processing lor household
processing,  Accordingly, the income elasticities estitiated by Fourt

ST markebing Hill measures the differeoce between eonsumer expeoditures
for furtn procducts and poyoents rogeived by Tarmers for eguivalent guantities of
produec. Thus, as used o this study, total marketing inctudes processing aioct
distribntinge serfeuttural products from farms oo which they are produend Lo
households,

1 There is na need fo exteosively review these studics here; this bas already
Jwen done by Fowrt.  Our prineipal interest in these studics is to help place
thix study in the U elive of the olber rescarch in this aren. Ct'nm.t.']‘}tl.mll\
the empivicad resulis o Lhis study for food manufaeluvers' serviees are most
v parable with those by Bunkers and Coehrune.
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and the other researchers, as well ss those in this study, may be
biased: They may rellecl a price (substitution) effect as well as an
ineome effecl, The theoretical analyvsis in this stedy is in terms of
 household supply {unction for fond processing services which includes
cousiderations of opportunity costs of housework, household pro-
duetivity, and other factors aflecting supply conditions.?

The Model

Theoretical Considergtions

The household’s market demand for food processing services is a
residnad demand. Viewed as o ronsumption unit with 2 uiility func-
tinn and an income constraint, the household has » consumer demand
Tunetion for food processing serviees broadly defined to include home
us well as market serviees, I we assume that processing services are
normial goods, (hen a decrense in the price of a service will result ju &
conswmer substitution toward the seevice, income and other prices
consiunt; an increase in income, prices constant, will increase the
derand for the service.  Viewed as a production unit, the household is
u supplier of food processing services., At a given market price for a
service, part ol the quantity demuanded is supplied by the household
itseif.  The difference between the consumer demand and the house-
hold supply of a serviee s the household's market demand. Thus,
riven the houschold demund Tunction for food processing services,
broadly defined, and the household supply conditions for food proe-
essing services, a decrease in the markel price of food processing serv-
wes will induce the household as o consumer unit to substitute food
processing services for other goods and services; and, as a production
unit, to substitute belween commercial and horoe processing.

The houschold’s market demand for food provessing services,
therefore, includes not ondy the income and price variables in the
consumer demand funetion but also the variables in the Lousehold’s
supply function,  The bousehold supply of food processing services
depends on the household production Tunction, opportunity costs of
the housewife's tiine used in food processiog, prices and depreciation
rates of home applianecs, Interest rales on consumer credit, wages of
domestics, and other fnetors,  Improvements in produclivity resulting
feoan ceonomies of seale and better technology, decreases in prices of
apphanees, ot a deerease in the interest rate on consumer credit will
tend o inerease the household supply of food processing services; and,
consequently, deerease the housebold's market demand for these
services.  More job opportunities nnd bigher real wages for women in
the markel niean an inerease in opportunily cosis of the housewives’
time speat in home processing.  Au increase in opporlunity costs
tends Lo deerease the supply of household processing; and, hence,
tnerease the murkel demand for {hese services.

* Unfurtonately, the papers by Mineer and Boeker came to my aliention too
late Lo receise the econsideration they deserve.  Beeker's theoretieal analysis
leoks partiewiarly promising for fuinre researeh in markeling beyoud the scope
af the prosent sindy.

Brsiches the Titorature eited in (he fext, there iy also oxtensive reinted literature
by howr eeonomists on how moch the housewile carns per hour by baking her
own bread, mind so wn: for o review of some of this Hlerature, see Reid (42); for
an rarly cotsideration of the role of opportunity costs in bouschold production,
wee Hewd (f1,

&




Migcer {33) bus nlso pointed out the relution helween the family
demand for leisure and its murket demand for services. One way iu
which the famnily as 2 unit can inerease its eonswuption of leisure is by
purchnsiog food provessing services instead of deing its own processing.
H we nssume that leisure 1s u normal good, and thus a positive leisure-
tneome relation, then an Inceease 1n mcome will tend Lo increase the
inarket demand for {food processing services,

The Econometric Model

1 it is nssumed that the household has an effective choice amony
foods in provessed and unprocessed form, then the houscheold demand
for munufaetured farm foods is essentinlly the sum of its demand for
the basic fond ingredients and its demand for factory provessing
services.  Becnuse of dala problems, none of the three relations are
measured at the houselinld (retail) level. The first two are demand
rejutions facing food manufactyrers, and the third is a demand rela-
tion Incing farmers. Kach was derived [rom o household market
demand {unetion, s supply Tunction for the intermediate food market-
ing sectorfs), and & decived demand function for the particulur woods
or serviees.  This meuans that the income and price elasticities in the
three “reduced Torm" relalions reflect not only houschiold behwsvior
but ulso behavior and technology of firms in the intermediaie stuges
of marketing the zoods snd services, The derivation of the reduced
form relations and Tormulas showing the rvelationship between the
coeflicients i the household murket demuand fanctions and in the
reduced torm relalions are discussed in Appeadix A,

The three {veduced formd demand relations estuosted in the
empirienl part of the study, assuming complete adjustinent wilhin the
observation period, are

(0 N 8 Py Paee P oo 0 7y 3Ty Demapd lor
munufactured
foods

(0 Ny PP Po Pon Pro o s Zy o0 X Ty ey Demand for
food manufac-
Lurers’ services

(N Np=F (Pp, Pt Pt Poy oo 200 5 Y Ty Demand for
furm products
consumed in
food manulac-
turing

where,

A= per capita domsestie eivilian consumption of manufactured
farm foods (mew~ured af the factory level).

N,ooper espila damestie eivillan consumplion of manulfacturers’
services refated to farm food products (rieasured ut the factory
Jevald, :

= per enpity domestic civiltan consumption of farm food products
consumed in Food manufaciuring (measured at the farm Jevel),

P~ price of manufuetured Tarm Toods (st the fnclory level) deflated
by retadl prices of other consumer goods and services,

P, ~price of food manufucturers’ services {at the factory level)
deflated by prices of other consumer goods and services.

5
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Py=nprice ol Turm food produels (at the farm level) consumed in
food manutueturing dellaied Ly prices of other consumer goods
and services.

Py==wholesale-retail price spread for manufuclured [arm [oods,
defllated by prices of other consumer goods and services,

Py~ farm-retwl price gpread fur maofaetured [arm foods deflafed
by prices of olther consunier gouds and services,

Poy=retuil price of fresh [ruits and vegetables deflated by prices of
other consumer goods and services.

3 real per capitucinenme.

Z = per capita conswoption of Tirm foods processed on farms,
T otrend (1D19 - 1),

w7 disturhance terne attached to & equation.

Based on eraphic analysis and e usuul desive Tor simplicity, it is
pssumed Uk elusteitios witlh respect (o all of the variables oxeept 17
are constant, wud that the trend is exponential,  That is, the three
reduced forns are assumed linear in the logarithuns of all the variables
except 7% We enn linit Lhe diseussion to equation (2); essentiolly
the swme reasoning applics Lo Lhe ofher two cquations,

The econometric model includes only  empirically  manageable
vurisbles; md, unlortimately, there are no variables to caplure
clinnges i the eeonomie efficieney of houschold processing. The esti-
nated price and ineome elasticities refleet substitution hetween home
and Factory processing serviees as well as substitution and inconte
elleets derived from the pure theory ol consumption.  The price
elastieily using equulion (21 s oblained Irom a howsehold derand
Junetion which, n< was pointed out in the theoretical discussion, s a
residuat derand, 14 relleets underlying consumer demand and house-
bold supply elnsticities for food provessing serviees. I we assume a
negative consumer demand elasticity and a positive household supply
elusticity, then the treatment of the household demand for food
processing serviees us a residual demand implies that the price elaslic-
iy in demand relation (2135 o magnified sum of the two hasice elastici-
Gies. T Thad s, the estimated price elasticity using relation (2) can be
expeeted to be grealer in absolute vajue than the basie consumer
demand elasticliy.

The theoretien]l considerations imply that the income elaslicity
uxing equation (2) reflecls both the services-income relation in the
copswner demand  relation Tor food processing serviees, broadly
delined, and the leisure-income relation. These both imply a positive
inconte elasticity, assuming leisure and provessing services are normal
eoods in consumplion,  Long's data (37) on wage rates of murried

o The wuse of reduced Forms whieh are linear in the logarithms of the varinbles
astimes that the hovsehold demand, fndustes supply, and derived demand re-
Iatinns which noderlic tiee redueed forts are also lnear in the logarithims of the
varinbles,  This furm for the supply and derived demand relations Is consislent
with u Uebh-Bouglns production Tunetion in foud manufacturing,  In measuring
Pl eneves Trom family budeet data, there appews Lo be an empiriead basts for
prefeering an egnation whivh is linear in the logarithins; see, rais and Houlhukker
Cath, Lewis aned Pouglas 308 show that in Hoear legel carveg, income elasticities
tenel fo unity ns incone inerenses,

®The estimated price elasticity in (he eegidual bousehold demand relation for
fourl processipg seeviees is e decd{h-- Llee where e is the residual dermand
elisticily, eo I5 the clasticity of consumer demand, and €. is the clasticity of house-
hield supply, all in absolute values. M i (e reciproeal of the fraclion of purchased
services Lo wtal serviees comsumed.
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women in the labor foree indieate that the housewife's opportunity
cost has been positively correluted with real per capita ineome, 17,
during most of the period studied. For all the reasons outlined by
Mitchetl (36), there is a strong presumption that productivity gaios
in the houschold have been smaller than those in the commercial
sector. These two historical movements imply that the income
elasticily estimated using relation (2) will probably reflect & sub-
stitution bebtween home and lactory food processing services. The
upward bins impnrited o the estimated income elasbicity because of
this specification ervor depends on the degree of eorrelation between
the housewife’s opportunity cost and income and on the importance
of opporlunity costs as a supply shilter in household processing.
Stated another way, the income variable, I7, Is probably alse u proxy
for oppertunity cost of the bousewife’s Iabor used in home processing.

Turning to the other wvariables in equation (2), the houschold’s
market demand Tor food processing services may increase because the
retail price of Lhe processed product is less than the retail price of ils
fresh {(or less processed) counterpart, This might occur because
higher costs of processing ure more than offsel by lower costs of dis-
tributing the processed product (1). The retail price of fresh fruits
and vegetables, 2, is used 1u an atteropt to fest the empirica]l signif-
ieanee of this Tactor,  During the period studied, fruils and vegetables
were the most important food products available to households in
both fresh and processed form, and there was a substuntial upward
trend in the percentage ol [ruits and vegetables purchased in processed
form. The elasticity with respect to £, should be posilive.

For given income and prices, farm families do more hionmie processing
than nonfarm Tamiles,  Therefore, u movement of families off fayms
will inerease the demand for factory processing serviees. I3esides
processing Toods for home consumplion, farmers also process food for
direet ofi-farm sale. A decrease in the price of faclory processing
relative to farm processing will induce farm and nonfarm houscholds to
shift to Factory processed foods.  The variable Z,, per eapita consump-
tion of farm foods processed on furms, s an aitempl lo caplure the
combined effeets of the demographic factor and the elinnges in relutive
prices hetween factory and Tarm processing.  T'he partial elasticity
with respeel to 7, should be negafive; if the partial elasticity is not
sienificantly different, statistically, from zero, we can conclude that
the estinated price and income elasticities were not significantly
affected by the movement of fwinilies off farms or changes 1 supply
conditions for on-farm processing services.®

The price spread variable, Py, appears in equation (2) [and equa-
tion (1)} because the reduced lorm measures the demand at the fac-
tory Jevel- not al the houseliold level,  Conceptually, the parameters
in equation (23 reflecl the behavior and techniques of production of
firms distributing manulactured foods. 'The prive spread variable,
Py, s included to test whether changes in the bebavior and techniques
ol production in food distribution significantly affected the demand
for food munufacturers’ services during the period studied.  Theoret-
ivallv, we reguire & price variable for food dislribution services; the

% An analysis of the effoet of the historie wovement of familics off farins based
on hoitsebolrd surver datn = conbained in Appendix B. There are no satisfactory
data to muee the effect of clunges o the disiribntion seetor as a competing sapplier
of fuod processing seiviers: however, the evidenee availuble suggests that 1bowas
not empiriealty stgnificant during the period studied (p. 43).
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price spread actually reflects both changes in piiers of distribution
services and changes in the amount of distribution services per unit of
woods distnibuted.  ITowever, we can treat the spread, P, us a proxy
for the “true’ price series since they are probably highly correlated.
Thus, if the estimaled elasticity with respect to P4, is not significantly
different [rom zero, we can conclude that we have probably not
omitted a variable which affected X, through the retail price but not
through the wholesale price or other variables included in (2). As
shown in Appendix A, Lhe estimated price and income elusticities in
the reduced form equations are (in abseclute value) less than or equal
to those that would be estimated at the retail level. T Py, is not
empirically significant, then we can conclude that the estimated in-
come elaslicity in the reduced form is not significantly different than
that which would be estimated at the retail level.®

(‘hanges in family size and composition, can also affect the demand
for factory processing services. These demographic factors are not
formally included in the econometric model becnuse of lack of adequate
time series. They sare, however, discussed in Appendix B, where
household survey data were employed in order to judge whether
changes in household size and composition could have significanily
aﬂ’e(i'tod consumplion ol manufactured farm foods during the period
studied.

Model With Incomplete Adjustment

Demand relutions (1), (2), and (3) are derived from s static model
and assume that households and murketing firms adjust their actual
purchases to desired or inlended purchases within the period of ob-
servation. Since the estimated demand relations in this study are
mainly hused on annual data, this assumes that the adjustments to
intended levels are completed within a vear. A host of technologieal,
institutionnl, and psychological rigidities (habits) ean readily be
enumerated for hypolhesizing that adjustment is not “instantaneous”
(33). XNerlove (38, 39) in his work on consumer demand for food in
the Uniled States and in the United Kingdom found that complete
adjustment requires more than a year.

This study employs the same simple lag model in order to test
whether the lag bhetween intended and actual consumption of menu-
factured farm foods, fued manufacturers’ services, and farm products
consumed in food manulaeturing is longer than a year. The adjust-
mm&l' equation in logarithms for the demand for manulactured farm
foods is:

@) log Xu—log Xpjo1=3 log A%, —log X,

where A%, is the intended or long-run rate ol consumption and X,
and A, nre the actual rates of consumption in the current and
preceding vear. The elasticity of adjustment is 8 where 0 <8< 1.

If we interpret the dependent variable in equation (1) as the
intended rate of consumplion of manufactured farm foods, (remem-

¥ The analysis in Appondiz A was demonstruted only for equation (13, but it
algo applies to equation (2) und to cquation (3) where the Tarm retail price spread,
P,y s used.




bering that (1) is assumed linear in the logarithms, and omitting the
trend variable), the equation is:

(3) log V=t a, loger,—l— oo log Pot oz log Pyt aglog Z,
+aslog 1 4uy,

Selving (4) and (5) simultaneously to eliminate A%,

(6} log X, = eyt adlog P tad log Pt b log Pyt ad log 7,
+ a6 log 1 (1—38) log X+ 6us,

The estimated elasticity or adjustment, 3, is obtained by sub-
tracting the estimated coefticient of X,,, ; {rom unity. The estimated
long run elasticities with respect to each variable are derived by di-
viding the estimated coefficients in (6) by the estimated elasticity
ol adjustment,

The adjustment equation (4) is undoubtedly too simple. But
it is better Lo test the hypothesis that adjustment is completed within
a year than to simply assume it. Brandow (6) and Griliches (21, 22)
have both pointed out severe pitleils in estumating the elusticity of
adjustment,

Expected Income

The statistical analyses are based on the ususl concept of per capits
real disposable income; that is, on a concept of measured income.
The study also includes experiments with an expected income series
which is an empirical approximation of Friedman’s permanent in-
come concept. This series atfempts to estimate o “‘normal” or
intended income level to which bouseholds adjust their consumption.
The expected income series is a weighted moving average of the per
capita real personul disposable income series, The weights are those
published by Friedman (8, p. 147), and are {for an empirical approxi-
mation of permanent income related to toial consumption,

TUsing Friedman’s weights assumes that the time horizon for total
consumption is, in . ome sense, an average of the time horizons for
difterent categories o. consumption. Obviously, this need not be the
case. As Friedman himsclf points out (I8, pp. 207-208):

One possible source of diffieulty with ihis approach is the nccessity
of toking permanent income fo mean the same thing for the different
categorics of consumption. We have inferpreted the exact meuning
of permancnt income in torms of the horizon of thie consurner unit.
Now there seems to be no reason why the horizon should be the same
for all individual categories of consumption and somne reasons why it
should differ systematieally, For example, it seems highly plausible
that honsing expenditures ave plunned in terms of a longer horizon, and
50 o different concept of permancnt income, than expenditures on, say,
food. If this turns oub to be a meuningiul way of looking at the problem,
the concept of permanent lueome applicable to total consumption will
have to be regurded a8 an average of the concepis applicable to each
eategory and our rouglly cslimated horiren of three years, as an average
of shorter and longer horizons,

Friedman further conjectured “whether this difficulty will in prac-
tice turn oub to be serious or whether, on the contrary, the use of the
same concept ol permanent income {or all categories will yield
aeceptable results’ (18, p. 208).

ke




The purpese of the experimnents with the expected income series
is 1o determine whether the coneept of permanent income appropriate
T'or the total consumption function would yield better results thao those
oblained using measured incoine,

Statistical Considerations

The study includes two least-squares estimates of the price elas-
tieities in vrder to bracket the true value with respect to least-squares
bins (24, £5). LI quantity {or price) is used as the dependent varinble,
the leas{-squares method would result in biased estimates ol the
structurnl parameters in the demand relations. There are two
reasons  for this, Iiest, it ignoves other relations awmong the
fendogenous) varinbles (the simultaneous equations problem),'®
soeond, there wre errors of observation In the variables chosen ns
independent varinbles in the regression analysis."

When quuntity is used as the dependent variable the estimated
price elusticity 1s o lower limit (v absolute value) with respect to
these two sources ol least-squares bins; when price is used as the
dependent varinble, the estimated price elasticity (the reciprocal of
the ])li('{‘ flexibility) vields an upper limit {in absolute value).

Unfortunntely, the sine procedure eannot be used for bracketing
the income elaslicity, Food manulacturing is a relatively important
sgetor in the cconomy and changes in c,onsumpt:on of manufactured
farm Joods will probably have more than a negligible eftect on em-
ployment and income.  Changes in the quant.xty of manufactured
tum {oods and income will pl()bilbl\' be positively correlaied, and
the [east-squares estimate using either quantity or income as de-
pendent variables will be bissed upward, The least-squares estimates
of the inecome claslicities given In this study use quantity as the
dependent variable.  This means that the two sources of least-squares
bias are offsetting to some unkuown extent (25).

Statistical Findings

This section is divided into four main parts: The first three show
the stutistical results for the three demand relations based on the U.S.
Depurtment of Commeree series on personal disposable income, and
Lhe Towrth summuarizes the results based on the expeeted income sories.

Demand for Manufactured Farm Foods

Assuming Complete Adjustment

The statistical results lov equation (1) ol the model based on annual
data for 1919-41 aned 194658 are:

18 Within the eontext of o larger model of the total favm-food marketing system
Ehe three demand equations estimatoed in Ghis siudy are overidentified.

