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Technical Bulletin No. 1081 September, 1953

The Analysisjof Demand f or Farm Products’

By Kart A. Fox, Head, Division of Statistical cnd Historical Research, Bureau of
Agriculiural Economies
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SUMMARY AND CONCLUSIONS

This bulletin presents, in terms of simple diagrams, demand-su?ply
\

structures for 2 number of farm products. These diagrams have
been found helpful in deciding whether consumer demand equations
for various products are statistically measurable and, if so, whether
single-equation or simultaneous-equation methods are required. Basic
problems of analysis of demand by both methods are outlined, and
many statistical demand equations for 192241 are presented and dis-
cussed. The stability and reliability of some of these demand equa-
tions during 1942-51 are examined.

! Bubmitted for publication, May 15, 1953,
258698—52——1
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The diagrams and relationships discussed in this bulletin must be
interpreted in the light of its objectives. The relationships discussed
are those appropriate to analyses of annual average prices and annual
total consumption for the country as a whole in years for which prices
are not influenced materially by price supports. They do not neces-
sarily apply to short-run or local marketing situations.

The best forecast of the value ¢f a given economic varieble can usu-
ally be obtained by a single-equation least-squares analysis in which
that variable is used as the dependent and the other relevant factors
as independent variables. The coeflicients of such an equation will not
necessarily cerrespond to familiar economic concepts such as elastici-
ties of supply or demand.

But research workers are often interested in obtaining best estimates
of precisely such economic or “structural” relationships as elasticities
of demand. In some cases, unbiased estimates of these relationships
can be obtained only by selving a system of simultaneous equations.

In order to show that a single least-squares demand equation gives
unbiased estimates of the elasticity of demand for a given farm prod-
uet, it must usnally be shown that the production moving into market-
ing channels, consumer income, and in some cases, supplies of its
competing products are not measurably affected by the price of the
commodity during the marketing season. This bulletin indicates
many practical cases in which unbiased estimates of elasticities of
demand can be obtained by single-equation methods.

Disposal income of consumers is not influenced to a statistically
measurable extent by changes in price or consumption of any indi-
vidual farm product, nor is it influenced to any significant extent by
those for groups of commodities, such as all livestock products. Of
course, it 1s realized that farm prices as a whole, as reflected in farm
income, make a significant contribution to total consumer income.

In many cases it 1s clear that supply or preduction for an entire year
is determined mainly by prices in a period prior to the time of harvest
or marketing, or by weather and other noneconomic factors. Such
cases include most annual crops and production of hogs and turkeys
prior to World War IL. Supplies of continuously produced commocli-
ties such as eggs, milk, and commercial broilers would fall into this
category if time units shorter than & year were used. Annual produc-
tion of other commodities such as beef, veal, and lamb and of some
of those just mentioned can he shown to be Invgely unaffected by price
during the marketing period in most years. JMxireme circumstances,
such as application or removal of price conurols, have disrupted this
situation at times.

Logically, consumption usually depends upon current price. For
many commodities, however, consumption for a marketing vear 1s
highly correlated with production which, in turn, is not signidicantly
affected by price during the period of marketing. This is apparently
true for most livestock products {except dairy products and animal
fats and oils), feed grains and hay, vegetables for fresh use, and
some fruits. Tor coinmodities having two or more major end uses
in the domestic market or for which changes in demands for export
and ctorage are important, valid single-equation measurements «f
the coefficients of elasticity may sometimes be obtained by deriving a
statistical relation for each of the separate outlets. This approach is
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especially usable if price is determined mainly by an effective price-
support program, so that consumption becomes in effect the dependent
variable, or when the price in this country is determined chiefly by
conditions in the world market. In the latter case, the world price
(say at Liverpool) may be expressed as a function of world supply
and world demand. This has been done in certain analyses based on
prewar years for wool, cotion, and wheat.

Certain practical problems are involved in any attempt to measure
elasticities of demand or other structural coefficients by statistical
means. In those cases in which the simultaneous-equations approach
appears to be required, these problems fre{iuently are magnified be-
cause of the greater complexity of the analysis. For example, it is
hard to find and construct meaningful and continuous series on foreign
prices and foreign incomes or other measures of foreign demand for
much of the period since 1938. Estimates of production in certain
countries, such as China and the Soviet Union, may be inaccurate and
in some cases they are unavailable. Good estimates of production
and ex%?rts may exist for the major exporting and importing coun-
tries. owever, construction of a supply or consumption series based
on a limited list of countries artificially excludes the effect of import
demand and export supplies in omitted countries.

Lack of published retail price series on 2 sufficiently detailed basis
may prevent the estimating of consumer-demand relationships for
some prodncts. Data on retail inventories of processed fruits and
vegetables are generally incomplete, and representative wholesale or
i. 0. b. price series for many processed commodities can be obtained
only if one has access to records of large processors and distributors.
Veal and mutton also are among the commodities for which no ade-
guate retail price series exist,

Domestic consumption in the sense of final purchases at refail is
imperfectly known for some fats and oils and their produets, for
sugar, for cotion goods, and for processed fruits and vegetables. In
addition, some consumption series, like that for fluid milk and cream
or for the quantity of wheat fed to livestock, are estimated as residunals
and include in themselves any error which may exist in the final pro-
duction sstimate or in other major utilization components. For other
items, such as fresh vegetables, the reported estimates of produaction
are incomplete, and the accuracy of consumption estimates based on
them, although including allowances for unreported production, is
unknown,

If the Jevel of error in reported series attributable to lack of data
or incomplete reporting can be estimated, least-squares regression
coefficients and eguations can be eorrected for biases that arise from
these factors.

In many cases, information available to the investigator will not
lead him unerringly to a unique set of eguations (if a simultaneous
system is required) or a unique set of varizbles in any case, Prob-
lems of the degree of aggregation that should be used often are con-
siderable, and the choice made will affect the final coefficients and the
interpretations placed upon them.

In certain cases information obtained from previous knowledge or
research concerning some of the coefficients in a complete demand-
supply structure may be used to obtain estimates of some of the other
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cocfficients. For example, a cursory inspection of series on wheat
prices and on the domestic food use of wheat indicates that the elas-
ticity of final consumer demand is extremely small—probably some-
where between zero and —0.1.  If the United States price has been
on a support basis, 2 demand curve for exports of wheat from this
country might be caleulated, using the United States farm price of
wheat as an independent variable and using world prodaction of wheat
outside this country (and possibly the total number of dollars ex-
pended by foreign countries for all of our goods and services) as other
independent variables. When the price of wheat is well above the
price of feed grains, the demand for wheat for feed is fairly inelastic,
When the price of wheat. is closs to or a little below the price of feed
grains, this demand is highly elastic. From these various pieces of
mformation, a partly synthetic demand structure which has consider-
able explanatory value can be determined for this country’s wheat.
Stuch structures embody the jndgments and intuitions of commedity
specialists in a quantivative and reproducible form and serve to
crystallize any forecasting or policy interpretations which are based
upon them,

Elasticities of demand for most livestock products, using retail
prices and domestic consumption as variables, range between —0.5
and —1.0. If demand elasticities at the farm price level are derived
from these, they center around —0.5. Elasticities of demeand at the
farm level with respect to total supply or production are greater than
the elasticities derived from domestic consumption, as the effects of
changes in production on prices received by farmers are softened by
adjustments in foreign trade and in stocks. Most of the demand
elasticities at the farm price level for selected crops also are less than
unity, and a few are between zero and —0.5. For most farm crops,
revenue could be increased, at Jeast in the short run, by cutting back
production or consumption. The substitution effects set in motion
by programs directed to such an end over longer periods cannot readily
be inferred from these estimates of demand elasticity based on yeaz-
to-year changes. Only a few of the erops for which analyses were
run show elasticities of demand greater than one in abselute value.

Two of the major analyses of demand for livestock products were
projected through 1942 to 1950. The addition of “excess cash reserves
of consumers” to disposable income apparently improved the esti-
mates. But even after allowing for this factor, a lag in adjustment
of consumer demand to the sharp changes in price and income of
1946-48 appeared to be required. Similar extensions for the analyses
dealing with crops indicate that, with the exception of potatges during
the period for which price supports were in effect, most of the prewar
analyses applied reasonably well in the postwar years. This was true
even for items like corn and other feed grains for which prices in
some years were considerably affected by Government programs.

These results offer encouragement as to the continued applicability
of many analyses of demand based on prewar data. 1t is not surpris-
ing that demand equations for staples like apples, onions, and sweet-
potatoes have not changed greatly in terms of year-to-year responses.
Nor is it surprising to find unchanging relationships within the feed-
grain and hay economy, given certain levels of livestock production
and prices. The changes that have taken place In consumer demand

for livestock products evidently do not affect the equations that
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measure demand by livestock producers for feed concentrates and
hay. However, more detailed analysis is needed of changes in price
and consumption relationships both during and after World Wax IT
than is given in this bulletin.