1 Birictly speaking, the errors of obscervation have to be statistically inde-
peadent of cach other and of the true values of the variables.  Actually, the
ruantiby series fur manufactured farm foods and for farm products consumed in
[nod manufacturing were dorvived by dellating valoe series. Bimdilarly, the price
series for manufncturers’ serviees was obtained by dividing the vilue series by
a quantity series.  Uhere s some presumption that the ereors of observation may
not he totally uncervelated; hopefully, they are not statistieally significantly
corrplated.
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(7} log X.,=—0.130 —0.211 log P, +0.146 log P, +4-0.111 log Py,

(0.067} 0977 (0.140)
+0.105 log Z,4-0.577 log T=0.001 T
(0.062) (0.074) (0.001)
I2==0.949

The estimated elasticities with respect tv Py, and Py, and Z, are
all less then twice their standard errors and, herce, not statistically
significantiy different lvom zero. The siens for £,, and Z, are also
in the wrong direetion.  The estimated elasticity with respect to Py,
is nearly twice its standard error, but further experimenting only
decreased 1ts stotistical significance. It is perhaps swrprising that
the trend is not statistieally signifieant.  The regression for the same
period, omitting ., Py, nnd Z,1s:

i8) lor X, ,=0.404-—-0.129 log £, 0.602 lue ¥,—0.0003 T
{(0.049) {0.081; {0.0003)
f=0.940

The trend is still statistically insignificant; and, even if we ignove
the statistical test, its magnitude is less than ope-tenth of 1 percent
per vear, small enough to be ignored. A regression similar to (7) was
also run in fiest differences of the logarithms of the vaviables because
of high ntercorvelation between Y, wnd Z, and the results woere
essentully the same.

These findings indicate, at least in the ageregate, that develop-
ments i lood distribution, chinges i the price ol {resh [ruits and
vegetables, and the declining role of the farm sector as a supplier of
processed Joods were not ompirieally signifieant in shifting the demand
curve for fotel manulactured [nem foods during the period studied.™
The fAndings with respect to Z, mean that the movement ol families
off Tarnn has not significantly inereased the total demand for manu-
fnctured Murm [oods.  In sum, we can reduce the cmpirical considera-
bions to the price and income variables.

Twble 2 summarizes the statistical results using quantity, price, and
income.  Regression (9) for 1919-41 and 1946-38 using quantity as
tiwe dependent variabie vields the best fit (highest [2); and, judging
from the Durbin-Waitson statistic (), there is no significant serial
correlation in the residuals.  FPhe estuvated price and income clas-
ticibies based on (9 are —0.12 aud 0.57, respectively.  “I'he actual and
estinnnted values are plotled in fieure 1. The results in fiest differences
of the logarithms (10) are poorer judging by the same statistical
tests, but the estimated elasticities ave still not significantly different
than those in (9],

In order to estimale the upper limit of the price elasticity with
respect 1o the least-squitres bius, regressions were alse run using price
as the dependent varinble [(13) and (16)]. Based on (13), the
eguation in the Jogarithis of the variables, the estimated upper
fimit (in absolute value) ol the price elastieity is —0.72 (the re-
ciprocal of —1.39). Heuee, allowing lor least-squares bias, the
price elasticity of demund for manufactured farm foods lics between
—0.12 and —0.72.

2 Porhaps, more acsurately, the effects of P,y Py, and 2, are lost in ngpeegation.
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TanLe 2—Fstimates of U.S. civilian demand for manufaclured farm food products, measured at the factory level !

. Number| - Cocflicients and standard errors (in parentheses) of—
Tguation Time- 1of obser-i Dependent [Constani|
period vations variable term

lopg X 1 log Py log ¥y [8log X,

191941 30 | log X, 0. 472 . ;] . 573
104658 . 0¥

1020-41 34 1 Alog X -
1047-58
1910-41 23 1 10g N

1920-41 | Alog X
1946~58 ] log XN,
194758 12| alog X
191941 ¢ log Py
1046-58

11020-41 34 | Alog P,
194758

A Excludes fluid milk, eream; and poultry.

Xmi=per capita consumption of manufactured farm food products (measured at-the factory level). )
Py==index of prives of manufactured farm food. produets based on BLS wholesale prices deflated by the BLS consumer price
index forr all commodities; exeluding manufactured foods.
7= por cipita real disposable income based on U.S. Department of Commerce personal disposable income (77).
I2=coefficient of determination.
d=Durbin-Walson statistic (*significant at the 5-percent level using a 2-tailed test),
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Figure 1

In order to test whether there had been a change in the price
and income eclasticities bebwean the prewar and postwar years,
regressions were run for 1919-41 and for 1946-38, separately [equa-
tions (11) through (14)]. There are too few cbservations for the
postwar period; graphic analysis shows that the results are sub-
stantinlly affected by a few extreme values. Hence, the best that
can be done is to compare the results for the prewar yesrs with
those for the prewar and postwar years combined. The estimated
price wad income elasticities for 191941 shown in (11) and (12}
are nobt statistically signifieantly different than those estimated
for 1619-41 and 1946-58. This 1s at least consistent with the hy-
pothesis that there has been no change.®

The time series on civilian consumption of manufactured farm
foods, X, was derived by deflating value series by indexes of
prices of manufactured farm foods comstructed from BLS whole-~
ssle prices. There is » strong presumption that these price series
are biased on two counts: (1) The price deflators reflect secular
increases in the amount of manufacturers’ services per unit of prod-
et and in improvements in the quality of basic food ingredients;
and {2) reported price changes do not reflect true transaction prices
and the errors are correlated with evclical changes in income (87}.%
Forbrevity, we shall refer to (1) as a “trend’ error and (2} as & “cyclical”
errot.

B Additional experiments with an cquntion using dummy variables to fest
for changes in the income and price elastivibivs as well as for n shift in the de-
mand relption between the prewar and postwar periods did nob reveal any sig-
nificant choanwes eithoer.

M The construelion of the series and a discussion of these specifiention errors
ure given in Appendix C.
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In absclute values, the trend error tends to bias both the estimated
price and income elasticities for X, downward; the cyclical error
tends to bias thew both upward. The estimated income elasticity is
particularly sensitive to the trend error. For exawple, if we incresse
the trend in X, (and decrease the trend in P,,,) by 0.5 percent per
yveur, the estimated income elasticity incresses from 0.57 to 0.78
whereals the estimated price elasticity increases only from —0.12 to
—0.20.13

Assuming Incomplete Adjusiment

The above cstimated equations assume that the adjustment of
demand to changes in price and income is completed within 1 year.
In order to test this, a regression was run on the distributed lag model
(8). The statislical results are:

A7) log X,,,=0431—0.116 log P,+0.532 log ¥, --0.078 log X, _,
(0.048) _ (0.069) (0.114)
R2==(.941

The clasticity with respect to the lngged endogeneous variable, 0.08,
used to cstimate the elasticity of adjustment and the long-run price
and income elasticitios is less than its standard error; and, hence, not
signifienntly different from zere. The csbireated elasticity with
respeck to X, is small so that even if we disregard the statistical
test of signilicance it indicates that nearly all (92 percent) ol the ad-
justment of actual consumption to intended levels occurred within a
vear. The estimated long-run price elastieity (0.13) and income
clasticity {0.58) are both within rounding errors of the estimates based
on the static model (9). These results are perbaps not swprising
since there was no serial correlation in the residuals of (9).

Demand for Farm Products Used in Food Manufacturing

Assuming Complete Adjustment

The statistical results of fitting equation (3) for 1919-41 plus
1946-58 are:

(18) log X, =0.185—0.180 log P;-+0.047 log P,,40.087 log P,
2] £ =

{0.077) (0.211) (0.079)
+0.136 log Z,40.514 log ¥,+0.0004 T
(0.113) (0.149) (0.0009)
Ri=0.844

# The following tabulation shows Lhe effect of imposing trends on X, (ond
P.)) {using an equation linear in the logarithms of the variables):

Fxibinufed elasticities with rexpect to—

slsaumed percent per Jear Price Income

O e —f. 122 0. 573
D e ————— —, 196 LT
L0 . —. 304 - 951
I —. 412 1. 080

We should nlso point out that both 2, and Y, are defluted by the BLS consumer
price index; and there is the strong presumption that Chis price dellutor also re-
flects secular guality improvements (87}, Hence, to some unknown extent, the
secular crror in the consumer price index offsets the specilication bias in the esti-
mated price and incowne elusticilies due to the trend error.
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The estimated elasticities with respect to P,, and Z, are less than
twice their standard errors and thus not statisiically significant.
The estimated elasticity with respect to P, the farw-retail price
spread, is not statistically significant either; nor is the trend. Also,
the signs for P, and Z, are in the wrong direction. The statistical
findings bused on first differences of the logarithms were essentially
the same. Additional experiments using the price of food manu-
facturers’ services, F,, indicated thab it, too, was not statistically
significant.

These stutistical findings for {nrm products agree with those for
manufpctwed food produets {equation (7)]. The rejected coef-
ficients in (7) and (18) were also small in absolute magnitude as well
as stulistically insignificant. These consistent findings based on
closely related serics constructed frem wholly independent sources
strengthen the evidence that changes in the price of fresh fruits and
vegetubles, movements of [amilies off [arms, and changes in price
spreads were not empirically significant in aflecting factory processing
of [arm food products during the period studied. Eliminabing P,
P,, and Z, does not affect the significance of the estiinated trend:

A9 log X, =0.872—0.120 log £,+0.445 log ¥,—0.0008 T
(0.036) (0.074) (0.0006)
Re=0.827

Table 3 summarizes the statistical resylts using quantity, price,
and income. Using quantity s the depenclent variable, the regres-
sion in the logarithms of the variables for 1919-41 and 1946-58
results in (20) cstimated price and income clasticities of —0.00 and
0.35, respectively. ‘Chere 15 some posilive sevial correlation in the
residuals; however, the Durbin-Walson fest stalistic () is incon-
clusive at the 5-percent level, The use ol first differences to “get
around’ problems ol the serial correlation in the residuals and a high
intercorrelation between income and price was hardly successful (21).
Reogressions were also run with (a) an index of vail {reight rates for
Tarm [ood predocts (58), (b) an index of prices of intermediate goods
purchased by food manufacturers (63), and (c) an index ol prices
of packaginy materials bought by lood manufacturers [that is, a com-
ponent ol {b)]; but none of these were statistically significant.

Clomparisen ol (19) and (20) shows that the estimated income
elasticity is smaller when we exclude the trend variable. This is due
to a hizh intercorrelation between income and trend {(ryr=0.89). The
predicted values are about the same (fig. 2). Since the estimated
trend in (19) is small and not statistically significant, we can tenta-
tively accept the results in equation (20). Using price as the de-
pendent variable, the estimated price flexibility of demand shown in
(26) is -~2.268, and the reciprocal of this, —0.44, is the estimabted
apper limit (in absolute value) of the price elasticity with respect
to lenst-squares bias. Thus, for the years 1919-41 and 1946-58,
the limits on the true price elasticity with respect to least-squares
bias are —0.09 and —0.44.

As in manufactured food, there is no indication that the price and
income elasticities ol demand for farm products consumed in food
manufacturing have changed significantly between the prewar and
postwar periods. But again, the test of this leaves something to be
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Tannp 3.--Listimales of U.S. civilian demang Jor domestic farm producls conswmed in food manufacturing, sieastred at the farm level !

) Numberj , Con- | Coeflicients and standard errors {in parentheses) of-—~
Equation Time. jof obser-] Dependent | stant
period | vations variable 1 term

Plog Np Ulog P | log Yy 1alog Xy i Alog Py Alog Y,

1919-41 36 | log Xp 1,108 0,008 T 0346 | - i
1940-58 (031): (. 034)
192041 34 | alog Xr, . 002 o IR 0,124 | 0. 497
1946-58 D

1919-41 23| log XN 025 ) . 413

192041 2| Alog X . 001
1946-58 ] log Xy
1947- 58 2 1 Alog Xy

1019 41 36 | log P,
1946-58 ,
192041 34 | alog Py . el ] . 005
i 1047-58 (. 471)

1 Txeludes fluid milk, eream, and pouliry.
Xy =per eapita consumption of farm producets consumed in food manufacturing (measured at the farm level).
Pp=index of prices of farm products used in food manufacturing deflated by BLS consumer price index for all commaodities.
Y= per capita real"disposable income based on U8, Department of Commeree personal disposable income (71).
R2=coeflicient of defermination.
d==Durbin-Watson statistic (*significant at the 5-percent level using a 2-tailed test).
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Figure 2

desired. There are not enough observations for the postwar years
to be whle to compare elasticities estimated separately for the two
periods.  For the prewar years, 1919—41, the estimated income and
price elasticities [(22) and (23)] are not statistically significantly
different {rom those computed for 1919-41 and 1946-58. Again, this
is &b least consistent with the hypothesis of no change.'®

There are two sources of specification errors in the data that could
biss the estimated purameters.t  Fivst, the guantity series used to
mensure X, was oblained by deflating a value series by the farm price
index used to measwre £;. This price index was censtructed frorm
Statisticn] Reporting Service prices received by farmers, which is
essentially n unit value series. Thus, there is the presumption that
the deflator refllects secular lmprovements in quality of farm producés.
This means that the price index probably has o secular upward biss
and the quantity series has a seculor downward bias.

The second source of error arises in coustructing the basic value
series; it too sugeests n downward secular bias in measuring Xy
Except for livestock, the value of farm produets comprising the series
includes products destined for commercial nonfactory processing as
well as factory processing. During the four decades studied, the
overall trend was [rom nonfuctory to fnctory processing. To the
extent that the secular ervors in measuring A7, and P, are important,
they tend to bias the estimaled price and income elasbicities down-

1 The results were the same for experiments using dummy variables to test
whether eguation (223 had shifted or the chasticities had ehanged.
7 For & more complote discussion of the data, see Appendix C.
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ward. Unflortunately, the estimated income elasticity is sensitive
to o secular biss in X, ; the estimuted price elasticity is not.!®

Assuming Incomplete Adjustment

The distribuled lag model was employed again to test whether
actual consumplion of farm products used in lood manulucturing
adjusted to desired levels within a year. The statistical results for
191641 plus 19406-58 are:

(28) lug X,==0.887 —0.080 log P, 4+0.286 log ¥, 4-0.188 log X/,
(0.032) (0.055) (0.129)
(1) R*=824,

The coefficient of (he lugeed dependent wariable used to compute
the elasticity of adjustment is Jess than twice its standard error,
hence, not statistically signifieantly different from zero. Also, the
price and income elasticities estimaled in (28) are not significantly
diffevent 1rom those estimated in (20). Again, even ignoring these
statistical tests, the estimated long-run price and income elasticities
derived by dividing the cocllicients in (25) by the estimated elaslicity
of adjustiment (0.512) are witkin rounding errors of the eslimotes in
(201.  llence, it appears that adjustment ol actual consuwption of
furm producls to deswed levels is virtually completed withiu a year,
the sane as for manufactured farm foods.

Demand for Food Manufacturers' Services

The series constructed to measure food manufscturers’ services is
based muainly on Bureau of (ensus dafa for “value added by mauu-
fuctures,” adjusted for price changes.® Value of gross oufput was
deflated by an index ol prices of vutput constructed irom BLS whole-
sale fuod prices; cost of materials and supplies was deflated by an
index of prices of materins and supplies based on SRS prices received
by [urness and on BLS wholesale prices for purchased nonfarm
mulerials uand supplies.  The difference between these two deflubed
serivs measures value added in constant prices.  This double-deflated

M The following tabiation hased oo imporing secular teeds indicates the sensi-
tvity of the estimated price aod income elastieitios to seculur biss in Xy, (using
an eanufion linear in the losuritliog of the variables) :

Fstlainled elasticily with respect to—

Asiicred percent per year Friee Ineome

LN | D PP —{. 003 0. 346
B —. 160 . 570
T e e —.233 . 768

It might also be pointed out that {he estimated negative trends in the equation
[or mianufaciured farm foods (87 and in 1he equation for [arm products (19) are
Linth consistent with a presamed downward secular biss in the quantity scries.
There are lon many faciors which may affeet the estimated trend to moke this a
very useful way to gage the extend of the bias.

MW Aecording Lo the Bureau of the Census, value added is “eniculated by sub-
tractiig the cost of materials, supplics, conlainers, Muel, purchased electric energy,
apd contraet winrk [rem the total value of shipments” (66).  [n 1958, the Census
revised this definfiion Lo fnelude (he eocl of value added by merehandising
operafions und the net chaowe in fnished zoods and work-in-process inveutories
cthiat ik, "ndjusted” value addedy,  The Census has nob alwnys been eonsistent
inits defnition of value added.  The melhod, sourees, and prablems in coustruct-
ing the series on [ood manufrelurers’ services ave discussed in detail in Appendix C.
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net output series was adjusted for exports, sales to military, and
changes in inventories in urder to reflect domestic civilian consump-
tien oaly. The price index for loed manufacturers’ services is an
unplicit unit value series obtained by dividing value ndded in cucrent
prices by value wdded in constant prices.  Thus, the prive series {or
food inunufacturers services reflects not enly true price changes but
also chunees in the service mix,

Value added duta are only avadable biennially between 1919 and
1938, lor 1847, and anpuadly since 1949, Therefore, the statistical
analysis is only for the model assuming complete adjustment within
a vewr.  We also assume that the demund structure for food manu-
faeturers’ services did not chunge significantly between the prewar
and postwar perivds. The previous stalisiieal findings en these
guestions [or manufactured foods and lor Tnrm products indicate the
suitability of these wssumptions since manufacturers’ services account
{or about 50 percent of the dilference between these two series,

Appendix O on the dala underscoves the distressing fnct thut none
of the Inborious atiempls io construct a sinzle time series lor rueasuring
food manulacturers’ services was enlirely successiul, This seciion
on the stulistical analysis includes experiments with several time
series; but, Interest 1s focused mulnly on the benchmerked double-
deflafed value added measure of fvod manufaciurers’ services. Some
experiments are made with the unbeachmarked series and with a
serivs derived as the difference belween manafactured farm foods
und food praduets used in f'ood muoufneturing; and, finally, the income
elusticilies estimated for the three demand relations are checked for
ennsiieney.

Food Manufacturers' Services *°

The reeression of the demuand relation for food manufacturers’
servieces bused on the double-dellated value added measure [or the
period 1918 55 is:

(29) log X=0.5051—1.177 log £, +0.149 Jog P,,-+0.038 log P,

(0.129) (0.182)  (0.278)
40470 log £, 1-0.714 log ¥,4+0.000 1
(0.12%) {0.16%) (0.002)

- 0.066.

The estimated elasticilies with respect to I, and Py are both less
than theie standurd errors and not statistically significant.  These re-
sults are consistent withh the findings in cquations (7) and (18) for
Nugand X, The estimated elasticity with respeet to Z; is large and
between 3 and 4 Gmes its standard ervor, but the slgn is in the wrong
direetion.  The estimuled elasticity for Z, also dreps to 0.06 and is
statistienlly insignifieant when we elininale the (rend term which
reflects o high negative Inlercorrelulion belween the two varinbles
(rgr= —0.06).  Ineontrst to the Gndings for X, and X, the trend is
stafistically sienificant.  Additional experiments using the price of
furm produets, [, indieated that it was not stulistically significant.

Tahle 4 suinmarizes e stabistical resulis and shows that they are
sensitive to inclusion of the {rend varinble, purticularly the estimated

2 Unless oitherwise noled, the analysis based on the double-dellated value
added series refers to the benehmarked duta discussed in Appendix C.
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Figure 3

income elusticity. The estimated price and income elasticities in
equation (30) excluding the trend variable are —0.78 and 0.86. When
we include the trend variable (31), the estimated elasticities change
to —0.93 and 0.54 {fig. 3). The estimated trend 1s nearly 1 percent
per yesar, which is about the rate of growth built into the quantity
series by benchmarking it. There is some serial correlation in the
residuals of the equation when trend is excluded {the Durbin-Watson
test is inconclusive at the 5-percent level} which is apparently due
to the benchmarking, and including o trend variable only picks it up.