Despite these encouraging results, demand equations derived for
a particular time period cannot be extrapolated with confidence into
later time periods without a careful appraisal of possible changes in
their demand-supply structures durin g ghe infervening years. Statis-
tical analysis of demand is an adjunet to other sorts of specialized and
detailed knowledge rather than a substitute for it. Under favorable
conditions it enables us to summarize much of this information in a
simple and usable form and to make forecasts or interpretations within
approxinmately known margins of error.

INTRODUCTION

As a statement of economic principle, the modern view that, in
genertl, a “system” of equations must be analyzed simultaneously to
ascertain the underlying relationships between price, preduction, and
consumption of agricultural commodities is not a novell) one. The real
advance made lies in the development of a statistical theory (and
computational procedures) which should enable us to “identify” and
measure the several relationships involved in such a system, The
difficulty of separating a demand from a supply curve when price
and quantity are determined simultaneously was described by Work-
g (37)2 in 1927, but not until 1943 was an adequate procedure avail-
able for measuring each curve when supply is influenced by current
prices.

However, modern econometric theory recognizes a special case in
which a single least-squares equation gives an unbiased estimate of
the demand curve. Minor departures from this case may be handled
satisfactorily by single-equation methods; major departures in gen-
eral require the simultaneous ftting of two or more equations, if the
object 1s to obtain unbiased estimates of elasticities of demand and
similar structural coefficients. If interest centers on predicting the
value of one variable from given values of other variablcs and if elas-
ticities of demand are not vequired, single least-squares equations are
useful, even when the basic structure involves simultancous eqnations.

In attempting to appraise the extent to which demand functions
for agricultural commodities can propexly be derived by single-equa-
tion methods, demand-supply structures for specific farm products
are presented graphically, and the practical meaning and statistical
implieations of thesc structures are discussed. Statistical analyses
of the factors that affect price and consumption are presented for a
number of products for which the single-equation approach is ap-
parently applicable, based on data for 1922 41. A few simple simul-
tanecus-equation systems are also presented.

Some disturbances and_apparent changes in prewar demand rela-
tionships, which were reflected in demand relationships during and
after World Wur II, are discussed and the value for forecasting of
some of the prewar demand functions under postwar conditions is
appraised.

* Italie numbers in parentheses refer to Literature Cited, p. 88,
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DEVELOPMENT OF STATISTICAL ANALYSIS OF DEMAND

That this studvy may be placed in proper perspective, some of its
theoretical and empirical forerunners are outlined. The statistical
derivation of “demand curves” is a development of the present century.
Aside from the pioneer attempts of Benini (4}, Moore (27, £8), and
one or two others, applied work in this field did not get under way
until after World War I. Considering the effect of economic and
other upheavals upon the continuity of research, it is not surprising
thet, in 1953, certain major questions remain unsettied concerning
methodology and that the number of generally accepted results is
Hmited.

Statistical analysis of demand was late in developing because of its
dependence upon both economic and statistical theory which were
previously unrelated and also upon the scope and accuracy of pub-
lished economie data.

The requisite economic theory for analyzing demand was available
at an early date. In 1838, Conrnot (8) stated the economic theory of
demand in a form that lent itself to nwmerical applications and sug-
gested that “it would be easy to learn, at least for all articles to which
the attempt has been made to extend commercial statistics, whether
current prices are above or below™ the value that would maximize gross
revenue from sales. However, 50 years went by before statistical con-
cepts that were even imperfectly adapted to analysis of demand became
available. Not until the 1890°s was the theory of correlation elab-
orated, and it was several years later before it was applied for the
first time to relationships between price and gquantity.

Discussion of the slowness of development of econcmic data and
particularly of continuous time series relating to production, consump-
tion, and income, would take us too far afiefd. In this country, such
series on national income und on consumption of food date from the
1930%s. In the 1920s analysis of agricultural prices was seriously
hampered by inadequate data, and prior to World War L agricultural
data were even more limited both in scope and in accuracy. Neverthe-
less, it was evident to Moore (28) that “the most ample and trust-
worthy data of economic science” were official statistics.

In the 1920%, economists in the United States Department of Agri-
culture and in the State agricultural celleges made many analyses of
relationships between price and quantity of farm commodities. ~These
studies were intended to provide information by means of which
farmers could adjust their plans for production and marketing. Al-
though the rate of publication of analyses of agricultural prices
slowed down considerably after about 1933, the results of the earlier
period have been modified and extended.

Demand analyses of some sort now exist for aggregates such as all
farm procuets, all foods, food livestock products, meat animals and
meats, and for many individual products. Analyses of supply or
response of ncreage to price have been made for potatoes, cotton, fiax-
seed, milk, hogs, eggs, chickens, and other products.

Persons cdoing applied work in demand analysis may be divided
into three groups, althouglh, in 1953, the lines between them are less
rigid than they were a year or two carlier. The first group carries on
in the tradition of Moore, using the single-equation leasi-squares ap-
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proach and relying upon judgment to cope with the various pitfalis
that have been stressed by other groups. Some analysts use the short-
cut graphic method, developed and popularized by Bean {3), as a sup-
plement to, or a substitute for, mathematically derived least-squares
regression equations. The second group sup plements the least-squares
approach with the application of bunch-map aunalysis to select “useful”
variables and to detect high intercorrelation among independent vari-
ables. The third group, which centers around the Cowles Commission
at the University of Chicago, uses a multiple-equation a )})roach and
takes explicit account of the so-called “identification problem.” The
methods used by these three groups were largely developed in three
successive decades.

Henry L. Moore was the principal founder of the first and eavliest
of these groups. His books (27, 28) furnished inspiration for much
of the analysis of agricultural prices that was carried on in the United
States during the 1920°%.

By the end of the 1920%, leaders of this group had recognized and
suggested solutions for several major problems of the single-equation
least-squares approach. Holbrook Working (88) pointed out that
the curves which could be approximated with agricultural data then
available were demand curves of dealers rather than consumers. He
called attention also to the fact that errors or disturbances in in-
dependent variables gave o downward bias to least-squares regression
coefficients. Elmer Working (37) gave an account of what is now
called “the identification problem.” Henry Schultz (30} calculated
weighted regression coefficients to allow for the presence of errors in
explanatory variables. Recognition of sampling errors and fests of
significance by price and demand analysts canie at the end of the
decade. 'This subject was treated by Izckicl in his book {I0) on
correlation analysis, published in 1930. Schultz’s article (31) on the
standard ervor of a forecast avpeared in the same year, but it had
to some extent been anticipated by Working and Hotelling (89) 1n
1929,

The twe monuments of the fivst group are Ezekiel’s Methods of
Correlation Analysis (10) and Schultz’s The Theory and Measure-
ment of Demand (32). Schultz’s applied work belongs with this
group, although some of his theoretical chapters go beyond the usual
scope of its interest.

“The second group relies upon methods developed by Ragnar Trisch
(76, 16) fromr 1929 to 1934. Frisch realized that spurious results
could be obtained because of the combined (and unrecognized) effect
of random errors in the data and high intercorrelation among ex-
planatory variables. e belioved that such results were often obtained
m practice. To cope with this problem, Frisch developed his methed
of “statisticn] confluence analysis by means of complete regression
systems.” This technique was used extensively by Tinbergen (34) in
analyzing business cycles and by Stone (32) and Prest (29) in ana-
yzing price-consumption relaticnships.

The third group, which became active in the last decade, is largely
identified with the Cowles Commission. The first major article deal-
ing with the simultancous-equations approach was published by
Haavelmo n 1943 (18). The main feature of this approach is its
emphasis upon the simultaneous determination of interdependent,
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relationships. Analysts of the previously discussed groups frequently
used two or more equations to indicate an equilibrium solution, such
as the determination of price by the intersection of a supply aud a
demand curve, but in their studies each curve was determined sepa-
rately. Tinbergen (24) caleulated many equations which were theo-
retically interdependent, but his methed of fitting assumed that each
was statistically independent.

This third group has its theoretical monument in Cowles Commis-
sion Moenograph No. 10, Statistical Inference in Dynamic Economic
Models (£2). The introduction to the simultancous-equations ap-
proach by Marschalk, together with material included in (irshick and
Heaavelmo (17), Koopmans (21), and Klein {20, ch. I}, is particularly
helpful toward an understanding of the economic and statistical as-
sumptions on which the approach rests. Much effort has gone into
the simultanecus equations approach. But its applications have so
- far been Hmited in number? and the areas in which it is superior to
other methods have not been clearly defined. Its basic assumption is
that “economic data are generated by systems of relations that are, in
general, stochastic, dynamie, and simultaneous” (£2). A frequently
used model of this type assumes (1} that some of the variables within
the system ave determined simultaneously by the several relation-
ships involved, (2) that a randem “disturbance” or residual term is
attached to each equation, in contrast to functional relationships
which are assumed to hold exactly without ervor, and (3) that lagged
values of some variables ave involved. However, there are certain
cases, particularly in analysis of agricultural prices, in which simul-
taneity is of limited importance . In such eases it is donbtful whether
the elaborate procedures of the Cowles Comunission will improve or
even change the results of the single-equation approach within the
limits of sampling error.