The increase in the standard ecror of the estitnated income elas-
tieity in {31} reflects the high intercorrelation between income and
trend.®  The result in first differences of the logarithms (32) also
eliminabes the trend benchinarked into the series and does not help
the intercorrelation problem. “The estimated price and income elastic-
ities are both inecreased {in absoluie terms) but because of the large
stacdard errors they are not statistically significantly differens. The
use of first differences magnifies the errors in the price and quantity
series,

These results suggest an income elasticity for food manufacturers’
services thab is no larger, and may even be significently smalier, than
unity. The estimated Limits for the price elasticity with respect to
leuast-squnres bias are wider based on the equations excluding the trend
and include those based on the equations with the trend term. Using

o The matris of shaple corrclation cocfficients of the independent variables

is:
P Y, T
Py 10 0. 77 0.77
i 1.60 g 02
T 1,00

£0
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Tanve 4 ~—Estimales of U.8. civilion demand for food manufacturers’ services relaled to domestic farm roducts, measured at the factory level!
P 2

Num- Coeflicient and standard errors (in parentheges) of—
ber : :

Tima of Dependent |- Con-

Equation | period? { ob- variable stant
ser- term log Py, | log Y, Alog X
Vil-

tions

B0)aemnon.| 1919-58 | g X ~0.790 | 0. .| 0.809
(31).c-._.| 1910-58 log X . 1931°| .58 . 004 .921
1020-58 Alog Xud |- - : 704 | . 853
1910-58 | 22 | log P., 004 |—01 5¢ K , . 786
1010-58 log Pu | L 700 o o 871
1020-58 Alog Pd |- .85 . 342

t Bxeludes fluid milk, eream, and poultry. ) ) )

2 Regressions based on biennial benchmarked double-deflated value added data from 1919 to 1939 and for 1947 to 1949; and on
annual data from 1949 to 1958. . o .
dat 3 Based on grouping data biennially for both prewar and postwar yenrs; that is, the analysis is based on first differences of biennial

ata. ;

Na=per capita consumption of food manufacturers’ services related to farm produets (measured at the factory level).
P,,=index of implicit prices of food manufacturers’ services deflated by BLS consumer price index for all commoditics.
¥ =per capita real disposable income based on U.8. Department of Commeree personal disposable incoine (71).
T=trend (1919=1). )
R2=coefficient of determination. ) )
d=Durbin-Watson statistic (*significant at the 5-percent level using a 2-tailed test).




the wader limits, the estimated lower limit {(in absolute value) of the
price elusticity based on quantity as the dependent variable (30) is
—0.79; and the estimated upper limit (in absolute value) based on
price as the dependent variable (33) is —1.67, the reciprocal of
—0.50.%

The above description of the index of food manufacturers’ services
indicates that there are two value series and two price series used to
compute the index. Analysis of the basic data (Appendix C) shows
that the only specification errors in these four series that significantly
effect the quantity index are the errors in the BLS wholesale price
deflators discussed in the section on manufactured foods (p. 3).
The effects here are that the measure of food manulacturers’ services
(1) understates & seculsr increase in the amount of manufacturers’
services per unit of product and (2) tends to overstate cyclical fluc-
tuntions.  Aealn, for brevity, we shall label (1) as & “trend’ error and (2)
as & “eyelical” ervor, although the trend error for food manufacturers’
services has o wore limited meaning than for manuluctured foods,
As in manufactured foods, the trend error tends to bias both the price
and income clasticilies downward (in absolute value), whereas the
cyclical error tends (o bigs ithem both upward (in absolute value).®

The series on lvod manufacturers’ services was benchmarked in order
to correct for the trend error; however, there is little doubt that the

= There is 4 possibilify of spurious statistieal results.  As previously noted, the
price index for food manulneturers’ service is an implicit price series obtained by
dividing an index of valoe added in carrent prices by the index of value added in
eonstant prices, This meaoss that the errors of measurcment in the price and
quaniity scries tend to be wegaiively corvelated. This, in turn, tends to bias the
estimated price elasticity toward minus one and to increasc the coeificient of
determination (J¢7).  In order to test whether the statistical results are spurious,
the followivy repgressions were run:

(38) log Vi=—1.111+0.209 log P,;+0.856 log ¥, R2=0.037
{0.192) 0.087)

(87) log Vir=—0.094-+0.404 log X.,+0.605 log ¥, R*=0.952
(0.145) (0.097)

where,
(38) log V., ,=log P.+log ..
Substituting log V,, from (38} in the other equations:
(39) log X,=—1.111—0.791 log P, 0.836 log ¥,
{40} log P,=—0.094—0.550 log X+ 0.695 log V..

Comparison of these results with those in table 4 indicates that neither ihe high
coeflivicnts of deternination nor the vstimates of the price elastivilies are spurious
on this account. The same is true when &4 trend term is used.

Tor eszentially the same reasens, there is also the possibility of spurious resulta
in cstimating the demand relations for manufactured fonds and farm products,
However, judging from the stalistical findings, this bias is negligible.

% Presumably, the deflated cost of materials aod supplies (the subtrahend)
used to construct the double-deflated value added serics also bas a downward
secular bies beeause the SRE prives received by farmers used to deflate the costs
data reflect quality improvements in the bazic food ingredients {p.47). Tothe
extent that the downward secular bias in the deflated value of gross output (the
minuend} and the downward seeular bins in deflated eost of materials and supplies
f{he subtrahend) are compoasaiing, the mensure of food manufaclurers’ services
docs not refleet quality improvements in the basic food ingredients—as it should
not.
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benchmarking only partly corrects the series.”® The best we can do Is
attemp$ to estimate upper limits (in absolute value) for the price and
ingome elasticities with respect to the twe kinds of specification errors,
‘The statistical results of imposing trends on the unbenchmarked index
of food manulfacturers’ services are summarized in table 5. The
estimated price and income elasticities, —0.69 and 0.72, based on the
unbenchmarked data are not much different than those based on the
benchmarked series. The largest assumed rate of growth in per capita
consumption of food manufacturers’ services is 2.5 percent a year.
This is about the same as the annus] rate of growth in per capita value
added measured in current prices.  Since prices of food manufaciurers’
services probably rose to some exfent between 1919 and 1958, the 2.5
percent rate can probably be treated as an upper limi§*

The estimated income elasticity reaches a peak of 0.93 in equation
(44) when the assumed trend is 1.5 percent per year. Thus, the
estimated upper limit with respect to the specification errors for the
incorne clasticity is in the neighborhood ol unity. The estimated
price elasticity is extremely sensitive to trends; it increases from
—0.69 when there is no sssumed trend (41) to —1.39 when the as-
sumed trend is 2.5 percent per yenr (46). This estimate of —1.39 is
within the limits estimuted with respect to the least-squares bias.®

In a {urther, more speculative, attempt to narrow the estimated
Iimits {or the price elasticity, the analysis based on the double-deflated
value added series was limited to the six benchmark observations.
This is the best available series with respeet to the trend errer, and
it also avoids bias resulting from the cyclical error. Also, if 1.9 is
accepted as the upper limibt for the income elasticity, then we can
estimate an upper limit for the price elasticity with respect to the
least-squares bins. Any assumed value of the income elasticity which
ir less than 1.0 will vield an estimated price elasticity between the
estimated upper imit and zero. Using P,, as the dependent variable
and the part of X, not explained by changes in income as the inde-
pendent variable, the estimated upper limit (in abscluote value) is
—1.38. This limit may still understate the absolute value of the
price elasticity because of possible remaining frend bias, but it does
poiat to a limit which is lavger than unity in absolute value”

2 The benchmark series for double-deflated valve added was laboriously con-
strneted for selected “novmal” census years (1919, 1920, 1037, 1647, 1954, and
1958). The uain difference between the benchmarked and unbenchmarked
series i3 that the former is largely based on unib values derived from census value
and output data in order to deflate value of gross cutput.  As far as I know, these
unjt valug series are the only comprehensive data other than BLS wholesale
,rérices for deflating value of pgross outpuf. TFor a detailed discussion, see Appendix

2 There is, of course, no way of knowing that absolute prices for food processing
services rose lo some extent during the four decades, and, therciore, that 2.5
pereent per year is oo upward limit. This speculaticn is based on meore than
cursory obscrvation, however, The gencral price level (measured by implicit
price deflator for gross national product) rose 80 percent during the four decades;
and during this peried total productivity gains in food manufacturing were about
the same a3 in the vonfarm scctor as a whole {50). Increases in average hourly
carnings and returns to capital in food manufacturing aiso paralieled increases in
the nonfarm sector,

% The estimated price clasticities in table 5 should be ftaken cautiously for, as
the table demonstraies, imposing trends on the guantity and price series tends
to bias the estimotod price elasticities Lo minus one,

27 Besides hoavieg to assume limits for the income elasticity, the method also
assumes o positive correlation between shifts in the dewmand curve (that is, the
part of X,, not explained by income) and price {see Harberger (24)1.
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Tanue 5.—FEstimates of the U.S. civilian demand for food manufaclurers’ services, measured at the factory level, quantily and price series
adjusted for assumed {rends !

(Based on unbenchmarked double-deflated value added)

Coeflicients and standard errors (in
Assumed Number of | Dependent Constant parentheses) of—

Equation percent per | Time period?| observations| variable term
year

log I)" 10g Y( R

636 . 721 0. 720
151) 111)
723 . 809 . 836
192) 2 100)
885 . 904 2900
234) . 076)

1919-58 ; log X,
1919-58 2 1 log Xy
1919-58 log X

240) . 057)
339 . 856 . 964
203) . 069)
386 . 762 977
158) . 085)

1919-58 log X,
1919-58 ~ log X

—0,

(.

¢

C

1919-58 log Xt . 951 —%. 150 1929 . 039

-1

(

1.

(.

1 Excludes fluid milk, cream, and poultry.
2 Regressions based on biennial data from 1919 to 1939 and for 1947 to 1949; and on annual data from 1949 to 1958.

X.=per capita consumption of food manufacturers’ services related to farm products (measured at the factory level).

-P,;=index of implieit prices for food manufacturers’ services deflated by BLS consumer price index for all commodities.
Y, =per capita real disposable income based on U.S. Department of Commerce personal disposable income (71).
R?=coefficient of determination.




Goods and Services Added Between Farm and Factory Sales

Although the findings presented in this section are of interest in
themselves, their main purpose is to present some additional evidence
on the demand relation for food manufacturers’ services. As defined
in this study, the guantity of goods and services added between
farm and factory sales of farm-originated foods is,

(47) < u:=th—'—Yn-

The quantity of food manufacturers’ services, X, accounted for
about S0 percent of X,, in 1947.% The difference between Y., and
X,, includes assembling of farm products; transportation of farm
products between farms and food manufacturers; and food manu-
faclurers’ purchases of packeging materials, fuel, power and light,
and other intermediate materials and supplies purchased from the
nonlarm sector, From 1919 to 1958, X, increased about 160 percent
compared with a rise of about 145 percent in X, Thus, the esti-
wated paramelers using X, reflect a somewhat greater secular
increase than Lthose using A,

The regression equation analogous to (30) based on annual data
for 1919-41 and 1946-58 Is,

(48) log X,=0.060—0.466 log P,+0.934 log ¥,
(0.134) (0.059)

2=0.893 d=1268

where P,, is the imiplicit price of goods and services included in X
It wus obtained, like P,,, by dividing X, into a series measuring the
current dollar value of X,

The estimated price elasticity, —0.47, is smaller, in absolute value,
than the estimated price elasticity, —0.79, for food manufacturers’
services, Fowever, given the standard errors and the differences be-
tw>en the two basic series, these estimated price elasticities are essen-
tially within the limits estimated for food manufacturers’ services.
The estimated income elasticity for X, 0.93, is also about the same
as that estimated for X,, 0.86. The Durbin-Watson test for serial
correlption in the residuals is inconclusive at the 5-percent level of
significance. Other variables in the model (P, Fau Py and Z)
were also tried, but none were statistically significant. "This, again,
is consistent with the previous findings with respect to these variables.

The regression including the trend variable is:

@9 log X,,=0.965—0.600 log P,0.705 log ¥,+0.00237
(0.152) (0.144) (0.0014)

R=0.903 d=1.273

® This ratic is computed in part, from the BLS Interindustry Study for 1947
(14}, the only source from which a direct estimate can be computed.

7 Unfortunately, the additional evidence yielded by experiments with Xai is
not az independent as we would like.  As supporting evidence, the important
differences botween the mepsures of X, and X, arc that (1) X,. Is about 25
percent larger than X, which means thab the specification crrorms in using BLS
wholestle prices for deflators will not be as significant in Xa; a8 in X, (see Appendix
C): (2) the data for value of farm produets used in caleulating X (that is, in
ealeutating Ay is based on Agriculture rather than Census data used in computing
X,; and, (3} data for Xy are available annually,
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The absolube magnitudes for the estimated parameters changed
somewhat [rom those in (48}, but ihe differences are not large enoutfh
to be statistically swmﬁcant Also, the magnitudes are esseanll r
within the broad limits estimated for the parameters in the dcmand
relation [or lood manulacturers’ serviees. Whal is perhaps morve
interesting is that the estimoted trend is pot statistienlly sigoificnnt,
and the Durbin-Watson test remains inconclusive at the a-pemeut
level of sizuificance. This lends additional support to the beliel that
the signilicant trend nad the inconclusive test for serinl correlation
in the vesiduals in estirnating the demand relation for foed manulac-
tirers’ services (31) probably reflects the benchmurking of the series.

The regression equation when price is used as the depeadent vari-
able, omitling the trend term, is:

{50) log Po=1.601—0.573 log X, 40498 log T,
(0.165) {0.171)

I#==0.277 d=0.639

The estimated upper limit (in absolute value) for the price elasticity
is therefore —1.74 (the reeiprocal of —0.573) with respect to the
least-squares bias; and, from (48) the lower limit (in absolute value)
15 —0.47,

In sum, the estimoted Limils lor the price elasticity with respect to
the 1cn~.t-squm o8 biag, and the estimated income elabtmty based on
Xy are essentially Lhe snme as those estimated using X% Unfor-
tunately, the eslimates based on X, are subject Lo the seme spectfien-
tion errors as are present in .Yy, Beeause Ao is about o lourth larger
than X, however, the bias in the estimated parameters resulting
{rom these errors is to some extent smaller when X, rather than X,
15 used 3

Consistency of Estimated Income Elasticities

The estimated income elastlicities can be checked to see if they are
consistent.  Beenuse A, accounted for about 80 percent of X, and
because sotne of the factors accounting for the differences (packaging
supplies, fuel, clectricity, and power) are probably highly correlated
with A,, we gan assume that the findings for X, esseninlly apply
to X, nise. Frowm equation (47) we can “derive the formula that the
income clasticity lor manufactured foods, 7, is the weighted sum
of the income elaslicity for the form products consumed in food
manulacturing, #, and the income elaslicity of the goods und services

¥ Because of the way in whish Fu, was derived, regressions similar to those
for food manufacturers' services {footnolc 22) were vun in order lo test for
spurious correlation,  The estimated limits for the price elasticity, the estimaled
income elasticity, nnd the coeflicient of determination were the same as those in
{48}, (40), and (50).

‘Al of the regressions for X, are based on annual data for 1919-41 and 19406~
58 wherens those for X, are based on 22 solected venrs during these periods.
A repression for X, wns also run using data only for those 22 years for which
dnta were awvailable for X, The following results show that there is only
o numerically small and statistically insignificant difference for X,

(51) log Xee=—0.054—0.510 log Py,+1.001 log ¥ R2=0.938
(0.174) (0.G60)

Presumably the same would probably also be irue for Ny
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added betweea farm and factory sales, n, (n,) where the weights are
the fwrm share, 4, and 1—w.3 That is,

(52) N =W+ (l "w!) Ta-

The estimated value of 7, in (20) was 0.35, and the estimated value
of 7, in (48} was 0.93; w, ranged from 0.65 (1819-21) to 0.60
{1954~56). TInserting these estimates in (62), the indirect estimates
of 7., ave 0.35 and 0.538 compared with the direct estimate of 0.57 in
(4}, Thus, the estimated income elasticities are consistent. Although
aestheticelly satisfving, this, of eourse, may only indicate that the
trend and eyelical binses in estlmatlnw n, and 5, (and 7,) are consistent.

The previous results can also be used to find an implied upper limit
lor 3, with vespect to the specification errors in the data.  The experi-
ments imposing trends on X, (Eable §) viclded an estimated upper
limit for o, of unity. On the assumption that this is also true for g,
the estimated value [or g7 of 0.35 implies an upper limit {or 7, of 0.4,
The estitnated value Tor 4. 0f 0.45 when a trend variable was included
{14} implies an upper limit for g, of 0.67.

Experiments With an Expected Income Veoriable

All of the statislical results so far have been based on the Depart-
nment of Commerce series on personal disposable income (measured
inceuie),  This seetion reports the statistienl results for the three
demand relations based on the expected income series. The weights
used to copstruct the expected income series are those derived by
LFriedman {o estimate the consumption funetion.  The guestion we are
asking in this section is whether it would have been better to use the
expected income series based on o concept of permanent income ap-
propriate Tor the total consumption function. That is, whether this
average concept is empirically satisfactory when applied to the dif-
ferent goods and services included in thisstudy. Since the use of total
('nnsumptl(m as o proxy for permanent income assumes the average
coneept (18), owr lindings also have implications [or the use of this
proxy in demand studies for food and food marketing services.

The statistical results wre summarized in table 6; 20l of the regres-
sivns use quantiiy as the dependent varinble. TFor the regressions
based on the logurithms of the varipbles, the estimated income and
price elnsticities in the demand relations for manufactured foods (53)
and for fwrm products (59) are aboui the same using the expeected or
the measured income series.  For food munufacturers’ services (56),
the estimuted price and income elasticities based on expected income
are larger, but not stalistically significantly larger and stifl not large

2 Taking partind derivatives of {47)
DX..,; X n i OXay

oY, T By, T or

-

and, mulliplying both sides of the equality b} } nncl converting to clasticities,

¥ :\'m)__lfg &1’3_) ALY QLr C 2y
\)_\ mil Yg A.Y,"‘ (.)Y‘ X;g Xmg a}’l J.Ya‘

or, using wy (or the farn share and g's for the income clasticities the result is {52).
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TanLe 6.—-Estimales of U,S. civilian demand for munufuctured farm joods, food manufacturers’ services, and farm products based on expected
- income !

v DA NP S

Num- Var- - Coeflicients and standard errors (in

Time ber of { Dependent | iables Can- parentheses) of independent varinbles

Lquation period obyser- variable (except. | stant
1 vations Uy term

Py Py Pp Yo

Manufaetured farm food products

1919-41 log X log 0. 373 |—0. (7
194058
1920-41 Alog Xy Alog —. 001
1047--58 .
1919-41 log X log —1.241

Food manufacturers’ services?

1919-58 log X log . 899
. 1919-58 log X log 2. 030
1920-58 Alog X Alog —. 003




B -

(60).-
(1)

A

"

Farm produets consumed in food nianufneturing

Coie)l € 156)

| R 1 i 4 i
_________ 0104} 36 | log N | log | vost b osr | Laso b 7se| 140
1946 58 | ~ [ (. 036)] (. 041)
.......... 192041 } 34 alog Xp Alog OO i - 004 B30 |eeeone] 0081 2.88
104758 ' (. 060)| (. 299)
.......... 191941 22 | log Xy, log B05 Joeemmenfemmean| . 027 480 | oooo| 832 |conio

Excludes fluid milk, cream, and poultry. )
Regressions based on biennial data from 1919 to 1939 and for 1947 to 1949; and on annual data from 1949 Lo 1958,
X,e=per capita consumption of manufactured farm food products (mensured at the factory level).