A THEORETICAL FRAMEWORK FOR ANALYSIS OF DEMAND

Ti. any modern econometric investigation, four major steps are
involved: {1) Specifying the system of relationships that is believed
to have produced the observed data; (2) ascertainmg whether these
relationships ean be identified for purposes of statistical analysis; (8}
making the statistical analysis; and (4) interpreting the rvesults.

The first requires a knowledge of economie theory and of the par-
ticular relationships that hold for the commedity under consideration.
In Cowles Commission terminology, it involves specifying the “model,”
that is, the system of cquations and the variables involved in each
equation. Diagrams of the supply-demand structure, severnl of which
are presented in this bulletin, serve the same purpose as an econometric
model and are uvseful in helping nommathematicians to understand
the nature of the interrelationships involved.

For 2 complex set of simultaneous equations, the second is essentially
a problem for muthematicians. In simple cases, certain criteria
can be used to ascertain whether a particular set of relationships can
be identified and whether a set of simultaneous equations is required

*Johnson (15, pp. 56-71 and 100-111} gives an example thal ean be rather
eastly followed hy applied commodity anaiysts.
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to yield valid estimates of tha various coefficients involved, or whether
equally reiiable results can be obtained by the single-equation
approach. These criteria are discussed in the section that follows.
In the present state of economic theory, there usually is reom for
differences of opinion concerning at least some of the variables that
belong in 2 complete model. Investigators are inevitably tempted to
discard or add enough of these controversial variables to inake a par-
ticular equation, and the model as a whole, identifiable. This prob-
lem is recognized by Klein (20, p. 10) in the following footnote:

The reader must noi get the impression that eccnomic theory is called upon
at this moment in order to achieve identification. Heonemic theory is called
upon to provide the frue structure of the systems of eguations, The param-
eters (or ceefficients) of the true system wmuy or may aot be identifiable.
However, if we fail to get an identified system because certain variables have
been omitted from the equations or because the equations are not true, we must
use economic theory to improve the equations until they do represent the truth.
If the fruth permits identifiention of the parameters, we may proceed with
statistical estimation.

The third involves statistical problems which ave largely outside the
scope of thisbulletin, Some of these are discussed in Fox {13) ; others
are covered in standard textbooks that deal with statistics or price
analysis,

Certain considerations that are involved in analyzing the supply-
demand structure for a particular commodity or group of commodities
are discussed in this report.

WEEN Csv THE Sineiz-Equation Meruos Bx Usep?

If the purpose of an analysis is to estimate the expected price
associated with given values for such variables ns size of crop and
consumer income, the best answer can be obtained by a least-squares
regression with price dependent and other variables independent,
If the purpose is to estimate the elasticity of demand and other struc.
tural coeflicients, this equation may not give an unbiased estimate. It
will do so if, and only if, current supply and other independent vari-
ables are not measurably affected by price during the marketing
period. These conditions are approximately met for many farm
products. 1f they are not met, a system of simultaneous eguations
1s needed if valid estimates of the several coefiicients of interest to
economists and commodity analysts are to be obtained.

The two diagrams shown in figure 1 jllustrate the meaning of these
criteria, Ifaech shows the demand-supply structure for a certain type
of perishable crop. In the upper diagram, ail of the crop is assumed
to be sold in a single outlel. Watermelons make 2 good example.
The lower diagram assumes that part of the crop is sold in the fresh
market and part in processed form. It further assumes that the
farm or local market price is identical in the two outlets and that the
retail price for either form is not significantly affected by the retail
price or consumption of the other form. This situation may apply
approximately to consumption of table grapes in fresh form or for
making wine and other alcoholic beverages. In each diagram, total

supply is assumed to be unaffected by the price during the harvesting
season,

258494—53-——2




1) TECENICAL BULLETIN 1681, U. 8. DEPT. 7" AGRICULTURE

DEMAND AND SUPPLY STRUCTURES
FOR PERISHABLE CROPS

Supply Pradeiermined: Single Markel

CONSUMPTION D IePOSABLE
/ / CONSUMER HCOME

- -

PRODUCTION M ' MARKETING l
\ l STETEM

e —

Noem— ==

%l UNHARYESTED |
PRODUCTION "W

WEATHER ; ECONOMIC
IHFLUENCE PRIGR
TQ HARVEST HARVESTIHG
COST

ARBOWS SHOW DIZECTION OF INFLUENCE HEAVY ARROWS tHOICATE MAJGR PATHS OF INFIVENCE

WHICH ACCOUHT FOR THE $ULE OF THE YARIATION IN CURRENT PRICES. LIGHT SOLIT ASROWSE iH-

BICATE DEFINITE BUT LESS IMPORTANT PATHS: CASHID ARLOWS INDMCATE PATHS OF HEGLIGISLE,
@ SOUNTFUL, OF DCCASIONAL IMPORTANCE

U, 5, DEPARTRERT OF AGRICULTURE KEG. 4R030-7 BUREAU OF AGHICULTURAL ECOHOMICE

DEMAND AND SUPPLY STRUCTURES
FOR PERISHABLE CROPS

Supply Predetermined: Two Independent Maskefs

CONSMPTION.
FRESH

MIRLETHE
ITSTEM
- -i-. —

WEATHER;
ECOMGAR GHPOIAMLE
IHFLUEKCES COMIGRER
Falon TS IRCORE
HARYEIT

. S

§ waggerme |
SYITES

COHSMPTIOH
PROCELSED

AEROWS SHOW DIR{CTION OF THFLUENCE, HE4VT AREOWE GHDICATT A JOA FATHE OF IMFRLHNCE

WwHCK ACCOUNT FOF THT TULK OF FAL VARCIION I CUREENE FRICES, CIGHT SOLID ARNOWE IN.

BICATE DEFEHIEE BUT LEDD IMPONFANT PATNL DASKED ARROWS INDICATE FATHS OF MEGLIGILE,
QOULTI UL, Of QCCASIGHAL IMPORTANCE

V. 5. DEPARTULET OF AGRICULTURE HEC, 4H)1-1 BGREAY OF RGRICULIUAAL CEONQUICS

Fraoez 1.



http:DOUITFUL.OI

THE ANALYSIS OF DEMAND FOR FARM PRODUCTS. 11

In the sitnation illusirated by the upper diagram, if under usual
price conditions all of the crop is hiarvested, a single-equation approach
can be used to estimate the elasticity of demand and related coeffi-
cients. In this instance, retail price would ordinarily be considered
to be determined by preduction (or consumption) and consumer
income. Variations in the retail price not explained by these two
factors would result partly from errors of measurement in the price
series used and partly from effects of other real but minor factors
not included in the equation. If the partial correlation between price
and consumption is very high, consumption can be treated as the
dependent variable without greatly affecting elasticity and other
estimates. Prices at the local market or farm level can then be
estimated from a simple equation relating farm to retail prices.

But when prices ofP certain erops decline below costs of harvesting,
mnch of the crop is left in the ﬁ[;ld. In such cases supply is deter-
mined partly at least by current price. If this cccurs in significant
degree, a system of equations involving separate supply and demand
functions may need to be solved simultaneously.

In the lower diagram, all preduction is sssumed to be harvested
and marketed for use in either fresh or processed form. If interest
is centered mainly on the factors that determine the farm price, they
can be estimated from a single-equation in which price is the dependent.
variable and production and consumer income are used as independent
variables. The supply-price coefficient obtained from this equation,
if converted te an elasticity-of-demand coefficient by the usual for-
mulas, would represent an average of the elasticities in the fresh and
processed markec. Single equations likewise could be used to measure
the interrelationships between consumption, price, and income in
either the fresh or processed markst, given the amount that moved
through each of these outlets. However, a simultaneous system of
equations would be needed to estimate the relative proportion of the
crop that could be expected to move through each outlet in any given
year. Snch a system would st the same time yield a measure
of the different price and income elasticities of demand prevailing
in each outlet.