N, =per eapita consumption of food manufacturers’ services related to farm produets (mensured ab the factory level).
Nyes=per eapita consumplion of farm products consumed in food manulacturing (mensured at the farm level).

P=index of prices of manufactured Tarm food produets based on wholesale prices deflated by the BLS consumer price index

for all commoditics (except manufactured foods). ; .
Pui=index of implicit prices of food manufacturers’ services deflated by BLS consumer price index for all commodities,

Pro=index of prices of farm products consumed in food manufacturing deflated by BLS consumer price index for all commodities.

Y i=per capita expected income.
Te=strend (1919==1).
R2==coellicient of determination.
d==Durbin-Walson statistic (*significant at the 5-percent ievel using a 2-tailed tess).
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enough to alter the conclusions based on measured income series.
Grenter reliance however, should be placed on the tests based on the
regressions [or manufactured foods and for farm products because these
regressions use annusl data during both the prewar and postwar years
and because these data are betler,

Differences between the estimated income clasticitios using first-
dilferences of the logarithms [(54), (58), (60)] and the logarithms
themselves are greater when the expected income sevies is employved
than when the measured income series is used. This is the opposite
of what is implied by the permanent income hypothesis. The
trensitory components of income, which Friedmaun defines to in-
clude errors of observation, tend to be more important in first-
differences than in the originel data. Since expected income is
not supposed to reflect the transitory component, the eslimated
income elasticities bused on fst-differences and on the original
datn should be more stable when the expected income sevies is used.

Eqnations (55) and (61) show the estimated income elasticities for
manufactwred farm foods and for farm products used in food wanu-
facturing based on data for the prewwr years, 1919-41, only. The
estimuted income clasticities based on data for 1919-41 and on data
for the entire period 1019-41 and 1946-38 are considerably less
stable when the expeeted income series is used. This, too, is not
whit we expect under {he permanent income hypothesis. The
ereater dmportance of transitory factors in the nctual series means
that the estimaled ineame elasticities based on measured income
should be more affected by altering the length of the period. This
18 espectally true for the perinds considered here since the Great
Depression of the thirties weighs heavily in (he ostimates based
on data for 1910~t1. This was a period presumably marked by
large varintion in the transitory component of incore (78).

Still anolhier test is to compare the cocliicients of corrclation.
According to the procedure emploved by Friedman, the pattern of
weighils chosen to construct the expected income series is the pattern
thal yields the consumption lunction with the maximum corre-
Intion coefBieient. Comparison of all the regressions in table 6
and their counterparls in the other tables based on measured iocome
show Lhat in every vase the correlation coeflicients are smaller when
the expected income series is used. At the extreme, Lthe actual income
series ean be looked at gs an cmpirical approximation to the perma-
nent ineome concept for manufactured food with & weight of 1.0
in the current year and weights of 0 in all preceeding years. Thus,
the larger enrrelution coeflicients using the actual income data indi-
cate that the estimnted average hovizon (roughly 3 years) under-
lying Friedman's caleulations for the consumption function is too
long for [ood.

These statisticnl results indicate Lthat the permanent income
concept approprinte for the tolal consumplion [unction is inappro-
priste for foods and serviees related to foods. It also implies thot
folnl consumption is not an nppropriate proxy for demand studies for
foods and lor food marketing services.
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Previous and Future Research

Comparison of Findings With Previous Studies

Despite minor diffevence in scope, the elasticitics estimated in
this study bear comparison with those obtained by Fourt (16). Using
quantity as the dependent variable, Fourt’s estimated price elasticity
(—iLsy and eowe elasticity (0.041 for manufactured foods for the
period TH29-41 and 1946-54 are both substuntially larger (in absolute
valuey than those estimated in this study.  There was no altempt to
completely reconelle Fourt’s results with those in this study; but the
wmain difference is apparently due o the “quality” ol Lhe quantity
series used,

Fourt ased the Deparlment of Commerce series on corporate sales
by food and kindred produets manufacturers deflated by the BLS
consumer price Index sud put on o per eapita basis,  Between 1929
and 1054, this deflated per capits series increased by 60 percent com-
prred with an inerease of 20 percent n the serles on manulactured
fwrmi foods used in this study, The Commerce series on food expendi-
tures texeluding aleoholic Goeverages) per person delleted by an index
of ritadl food prices adso rose less than 50 perecnt during the same
prricdl. There is little doubt that the series used by Fourl overstates
the trend.  The Commerce series on corporate sules is elassified on a
coptpany basts and may be constderably removed {rom consumption
of the finished processed food products.  Among other (hings, it
wreludes dout! eounting wesuliing from interfirm sales of unfinished
commadilios,

Again wsine quanlity ax the dependent variable, Fourt’ s estunate of
the income clasticity for farm {ood products moving through the
marketing systenr is 0045, and his estinsted price elasticity 1s 0.08.
These estimutes based on date for 192941 and 194654 are about the
same ns those made in this study.

Finally, Fourt’s estimated income elusticitios for processors’ nonfarm
purchases and for processors’ own inputs imply an esiimated income
ola~ticity for Toud muanuluciurers’ serviees (and for all goods and
serviers added between furny and factory sales) of 1.20.  Because of
dute problems, Fourt qaalified these estimates and concluded that
these inetne elusticities were nol owore elastic than the income elas-
Lieity Tor total Tum-food marketing services tdistribution and manu-
laeturing servicess; his extimated meome elasticity for the total was
142, Thux, the results i thas study vield o more precise estimale.

The other studies mentioned in the Introduction ave for total
marketing services (manufneturing plus distribution services) related
to wll domestiendly produeed fanm food products {fresh as well as proc-
essedy. The lower estimale of the neome elasticity (0.96) made by
Bunkers witd Cochirane is conceptually elosest to the estinabes made
i this study, Thelr eslimate for tolel macketing services and the
extimate for {ood meoulsciorvers’ sorvices in this study implies that
the income elastieity for distribution services is in the neighborhood
of unity or larger than unily, This estimated ncome elasticity for
food distribution services also reflects ehunges in the opportuniby costs
of the housewile’s time.
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Suggested Future Research

The most vbvious suggestions for future rescarch are that demand
studies for food processing services be made at & much loss argregative
level and that altempts be made to eapture the effvets of changes in
houseliold elficieney. The need to limit this study to total fovd man-
ulpcturers’ services is espeeinlly unfortunate beesuse it mieans, among
othier things, that the estimaled demand relations reflect changes in
the product and service mix. Changes in lotal manufueturers!
gerviees related o farm food products enn result [rom (1) shilts
among food commodities using different Jurm ingredients (meat and
bread:, or 125 shilts among fved commodities made Itorn Lhe same fatim
product but havine dillerent smounls of munulacturers’ services per
unit of product ffresh and eooked hamd). The time series used to
measure quuutity and price of munufacturers’ seeviees reflock both
(1) and %, Ideally, » demand relation should be estitonted that
would reflect 24 only.

Household survey data offer the potentially most frulltiul approach
for eslimating pure inecome clasticities for food processing services.®
Originally, an altempt was alse made lo estimate lngel curves Tor
food processing services [rom houschold survey dala; but, there are
very lew commaodilies which are specified finely enough for this pur-
pose.  Comnuslities published in conswner surveys are generally
specified oo brondly to be able to judge to what extent an estimated
qualitv-ineome clasticity reftects an up-grading in the quality of Lhe
basic [nod ineredicnts, wdditionsl processing (markeling) services, or
chunges o the produet mix®

Criven available stalistics, howsehwld survey data also offer the besk
potentinl for guging the effeet of chunges in household elliciency on the
demand Tor food processing services,  Surveys which include data on
wages of emy loyed housewives as well as dala on income and demo-
graphic factots can be used to measure the importance ol differences
i housewile’s opportunity costs on houschold processing.  This
would make it possible to separate the substitution effect rom the
Leve Inconue effect.®

The above discussion indicates (hat the measurement problem in
this study is esventially a reflinement of the “quality” problem that

% Phe problem of estimaiing the income elasticity of processing for Lotal
markeiing: seevices from howsehold survey dala bs analogous to estimating the
inrome clastieity of quality -that ix, the vlusticity of price wilh respect to income).
In [oet, the cuupicien] guelity-income clasticity ig o weighted sum of Lhe insome
elastivity of warketing serviees and (he faveme clasticity of quality differences in
Lthe Lasie Tood ingredients.  For an example of estimating quulity-income clus-
ticities from survey dolg, see Prajs amd Hoeuthakker (4 snd references cited in
vheir Libliogeaphy,  Yox 47, comparing fhe dilference belween the expenditure-
income elsticity (028 and the guapiity-income clasticity (4.14) for all foods
fexeiuding condiments, alevlolic bevernges, and coflee} eslitnated from the 14948
wrban food consumption survey, states that “one-fourtlh, or oue-third of the
diftrrenee prebubly goes to markelivg services,” e does not iell how he arrived
al this breakdown, however,  Fur ag explicit sttempt lo use conswmer budget
El;un in o studdy of foia! food rwmrketing services and w review of Lhe pitlnlis, see

luck v4:

M For an interssting itlosiralion of the vse of household survey datu for loadl
marketing serviees when idenlly speeified commodities can be found, see Keid's
stady of the demand Tor milk distribution seeviees (3.

35 Hep Mioeers nae of the HLS 1850 Surevey of Consumer Lxpenditures Lo sludy
the lubnr supply Tusetion for mareied women (344,




arises in constructing index nuinbers for prices and quantities. A
method suggested by Stone 50 and used by Griliches (23} for attack-
ing the quality problem in price indexes may also be useful for measur-
ing implicit prices and consumption of processing serviees as well as
other kinds of marketing services®  The method would employ re-
gression techuiques in order fo roeasure the relationship between the
prive of the manufectured lood products and different kinds of proc-
exsing services and food ingredients used in & group ol processed foods.
IT this were done over a perivd of years, it would yield an index of the
implieit prices for these services. This index could then be used to
deflate a value added series for these services in order to obtain the
quantity series.

Finally, the experiments with the permanent income hypotbesis
presentedd i this study indieate that future work in relating this
hypothesis to food showld begin by constructing an expectod incowe
series specilienlly for food. As the study indicates, the size of the
psbinrated inconte elasticlty will probably not be significanlly different
comprred with using the Commerce series on disposable income
spensured ineomed; however, the permanent income hvpolhesis may
vield more stable estimates of the income clasticitics for food over
time, #s well as belween budeet dale sad time series, than econome-
tricians have hitherto experienced with the absolute income hypothe-
sis.  An expeeled income series appropriate o total Jood would
probably also be appropriate, in practice, for individual food products.
1t would also be intercsting und useful to simullaneously experiment
with oxpected price series for total foods and for specilic foods.
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Appendix A: Relation Between Demand at Retail Level and
Demand at Factory Level

None of the demand relutions cstimated in this study were measured nt the
retail level. The demand for manufactured farmn foods (1) and the demand for
food manufacturers’ services (2) are demand relations facing food manufacturers;
and the demand for farm products consumed in food manufacturing (3) is o demand
relation facing farmers, Thus, the demand rejation for manufactured farm foods
refiects not only the behavior of households, but also the behavior and techniques
of production of firms engaged in distributing processed foods. This appendix
shows the relationship between the coefficients in the estimated demand relations
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and the struetural parnmeters in consurner demand relations which reflect house-
hold behavior only. It also shows how the reduced form relations used in the
study were derived® The analysis is limiled to manufactured famm foods;
howoever, the same reasoning applies to the other two demand relaiions.

The three structural relations used to derive the reduced form equation for
manufactured ferm foods ere (omitting ¢ subscripts):

(G2) X, =8{P, Y, Z, T) Household demand relation,

(63} Xo=p{L., P, Pu, T} Distribution sector’s supply re-
intion,

(G4) Xp=r (Pn, P, Pa, T Distribution sector’s derived de-
mapd for manufactured foods.

Where,

Ne=quantity of manufaetured farm foods measured at the retail level.
N =qguantity of manufactured farm foods meusured at the factory level
£2 == rorail price of manufactured farm foods.
Fo=fuetory price of mapufsctured farmn foods.,
Pam=price of di~tribution services.

Y==per capila income.

Z=other demand shifters.

T'=trend varialile.

Conceplunily, the price {index) of distribution serviees, Py, is analogous o the
implicit prica (index) ol food manufacturers’ services, P,. Fais the supply price
of all dislribution services cmployed in getiing monufactured form products
from Tactorics bo households. 1t reflects supply prices of labor, eapital, and other
inputs, und the technigues of production in the food distribution sector.

It is assumed shnt maoufactured foods are sufficienfly perishable so that
there §s no problem of stocks (that is, sales equal output); that there are no

exports or imports; apd that X, and X, are measured in the same upits. It
follows that 3

(65} X=X,

Assuming the same form for the theee relations (lnear in the logarithms of the
varinbles) we esn obtain the lollowing behnvior retation for the foed distribution
seebor from {63), (64), and (G5,

{60) A‘\fm;??(Pm; Pr; Py, T)'
Lliminating P, from {62) and (G6), the partially reduced form is
{G?} Arm=¢{Pm: YJ Z; Pd: S-n)'
From (62) and {65), we obtain the total differeatial,
9 aXemdXe=(S) ar ao);’."ld}’—i—(%)'dz—l—(%?ld’f
ane from (06)

A o 9::\-:? ) /Dnl‘\’m Y Ol\-m) (aA’M) 1
w5 d.\m--( oP”);H,a.+\—-01,'):u,+ ) aPet(SF) T

Solving for d % in (68 and substituting in {68), the result affer eliminating and
collecting terms is

- R LAY AN N AP CAW ) )
T dx\m...l:l ( ofal( o,\'m)u] ]: ( 0!’,—)& 5t) 4P
0K\ (0P upr o (OXe 4yt (25 4z
_('o‘i')';>,( b‘f’a),"P o+ ( )0 +(%z )f”‘ a

DXL\ (OXa) (3PN Y 4],
(&t )_( aP,), a'f),,) ‘”]

% 7The forrnulation in this appendix s based on the work of Hildrelh and Jurrett

- f )
-Xm
(\’r
shat is, that the guantity of dJistribution services per unit of manufactured food
romaing constoot,

3 The resulls wonld be essentinlly the same, if we assumed that =constant—
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TWe next obtain the ftotal differential for (87,

S AT S XN . (DX 2X.,
an d‘\"“(ﬁaPm)é dP.,.—i—(——aY)édY-i- 8% )édé-{- an)éde+ —M,)ﬁdm

Equating coeflicients from (70) and (71) and itraosforming to clasticities
(where nll elasticities arc taken as positive numbers) the final results are:

. _z 3P, \ P, 0%=) (REN T
(7-’») Ed?m_ﬂﬂp’ [ aPm)qu:] [1_ oF, )s axm)‘]
. INE X AVE-TANE
{72} Bsy=1Iyy [1 P, ),( OXM)»:]

~ &Xa oP, -t
(74 Boz="Epz [l—( aP,),(axm>u] :

The terms for the trend variable were not trausformed to clasticities, bub
a bricf glanec at (70) and {71) indicates that the trend coeflicient estimated
in the redueed form relation (1) reficets not only household behavior, but also
the behavior and production technigues employed o the distribution seetor.,

Turning o the elasticities, ench of the terins to the right of the equaliby signs
has ’thc same denominater. The first partial derivative in the denominator,

%}\3’") » shows the change in quantify demanded by consumers with respect

L]
to changes in price, holding income and obher things constant. This term multi-

plied by %’f is the price elasticity of demand. Thercfore, the first term ean

he assumed to be negative. Theseeond term (aa?) » is from the distribution
“h n

seetor’s behavior relation and shows the change in retail price with respect to
changes in the quantity of manufnctured foods moving through the system,
holding the price of distribution services and the state of technology constant.
CGenerally, this term can be expected to be greater than or equal to zers, If
therc arc constank reburos to seale and eileetive competition in input and product
markels in the food distribution sector, this second derivative will be zevo; if
there are discconomies of seale, if will be positive. IPor constant dollar margin
or constanb percentage margin, the partial derivalive is zero. In sum, the
denominator of each of the terms to the right of the equality signs is likely to
be groater than or equal to one, that is:

OXn P,
[1 aPr) (E)-!an):]Zl.
This means bthat the income elasticity, Fyy, and the elasticity of any other
demand “shifter”, Doz, ave «f least as large as those measured at the faciory
level. That is,

(75) Eyy
{76} Iz,

Turning next fo the price clasticity, there is another term, [ E)P,) &], for

5P,/ " P,
which we have to gucss the sign and limits. Hildreth and Jarrett have labeled
this term the “clasticity of traunsmission.” Yt shows the percentage change
in retail price with respeet to a given pereentage change in the factory price,
holding cubput, the price of other distribution services, and the state of tech-
nology constant., "This tcrm ean be expected to be positive and probably less
than or equal fo one, In the case of constant percentage margins it is equal
to one, for constant dollar marging it is less than one. The price clasticity of
consumer demand ab the retail level is, thevcfore, prebably af least as large as
the price elasticity measurcd at the factory level. That is,

{77} Eyr, = Epr,

n =

where bobl price elasticities are measured as positive numbers.
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Appendix B: Some Demographic Factors

Movement of population off farms and historic changes in family composition
and size have, to varying degrees, aflected totn} food consumption, This appendix
reports some atiempts vsing household survey data to determine whether c¢hanges
in these demographie factors were empirically Bmportant cnotigh to have shifted
the aggregate demand relations estimated in this study.3  Besides the economic
question of finding demand shifters, there s also the problem of statistieal specifica-
tion errors. Demographie changes are often correlated with changes in monetary
variables, and their omission in the regressivn analysis can bins the estimated
parameters, ¥

Movement of Population OF Farms

Farm families have historically produced, and still produce, a substantial
{raction of food for home econsumption., Iarm production used in home consump-
tian requires farm families to perform many services in preparing and preserving
foeds that urban consumers generally buy.  Thus, movement of familics off farms
eould significantly increase the demand for manufactured farma foods. In order
to test whether theve is a diflerenee between farm and nonfarm purchases of
manufactured farm foods—and whether the pattern has changed over time—
published houschold survey data were first adjusted for differences in lamily size
angl then standardized for differences in money income (table 7). Thal is, farm
and nonfagm dillerences were estimated holding 'measured) income and fumily
size constanp, Ior intertemporal comparisons, it was assumed that all urbaniza-
tions experienced similar price changes.?

¥ Problems of gaging the importanee of changes in demographic (“taste de-
termining”) factors in empirienl researsh ore legion: Variations in consumer
behavier which cannot be explained by available income and price series may
reflect not only ditferences in tastes, but also {probably) the researcher’s inability
to mensure relevant (including implieit) prices or to correctly “allow' for incom-
plete adjustment to changes in monetary varinhles. These problems are well
Ulustrated in comparing food consumption behavior between farw and nonfarm
families and behavior bebween households with and withent employed home-
makers.  This study will neeessarily beg off the problein of identifyiog these
different, kinds of specification errors.  For a discussicn of tastes in the theory of
demand, see Stigicr (47).

¥ The trend term used in estimating the demand relations sets as a proxy for
demographic factors; however, it is obviously not possible to know how goad a
proxy it is.  Too, a stalistically significant trend may also reflect understatoment
of guality improvements in the gquaniity series, cholee of the wrong form of the
estimating egualion, or & host of other possible specification errors corrclated with
time.

1 Adjustment for family size was based on a food expenditures-fomily size
clasticity of }4 estimated by Brady and Barber (5). The Brady-Barber estimate
relates to expenditures for all foods, not just manufuctured farm foods. The
elasticity obviously varies among {oeds; however, judging from Burk's data {163,
eommercially processed farm foods inciuded in this study accounted for ahout
three-fourths of the value (in farm prices) of all farm-produced foods handied
commercially in both 1923 and 1954. Hence, the error from using the Brady-
Barber estimate is not likely to be significant on this account.