In deciding whether the single-equation or the simultaneous-equa-
tions approach is applicable for any given commodity, several gues-
tions must be answered. As this study is concerned with demand,
identification and measurement of the demand relationships ave em-
phasized. Problems involved in ascertaining the factors that affect
supply, or in measuring other relationships that may enfer into the
complete supply-demand structure, are considered only to the extent
that they are instrumental in isolating the demand function. To
justify the use of the single-equation least-squares approach in esti-
mating elasticity of demand and similar cocefficients, the following
questions must be answered: ) -

1. Is supply of the given commodity affected by current price?—If
the answer to this question is “yes,” there is implied the existence of a
second “structural” equation in which supply is expressed as a function
of average prices during the marketing season in addifion to cer-




12 TECHEMICAL BULLETIN 1081, U. 8. DEPT. OF AGRICULYURE

tain other relevant variabics® Hence, the alternative to treating
supply as a “predetermined” variable (with or without certain minor
adjustments) is the simultaneous fitting of both a supply and a demand
curve,

Whether supply is unaffected by price during the marketing period
depends to some extent upon the market level at which supply is
defined. This in turn depends upon the point in the production and
marketing chain at which the demand relation is estimated. In gen-
eral, the quantity of a crop ready for harvest is determined (1? by
economic factors which operated before planting time and in stages of
growth during which yield-influencing practices or materials may have

een applied ; and (2} by noneconomic factors such as weather, insects,
and other natural hazards. Similarly, the number of animals on
farms at the beginning of a marketing period is unaffected by current

rice.
P As mentioned above, the quantity of a crop actually harvested or
marketed may be affected by prevailing prices during the marketing
period in some cases. Individual producers may leave quantities un-
harvested if current market, prices fall below the costs of harvesting
and transporting the crop to market. In a few cases, producers may
be able to control the total quantity harvested in response to the price
situation that exists at harvest. In these cases, the quantity harvested
is determined jointly or simultaneously with the current price. If the
actions described are taken in only a few abnormal years, harvested
production in the remaining years may still be treated as a prede-
termined variable.

2. Is consumption of a given commodity significantly uffected by
current price or by the demand for ewport or storage?—Suppose the
51;111)1}]}’ of a given commodity entering the marketing system is not
affected by the current market price. Suppose further that the market-
ing system passes on this supply in a routine way, so that, except for
normal wastes and losses in the marketing process, the supply that
reaches consumers is esactly equal to that marketed by farmers. In
this case, consumption is not determined by prices during the marlket-
ing period; it can be used as an independent variable in a least-squares ,
demand function.

If consumption is not exactly equal to farm supply, because of
change in stocks or because of existence of foreign trade, cases that
arc more complicated will arise. Theoretically, the existence of im-
ports suggests one or more supply curves for producers or dealers in
the countries from which imports are obtained; the existence of ex-
ports denotes the presence in a complete model of the demand curves

* The word “predetormined” is used frequently in the remainder of this bulletin
to avoid repetition of cumbersome phrases, A variable i predetermined with
respect to a given demand-supply structure if ifs current value is not nffected
by current valies of other varjables in the same structure. In ofber words, its
valne is determined by forces operating prior fo the current time period, by
factors owntside the demand-supply struetnre in question, or by both together.
A wariable that is predetermined in this sensc can be used as an independent
variable in a least-squares demand fonetion (or in the “reduced form™ cquations
of & simultaneons model} to arrive at unbiased estimates of structural coeff-
cients. A variable that is not predetermined ordinarily leads to hiased estimates
of such coefficients if treated as an independent variable in leasl-squares equa-
tions,
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of one or more foreign countries. If domestic stocks change sig-
nificantly, in addition to the demand curve for final consumption, a
demand curve for storage holdings exists. Thus, in a striet semse, it
1s clear that if foreign trade or changes in stocks are important, a
multiple-equation model is required.

However, suppose the changes in stocks and in net frade are both
small relative to observed changes in consumption and that domestic
consumption, accumulation of stocks, and net exports move in the
same direction in response to changes in supply. In such cases,
changes in domestic consumption can be estimated with consideratle
aceuracy on the basis of changes in supply. If supply is predeter-
mired, consumption also ca probably be treated as predetermined
under such. conditions.® '

3. Is consumer incomsg significantly affected by changes in price or
consumption of the given commodityP—If the answer to this question
is “yes,” an equation explaining consumer income as a function of
certain other variables would be required in a complete model for the
commodity,

Disposable personal income is affected directly or indirectly by
prices and production of all goods and services in the economy. Ina
complete model of the entire economic gystem, disposable income
would be regarded as & simultaneously determired variable. For any
given cemmodity, however, the question involved is the extent to which
disposable income is influenced by variations in the consumption and
price of the commeodity in question.®

The most. important individual farm products, such as beef, pork,
and fluid milk, are equivalent in retail value te anly 2 or 3 percent of
disposable income. Variationsin the supply of any one of these could
hardly account for more than 2 or 8 percent of the total variation in
disposable income, particularly after allowing for the relative stability
of production of the major agricultural products. The fact that
elasticities of consumer demand for such items as pork and beef appear
to be not far from unity tends to restrict the income effects that other-
wise might flow from these commodities. These considerations sug-
gest that disposable income can be treated as an independent variable
In statistical analyses of demand for farm products, either singly
or in moderately large groups. In fact, even in the Girshick.
Haavelmo (17) multiple-equation analysis of the demand for all food,
the income equation was fitted independently by the method of least
squares.

4. Iz the supply of ony competing commodity affected by the current
price of the given commodityf—Considerations that affect the answer
to this question are identical with those involved in answering ques-
tion 1. "If the answer is negative or approximately so for all closely
competitive items, their supplies can be included as independent

® The usefuiness of fitting a simultaneous-equations model 1n such a case depends
upon the systematic variationm in consumption that may be atiributed to the
effect of atorage demand or net foreign trade relative to the irreducible level
of disturbances or errors of measurement in the complete system. If a sus-
pécted systematic influence does not accommt for a statistically significant part
of the total variance in consumption, there is little Justification on statistical
grounds for attempting a simultaneous fitting of the more complex model.

" A more formal treafment of this question is given in Fox (13).
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variables in a least-squares demand equation, with the price of the
given commodity as the dependent variable.

5. Is more than one major domestic outlet avgilable for the given
commodity?—If so, separate equations are needed to measuve the
demand in each outlet. Separate equations also are needed vo measure
the relation between farm and retail prices, and some assumption re-
garding the level of farm prices for products moving into each outlet
needs to be made. If a substantial part of the supply could move
into either outlet, fitting these equations simultaneously should yield
valid estimates of the various coeficients, given sufficiently accurate
data. For some crops, however, varieties grown for processing and
those grown for fresh use differ, In such cases, each variety can be
considered as a separate commodity, and the single-equation approach
can be used for each, provided the otlier considerations noted above
permit its use.

If each of these four questions can be answered in the negative; a
statistical demand function fitted by Jeast squares should approximate
the “urue” or structural demand function. If an analyst has serious
reservations on any of these questions, it may be necessary to fit o seb
of simultaneous equations. Although, in the latter case, the use of a
single equation may yield a useful forecasting device under certain
circumstances, the result cannot be clearly interpreted as a function
of demand which reflects the behavior of certain specified economic

groups,
Factors Tmat Cause CHANGES 1N CoxsuMer Demanp 7

The basic unit in analysis of consumer demand 1s the individual
consumer or, at most, the individual family or spending unit. Each
family has certain characteristics which ure actually or potentially
important in relation to its consumption of foods. These may be
grouped into (1} the basic food habits of its members and (2) meas-
urable chavacteristics such as income, financinl commitments, and
initial pattern of expenditures; number of members employed and
their occupations; total number of persons in the family, and their
ages and sex.

During any given period, basic changes may occur because of deaths
or births, or grown sons and daughters may leave the home to establish
new families. Some of these changes are influenced significantly by
economic conditions and profoundly by mobilization for war.

Economic characteristics also change during any given time period.
The income of each working member of the family from his original
job may change owing to changes in basic wage rates, average hours
worlked per weelk, or weeks worked per year. If he does not work for
wages, his salary or income from professional services, interest, or
rents may change.  Xe may change his occupation in a way that will
influence his consumption of food. Or, he may retire, which will
mean changes both in income and in way of life that will influence his
own consumption of food and that of the larger spending unit (if
any) to which he belongs. An additional member of the family

TThis gection was dralted originally in Docember 1950, The auihor's concep-
tion of copnswmer behavior clogsely parallels the “going concern” concept outlined
in Bilkey (5, particularly pp. 83—45 and pn. 65-06).
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may take a job, with resulting changes in his own pattern of living
and in that of the spending unit as a whole.

A family may tale on new financial obligations or liquidate old ones.
New ok:ligations may decrease current vxpenditures for food and re-
tirement of obligations permits them to increase. The decision to take
on new obligations is influenced by economic considerations (includ-
ing anticipated increases in personal income, in prices of durable
goods, or in both) and, in national emergencies, by anticipations of
futuze shortages. In a free economy, patterns of expenditure and
sonsumption are influenced to some extent by changes in relative prices,
apart from anticipations us to future price movements of durable or
storable commeodities.