The Brady-Bavrber estimate was obtained by holding measured income constant.
Friedmaon orgues that because average permanent income tends to increase with
family size, a partinl eorrelation analysis holding measured income fixed tends to
bias the estimuted family size elosticity upwnrd.,  Perhaps a more obvious possible
error is thaé the Brady-Barber estirante is based on a simple count of heads and
inkes no account of age or sex composition. These bisses are probably alse not
important for the snalysis based on table 7.

12 The hasic data for spring 1912 ave from the survey of Family Spending and
Saving in Wartime (57) (hercafter FSSW) and for spring 1965 from the Houschold
Food Consumption Survey for 1955 (59) (hereafter HFCS)., The HEFCS reports
only disposable money income; thus to make intertemporal comparisons, the
FB3W data were niso classifice] by disposable money income, The data were
standardized for differenecs in money income between spring 1942 and spring 1955
by “impesing™ the 1955 meney income distribulion for ¢if urbanizations reperted
in the HFCS on urban, rural nonfarm, and rural [arm households in both spring
1942 and spring 1935.
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TasuvE T.—Vuolue of purchased manufaclured farm fosds per household adjusied
for differences in houschold size by urbanizalion, week tn gpring 1842 and spring
1855 1

i
Spring 19427 : Spring 1955 %

Value Velue
pur- pur-
chased chased
Money income {after income | munu- § Money income (after income | manuo-

taxes)—dollnrs factured taxesy—cotlars factured
farm farin
foods— foods—
doliars dollars

URBAN

Teder 1,006
1,000-1.999___ . ..
2 OB0-2809_ ______________
3,000-3,99¢

4 000-4,90%_ .. . ...
§,000--5,904

$,000-9,999
130,800 & over

RURBAL NONFARM RURAL NONFARM

0498 _ oo Under 1,000

1,000-1,999
1,000-1,498 . . .- 20002890 -
1,500-1,999 3,000-3,999_ . ... __
2,0600-2,599 40004999 ______.
3,600-0over

1,000-1,409 - . TTTTTTTT
1,500-1,000
T S
21500-2.999_ I I1TTTTTTTT
3,000~4,000
5.000-9, 899

DELMADE R

NI O a0
1

RURAL FARM i RURAL FARM

Tnder 1,000
¢ . 1,600-1,969
L000-1,49% . ___ . 2,000-2 009
1,500-1,9%) . . . 3,000-3,099. . ___.__
2,000-2,000 e . t4,000-4,99% ..
3,000-over . 63 11 5,000-5,980
§,000-7,960
' §,000-9,999
{ 10,000 & over
i

t Excludes floid milk, crean, and pouliey.  Differences in household size
adjusted by using total food consumption elasticiby with respect to family size
of ¥ estimated by Brady and Barber {7, p. 108).

? Paba compiled from Family Food Consumption in the United Siates (57),

( 3 Data compiled from Food Cursumption of Households in the United States
9.

The eomputations indieale Lhaf, il there had been no difference in money income
or family size among different wrbanizations during the survey week of spring
1442, whan familics would have spent $6.26 for manulactured farm foods com-
pargd with §5.606 spenl by rurad nonfarm families and $4.21 by rural farm Tumilies.
During the survey week of spring 1953, compnarable estimates {in 18953 prices)
show thnt urban houscholds wounld have spent $14.48 compared with $i3.76
spent by rural nonfarm houscholds and $11.33 by rural 1arm houscholds.  These

40




figrures indicate that ulbhough average purchases of menufsclured farm foods
by urbun houscholds declined relative to nverage purchases by furm families—
from 1.5:1 to 1.3:1—the differenes remained substantial. e

Thest- rarios were used to approximate the partial effeet (that is, holding income
and funily =ize constaut: of the wmovement of the population off farms on the
histerie rise in purchased mavufgetured farm foods. 1o 1914, about 30 pereent of
the tuial populativn lived on farms compared to 12 percent ip 1838, 1 we
assume that the rativ was 2 0§ in both yonrs feertainly oo apper limit), then food
puaretises per $.8-person [amily in 19538 would have been about 10 pereent larger
than in 1019 bueause of the movement of the populaticn off farms.  Sinee the
differenee between farm and nonfarci household purchases has been shrinking over
the kst four decades, the elfeet of the movermoent of populution off farms is probably
smaller than 10 pereent,® In sum, the movement of families off farms could
have signifeantly inervased the demand for fnetory provessed farm foods.*

Family Composition

Apparenily, clinnges in ape and sex composition of {amilies during the period
1914 to 19345 have not hind asigoificunt effeet on expenditures for food.  Allhough
this couctusion iy based on less than satlsfactory estimates of equivalent expendi-
ture seales amd on some experimenting, more precise estimates would probably
not alter the convlusion siguificantly 48

Boeeanse of the »ay (o which Lhe dates are presented in publication, the anatyses
of fnmily compositivn wral size in the next section are in terras of totul foad, not
just manufactured domestic furm foods,  This qualification, too, is probably not
important for this study 7

festimates of adult equivalent expenditures seales from survey daia indicate
that the lnrgest differenes seeurs between childeen less than 10 years old and
other persons iiable §),%  In 1920, the number of children less than 10 years of

i Agnin, these results are based on holding mensured, not permanent, income
constant.  As nobnd fo [wotnote ¥, Fricdmao has pointed out that partial correln-
tion analysis cmployving measurcd income "disguises” rather than eliminates
the iefliuenee of income (187, Tor eny given lovel of measured income, permancnt
income 18 likely to be higher for nonfarm houscholds than for farm houscholds.
Heaen, if the permanent income hyvpothesis 1s neeepted, the difference beiwesn
nonfarm and farm houschold purchases of manuiactured foods is apt to be
ovorstated bheennse the estimates refloct differences in permanent income.

Also, some of the difference in pnrehases botween [arm aud nonfarm households
undoubtediy refleets differences in (nonmeasurable) costs which could not be
sptrred in the anadvsis. These two binses, nlfbough in the same direction,
prabably do nat aecount for the total differenee bebween farm and ponfarn food
consnmption bebavior; bowever, they do indieate that the estimated importance
uf movemsnt of Tamilies off farms may be overstated.

1t may abo be overstated for the reasons given in footnote 41,

B Although e diseussion in the text has been limited to # comparison of farm
and nonferm fumilies, we are intopested in all population and occupntional eherae-
toristios and changes in these characteristics that significantly aifect consumer
demand for mamtfactured [grm foods.  However, the comperison between farm
antl nonfurm (amilies 1= not completely arbitrary; as far as I know, the difference
between income-expenditures patterns for [oods between these two groups is
larger than between any other population groups for which esbimates hawve been
innde,  For a comparison of food consumption in different size eities and different
regions, see Tobin f.00,

% The original intention waes to use, in the time series analysis, & population
series wuighted by expendituces seales (that is, adult equivalent units) instead of
Fupweighted"” population; howoever, this presents mare problems than i solves.
Srrictiy speaking, i wonid require equivalent income seales ("ammains'y for the
incume variable as well as equivaient expenditure seales {“fammeains’) for the
monnfartured food expenditures variable (03, For time series studies of the
demand for food using equivelent adult expenditure units, see Bunkers and
Curcbirane '8,

17 Bee [uotnote 41,

# Jue a review of expenditures seales bebween 1617 and 1937, see Woodbury
a2 Woudbnrey cunchbudes that . . . the difference in seales represeating the
relative costs for persous of dilferent ages and sex to that of the adult male, are
relatively minor, though doubtless ample to justifly the adoption of the best scale
in place of one poorly adapted to the needs of the pactieular problem.”
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age accounted for about 22 pereent of the total pepulation; the ratio declined to 16
percent in Lt0, and rose ngain to 22 percent in 1958 (table 9), A food expendi-
ture scale of 0.35 for children less than 10 years old and a seale of 1.00 for all persons
10 years of age or older was assuined as a first approximation. This should nver-
state the etfect of the change in nge distribution on food expenditures (tabie B).
Using these scales, per eapitu fucdd rxpenditures would have increased 4 percent

TasLe B.—Expenditure scales for foods by age and sex, Uniled Stules end
Great Britain

United States Great Britain
Age end sex Sticheling | Institute | Prais and
and of Home Fou- Brown
Phipard |Eronomies| thakker 195] ¢
1936? 1860 2 1937-39 3
Pereent Percent Pereend Percent
Moderately active man (20 {0 74
years old) . _______.. 100 100 100 100
Beys:
Less than 1 yeorold. .. __. 51 42 32 59
1yearold_ o _______ 54 51 51 50
2yenrsold oo a5 81 al 50
Gyearsold___ .. _.________ 59 51 51 59
dyears ol . oLl 61 363 51 59
5 years ofd o oo _. 65 63 A5 68
Gyenrsold______.____.______. 73 63 55 68
Fyearsold L. . ____ 30 73 55 68
Syearsold o ____.. S7 75 85 68
Oyearsold . 91 75 55 a8
0 wearsold oL ___. 95 90 69 68
1l vearsold. oo ____. as 90 69 63
12 yearsold . 103 90 60 68
13 years ol oo ___ 107 106 49 68
14 yenrsold .. o .. 112 106 82 101
1ayears oldo o oo L 112 106 82 101
10 to 19 vearsold .o ______ 114 124 82 101
Women: Moderately active wom-
c E‘li‘l (20 to 74 yeursoldy .o ____ 03 SO 86 0]
tirls:
Loss than 192 vears oldo_ .. ____ Q) ) %) Q]
12 verrs ol oo 093 O Q)] Q)]
13 yenws old oo . a7 a6 65 %)
14 yenrs oldo oo 101 a6 63 )
153 years obddo. o .. e 101 96 65 %
1660 19 yrars old___ ... __ 100 96 G5 %

! Based on diets of employed wage earners and clerical workers in cities who
speud moderate amounnis for food, using July—Auzust 1936 retuil food prices;
see Stieheling and Phipard (46,

? Based on moderate-cost plan diet developed by Instibute of Flome Economies
using the Iousehold Food Consumption Survey 1955 and retail prices in 1960,
Recommended senles about the same as actual expenditures for families with
inenmes between 54,000 and $5,000; see Family Eeonomies Review (56).

3 Based on acfual expenditures reported by working and middle-class families
in 1937-30; see Prais and Mouthakker (469.

* Based on actual pxpenditures reported in survey for first 7 months of 1931,
a yoar of price controls and rationing in Great Britain. DBrown {7) used his basic
scale "First Man and Woman in Houscholds {over 207 for which he assumed &
value of 2.00. TFor other adult men and wemen, he reports weights of 0,90 and
0.57, respeetively.

8 The spwe as reported for boyvs, when veported.  {Stiebeling and Phipard
report slightly dilferent seales for boys and girls under 12 years.)

42




TavLE B—Percenluge of populalion less than 10 years old, and populalion weighled
by expendilures scales per person, selecled yeurs 1920 to 1958

Per capita, weighted population
using expeaditures scales based on—
Percentage of
Yoear population less 1
then 10 years Assumed values [nstituie of Home
uneer 14, 4.35; : Fcouomivs Moel-
10 2nd over, 1.001 ecrate-Cost Plan
h
: Percent Pereent Percent
1920, . (oo § 2.8 100. 0 100, 0
Bt | i 16. 1 104. 4 101 6
1980 e iv. 5 101 8 99. 3
1955 ..., O, L7 100, 0 98, 4

Sources: Ilistorieal Statisties of the United States (69) and Family Economics
Review (565,

frem 1920 o 1410 and declined atrout 4 pereent from 1940 to 1858, as a result of
the change io the proportion of populalion less than 10 yeuars of age.

There hove buen twe attemmpts to estimate cyuivalent expenditires seales for
food in Gireai Britain ttable 8). However, the only scales I know for food ex-
penditures in the United States are based on nutritipual requirements—that is,
they estimate what fumilies need rather than what they actually spend. In an
attempt to further test the importance of changes in family composition, weights
were derived from the Moderte-Cost Plan developed by the Institute of Home
Feonomies from the HIFCS tinble 8).  Although the seale using the Moderate-
Cost Plaa is baserdl on nutritional units, it is virtually the same as the food ex-
penditures seale for houschiolds with incomes between 84,000 and 85,000, re-
ported in the HFUB# The more refined analysis based on the Moderate-Cost
Plan seale also indieates that changes in the age-sex eomposition of the papula-
tion did not significantly affect food expenditures during either the interwar or
post-World War I periods (table 9).

Family Size

The decline in average size of houscholds since the end of World War I has
probably had a sipnificant effect on per capita consumption of manufactured farm
foods.  Apain, the direetion of change is clear, but only a rough guess ean be
mace of the magnitude.

Survey sturlies have consistently—if not unambiguously—shown that there
are substantia] eronomies of seale in family expenditures for food—that is, holding
fmeasured: ingome constant, an increase in family size is .ccompanied by a less
than proportiovaie inerease in food expendiiures, Brady and Barber (5), using
all surveys between 1901 and 1944 in which food expenditures ure tabulated by
income andd [amily size, estimated the partial clasticity of food expenditures
with respect to size of urben families to he about one-third.® Their estimates

A potential souree of crror in using this seale is the change in reiative prices
over time; children's diets inelude relatively mmore milk and less meat than aduilts’
liets, and the price of rneat has risen relative to the price of milk since World
War [. It would, however, be a major task to adjust for price changes. Com-
parison with the Stiebeling-Ihipard seale fur 1936 1table 8) suggests fhat it would
probably not be important for this study.  For a brief review of pitfalls in aduls
couivalent genles, see Reid (42).

0 For qualifications in the use of the Brady-Barber estimate in this study, see
[gotoote 4. These gualifications ako apply 1o the other estimates of the family
size slasticity discussed fn the text and are probably mare sericus in the present
context than in the previgus nonlysis of movement of families off farms.
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ranged from one-fourth to one-halfl and appeared o center ground one-third
which they fnally accepted. Tobin, using ouly the FSSW for wrban familics
in 1941, obtaiped an estimate of one-fourth 734,  Both the Brady-Barber and
Tobin estimates meusure family stee by a shmple count of heads; it would be
preferable Lo have o measure holding familvy compozition vonslant,

From 1920 to 1437, the farithmetic) averape size of housoholds declined from
434 to 342 —thet s, a decline of 2] percent®  Applving the Brady-Barber
estimale of one-thicd, expenditures for food would have deereased about 7 perecnt
por household beeanse of the decline in Tamily size from 1019 Lo 1927, Thus,
hovsehold conswmption per person could have Increased s much as 17 pereent,
The Brady-Barher estimate of gne-half hnplies that household consumplion per
person could have risen 13 pereent. These rough estimates sugpest that the
deeline in the average size of households could have signilicuntly ineroased per
capita consumption of total foods—and manvfactured farm foods—during the
four decades includerd fo thi< study,  Unfortunately, historieal data on family
stze are fur too augregative to show any interesting varistions thal might have
helped explain changes in eiviliun consumplion of manulnelured farm foods.
Omission of a variable Tor houschold size in the regression analysis, however,
could mean thet the estimated fncome elustieity iz hinsed upward,

We can now summarize the (ndings in the appendix: The evidenee based
largely on houschold survey data suggests (hatl both the movement of populntion
ofl farws and the deeline in avernge houwschold size conld have significantly
tnereased the demaad Tor wanufaciured faem foods during the period 1919-58.
Appareatly, changes in lumily composition did uot significanily affeet the domand
for Lotal manufuctured [urm foods, Nowue of those findings, however, is based on
too firm data.

Appendix C: The Data

This appowdix deseribes in greater detail speeifiealion errors in the Lime serivs
emptoyed in the statisteal part of the study.  Several of the series were developed
especially for this study; these series are deseribed in groater detail than Lhe others.
The discussion deals mainly with threr kinds of specification orrors in Lhe sories:
1t} FThe so-valled index-umnber problem, {2y the guality problem {including
changes in provessing serviees por unit of product), aud (3) nrigidily (or syslematic
lag) between reporied and transactions prices,  Defore lurniog to the speeific
series, some general conuments e be made about (1)

Ax ks well known, nu index-number formula computed with base-poriod weights
{Laaspeyres fornudn) and one with given-period woights (Pansche formula) can
yiekl significnntly different resulis,  However, as s cqually well krown, Lhe hase-
period and given-peried weighted indexes can be tsed to bracket the Lrue index.
Ldeally, we might construct bath buxe aod given-period weighted indexes of all
the series, and, if they differed signifieantly, run annlvses on the two soets of data
and use the estinmnted coefliclents to set Bmiis on the index-number problem.  As
a practical matter, data lor deriving welghts for nost of the series are nob available
for both base aad given venrs: Where sufficient data are available, it would he a
mngjor undertahiog to construct the two ipdexes. A cross-woeight formula (o
variation of the Marshall-Mdgeworth formula) and [vequent weight periods were
aveed,  Lndex numbers computed by the crosseweight formula will lie somowhere
between the Laspeyres and Puaasclie indexes. TUse of the eross-weight formulu
and of frequent weighi periods should “reduce™ the index-number problem.

Manufactured Farm Foods

The series on consumpiion of manufactured farm food products (table 10
was constrvcted mainly from puablished and uvopublished daln on bhe value of
output of finished comneditirs.  As originally defined by Kuzvets (28) ard used
in this stndy, finished commoditics are comunodities in their ultimate foem for
purchnse by househobds; unfinished commoditiers are those destined for furlher
processing,  Data for value of finishod manufuciured foods are nimost totuily
estimated from value of product dnte published in {he Ceosus of Manufactures.
Henee, the sedes oo consumplion of wmnuafuctured furm foods velates to factory
prodhitetion only (that is, fnctory production witlin the seope of Lhe Census of

& [fgures moersure population per houschold, not desired sialisties on frmily
glzi.
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Manufactures.®? These production data unforiunsately reflect distribution as
well a8 processing seevices performed by [ood manufacturors. & very rough
estimate hased on frapmentary data suipests that these distribution services
could necount for o significant pereentage of the value of autput of manufactured
foods; this problem is reviewd {n more detail in the section on food manufgeiurers’
sppvices,

Lata on finlshed manufactured foods are only available in years for which there
have been Censuses of Manufactures. The data used in this study are from the
following sources: Biennial estimates betiveen 1919 and 1996 nre from Kuznets
(28): birunial estimates between 1929 and 1939 are from the Offee of Business
Leonomivs 70 ; and for the first two postwar censuses, 1947 and 1934, unpublished

Tante 10— Fadex numbers: Per ca pile civilian consumption end dejflated wholesale
price af mansfaciured domesiic farm Joods, United Stales, {919-41 and 1946~58)

FLO4T 4= 1000

] '
Duiflated - : ii Dreflated
] Cousumption. wholesale i Consumption! wholesale
Year  manufuctured’ price manu- ¥ Year smenufectured: price manu-
foods = { X, fuctured vioods® (XNg) | factured
- foods 3 tP,) © } [ foods ? (P,.)
1919 . __. Sio4 OLT 0 1988 8s. 0 6. 4
: i 93,1 63, 6
v SNG4 85 t
[£T12) R T2 4 S 93.3 ¢ 04. 3
ly2s . T G4. 3 - 7. 4 | 2.4
s, Nl 4 Gd.2 i
Ly o, L G3, 4 - 110.6 §4.3
L2 Nl i 69,3 027, 103, 8
BRI e L G 3 u6.2 - 104. 6
[RE NG X G7. 4 & 101, E 9.2
s, NG TG i
2y . uo, 4 - USRI 103, 4 ¢ 943
: 100, 1 101, 1
[, o LY Ghoy ¢ 104, 2 93. 7
3159 N AL, o L 107.6 ! 86. 6
JRIN 2 [ a2 3 104, 86. 0
1033, .. Tood ag. 3 113.8 ; 82. 8
1934 ... e 1 3.5 ° 1141 Bi. 1
s L. a8 S(L L 110. 8 . 81.6
lwin . hTIE Ta. . 116, 85.9
1v3r . . N2 T TTd

Flxelades fluid milk, erewm, and poulty,

! Consnuption @S mensured i the factory level; does not refleet distribution
seevices ardded by the distribution sectar,

! Busedd oo BLE wholesalie priess for munufnctured foods weighted according ta
their relative mportanee In consmmption.  Whalegale price series was deflated
by the BLS consunwer priee index for alt commoditios, exeept manufactured farm
fouls.

Rourees: Data on output of inished commodities from Kuznets 1281; Slinw (46);
Departnent of Commeree ¢ 76y, and oflicinl statistics of Office of Business Keonomies,
Dipartisent of Commerce,  [nterpolating series on corporate sales by food and
kindeed  prodoets nannfuelurers fram Department of Commeree, Survey of
Current Business 0 f .

B Apparently, {nctory processing of {arn foods accounted for about the same
fraction ol wotal farm poduets processed by the marketing system in 1954 as in
1918, The ratic of the value of factorr inputs of furm products {o all marketed
farm protiers destined for eommereinl processing was 93 percent in 1954
compared with 1 pereent o 1919,
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entiiosted were ohfained feom (he QBES Between 1410 and (929, Shaw's annual
stepies 27 on value of Ooisheal ontput of Tuod aned kindred products was used to
interpolate the bieunial estimates Tor vaboe of finished oulput of manufnetured
farm foods. GBI anuual sevies on corporute sales by food and kindred products
uwnfneturers (71 was used to jnterpolate the Diennigl estimares hetween 1929
amd 1U38 wad berween 1947 und 1034, aod to extrapolaie the series to 19588
The annuul serivs on value of ourpug of finisked manufactured farm foods was
wilj=red Using KRS dala Tor (‘]1{1.“].,1‘;1 i fnventories, egports, sod disappearance to
the military <34, #.3 In order to arrive at value of eivilian consumption of muny-
furtnred farn foods measured In everrent dollaes,

A serubar bins in the serics oo consumplion of manufactured fuem foods could
arise from ecluunres in eensus covernge. The Burean of the Cogsos sets a mintma
sioe fimit Tor establisiments te be incheled in the Census of Muanufaclures,
Claipwges in Ahis skae mit or o teeod of wovements out of this minimun sise
et ran reallt inogsecular bins i the sertes, To the cepsoses between 1919 and
0, eefablistiments with less than 53,000 value of praducls were exeluded; in
the post-World War 11 ecnsuses, reports were reguired from all establishments
empHoyine ot ur more persons &0 any time during the census vedar, FPabricnnt's
riview 30 of the coverage proble for the inteewsr vears Tndieaios it noither
movements iu or ant of the miniomnn size groups appreeiably affeeted the histovieal
rompurnbility of the seeies,  Bhoilaely, the Bureau peints out in Che 19T consus
thut vomparability Tor itcbusteies manafacturing food produets was not appreciably
atlveeted by the revised Hai,

A~iele Frogn the tsiniunun <ize problew, the seope of the Census of Moaoufaeivres
Las al=o been aifectsd slichtly by the Censues Burean’s reclassiftention of estah-
lisleztwersis from the Census of AMxnufaetures to the Census of Business.  The sl
signifivat) reclassification is for bakery prodocets in 1997 wnd qeain o 18934, To
VT, the Bureanr reelas~ified tnto the Census of Rusioess thoze retadl bakeries
engaed in prodoeing and sellime baked goods on the pretises which were not
part of resadl wulti-outlet biukeries.  Aecording to the Bureau, sprocduetion of
~teln batherivs gmounted to 10 pereent of total [uf the bakery industey] in 19397
0 I 19349, value of oulpnl of the bakery fndustey aceounicd for about 20
prrvent of tolal consumption of manufactored farm foods. Thus, this change In
voverare i the hakers proditets wdusi ey would amount o about 2 pereent of the
toral for all processed Taods,

Iothe 19310 Cetsiis of Manufactores, all establishioent= produeing bhakery
prodavis for direer <ales Lo con=umers oo prewdses were also classified into retail
|ru|:-' thit i even those Hhat were part of & chain.  Aceording to the Bureau,

“enpaeeability hetweey 1917 sl 1454 i~ not ~ignificantlv affeeled for Indusiry
2051 hrewland related produets. . " o860 Thus, the efeet of (he 1984 reckissi-
Bieation oo tpend Food] would asain be peelicible 3

Inooler i obtain the gquantiiy serics, the linked and interpolaied series on
e of consuption of processed dotwestie fuens food produets in current cdollars
was cbeflabed By wholesale price index for These foods.  The wholessle priee

P Iugnets' series amel Vhe OB series wore simply linked in 1920, The ounly
~ignifieant differesee betwern the tao series was mmomeat produets, Wuzoels
appread Iy teed e total <hipmentz of fresh medt prodiets hy Tood manufacturers
i~ ligshend prodacet=, Aetuslly, about 24 peresat of this shoeuld bave been treafed
w~ anhnistosl commodities destined for further processinge into sausages, cooked
b, wud pther processcd mears,  Information = not available for estimating the
teequel gz this radie before 102490 This doublecounting, howoever ainounled Lo less
thiar G pereent of wotul consmplivn of inaaulactured foods In 1929, lenee,
wlees Phere was aomnjor tread botsoen T and 1820 in the propoertion of Mresh
wenrs tdistined for furibee provessime, the =imple linking would only result in o
negligibhe ervror Tor this sty

W also esperimented with OBE rlata on food manufacl wrers® snles and, for the
post=-Warld Wie IT yers, valae of shipmensts of food manufacturers from Bureau
afl Censns, Aunnal Surveys of Maoufselures, for possible wse as interpolatiog
series. The ORI corparite =nles series wasg uaeel beenuse iU was most elosely
vorrchtberdl with the basie serics ou value of oulput of foished manufnetured
foods,

Bolndging fronn data reportd by the Depaciment of Agrieulture, there my
=0 be some differiness i the Census voverase of factory production of nelural
cheese anrd fre erena, In 19047, Tactory production of wanfuetured chicese re-
ported in the Cepats was 15 pereent below lactary production reported by Agri-
cuiltare, and protdnetion of fee cream wis 10 pereent lower, Adthough this differ-
viee i lmportant for puofasored daiey prodoets, i aeconnls for less than [
prreent of 1otal eon~umpiion of manufuetnred ferem foods,
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index was consleueted from published BLS wholesabe priee fudexes for individual
foud zroups.  Tlase priee sories were wolghted by value of finished commodities
tsinge Both 1939 wad 1934 weight=: the two indeses wsually differed by no wore
than ss eeror due o rolnding Betwoeen 919 and 1958, the 1919 weighted index
puse (4 pereent aned the 131 valae welghted series rose 146 pereeat. The price
index aetnatly used (o deflate the value series wis o vross-weighted index using
both 1919 aond BOST weigiits,

Tu =up. there aee o apparent siguifiesnt crrors (s the Index of consuinpiion of
ruzetentFuet teeed Twein Fooels 10 this study becanse of changes in the seope of the basie
gt dorived from il Censtts of Manufaetures o beeaose of the fodes sumber
problem. That s, the esiinnted prrametors i the desand rebadon for maou-
Faetnrml farmt loods wondd not tendd to be sigeificantly bissed beeause of these
errors in the ddalw, Freors resuliing from the quality problem and the use of
reported rather o tritnsactions prives which eouled bias the vstinnbed preameters
were winly e i Vhe ~eetion ok statistiend finding.  These errors are reviewed
further jn the ~ection on foold munulaetorers” seeviees,

Farm Products Used in Food Manulacturing

Thus =t pies on guaulify of {grm products tsed o food manofactwring mewstres
Thee getadiity of thee produets at Lhe fara level obat is, 3L weightod by faon
prives Labie Vi, O the whole, 8 does not rofleet assetably and trapsporbation
wervitis u=eed ot meviee B produets frome the fare gate Lo the faclory, 0t
would be prefernbie to bave these distribution sepviees neluded tthag Is, 50 hve
Lhe Faotne et weighdaed by foetory delivered prives:, buk this s not possible
with wavnibabde s, The quantty sevies tsed s based on o delflated farm vadue
seppen,  The frem vadie series wis eonstrneled from KRS data on the fnrn value
eomputwest~ of einvilian expemilitures for fapm-otiginated  produets and from
o= 0 Moassfaeinres didg on bhe valne of eat antinads slaughtersd in meas-
packing plant~ . The poaee dellator iz based o BRAE prices reccived by
furier A1 with weights of fuctory fuputs derived [rom the Burean of Labor
Statisties Taterindistey Study fue HadT

The farm yvabie cotmpousnt is based maindy on KRS estimates of eash veceipls
fromn (arm mapketings, The funn value is the estimated part of the cash reecipts
derived Froen faad for eivilinn doemestie use. It includes raw Benin produvts
mtaneed foe provessing ju fetodes or In retailing and whoelesaling establishments,
stir] whats thust processtat on fuems for diveet olf-faem sudes or consuned in fresh form,
It daes wot teebide food processed for “home consumplion”™ ou furms where
procdueed,  Psimg uapeblishell date avaifable within the Deparonent of Agri-
eulinre, e vadae of Tarm prodhiets consed i fresh form ifresh {redws and
vegetables, copgs, nd so opt was subtegeted from whe wotal fnne value componeot
of eivtlinn ovpenditares. The vadue of midk destioed for use as Beid mili sod
crenmt and of punltey products wus tlso subtracted in keeping with the scope of
tins ~rredy, Pl rentinder represenied the far valoe of products consumed in
fuetoes and nonlelory proeessinge of foods,

The sadne serwes for farm products eonsumed in factory processing ondy (that
i~ enededing connoereind nonfrelory processing: was derived a2 follows: Censuses
of Mumfactnres inehule storienlly comprrdble data by species on homber,
woergh, gund clelisvered eost of anbmads sinughtered in the mend producis industry.
Fortuuaiels, valge of mest aoimnds slanghitered o factories has accounted for
wore that fdf the salue of all faem inputs in food opwnofacturing, and the et
prodinets group s the ooly one where the tread from noafaclory 1o faelory pro-
thnetion bas beeun sipnifiesnt for total wanufactured Iaem foods,  To estimate the
wertee i the faeme e of anfmals slauphtererd in factorios, trends were luposed
betwern census sears (P31, B2, 1038, LT, and 19540 Sioee the eensus clati
wre 1 elelis ered prices, not fuem prices, this means that the rise in the farm vadue
of the noat products component probably is overstated 10 some extent,  How-
sver, the rost of marketig ivestock geepnnts for less than 20 pereent of the tolal
fueroere delivermt priee so that the elfect of dos overstatement on the total value
of alb farme fooeds - ~tuall and probabliy neeligibie s

The sabie of faen product< oilwer than weat products comanned in fuclory
provesang of fuods was taken direetly (rom published sod unpublished dais vaed

e Ui priee dellitor was getunlly construciimt from Lhe same dain used to
dherive tTue preice deBgor for eost of materinds and supplies in (he compotations of
Vhe sdonbifeadelinted value aedibed semes see pp, 322030

5 Phe Likpereent figmre is bused on enfculntions of the consumer's dollar for
mend st anent prodaetsan 18% (.5,
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TavLe 11.—Tndes nuwinbers: Per cepile eivilion conswnplion and prices of furm
products consumed in food monufacturing, Untled States, 1919-41 und 1846-58"
’ (1947-49 =100

"Consumplionj Price farm | ! Consurn ption! Price farm
Year M products * ji  Year | furm i products ?
I products ® ¢ r ; products ?
. Xp (Pp !J I ¢ 97 )
H :
1919 S4.2 1 100, 3 i 35 . 90. 3 54, 7
! 1930 __ .. 00. 3 ad. 4
1920, ... §2.8 5.2 |
19210 .. 50,3 52,06 0 1940 ... 95. 3 54,2
1922 ___ 87,4 S4.G 1 1040 ... : 86, 3 67. 2
1923 90. 4. | 55.2 [ ;
) 1L S ob, U BRI 1 T 103.3 94 6
y25. . . 95, 4 [ 62,5 {} 19a7_.._.! 108, 6 107. 6
1926 . 04.5 ¢ G20 ¢ 19ds. ... O8. B 105. 4
27 .. 9], 4 ! 62 4 b 1949 ____. 97. 8 87.7
1028 .0 89.7 66,0 i
1920 ... i 0 | 66, 4 1 19a0_ ... 98. 6 94,0
; i b 1051 i 921 104. 5
RYE 11 R HO. 5 - Y. 3 LW 1gs2 . i 96, 8 9l. 0
P15 ) N ) RY, O 42,07 JOa8_ . i 102, 6 79,4
a2 82,044 4.6 4 1994 __ .. i 104, 0 6.9
JO33. ... ' 55,3t 382 ;; 1965 .. 109. 0 68, 6
1934 : 92§ i 44,6 1 1956. 200 110. 0 86. 0
1985 0" ; SL 2 | 622 | 1957 ... i 105. 8 70. 4
1936 ... ' 80.6 1 G5. 0 [ 1958 . .. 102. 4 76. 0
1937 . ... ; 59.4 45. 7 II i
i |

Ulkxeludes fluid milk, eream, aud pouliry.

? Quuntity series Is weasured e the farm level; excludes assembly, transporta-
tion, processing, and other marketing services.

? Based on BIIS prices reeeived by farmers with weights of factory inputs
derived from Lhe DL Toterindustry Study for 1947, The larm price index was
definted by the BLS consumer price index for all products,

_Boureet Censoses of  Manufuctures {88Y; Furn-Retail Spreads for Food
Producis {78:; und Agriculiural Statisties (33).

i constructing the farm value series of e markeling bill statisties.  These
data inviude value of [nrn produced materisls used in processing manufactured
dairy products fexehiding Huid milk and ercam;, processed fruits and vegelables,
prain-mill and eercal products, bakery products, sugar und confectioncry, and
miseellapeous wmanufactured foods.  Datn are not available for adjusting uny
of these vompoucents Lo exelude amounts used fu nonfacltory processing. ™

Tou oblain Lhe ~eries on quantity of furm produels consumed in food manu-
factiring, the vabie series in current dollars was dellated by a farm price index
rorsirueted from BB prices reeeived by furwiers, weighted by their relulive
importunee as fuem inputs in food manufucturing in 1947.% I was unfortuuate

8 lierors could result from wsing vuadjusted componenis beenuse of: (1}
The exelusion of small fretorics [rom the Census of Manufuebures because of {he
Bureau™s rule on minimum size; {2) shifts between (aclory aond retsil baking;
{3) shifrs between rewadl and factory processtuyg of dee eream; and (4) shifts from
on-farim churning of butter to factory production of vreamery butter. In the
previous section, it wus voted that (1), (23, and (3) were not signiticant for
total wanufactered farm foods, For (he smne reasons, they are probably not
gignificant for total farm prodocls consumed in food manufacturing. As for (4),
in (429, a vear when oo-furm churned butter for off-farm sale might have beea u
siguilicant factor, it wis less than L pereent of total ereamery butter produeed.
Creamery Butier at this Lime aceounted for less than L0 pereent of tolal valoe of
manufactured foods,

32 BRI prives reerived were used rather thuan Lhe farm price components of the
BIS wholl:-sulv price indox beesuse ithe SRS series have betfer historieal com-
purability,  Avtually, the two series move closely logetiher,
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that 1047 had to be taken ns a weight-yenr heeause prices of farm food products
were near an gi-time bigh, and the relative importanee was probably affected.
However, there was 1o ablernative: the weights were obtrined from the BLS
dntectodistry Sondy for BT, (e orly sonree of date for constroeting the welghts.
The prive lndex sived Lo deflate the valite of facm fuprts was compreed with a
price indes consirueted from the farm volor of the RS Furm Food Market
Baskit which i buserd on weighis for 1935-349 sud for 10932, The 1wo indexes
showed gbout the zame amoewd movemests,  This <ume~ts thal the nse of 1947
werghts b the pnt price indexs may oot be o sigeificant souree of biss.  To
the extent thut the index number preblem is important, the prive series, beeause
ir mses the Laspeyres formola, may have sn upwied seealar bins; and the defated
vadue series mny have o downwnred secular bis,

Aceorditg to SRS, prices reeeived by farmners are fntended to menstire averagp
pries per uail of comumodity ol rather thao prives received for o particular
peads or pudity of the commodity,  Sinee there has probably been s secelar
bnprovement in thee gquality of farm prolocts, the tse of aait valoes moenns Chat
tee price tadex probably has o seenlar npwaed bins, and the gquantity series
protuble hoe o downwand seenlar biss, Tl Price Statisties Review Commitree
pomted our that on the boasis of Bts Hmined evidenee the 3RS series on prices
receited are peither no it vialies nor spetified peiees but ~semething iu between (37).

Two rorgh compurisons were made i this ainde o fest the gunlity problem
Perifer.  Dlate are avaibtbbe from the Consas of Sanufactures for constructing
ap padive of avernge deliveesd griees of soinnds Cavghtered u packing plants
betweey 2% wiad 1055, This series is definitedy bused on unis values ang jn-
vlisles unit eosts of transporiation aud wssembly, which rose at lenst as wuch
as farm priees dirrine Hwe theee decudes

Thes, the Cegsus hinplicit price ndex for meat aoiwals <hould have risen ag
sised or more thive Use SRS dulex of prives cecelved [or farm andmals; ia fact,
thes both herenseld by the ~wne pereentape (about 103 pereent), Nexd, tbe
fart produels price colponent of the BLY Wholesule Price Index, which ab
feust parports to b hused o speetfied prices, was compared with the index
of prices reveived for Wl luem prodoets; the former rose 62 pereent belween
H and BN, wiad fhe datter B9 percent,  Althongh those ecomparisons nre
eritde, they sagreet thnd the geremie farm priee index wsed in Ubis sludy is
probubly close 1o a undt vabie fodes aed reliorts quality Gmprovements i farm
[:1‘&:(1'[1'1.‘1 o sarpe evfend,

L st tHleere aze theee potential soupess oF soenlee bias i the priee and quan-
iy series for facm produets consimed in food mstnulaeturing: (5 (he index
sumhier problem, 2 the gquality problem, and v s upward bins in te quantity
sepie brewtse Copsits data on delevered enst of Yive submuads slaeghiered i fae-
bories Wi tsed Fo estitnute the tread in the farm relne of meat produets sluighlered
in factoriss. Bigees resoMing from 11 and (2 are in (ke rage direction, the
Blas resulting feom 3 5 i the opposite dircetion. Thus, the prive series ig
predubly biasesd npwsrd, nued U guantiy series &5, on net, probably biased
downward,

Food Manulacturers' Services

By far. the most diffieult and Gine cotsiming part of this sludy was measuring
the quaniity of foo! mavufactirers’ sopviees, [rdeally, Lo vonstruet aggregate
prive ol grantity indexes of foog manufuciurers' serviees iU woonld be desirable
tes has o indrvidng? gnandity series which measure the host of aciivilies that food
maunfacinrers perform ju trassforming fare produels into finished processed
foods, The ideal price index would be eovstructed using the prices of these
processing aclinbes the prices would be weighited by quantities of aetivities in some
b period.