When the country’s resources are fully mobilized, direct restraints
may be placed on some normal activities and expenditures. These
restraints involve a reduction in the flow of satisfactions the family
derived (or would have derived) from them. Consumer durable
goods provide mobility, entertainment, and other values, or they re-
duce the time and energy spent on household tasks. When these
goods are unavailable, the effect goes beyond a simple release of cash.
People try to obtain substitute satisfactions from goods and services
the supply of which can be maintained or incrensed. Deprivation of
leisure through a longer work week builds up similar pressures. Dis-
ruption of community ties as families move to centers of defense in-
dustry, and of family ties as members enter the Armed Torces, also
affects the balance of feasible satisfactions and expenditures. All of
these factors may express themselves as disturbances or shifts in the
demand relationships which had prevailed in the peacetime econony.

The quantity of any food demanded (in tle economic sense) by a
particular family depends chiefly upon these vaviables: (1) Price of
the given commodity; (2) pricesof u few closely competing commodi-
ties; (3) retail prices of other consumer goods and services; (4) tamily
income; (3) lquid assets held; (6) fixed commitments and (7} vori-
ous other characteristics of the family, such as number, age, and sex
of each person, and occupations of working members. A demand
equation containing all of these variables still would be subject to
minor disturbances in nermal times because of more remote economic
variables, and to major or episodic disturbances in times of mobiliza-
tion or war,

In terms of national totals and averages, fairly good data are avail-
able on consumption and on the first four listed items from about 1920
on, so far as most major food products are concerned® Data on liquid
assets and fixed commitments of consumers are limited for years be-
fore 1989. Other characteristics, such as age and sex distribution
of the population, change slowly; data concerning others, such as
occupational distribution before World War IT, are limited and little
is known as fo the effecis of changes in these attributes upon the
demand for particular foods. For this reason, the final {hree items
cannot be included in statistical analyses of demand for the pre-1Vorld
War IT peried. They may not have varied sufficiently from 1922 to

* National tofels and averages Inevitably omit certain informatien which eould
ke obtained from dafa for individnals, including information on distribution of
income, distribution of liquid assets, and the relation between these two dis-
tributions.
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1941 (the period on which most of the analyses presented in this bul-
letin are based) to canse significant shifts in the total demand for indi-
vidual farm products. However, some of them changed drastically
enough during and after World War X1 to affect seriously the accuracy
of forecasts based on prewar relationships. In addition, price con-
trol and rationing destroyed the usual significance of some of the vari-
ables during the war.

In passing from demand equations for individual families to those
for the total population, price rather than consumption should be
placed in the dependent position in those cases in which the single-
equation approach is applicable. Individual consumers adjust their
purchases fo the array of market prices which they must pay. For
the nation as & whole, total production of farm products 15 more
likely to be the given or predetermined variable, with the market price
adjusting to it. If, in addition, consumption also can be assumed as
essentially predetermined, then single-equation methods are ap-
plicable.

Time-series data on prices paid by consumers usually represent
prices in refail stores. Restaurants and institutions account for an
appreciable fraction of the total consumption of food. Sizable quan-
tities of dairy and poultry products, hogs, fruits, and vegetables are
consumed on the farms that produce them. Relative prices of indi-
vidual foods may differ greatly in these outlets and may be partly
responsible for the varying patierns of consumption in restaurants,
on farms, and in urban homes. On the other hand, time-series data
on consumption of food relate to total domestic consumption. Prices
of a given food and its competitors in retail stores, thereiore, are not
a perfect measure of the array of market and imputed prices which
induce the observed changes in consumption of food. This qualifica-
tion may be of some significance in periods of rapid changes in the
proportion of total food consumed on farms or in restaurants.

The list of variables that affect consumer demand includes “closely
competing commodities.” However, certain foods, notably fats, oils,
and sugar, are used mainly as ingredients in food combinations. In
most cases, the fat or sugar accounts for only a minor part of the cost
of the complete “dish” and the proportions in which these ingredients
are used are affected very little by changes in price.

There is some evidence in the national statistics of a stable “tech-
nical coefficient” connecting consumption of bufter plus margarine
with that of bread. Thus, the drop in consumption of butter from
1040 to 1950 may have resulted almost as much from a drop in con-
sumption of bread as from an increase in nse of margarine. Similarly,
salad oils go with salads; their use has inereased roughly in line with
the increase in consumption of salad vegetables.

Sugar is used with many foods. Large quantities go into confec-
tions, soft drinks, ice cream, sweetened condensed milk, bakery prod-
ucts and jams and jellies, and into canned and preserved fruits. Large
guantities are also nsed in coflee, tea and cocon, on breakfast cereals,
and on fresh fruits and berries. In each of these uses, each individual
tends to use sugar in a fixed ratio to the main ingredient.

In analyses of the demand for edible futs and oils or for sugar it
would be logical to include as a variable consumption of foods with
which these commodities are customarily used. Both price and in-
come elasticities of demand for sugar, given certain levels of con-
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sumption of foods in which it is used, are probably smalier than is
mmplied by time-series analyses which omit the “completing goods.”

Foods compete with one ancther in terms of their positions in the
menu, the time needed for their preparation, and other factors, The
fact that different foods, such as beans, cheese, eggs, and fish, are
equivalent sources of protein does not necessarily lead to economic
competition among the foods. To the extent that custom and time
needed for preparation make eggs a breakfast and meat a dinner item,
the two compete very little. If the number of significant regression
coefficients obtained 1s any criterion, short-run competition and sub-
stitution among foods are limited, except within groups such as meat
and poultry or canned fruits, At lower market levels, competition
within the fats and oils and the feed concentrates groups is also im-
portant. But there are no reasons for regarding all food as a homeo-
geneous total, as is implied in some published analyses.

The list of variables presented does not specifically include lagged
values of price, consumption, income, or other factors. That it takes
time for consumers to adjust their purchase patterns in response to
changes in price and income is generally recognized. Hence, during
a period of time too short to permit a “Anal” adjustment, the rate of
consumption at the end will depend to seme extent upon the rate at
the beginning of the period. Partly for this reason, first differences
{changes from one year f¢ the next) are used in most of the statistical
analyses in this bulletin, as this formulation depends upon both pre-
vious and current-year values of all variables,

However, it cannot be assumed that the adjustment always takes
place within a single year. Effecting 2 given reduction in use of an
important item in the menu may take longer than for one of casual
interest and infrequent purchase.” Also, small adjustments fora major
commedity might be completed within a year, whereas large adjust-
ments would require more time. Thus, consumption responses cal-
culated during a period when year-to-year changes in price are
moderate may not apply accurately to a peried such as 1946-49, when
such changes were violent.

There is also a possibility that the elasticities of consumer demand
depend upon the level of consumption in the preceding period. Thus,
a given price stimalus might have less effect in increasing consump-
tion above 2 previous record than in increasing it from an average
or normal level. .

The annual production cycle for most farm products and the im-
portance of variations in weather mean that identical conditiens of
supply and price seldom continue for more than z year at 2 time.
The fact that most consumers shop for food at least once a week creates
a presumption that adjustments to moderate changes in price and
income essentially are completed within the year. The aunthor’s an-
alyses of demand in terms of first differences of annual data have

enerally left little room for important effects owing to lagged first
ﬁiﬁerences.

Much remains to be learned as to the role of lagged variables {or
“inertia’) in determining consumer demand. Similarly, much is
unknown concerning the shape of consumer demand curves, and the
range beyond whick linear relationships (either arithmetic or loga-

rithimnic) may seriously misrepresent consumer behavior.
259668 —53——3
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THE MARKETING SYSTEM

During the 1940%, it became standard practice in the Bureau of
Agricultural Economics to use disposable personal income as the “de-
mand shifter” in analyses, regardless of whether the commodity prices
involved were measnred at the consumer or retail level or at the local
market or wholesale levels. The practice of using local market prices
as the dependent variable implicitly assigned a passive role to the
entire marketing system. As marketing charges ?including process-
ing and transportation charges as well as trade margins) absorb
from 30 to S5 percent of the retail dollar on different farm products,
and average about 50 percent for food products as a group, this im-
plicit sssumption should not go unexamined.

At each point at which & commodity changes ownership, a demand
schedunle confronts a supply schedule, coneeptually at least. Each
transfer means that someone has decided to sell and someone has de-
cided to buy at the given price. Concrete factors such as changes in
costs of labor and materials, freight rates, brokerage fees, and other
items, enter into the supply equations along with anticipations as fo
changes in the opposing demand equation. The demand from proe-
cssors and dealers depends upon what they believe they can realize
on their subsequent sales, allowing for anticipated changes in their
internal costs. Behind each factor that consciously enters into these
behavior equations lie other factors that are responsible for changes
in individual elements of marketing costs.

Dyelling upon these points pushes us back into the morass (so far
as statistieal measurement is concerned) of general equilibrium theory.
e must work within the limitations of our data—those which exist
and those which we may reasonably hope te acquire. At best, this
usually forces us to combine data for ali buyers (or all sellers) who
operafe at the sume mavket level in a given marketing channel. Often
we find that time-series datn exist for only a few of the more impor-
tant market channels and levels. We must then decide how elabo-
yate a hypothesis concerning the Lehavior of the actual marketing
systom can be tested with such data. We are seldom able to quantify
all the impertant relationships.

Empirically, farm and retail prices of most foods have behaved as
though they were related to each other by (1) certain fixed charges
(costs of processing, transportation, and containers) and {2) certain
percentage markups, particalarly in wholesale and retail distribution.
Both groups of factors may be affected by technologieal and ingtitu-
{ional changes. For example, the spread of self-service chain stores
and supormarkets may have Jed to a downtrend in average percentage
markups, both retail and wholesale, during the last 25 years, other
factors being cqual. Ov per unit Jabor and material requirements in
processing, transportation, and handling may bave declined because
of increasing efliciency.

An alternative hypothesis is that, on an annua) average basis, all
marketing marging change directly with costs of marketing. If farm
prices rose sharply relative to costs of marketing, a fixed percentage
mavkup wounld bring substantial windfall profits to food distributors.
But competition between existing distributors and the actual or po-
tential entrance of new firms can speedily eliminate such windfalls.
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If this happens, percentage markup factors are reduced on most items
until the supply and demand for marketing services are again in
equilibrium,

Empirical representation of this hypothesis would rvequire a com-
bination of specific items of cost of marketing to go with each year’s
observations as to farm and retail prices. Failing this, the marketing
margin could be treated as an index of the prices of goods and serv-
ices consumed in the marketing process, with appropriate base-period
weights. A further adjustment factor or index would be needed to
reflect changes in efficiency, or inputs per unit of product marketed.

Each of these hypotheses represents the marketing system as trans-
mitting consumer demand to the farm price level in a very simple
way. Neither representation requires simultanecus determination of
demand functions at both farm and retail levels, They imply that
the demand relationship shonld be measured at the fnal consumption
level—either retail or wholesale. The relation between farm and retail
or wholesale prices can then be measured by a simple regression equa-
fion. Alernatively, we might say that dealer demand at the farm
level is equal to the consumer demand curve at retail, minus the sup-
ply eunrve for marketing services. The second hiypothesis implies a
perfectly horizontal supply curve for marketing services within the
relevant range of quantities marketed, while the first implies o down-
ward sloping supply curve for marketing services, as a fall in retail
price associated with increased marketings would lead to a decrease
i marketing charges.

Other forms of the supply function for marketing services may
exist in various food-processing or marketing industries. Occasion-
ally a bottleneck situation is found, in which farm-to-retail price
spreads suddenly become very large. Examples ave the hog glut of
194344 oand the cotton-mill bottleneck of 1947-48, both of which re-
sulted in unusually wide margins for the services involved,

Analysis of shorter-run Buctnations in price INAY require mote ¢com-
plicated models of the marketing system. ~ Fluctuations in inven tories,
which are frequently accompanied by fluctvations in price spreads at
different market levels, indicate divergent anticipations amon g differ-
ent groups of dealers, In general, it scems likely that anticipation
plays an important part in changes in farm prices during any period
that is short relative to the normal transit and storage life of a par-
ticular product. However, analyses based on annual observations
suggest that the simpler model of the marketing system is applicable
in most studies that involve time periods of a year or more,

EstiMAaTiNG DEMAND AT THE LOCAL Marker Lever

In the preceding section it was suggested that domestic consumer de-
mand for many food products is transmitted through the marketing
system in a way that can be approximated by a simple empirical for-
mula—that is, that the annual average farm price is a shnple function
of the domestic retaii price.

In practice, several distinctive domestic demands may exist for a
given product. Corn is used for feed and seed, for dry-processing
into cornmeal, for wet-processin g info starch, corn sirup, and corn oil,
and for the manufacture of alcoholic keverages, Demand for corn




2() TECHNICAL BULLETIN 1081, U. S. DEPT. OF AGRICULTURE

as feed includes » reservation demand on the part of the original pro-
ducer as well as the demands of dealers in mixed feed and of farmers
in fecd-deficit aress. Thus, for seme purposes, domestic demand must
be broken down into ifs component parts.

The export market is important for some of the major crops grown
in the United Staies, notably wheat, cotton, and tobacco. When inter-
national trade was relatively free, if was possible to speak of an export-
demand function for certain of our products, However,in more recent
years Government controls of various types have affected foreign trade
In some commodities to such an extent that statistical measurement of
the export-demand function is impossible.

DEMAND FOR DOMESTIC USE OR STORAGE

Tf the farm price can legitimately be regarded as equal to the retail
price minus marketing costs. domestic demand at the farm level is
strictly a derived demand. The relevant marketing cost may be the
marginal rather than the average cost of providing marketing services.
Even if constant percentage markups (and therefore windfall profits
or losses) are assumed at some distribution Jevels, demand at the farm
Jevel can be treated as 2 simple derived demand.

Demand for a storable commodity at the farm level involves specu-
lative elements or anticipations. Futures markets, hedging opera-
tions, and Government loan rates and resale provisions also are in-
volved. At any particular time, farmers have reservation demands for
their storable ¢rops, which depend upon price anticipations. During
the marketing season as a whole these aspects may “wash out” fairly
well; average marketing margins may approsimately equal marketing
costs.

Farmers also may be regarded as having reservation demands for
perishables, in that they may vary their home consumption and also
the amount of waste or unharvested production as the price of the
product varies. Demand for use in farm homes may be consolidated
with demand by nonfarm consumers. But quantities wasted or un-
harvested probably should be taken into account in any concept of
supply that is used.

1% two or more distinet domestic uses exist for the same commodity,
an equal number of derived demand curves exist at the farm level, with
equilibrium in the competitive case involving equal farm prices mn
cach use.? If the product is closely held by a proc ueer’s organization,
different prices may be charged in different outlets. Farm-level de-
mand for cotton in industrial uses may be regarded as transmitted
from demands of final purchusers via chains of technieal coeflicients
(representing such ratios as pounds of cotton per automobile tire pro-
duced) with or without price substitution between cotton and other
fibers. If some part of a basically perishable commodity is processed,
o chuin is ereated through which anticipations and fluctuations in in-
ventories enter into the determination of farm prices at harvest.

* f'or certain items, such as milk for fluld use versus milk for use in manu-
factured products, farm prices may not be equal. HMowever, this can be assumed
to refiect certain marketing services, such as more careful cooling and handliog,
rendered by farmers. Prices “at the cow" should be identical.
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Demand for feed grains presents certain enmplications, as the grains
may either be sold as such or fed te livestock on the farm wheve pro-
duced. As it may be some time before the livestock are sold, the feed-
ing use implier anticipations as well as at least direct costs (other than
those for feed) of converting the marginal quantities of grain into
different livestock products. The lag-times differ for each livestock
product, and the marginal net-vevenue curves may differ alse,

DEMAND FOR EXPORT

Demands of consumers in other countries may also be traced hack
through tariffs, transportation, and merchandising charges to a de-
rived demand at the Tnited States farm level. Export demand for
our farm products is inflnenced by production, income, and other
factors in each importing and each exporting country; also by changes
In ocean freight rates, import duties, quotas, and fuctuations in
exchange rates. For clear thinking, the total export-demand function
in any given year should be built up by ¢ 12bining the relevant demand
functions for each importing country, and taking account of contract
or other arrangements with other exportin & countries,

During the last 40 years disturbances in infernational frade have
been 0 frequent and so drastic that “ave rage aggregate export-demand
curves” derived by statistieal methods in many cases are misleading.
To the extent that stability is found over a considerable period, such
curves might be derived simultaneously with domestic demand curves.

Realistic analysis also must recognize differences in varieties and
end-use characteristics of cotton, tobaceo, or wheat produced in disf-
ferent countries. An increase of a million bales in the supply of
Egyptian cotton might not affect the “world” (Yaverpool) price of
cotton grown in this country in the same way as would an increase of
a million bales in the supply of cotton grown here. Thus, if the
Liverpool prices of each type of cotton were treated as dependent
variables, treating supplies of different cottons as distinct independent
variables would have some advantages. However, allowances would
need to be made in the equations for such competition among varieties
as may exist.