There is abviondy ne reasanabde hope of diteetly measuring these prices aud
oruiotities at this fime. Therefore, we will do what othier makers of index num-
bres o secept the jndwmest of the market.  To overshnplify the essential
iddea masderlvime the messieenent of foud wannfucturers’ seevices, the spread
between the faetony price of the processed foud produet aod the purchase priee of
the smatenials aml snpplics bonght by wannfacturers measures (e value of
mamfactarers’ seevites per unit of physical produet.  Thus, the difference in the
price spread Letween eooke] and fresh ham in o given market at a given time
megsures the valye of the couking seevices,

rLe ndes of railrond Crefzht reies for livestock preducts ineressed about
165 puereent from 1918t 1955, whereps fwen prices of fives{oek rose ahoul TU
PETeTsg g8
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Conceptually, the method actually used alse measures changes in the amount of
sorviees per it of physical product as well as changes in secviees resulting [rom
chuages in the product mix. Iopefully, this makes it possibly Lo measure the
total quantity of nanuincturers’ services without being able to specify Lhe infinite
variety of specific serviees ineluded in the toial; obviously, nothing ean be sald
about changes io the seeviee mix® I is slso necessary 1o assuwre Lhat relative
pricps—including implicit priees—of goods and serviees ineluded in the agiregate
da not change over time (2689

As defined in the model, manufactured farm food products are the swn of
e ufneturers’ serviees, Lo mpterials conruimed in processing, other materials,
apd supplies and services purehased by food manufaeturers, " The guantity of
manuineturers’ services wis measured as the difference between deflated value
of output of manufzetured farm feods and defluted costs of materials and supplica
consumed in mapufacturing®  This is the so-culled doubli-deflated value added
meastre of onlpur,®  Syrubolically, vhe value of food manufactwrers’ services,
Vo, as delined in this study s

Ve 2, puie =~ Zi Pyl

whore, poe and £ refer W ocdrrens prives of faetory (gross) output and imnatesinls
sl supplies, respeetively, aud g, and ¢, veler to the respeetive physical uan-
tities 5 Note Uyl the tndeses of ihe swiemations are different: Farm raw milk
is baed i omaking bulter, iee ereanm, eheddar ehorse, and 8 host of other processed
furm prodocts: and bread is made from wheat, dairy, and other farm products.

I e value of gross output and the costs of matevinls and supplivs wee de{lated
Ly price jndeges bused oo the Paasebe indes-onumber formula, the result is a
Laapeyres quantity index
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I'he inctex of eivilian cousumplion of manrufacturers' services related to domestic
farin food produets is essentinlly based on Bureau of Census data on “value added
by wanuleetares,” adjusted for ehanges in prices.  The Bureau derives valug

fThis approsth lo measuring processing serviees s casenlially the same as that
msed (o qrantify qualive changes in construetion of a quantity index where we
sork au cgnivalenl unil of megsurement for commoditivs that differ ooy with
respeet to quality.  For o diseussion of the problem related to measucing guality
differenees in honsing, see Muth (485,

22 The problemis implivit in this assumption are, of course, the usual cconomic
andl statissieal inedexcnumber problems awt are common to virtualiy all iime
series srudies,

M [ another confext, Tadd 7290 tas urguerd that an index of the prices of
marketing serviess be construeied direetly, Tlhis index weuld then be used to
defiate the vulue of serviees in order to measure the quantity of seoviees, As
poiatel ont in the test, there Is litde hope at this time of ronstructing an index
ul prives of serviees direetly,  The literature on net output wnd double-deflated
wet oubput s (oo extensive to cite here,  For the oririnal development of these
egsures, see Fabrieant (25 anil Goeey (195, .

8 Using Lhee thenry of the B, long-ren eqguilibrium conditions, and Luler's
thepren, 10 ean be shown thal vabie added in o mannfacturing also measgres she
value cprice ¥ pniitye of all inputs, exeept materizls and supplies, used in
manufaetiring LA mope simple joterpretation is that wsed by Marschak and
Andrews 13203 ey wesnne that materials and supplies wre used in Jieed propoe-
tinn to antput and that markets are perfeetly competitive.

% Phe sywbols are diffeeend than these ased in the denand eelations in order
Lo avoirl confnsion iw terminology.
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edded by manufacturcs by subtracting the cosb of materials, supplics and con-
tainers, fuel, purchased electric epergy, and contbract work from the value of sh ip-
tnents for pinnufactured products and reseipts for services rendered. In 1038,
this definition was revised to include the effect of value added by merchaodisin g
uperations and the net change in finished goods and work-in-provess inventories
(that is, "adjusted value added”).

The series employed in this study is based on value added related to oulpul-—
that s, adjusted velue added.  Ceosus value added rocasured in current dollars
was wdjusted for price changes by dellating the value of output by speecially
comstrucied oubput price indexes and by deflating the cost of materials and
supplies by a special—and laboriously—coustructed input price index. This
double-defiated vniue added series was then adjusted to relgte to civilian con-
sumption only; the series excludes manufecturers’ services related to farm foods
for conunercial and Governmeut stocks, for export, for Uovermmont purchuses
for relicf and olher prograins, and for suilitary use, Actually, the study includes
experiinents with two oubpub series: (1} A double-defiated value added judex
using & price deflator for value of output constructed fromn BLS wholesnle prices
(bhe value added series are from Decennial and Biconnie)l Censuses of Magufne
tures end fromn postwar Buresu of Census Annual Surveys of Munufaetures);
aud () a double-deflated value added index using a price deflator lor value of
output based esscutinlly on unit values of gross oulput devived from the Consus
of Manufactures (this series Is for seleeted pormal census years),

Some Conceptual Problems

For purposes of e Census of Manufucivres, value added does net include
certain coctribulious to the value of farm products which are made oulside Lhe
manufaclurivg plant, The series {2) exciudes some value added by procossing
in faetories; and (b) includes some value nddee by distribulion scrviees performed
by fuud manufacturers,  Value added excludes the contribution of seme nonfarm
resources such as fucl, clectrie power, and other intermedinte goods apd serviees
used i proeessitg farn food products.  Judging from data fn the BLS [nter.
industry Study for 1047 and from the Census of Manufactures, value added
aceounted for about three-fourths of the total margin between value of Snished
coirunodities aud costs of farnu and other uaterials consumed in food manu-
facturing; it sccounted for ubout 85 pereent of the murgin excluding packaging
supplies,”  IHeace, withiv the scope of the Ceusus of Manufacbures, Census
value gdded probubly ineludes nearly «)! of the value of food provussing services.¥

The evidence ou the magnitude of distribution serviees included in Census
value added is fragmentary, Without awtempting definitions of distribution und
processing seeviees, it nuight simply be poted that Census value added reflects
Duying and selling nctivities, ramsporting, storing, packaging, standardizing and
grading, and probably n host of other distribution serviees, Coneeplually,
Censts value added is only supposed te refleet sutput of plants proper; distribuc-
Lion services performed through sentral adminisirative offices, binueh wholesaling
houses, aod 50 o are nol supposed to be roflectod in vatue added.

The ooly data that 1 know for suggesting the importavee of this coneepiual
problem for Tood menufactures see from Lhe Census of Busitess for 1035 and the
Census of Manufuctures for 1989; there is nothing, as for as I kuow, for the post-
World War 11 years. In the Business Census for 1945, the Bureau asked 4 so-
leeted number of wanufacturers 1o report selling expeuses (653,  This included

“ Aceording to these two sourees, farmo products and other materials consumed
in food manufacturing {within the scopc of this study) accounted for about 60
pereent of Lhe valug of finished coywnoditivs; Census value added by mang-
Tacturers accounted for nbout 30 pereent; and purchased supplies and services not
included in value added accounted for aboub 18 percent.  Packaging supplies
which wre ususlly considered under distribution aceounted for roughly half of
the L0 pereent.

& A related probiem is that the Census reports value added by establishments
rather than by eonunogditivs.  Establishinenls are classitiod by conunodity
speeislization,  The resulting “sccondary-products” problem i forfuns tely
negligible for purpeses of this aggregalive study. Neastly all food processing is
done i fnctorics spectalizing in food manufacturing; und, nearly all food manu-
feeturiag within the scepe of the Census of Manufuctures is performned within
Factories classified in food indusiriss, That is, the “speeialization” aud "eov-
erape’’ ratios as defincd Ly the Census (66) and computed by the autlior were
both «f lewst U8 pereeat in 1954 for all manifaclured farn foods.
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(1} payrolls of employees who devoted all er a major part of their time to dis-
tributive wetivities, and (2) other expenses for distribulion such as iraveling
expenses of salesmen, advertising, and eredit, Both of these itcms of sclling
expenges were supposed to be erclusive of selling expenses in sales oflices operated
apirt from the plant,

Caloulations using ratios of selling expenses to value of sales reported in this
survey and value of shipments and value added data from the Census of Many.-
fuctures suggest that seles expenses of food manufacturers could hove accountec
for as much as 10 percent of the total value of sales and about 30 percent of value
wdded in 1935, In the Cemsus of Manufactures for 1939, the Burean reported
¢mployment and payrolls separaicly for distribution and manufacturing workers
in plants, exeluding salarvied officers of corporations. In factories processing farm
foods, payrolis of distribution workers necounted for L3 percent of tofal payrolls
and about 6 pereent of value added.  According to the data frow the 1933 Census
of Business, pnyrolls gecounted for about half of totg! selling expenses; these
figures suggest that value of distribution serviees accounted for 12 percent of
value added of farm food manufoctures in 1939,

The most that ean be dedueed from these two sources is that the vilue of dis-
trinition services probuaidy accounts fur a substantis) fnetion of Census value
added by food menufaciurers.  Unfortunately, evidenee for euging even the
divection of the brend in this [raction is nized W

Monufacturers' Services Using BLS Wholesale Prices

The bagie series used $o measure quantity of food manufacturers’ serviees is the
doulle-ttelinted value added index using BLS wholesale food prices (tuble 12).
Data on valwe of pross outpub und on cost of materials and supplies wre those
reported (o the Becennial and Bienninl Censuses of Manufactures and in the Ao
bunl Surveys of Manufactures made by the Census Bireau sinee World War II.
These datn were bhus available Biennially between 1919 and 1938; for 1947, and
annually beginning with 104D, Lxeept Tor the Biennial Census of 1033 where
bhere were limitations in the covernge, there are 1o =erious crrors in bhe Census
data for purposes of Lhisstudy.®  The significant errors are in the price deflators,

Price deflators for value of prose output by industry were constructod first
from BLS whulesale food prices becuuse these are the most finely specified fxetory
price series availabile,  Industey priee deflators for value of gross output consistent
with thie Census Buveau classifieation of food industrics were doeveloped by re-
weightiog and reaguregating BLS prices. @ The output price dellators ave based
on the Luspeyres fndex number formula, The incdustry price deffutors for costs
of materinks and supplics were based on SRY prices received by farmers for farm
produets and on BLS wholesale prices for other ruterials and supplies.  These
prices were laboriously welghted by data on value of maberinls and supplies
vonsumed in food manufacturing derived from the BLS Interindustry Study
for L1M7, Farnt products necounted for roughly 80 percent of the total cost of
muterinls and supplies.  The eosts of materials and supplics, like the value of
gross output, were defluted by o Laspeyres price indek.  Honee, if the index-
number problen tends to bias the two deflated value series i tends to bias them
in the same diveetion so flat the effeet on the double-dofinted valuo added series
would be ot lenst partly eanceled.

8 The ratios of selling cxpenses to total sales by individual food industries
reported in the Business Ceosos for 1933 wore used to see if interindustry shifts
in ouiput might have shaeply affected bhe ratio for the total, Aceording to these
ealeuintions, if the 1935 industry selling cxpense to sales ratios had prevailed in
1819 and 1958, selling cxpronses would have aceountod for about the same porean-
Eage of total sales in hoth yoars despite changes in the relative importance of
different food industrics,  Within individual industries, packaging hus eertainly
shifted from retail stores to factarics; hub delivery by wholesale balreries to rotail
stores (which is ineluded in consus value added hy manufacbures) has probably
deelined beeuuse of Inerensed average size of retuil sbores,

® Problems in using Censos data for computing quantity of food manufacturers’
serviees are essentinlly the sume ns those alrondy discussed fn she previous section
on_consimplion of manufaetured farm foods.

® More precisely, the cassifiention for developing the output price deflators
was the same us that wsed in the BLS [nterindustry Shudy for 1947 (I-O codes)
in order o he vonsistent with the price deflators for costs of materials and supplies.
Except for dairy produeis, the elassifications For manulactured foods are essentially
the same asg the Census 4-digt industries in the 1047 Census of Manufactures.
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TaBLE 12 —Tndex numbers: Per cupile civilian congumption of food manufaciurers'
services based on benchmarked and wnbenchmarked series, Uniled Siales, selecled
Meurs 1919-68 L

3
. Bench- i : Bench-
Year i CUnbengh- marked® | Year ;| Unbench- marked ?

¢ marked?® ! XN, t 1 marked ? X.

i ' H

; i i :
1616 ___. 86,5 : LT 1047 % 100. 0 100, 0

! ; RAIET E : 740 75.6
1931 _____ : G2.0 83.2 | .
1923_ ... _ g2l 71,2 | 89, 4 92,5
1925, _.. : 78k 70.3 1 99. ¢ 94, &
192Y . ... : 88.1 @ 80.7 88. 3 93. 7
1929 ... ' 61, 1 85, L | 93. 5 100. 3

_ l a2. 7 100. 5
1081, ... 731 0.1 i 91. 7 102. 5
1933, .. L6 70.9 & §7.7 L1
135, . 70. 1 60,8 §i 1957..__. : 87.7 104, 4
13T, .. 76,4 78.2 1 1958. . . 87.3 106. 8
1939 ._. - 94, 0 | 93.9 1i

; i i

! Excludes fluid milk, erenm, and poultry.

¢ Bosed on double-deflated value ndded using a price deflator of value of gross
output constructed from BLS wholesale priecs for processed foods. The price
deflator for costs of maberinls and supplies wae based mainly on SRS prices
received by farmers and, for nonfarm inputs, B LS wholesale prices; weights nre
based on the BLS Tnterindustry Study for 1947,

# Unhenchmarked index was benchmarked using double-defleted value ndded
index in table 13. That is, the unubenchmarked index was “influted’ by the
rutio of the double-deflated value ndded index in table 13 to the double-deflated
value added index used tg obtain the series on per capita civilinn consumption of
[ood muanufacturers' services,

Sources: Censuses and Bicunial Censuses of Manufactures (6, 67); and Annual
Surveys of Manufucturers (88); Burcau Labor Statistics, weights for constructin
the price deflator for costs of materials and supplies were derived from the BLS
Interindustey Study for 1§47,

Louble-defluted value added was obtained by industry, aggregated o the total
for all manufuctured furm foods and transformed to indexes. ‘Uhe scrics was
fnally ndjusted for changes in exports, inventories, and disappearance to the mili-
tary in order to derive the series on quantity of food manufacturers’ services
related to domestic civilinn consumption ouly {54},

Figure 4 dramatizes the Importance of specification errors in the data on food
munufacturers’ services.  The three guantity indexes are inconsistent with cach
wther during the post-World War I1 period.  If manufactured farm foods in-
creased ut the same rate or fuster than furm products consumed in food manu-
facturing, then the sum of manufacturers’ services and nonfartn materials uzed
in foed manufacturing should have risen s much or more than farm inputs.
(Nonfann materinds used in food manufacturing aceounted for whout one-fitth
of the difference between manufactured foods and farm inputs.) Common ob-
servation indieates thul factory proecessing per unit of {farm product used in
food manufacturing probably increused during the postwar vears, not deereased
#5 shown in the figure. In sum, the index of food manufacturers' services using
BLS wholesnie priecs to deflate the value of output has an apparent secular
downward biug.

The serics on food manufacturers’ services alse exhibits marked shorbt-term
fluctuations paralleling changes in the business eyvele (g, 43, The index deelined
sharply during the depression of the early twenties; during the depression of the
thirties; and during cuch of the postwar recessions—1947-49, 1953-54, und 1057—
58, Adthough o pasitive income elasticity for food manufacturers’ serviees
imphes some cyclical fiuctuations in the serics, there are rensons to believe that
the amplifudes of these fluctuations are overstated,
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INDEXES Of TOTAL CONSUMPTION OF
MANUFACTURED FARM FOODS AND COMPONENTS *
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Thus, it is difficelt Lo explain such large short-torm changes in the amount of
manufueturers’ seeviees por unit of manufactured foods (or per unit of furm
profuctsy.  ‘These date show that the ratio of numpufaeturers’ serviees Lo i~
fnctured fosds deelined 28 pereent in just 2 years, 1919-21. Also, during vears
of sharp dectines (LI2E, 1031, 1940, and 1434 the lmplicit price of food manu-
freturers sorvices incrensed.  Ninee these years wors marked by declining incomes,
it would be expeeted that the dectines in food munufaeturess’ services wouldd have
been accompinied by deercuses, not ingreases, in the price Index for services.
The presumption is Lt the dominant factor was o decresse in denand, not a
doerense in supphvdt This couatereyeliad bebavior for the prices of feod manu-
Fneturess’ services was also counter fo the ¢yelieal behavior of the price lndex for
mnnufactared fuods and the price index for farn products econsumed in food
mgnufaciuring,

In sum, the series on food sunnufaclurers’ serviees based on an autput price
doflator derived from BL3 wholesale prives probably has a dewsward sceular
birs. Purbaps less obviously, the series rlzo tends to have & cyelical bins in that it
ovorstates Hluetuations duritye periods marked by sharp changes in income.  As
tnclicatedd in the seciion on statistical findings, these two Kinds of ervors in the
date tend to birs the eatimated parameters in opposite directions: The secular
error temds to bias the price and income elasticliies downward (in absolute value);
th‘{ eyelical error tends (0 bias the peice and income elasticilics upwure {in absolute
vilnes,

“The earlicr review of the index of manufaciured farm foods poinled out that
there were no significant cerors in the Census dain on value of output. The sane
15 teue for Consus duafn on costs of materisls and supplics. Consequently, the
trened and evetical ervors iu the index of food manufscturers’ stervices nre mninly
due o errors in the price dellators.  The usderstatement of the trend in food

T The ealeulrtions of double-teftated valoe added for bwo of the industries
fments and grain-mill products) for 1931 turned out to be negative. In these
icdustries and & fow oinor ones where the eaicnlations were obviously unreason-
able, the geries were corrected by itterpolnting double-deflated value added per
unit of manufnctured foods between ndjaecut yvears.  Lxeept for these induatiries
and the trend experhnents reported in the chapler on the Statistieal Findings,
there was no attempt to smoeoth the date,  These eorrections certainly did not
ehange the direcfion ol the bins.
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menefacturers’ seevices probably results from the commonly held presumption
tnat BLy wholesale prices used to deflate value of gross output reficet secnlar
improveinents in yuality (Including additional processing services).?  The price
defigtor for cost of materials and supplies, based mainly on B3 prices received
by farmers, also relleets scenlar qualily inprovements (37).  However, this ervor
would tend to biss the double-deflated index upwerd.