TOTAL DEMAND AS A SINGLE-EQUATION MODEL

Suppose that the United States average farm price of » commodity
is assumed to be a function of (1) its total supply or disappearance,
{2} 2 measure of domestic demand, and (3) a measure of foreign de-
mand. If the relative quantities exported and domestically consumed
are fairly stable and 2 relevant measore of foreign demand can be
found, such an equation, ftted by least squares, might have value for
forecasting. The regression coefficient of price upon total supply
would represent a combination of similar coefficients from each of the
structural demand functions, domestic and foreign. If the structural
coefficient in either demand function changed over time or if changes
occurred in the relative quantity exported, or hoth together, the co-
efficient in the forecasting equation would be expected to change over
time.
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For some commodities that are important in international trade,
a statistically valid single equation may exist in which the world price
is expressed as a function of world supply and world demand, both
regarded as independent variables. Such a function can be fitted
by least squares. Lf the commodity is quite homogencous, the United
States farm price then can be derived from the world price by sub-
tracting intervening costs.

Fcononic Factors THAT AFFECT SUPPLY

In considering economic factors that affect supply and their effect
on cconometric models of the supply-demand structure, several cases
should be distinguished. One such case would involve discontinuous
production, such as characterizes practically all crops, at least in a
given producing avea. Discontinuous production results in certain
statistical simplifications, as no arbitrary element is involved in divid-
ing production between snccessive years or other periods of time.

Distinclions need to be made between perishable and storable crops
when the flow of farm marketings is considered. If a crop cannot be
stored on the farm the time distribution of marketings by farmers
is determined by the timing of actual produetion, that is, by the

aturing or ripening of the crop. Of course, a cooperative organiza-
tion may provide storage facilities, so that the distribution over time
of markefings from farmer ownership can be varied to some extent,

If crops, such as most grains, are storable on the farm, the time of
mavketing is subject to a good deal of voluntary control by farmers,
Tt is influenced Dy anticipations of future prices and, in the case of
feed grain, it depends also upon anticipations of profit from feeding
the grains to livestock, for w]hich u sizable time lag before marketing
occurs. If a product is customarily carried over on farms from one
harvest season to the next, selection of time units for measuring the
offects of supply upon price becomes somewhat arbitrary. For ex-
ample, Foote (77) males one set of price analyses for corn for No-
vember to May, during which time nothing is known as to the pros-
pects for the next crop. A separate analysis is made for prices of corn
from June through September, with the stocks of old-crop corn on
July 1 and the ncw-crop production of eats and barley as supply
factors, in addition to early season estimates of the coming eorn crop.

A second major class of cases includes commodities for which the
production process on a given farm is continuous throughout the year,
although it may undergo seasonal fluctuations. Milk and eggs are
perhaps the best examples of continuous preduction. In the continu-
ous production case, the division of price and production into separate
unEs of time is always arbitvary to some extent.  The seasonal char-
acteristics of the commodity may help in the selection of reasonable
units of time. An empirical principle is to select the time peried
which maximizes the variation in changes in production between the
successive time wnits. For exampie, if most decisions that affect the
size of laying flocks are made in late fall and winter, beginning the
production year for eggs immediately after most of these decisions
have been made has some advantage. Sometimes the marketing year
may be started when stocks are smallest. Usually production will
then have passed its seasonal low and will again be approaching
equility with current consumption on its way toward its seasona
peak.
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Some commodities, like hogs, are marketed throughout the year,
but from a practical viewpoint the production process is discontinu-
ous. Ior example, farmers in some producing areas raise only one
crop of hogs a year and the crop is generally farrowed in late spring,
Breeding decisions for the spring pig crop are ovdinarily made during
September-December of the preceding year when the size and quality
of the corn crop is established. In such aveas the change in numbers
of spring pigs farrowed is directly related to the change 1n production
of corn. In areas in which both spring and fall crops of pigs are
produced on the same farm, decisions cencerning fall farrowings are
made largely from March throngh June and are still based mainly on
production of corn in the preceding autumn. Hence, production of
spring and fall pigs taken separutcﬁy can be treated as substantially
predetermined variables, and the time distribution of the subsequent
marketings of hogs is also largely predetermined. It is true that mar-
ketings can be advanced or postponed by 2 or 3 weeks, and that late
marketings from the fall pig crop and early marketings from the
spring pig crop overlap to some extent.

Production of broilers is continuous in a sense, but it can be yaried
rather considerably on less than 16 weelks’ notice—the time required
to accumulate and hatch eggs and to raise the chicks to market weights.
If a time unit of 16 wecks or less is used, current production may be
regarded as predetermined. Therefore, an analysis of prices of broil-
ers in terms of total annual production and annual average prices
may prove misleading, as several complete supply-price responses
may occur in the 12 months,

Production of ecattle is also continuous so far as the enterprise is
concerned and this is partly true for sheep. However, production and
marketing practices provide some forecasting relationships, on the
basis of which marketings of some classes of these livestock may be
regarded as largely predetermined. But as Breimyer (6) points out,
decisions of farmers to increase or decrease their breeding hevds are
potentially flexible. As pointed out on page 11, unless supply can
be assumed to be predetermined, n system of simultaneous equations
18 required in most cases for valid estimates of the elasticity of de-
mand and similar coeflicients.

ProBLEMS OF AGGREGATION

The combination of distinet items into a single group is a universal
feature of demand analyses based on time scrics. This process is
known as aggregation. _ The types of aggregation involved in a typi-
cal analysis of demand include the following:

(1} Aggregation of Individual consumers, farmers, processors, or distributors
within a given mnarkeling or producing area;

(2) Aggregation of coimnmodities:

{3) Agpgregation of firms at different levels in the marketing system

(4) Aggregation of transnctions from different time periods; nnd

(8) Aggregation of mnrketing or preducing areas.

Considerable aggregation is necessary to reduce to managenble pro-
portions the number, of variables in mest economic problems. Aggre-
gation is also forced on research workers because the cost of collact-
Ing accurate current data for small marketing or producing areas is

rohibitive. However, some analyses at the national level are more

ighly aggregated than is required by available data. Discussions in
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Outlook and Situation reports of the Burean of Agricultural Eco-
nomics nre carried on at & lower level of aggregation (that is, in
greater detail) than are most published stafistical analyses. This
suggests that a more formal consideration of the relationships of
national aggregates to subaggregates, and even to individual firns
and consumers, would be worthwhile.

The basic unit underlying market data is the individual tran saction
of a particular firm orv individual with respect to a strietly defined
commodity. Suppose that information had been tabulated on pur-
chases of every commodity (narrowly defined) by every family for a
considerable period of time. These billions of individual transactions
would need to be aggregated in economically meaningful ways. The
principal ways of aggregation are hriefly discussed.

ACGREGATION OTF INDIVIDUAL CONSUMERS, FARMERS, DR MARKETING AGENCIES

Suppose that o demand equation were available for a given com-
modity for cach spending unit in the economy. Market demand then
could be regarded ns the sum of such demand equations for all spencl-
ing units, Bven if the equations for individual families were un-
changed over time, the coefficients that indicate the effect of price and
of income on consumption in the market-demand equation would not
necessarily be constant over time. They would be constant (1) if the
Adistributions of family incomes and prices paid did not change during
the time period considered, or (2) if all prices and all incomes changed
in Axed proportions, or (3) if the correlations between {(z) price and
the regression coefficient of consumption on price and (D) income and
the regression eoefficient, of consumption on income were zero for the
array of individual family equations at each point in time. In the
last case, the market price and income coefficients would be simple
averages of the corresponding coeflicients of the individual family-
demand equations.  (In other cases, they are assumed to he weighted
averages.) One of these cases Is more or less presupposed when 2
linear aggregative demand equation 18 fitted to average prices and per
capita (or per family} consumption and income data for the United
States for a period of years.

Small vaviations in the price and income coefficients in the market-
demand equation from year to year would not be serious when fitting
o statistical demand function. Iowever, cress-section studies of
family purchases of food at different times suggest that the income
coefficient may he noticeably affected by major shifts in distribution
of income. ‘This may come about largely through changes in the
demand equations of those families whose incomes change radieally.
Also, food preferences of some individuals change over time in re-
sponse to factors other than price or income.

Similar considerations apply to aggregate demand or supply equa-
tiong for other groups—farmers, processors, or distributors. 'The
possibility that the coeflicients of the equations are conditioned by the
particular average levels and distributions ussumed by the independ-
ent variables during the period analyzed should always be borne in
mind.

ACGRECATION OF COMMODITIES

At the consumer level, a commodity such as beef is a collection of
distinet cuts and grades, some of them closely competitive with re-
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spect to a given end use and others whelly noncompetitive in that use.

bviously, there is alsoc competition among end uses. For example,
high prices for steak mean that some consumers serve more ham-
burger or stew and less steak. The basic units from which the ag-
grega,tive demand equation for beef is derived may be regarded as the

emand equations for particular cut-and-grade combinations, for par-
ticular end uses, by individual families. The statistical problems in-
volved are similar to those discussed in the preceding section.