As for the eyclical errors, the Priee Heview Conmunitice of the Nutionul Bureau
of Eeonomic Hesenrclh {37) has some convineing evidenee thut reported BLY
wholvsale prices aroe rigid and not completely responsive 1o eyelieal fuctuations.®
There i no reason to believe that there is a sipnificant difference between ro-
ported and trapsactions prices in the fann prices used to deflate the costs of
muterials and supplies.  Reported prices are those paid by burers, not prices
ut whick producers hope to sell™  Farnmn prices are alzo largely deterinined on
fairly well orgacized mackets rather thae bebween individual buyers and sellers,
The U8, Departiment of Agriculture and Sinte governments wnaaintain Market
News beevices which report farm prices regularly und widoly,

The statistiend evidenee fo support the explanations of the trend and cvelieal
vrrors in the series ou food manufucturess” seevives is eertainly not overwhelming.
The following stimple mathematiend formudation of the problem for estimabing
the ineome elasticity may make these explanations move convineing,  TE indi-
citbes, autionp other things, that even i the erclical and trend ervors in bhe price
deflators are small, they becomne magnified n wsUmading Lhe ineome clusticity
of thie double-detlated serics,

sumphifving cquntion (74, pupe 50, and omibting s in fudexes lot
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Double-defllated value added, X, ean now be written
1

- - n_ Ve
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The analysis assunes that there are so rendom ereors in measuring any of the
virinbies, thub the Census data U, and 17 are messwred withoub specificaiion
eprors, hut thuat the price index P2 bused on reported 13 L8 wholesale food prices, is
rigitt relative to &, e “teue” index based on Lransactions prices. It asswmes
also that 2, and the price lndex Py, based largely on reported SRS prices received
by Taruers, are both subjeet Lo o secnlnr upward bins relative to true”™ trans-
npetions prices, Mnoand Myl A stmple model that describes these relations and is

Ay Tur as | kaow, the only empivical studies of bthe gualily problem are for
durables,  Although the magoitudes of the crrors are prohnbly different, essen-
tinlly the same reporting probloms {obseeving and acconnting for changes in
specifications} probably apply w priees of processed foods ns well as Lo those for
durable poods.  On the quality problem in BLY refail prices, see Giriliches (23);
o the gualily problem in BLS wholesale prices, see doLlecuw (£8).

= Apnin, oone of the evidener was speeifieally for mnnufactured foods.  How-
ever, the reporting problems reviewed by the Price Review Conimitiee appear
peneral to most BLS prices so that there i a0 strong presumplion that the Cow-
mittee's findings apply to mannfactured foods,  Hoe, purticularly, Floeek nad
MeAdllsier 13700

Aecarding Lo BN CPrien reporters generallv are buyers of farn produels;
stucl: as operators of country mills and elovaktor operntors, muoagers of creameries
and milk receiving stations, nuwuagers of cooperative marketing organizaiions,
and lsead dealers i other types of farm products,  [naddition, seme loea) bankoers,
well-informed fwroers, and other persons with knowledge of prices of frm products
wee on the list of voluntars reporlers. Tn 1S4, reports wore peevived {rom about
10,060 rogular price reporters ench muenth, Supplemoentery data are else ob-
tained from many buyers and handlers of fiem produets, such as eronmeries,
duiry plants, livestock auctions, and marketing cooperutives.™
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sufficient to show the effects of the specification errors on the eslimmated income
elasticity is

{8&) Po= ProaTia
\89) Py=P;T#

where e, [0 e, =<1l indicates the (elasticity of} rigidity of the index of reported
prives with respect to the index of trunsactions prices. If a,=1, there i3 uc
rigidity between the two price indexes; this is sthe asswmption undelying P
The tloser a. i3 to zero, the greator bhe rigidity,
20 and 8; 20 indicate the seoulnr (exponrential} cate of growth in P, and Py
as & result of reBecting qua'ity improvements in foods (P, s also assumed o
reflect additional processing services). f.=8r={ means that there is no such
secular bias in the two series.
From equation {7), the income elasticity of food manufacturers’ services, X, is

(om - ;Q:FE)_[:Y_M .0..‘_'_“_‘) J_ X Pi'.r) l"_]
XAV /LN \oY / V. N.\oV¥V ./ 1%

(e (3) -2 (22) 2]
X, oY NJ.\oY / Py

Income glusticitios for 2. and Pyare derived from (8) and {9}, end the reeipracal

L LA, |
of the exponentinl rate of growth in income, %,i;. %) + s designated by y,.  After

substifution in eguaiion {10V the result is,
¥ oroX. N bI',.,) T Xy 0V, 1-']
4 - .. efuiial PP e iy — ——r mm—m
91 a}-’) ]:\ oF ) 7T 5T T
X oP.N ¥ X X
'—[;::' e —o—it-) T“::I —%u [:\'—. Bm—-:ﬁﬁf]
No¥

Let oy W indleate the “true’” income elasticity when there are po speciliva-

Ay

tion errors in the price defletors tbhat is, an=1 and B,=#;=0), then the biss in
the estimated income clasticity beeause of the specifieation errors is,

oy TX (XN ¥ (DX _[Ke oP:y X
iy K 05') 3 0'}',)]—[4\7‘"“—“-& Ol”) P:‘]
J\—M X

e [Xe ]

The frst group of terms in brackets shows the bins due to the cyeliesl error in
P the second bracketed group shows thie bins due to the trend errors in P and Py
The results incdicate that the binses from the crelical and trend eriors are in the
apposite direction if

" ﬂ\’f

X
-4\’. 5m ‘\" ﬁf
or
-\mBm>A—fo‘
Judging from the previous analyvsis of these series {pp. §2-35), this is appacently
true in food manufucturess’ serviees.

The ratio, ‘=™ js partieularty crucial: Byven if the cyclical error in P, is small
1 o r 1
*

‘\
its effect is magnified by 5‘31' in the estitnated income elosticity for the double-

# gquations {8} {and (8] are obeiously too simple a deseription. The rigidity
bebween . augd £, for example, is probabiy aot symnebric between periods of
inereasing rad fdecrensing prices, A more aceurate deseription might show a
systematic Ing,  Obviously, if the cmpiricsl relationship between the reported
and brue prices were known, the serics dellators would have been corrected.
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defisted series, The ratio, '\J” is abowt 3. There is obvicusly ne unbinsed
e oy ¥ Tho . index of .
estimats of SV P w teend error in the index of reported prices, £,

tends to biwe ‘lw estimale wpward, whereas the cyvelical bias in P, tends to
bias it downward., These bhiasee may be rougbly’ offsetting, and the resulis
tn the chnpler on the Statistienl Findings fequations 115 and (101] suggest that

(%{c};‘) ; is in the aeighborhood of one or lurger than one, AL any rate, this

vhwsticity is sipnificang.

The seeoud group of brncketed terins indicates that the bias resulting from the
seedlar errors {n F, wod Prowre pactiolly offsetting.  Intercstingly, oven if the
two price defiators weee binsed 0 the sume degree 18, <2 8,1, the estimated income
(-i’:isticit y for foud mantfucturers” services would stifl be binsed downward beenuse

is larger than -‘\Lf They are about in the ratio of 3:2. 'The previously ob-

m
X,
served downward secular biss in the double-deflated series, however, strongly
sugpests that P, boased on BL3 wholesale food prices, must have a substantiad
upward seenlar bing,  In sum, she sipnifieant spoctfication errors in measuring
the gunntity of food manvfacsurers' services, X, are mainty due to the inadequscy
of BLS reported wholesnle food prices.

Manutacturers' Services Using Census Unit Valves

The second series developed for mensuring the quantity of food manulnclurers'
serviess was also based on doullle-definted vehue ndded; however, it was only
cunstructed for seleeted census yenrs (able 1337 Census daba on value of gross
vutput were deliabed mainly by indosiey judexes of unit velues. These indexos
were olitained by dividing indusiey indexes of value of gross output by industry
indexes of wross outpat (50,  In eifeet, the minuvend of the double-definted value
added series is based mainly on industry gross ontput construeted from value and
preduct deta reported in the Census of Mauufnetures, Industry duta on costs
of mpterlals nnd supplies were defliated by the same price indeses deseribed in
the previous section. Thus, the only difference between this second scries on
dowuble-clefinted value added and the provious one is in the deflator for value of
gross putput,

The double-deflated series constrigted for selocted yenrs was used to benchmark
the index based on BLS swholesade food prices tiable 13).  Because it was necessary
ta tse aoe fndlex of uait values, the benehmarking only partly eorrocts for the seculnr
error. It is, however, the best available series for gaging the trend in the guantity
of food manulacturers’ servicos during the peried studied.

A brief swomnry on bhe quantity of food manufacturers’ services follows:

(1 Accepling Uensus delinitions, Census data on value of gross output and on
costs of wmaterials and supplies are not subjcet to orrors which would tend to bias
the demand relntions estimatod in this study.

i1 "There is no evideoee that the index number problem significantly binses the
quantity index; to bhe extent that it dous, it is overwhelned by the following
secular error.

{3) There is an obvious downward secular bins in She quantity index presumably
beeause BLE wholesale prives reflecs seenlar quality improvements in food prod-
rets nud w seeylsr eise in the amount of manufucturers’ services per unib of physical
product ; these orrors tend to 5 the ostimeled income and price clasticities down-
ward in absolute value.

iy Clyelienl fluctuations in the guantity index appear overstated becausse of
possible rigidity (or systematic lags) between BLS reported wholesale food prices
und trae trunsactions prices; bhis error tends to bias the estimoted income and
price einsticities upwurd in absolule value.

{3) Lireors in SRS prices reccived by farmers used Lo defiate costs of mnaterinls
and supplies bended to offset vrrots in the BLY prices, bub they were apparently
overwhelmod.

* There was also an nttempt to consbruct this series for the same years as the
index based on BLS wholesale priecs; unfortunntely, it wes not snccossful.  In
fact, resalts of initial eomputations of the series for pven selected yores sometimoes
deficd tests of rensonabloness, and other sources were searched ouwt. In sum,
coastruttion of the manufacburers’ services index based on unjt values involved
u good denl of cheeking nod personal judgment.,

b1
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Tasue 13- Doalle-dofluted telue udded in munufacturing furm food produets,
Oaded Stute s, selecled yearg 1015 581
10T = LU

Y er flouble—cefintod Year Dowie-geflutod
vidte zedded 2 viadue added 2

WG, . ISTEAE SRR 5 TR O
D4 T B 1954, . S HZ 0
HRiY . L ik, 4 oS, R 12340, 5

1oseindes Hudd eailk, erenm, aod poultry,

Bused vt Cetstin value added by Tood maonufacturers,  Value of gross outpu
wiw nainly Gefluted by derived Censis oanil vadues: nnd cost of mntecinds and
supphies was deflated by spectally constegeted fudustey indexes based on SRS
prices roesived by furtners and, for sonfarm inpats, BEX wholesale priees {woighis
were terived from the BLS foderindustey Study for 1847,

H
2

A The wbove tonchimious suggest Cha the estimatod pueonoters it be ade
more precise with respeet (o the specifieation orrors by Bnding a boetter price
deflator P (hat based on BLS wholesnle food prices. A second series on food
uegufneitrens services war conslructed essentially from Census datn oo unit
vilues for selected conspg vears, [, oo, fends (o understate the seenlne vise in
food mnafneturers” services, big uot a2 mueh as the indes based on BLY wholesale
prices,

Price Index for Food Manutacturers' Services

The inmdex of prives of food manufaclurers” seeviees wos obbained by Qividing
wujsdes of vadue added in eurrent dollaas by the index of value added in eonstant
dotlrs.  This mwenos that the benchmuarked and unbeachmarked serics for valie
aedddedl b comstant priees oply different isdexes of Daplicit prfees of services (table
P4, The price index of food manufuetures’ serviees is a unit value series.
Hewve, it eefloets not anly changes in the fmplicit prices of inanulncturers’ servives
Pt wilser elprogges 1o fhe serviee mis,

The twa kinds of speetlication crvors uoted in the previons seetion nbout the
auput ity of Tomd menufacturess seeviems alxo spply to the price index for these
services  extepl In the opposite direetion. Thet i, there i o seenlar upward
bias i the priee index beenuse it reflects (undity improvements toscinding addi-
tinnul processitg ~ervices, and evelieal fluetutions in the priee index for services
tend o L nuderstated becupse i i= bused on reported prices whieb tead Lo be more
rigid thus Granepctioas prices. As In the estimated foeome elaslicily, the Lwo
types ol eriors temd 1o bins tlie estimated price elaslicity in opposite dircetions,
[ sbsolute terins, the sevular frror wnds 1o bins the estisanted price clasticity
dowawned nmi Lhe eyelieal crror tonds o bins iU upward,

Ereriving the fopliclt price serios as Lhe guotiont of value and guanlity indexes
v also tnfroduee spurious correlation and tend Lo bias the estimated price olus-
tieity toward misis unity.  These spurious results can reauts Teom cither candom
errors of megsurepent or the specifiention ervors in the value and guastity
fdexes,

Income Series

The two incone sevies tried i Che statistieal aaadysis are bosod oo Uhe Depart -
ment of Comaieves definition of pemsounl disposable income (labie 15, Com-
ineree hs exlendod s series baek Lo 1919 on an annwad hasis (E. The weasured
peoie sevhis s siophy e Conunerce serios delluted by e BLS cousumer price
theden ;s per capita inceme was obtained by dividing total income by total civilian
poptlation s of Jdudy 1 The expeeted income seres is on empicieal approxima-
ton o Fricdinan > permenent-ineonye coneept (187, It s a woeighied moving
sverege of the deflated Connneree series {see foolnole 2, table 15, for weighls) 5

T oeder o obitain expertet income Tor venss 1919 tlaough 1998, Commnree

serts of d-venr avernges (8600 wore interpolabed using Cloldsmith's anoual sories
2260 on dispusable personal income,




Tavre b —fader numbers: Velue gdded (current deilars) in manufachuring farm
foads, und defluted implicit price of food manu Sacturers’ services, United Slules

1919-681
{1947 = 1004

[ JE—— e L ot e— . e+ e s

Defiated implieit price index
buged on—
Yalue added

Year i {ecurent, :

‘ dollars) |  Unbepeh- Beuch-

! c wmarked : marked

i index 2 iudex ®

i .
19890 32,9 ; b7 4 80. 1
wa 28,9 } 5.7 ¢ $5. 0
Wr2d_ .. ... _ 33,06 - 649. 9 79, 5
1925, 0 . . . __.. . 365 ¢ 738 82.2
W oL L 387 G8. 5 TLT
w0 . . .. a 432 TG T §1.9
W3l .. e e el 35.8i 83.1 806, ¢
1033- 0 ST 247 78.3 i 50,2
1035._. e e el e 33.0 ¢ 86.9 2 §7.2
193 ... - . ... ... LA 573 85. 0
1089, . . 4.9 8.2 779
|5E i e 106, 0 100, 0 ¢ 100. 0
Y9 o Ll L L. 101, G 124. 5 i 121.9
19500, .. L. L 1111 e 8 146, 1
Wal_ . L . 17,8 . 104. 8 1401
uae .. PR, 1293 112, 8 166, 5
e 138 107. 0 99.9
wogd o Tt 1284 | 102. 2 04,3
FEI KT T e 142, 4 3129 L 1
W36 oL 47,2 118. 0 102, 5
Wero.. L. L. ... 150,21 115. 8 96,1
1085 .. Lo L. L. I58. 7 115, 8 85. 1

P Ixcludes thuid milk, erenm, and pouitry.

? Derived by dividing index of value added in current deliars by index of double-
deflated value adgled vsing BLS wholesale prices for food te dellabe value of otbput.
Implicib price index is deluted by BLS consumer priee index for wdl cotnmoditios.

* Derived by dividing index of value ndded in eurrent dollurs by index of double-
dellated value ndded beuchmarked for definted selected consus vears.  Implicit
price index is deflated by 131N consumer price index for all commoditics.

Price Spread Series™®

The retail-wholesale price spread is the weighled diffeeence Detween an index
of retudl prices and an index of wholesule prices of maoulucbured farm [oods, The
retdl price index wes derived from 13RS series on the roknil cost conpouent of the
market basket of farm foodl producis (58, 62). The wholesale price index is the
one previously deseribed (pp. 52-53). The weights are for 1939 (58), the only
yeur for whicle data are available.

Tl farra-retait price spread used in Lhis study is for manufaebured foods only.
The price series and weighls are bused on 1314 published duts on the farm food
market basket (583,

H The scepe of these indexes is the snme a8 that of the index of consumption of
manufactured farm foods; that is, they exclude Huid wilk, eream, and poultry,
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TABLE 16— Per capitu real disposuble end ecpecled income, United Stules, 1918-41,

1848-551
(194749 dollurs}
Year o Disposable 1+ Expectedin- | Year | Disposable | Expected in-
¢ income (V) i come? Y |- invome (17} | cowe? (¥,.)
1 \ 3 t
v Dollurs ¢ Dellars i ' Dollurs Datlars
16189, .__. ' 818,51 827.5 |; 1938, ... . 834. 0 862, 5
: . o §¢x: 23 DR : 906. 0 $88. 3
1920. ... i 1= NP 820.7 - i
g1 __ .. . 726, 4 i TU3. 5 100, L. 961, 4 426, 1
gee___ 7048 790,90 0 odil . ) 1,107, 9 - L0038
R T H33. 86 Ry g - i
B30, SR : B3B3 8384 . 1946 ... : 1,381 4 1,369.3
1925, . Hih, 2 54T, 2 1947--,-.5 1,235 9 1,334 7
w25 - yrr e | B85, 1 P AGdS ] 1,255, 8 1,819, 2
wey . Hib. 5 STT.L T lude. L .. 1,248 7 1,308, 4
1428 . NTT. S 586 0 ‘ i
g . g3 8 - QL2 4 1850 ... . . 1,331 06 1,327.0
PS5 U 1,327 1 1,336.7
| B30 S R46, o ' o, 0 19a2_ ... 1,339.5 13477
3357 B TR ; TR T 1 1 S 1,382, 8 1,869, 7
132 G67. 5 sl3.8 180, ... i t,378. 1 1,382 ¢
LR <% S 638, 4 TH, 1 19556 _.. - i 1,450, 1 1,416, 0
tugd o Tigot THILG O URG. L . 1,448, 8 i,457.2
1035, .. THi L TR B & Y S 1, 500, & 1, 484, 8
1751 S 872,00 ALK 1058 L. 1,478 & 1,498 4
8T ... . KUY, 5 i 554 2

t Current disposable invome was deflated by the BLS consumer price index for
ult commoditirs.  Population figures are as of July 1.

T Bxpected income is a weighted moving averape of per capita reud disposable
ineome; the weighls are (1330 for the current year and 0.221, 0.148, 0.08%, 0.067,
£.043, 0020, 420, 0.813 for the 8§ preceding yesrs. The mean of the expeeted
income series was made equd Lo the mean of the disposable iucomne series.

_Sources: flislorient Btatisties of the United Biates {65); Survey of Current
.Bus;m(‘ss 741; Goldsmith, Brady, sad Menderbausen (20); snd  Friedman
t18).

Consumption of Cn-Farm Manufactured Foods ™

‘Tho index of consumption of ou-furin manufeetured foods mensures (in 1947—49
Jarm prices) the quaatity of processed foods produeed on furms for bolh home
consumption snd dircet off-furm sale. It comprises farm slaughter of animals,
Lirm churned butier, and consumption of fruits nud vegeinbles on farms where
produced (54, 65, 60). Part of the home consumption of fruils and vegetables
fs in [resh form.  Date are not available for sublraecling {resh consumption from
the total; ity inctusion apparently does not significantly affect the unadysis®

w1t expludes op-Tarm slanghter of poullry and alse home consumption and
direct of-ferm sates of Huid inilk and creans.  Sinee en-furm produetion of eheese
for home consttmplion was relatively swall during the period sludicd, it was
also excluded from the series,

# [n hoth 19268 god 1958, fruils and vegetables necounted for about 40 perecut
of the consumption of on-farm manufaciured foods measured by the series,
Actording to the Household Food Consumption Survey for 1955 (69), about 40
prreent of heme produced vegelables grown by rural farm households were
consuinee in fresh form, If wé assume {hat this ratic was about the same for
fruits nnd vepetables combined and that il was only half as large fn 1920 as in
1450—cortainty rn extreme agsumption—then the index of total consumption
of on-ferm munufsetured foods shows 2 deeline of 53 pereent bebween 1820 and
1657; the decline in the series selunily used in the nonlysis was 48 percent.
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