AGGREGATION OF TFIRMS AT DIFFERENT LEVELS IN THE MARKETING SYSTEM

Farm products typically pass through two or more hands on the
way from farms to consumers. At each point at which title is trans-
ferred, 2 demand curve confrongs & supply curve. For products that
pass through independent wholesale and retail establishments after
processing, the marketing process invnlves four aggregate supply
curves (those of farmers, processors, wholesalers, and retailers) and
four aggregate demand curves (those of procsssors, wholesaleys, re-
tailers, and consumers). Changes in inventories, both planned and
unplanned, may occur at any or all of the three levels in the market-
ing system. TFurther complicating the icvavion ave the varying de-
grees of vertical integration—retail food chains Luy direct from farm-
ers or processors, and, in some cases, consumers buy direct from
farmers.

Short-period analysis of prices for storable commodities ean be
highly complex, partly because of the potential importance of fluctua-
tions in inventories relative to adjustments in fnal consumption.
Leads and lags in recognition of changed situations and reactions to
them at diiferent mavket levels arve also involved. The practice of
hedging reflects the difficulty of forecasting changes in prices of
storable commodities over periods that are relatively short compared
with their normal transit, storage, processing, and distribution lives.

Lack of data on inventories at different market levels, or even on
total nonfarm inventories, for many farm products is responsible for
some of the unexplained residuals in the statistical demand curves
for these products. Estimates of consumption are commonly based
on distribution by primary processors. In some cases they are based
upon the quantity initially processed, for example, consumption of
cotton by domestic mills. Reports on stecks in cold storage and other
facilities suffer from varying degrees of incompleteness. Thus, when
primary disappearance is used as a substitute for consumer purchases
in g consumer demand function, differences arising from changes in
inventories should result (1) in unexplained residuals, (2) in biases
in the regression coefficients, or (8) in both. If changes in inventories
are independent of the explanatory variables, particuTarly retail price,
the full amount of these chaiiges should appear in the residual term,
If changes in inventories are correlated with changes in retail prices,
the residual term is smaller but the regression of consumption upon
retail price is biased.

AGCREGATION OF TRANSACTIONS FROM BIFFERENT TIME PERIODS

All of the stafistical demand curves presented in this bulletin are
based on annaal observations. In some cases the price variable used

2588980—53——4
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is a weighted average; in others it is a simple average of monthly
prices. It seems :-lgbable that either or koth of these annual average
prices may be influenced by the téme distribution of marketings and
purchases within the year as well as by annual totals.

Tf the demand curve is the same in all months of a given year, the
weighted average price is lower then the simple average price. Also,
in general, the welghted average price and the simple average price
behave differently, In 1 or 2 cases the 1937-38 vecession caused
weighted average prices to change in the opposite direction from
simple average prices between the 2 calendar years.

More complicated relationships may be involved in aggregation
over time. Thus, each coefficient in the consumer demand curve may
vary from month fo month according to a definite seasonal pattern,
In addition, as Foytik (14) suggests, the coefficients of the demand
curve for a week or o, month may be influenced by the levels of rice,
purchase, and income variables in one or more preceding weeks or
months. The quantitative importance of these intraseasonal factors
for analyses based on annual data must be studied for individual com-
nodities and time periods. Lack of aceurate data on consumption for
periods shorter than o year limits our ability to establish significantly
different consumer demand carves for different months, or to demon-
strate serial dependence of their coefficients upon earlier values of
price, consumption, and income variables.

AGCREGATION OF DiFFERENT PRODUCING OR MARKETING AREAS

T# a perfectly homogeneous commodity is marketed uniformly
throughout the year in each producing area, the only new element in-
troduced by aggregation over producing or marketing areas is the
distribution of transportation charges between producers and con-
cumers. If all transportation rates between pairs of poinis are
constant, the average cost of transportation per unib in any year
depends upon the geographic distribution of production relative to
that of effective demand. Such variations would aifect somewhat g
regression relationship between average farm prices and average
vetail prices for the Nation as a whole, provided at least one of these
averages was based on current-year weights, This is generally true
of the published series on average farm prices for the country as a
whole. When preduetion of a commodily is concentrated in 2 or 3
widely separated areas, variations in relative production may cause
significant variations in the margin between average farm and retail
prices.

1f we set oub to reconcile a demand analysis based on national
averages with apalyses of farm prices in individual States, many
more complications may arise. Consumer demand for the same
generic commodity, potatoes for instance, may differ widely as
among varieties and gualities grown in different States. The sea-
sonal pattern of marketin%s may differ from State to State. The
grade distribution in each. State may vary from year to year relative
fo those in other States. Thus an explanation of geographic price
differentials usually involves commodity, quality, and seasona in-
fluences as well. )

* Enough has been said to indicate some of the problems of aggrega-
tion that are always present in the statistical analysis of demand. If
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the coefficients of demand curves for all elements in the aggregate are
identical, the regression coefficient has stractural significance. But
if the coefficients differ widely among the varicus elements, the re-
gression coefficients obtained for the aggregate depend parily upon the
relative variability of the different elements of the aggregate during
the period for which the equation is fitted. An aggregative analysis
for “all food” might be misleading, whereas an analysis for “all
beef” might be relatively impervious to the variations in the grade
composition of the beef supply that may reasonably be expected.

If the elements of an aggregate are sufficiently dissimilar, separate
equations should be computed for relatively similar subdivisions of
the aggregate as a whole.

DEMAND FOR LIVESTOCK PRODUCTS, 1922-41

Supply-demand structures for livestock and their products differ
in certain respects from those for crops. In this section, diagrams of
the major forces that influence production, consumption, and price
are presented for each major livestock product. Implications of
these diagrams us to methods required to estimate elasticities of
demand and similar coefficients are emphasized, using the theoretical
concepts developed in the preceding section. Statistical and ana-
Iytical evidence bearing on'the extent to which certain factors are
predetermined (as defined in footnote 4, page 12) is presented when
possible. In those cases for which the single-equation approach
appears to be valid, analyses of factors that affect demand are
presented, together with equations showing mnormal relations
between farm and retail prices. In two cases, results from simplified
systems of simultaneous equations are compared with the least-squares
demand equations,

When possible, the analyses are based on data for 1992 41. In a
later section, results are extrapolated into the post-World War 1T
period, and reasons for discrepancies between actual and predicted
values are discussed. Most analyses ave based on year-to-year changes
(first differences). In general, the interwar relationships for these
analyses appear to hold reasonably well in the postwar period.

Supply-demand structures for meat animals and meats are con-
sidered first. Pork, beef, veal, lamb, and mutton together account
for some 80 percent of the retail value of domestic farm food products,
and meat animals account for a similar percentage of total cash re-
ceipts to farmers from marketings of farm procTucts. In terms of
dollar value, these commodities male up by far the most important
subgroup of farm commodities. Characteristics of supply and
demand differ for each of the meat-animal species, and hence each
type is considered separately,

Figure 3, and all similar diagrams in the following pages, must be
interpreted in the Lght of the special objectives of this bulletin. The
directions of influence shown by the arrows are those appropriate to
analyses of annual average prices and annual total consamption for
the country as a whole for vears in which prices are not influenced
materially by price supporis. On an annual basis, the total quantity
of a perishable food offered to consumers is largely determined by the
quantity produced and retaii prices adjust themselves to the supply
available for consumption. Competition between marketing agencies
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for the privilege of processing and distributing the available supply
tends to bring yearly average farm prices into line with those at retail.

These directions of influence do not necessarily apply to short-run
or local marketing situations even for perishable products. For
example, at any given time a retailer sets a price on each product and
his customers adjust their purchases and consumption to that price.
Or a wholesaler may be sufficiently dominant in a locality to estab-
lish a price for some days or weeks which serves as a basing point for
local retailers and indirectly determines local consumption. It would
be possible to construct a demand and supply diagramn representing
any given short-run or Iocal situation, and the directions of influence
might well differ from those which apply to the annual and national
average relationships for the same commodity.

Even on an annnal basis, the demand and supply structure for a com-
modity might be diaprammed differently for different purposes. Con-
sumption and prices of pork might be broken down between different
cuts; the marketing system could be elaborated into processing, trans-
portation, and distributing agencies; total consumption of pork could
be separated into (1) consumption on farms from farm slaughter,
(2) consumption in restaurants, and (3) home consumption based on
commercial slaughter. Similarly, figure 2 could be expanded to show
factors which lie behind “disposable consumer income” or “number
of sows bred in preceding year,” although these variables are taken
as given for the purpose at hand. Many of the arrows would be
reversed if prices were determined chiefly by a government support
pProgram.

Thus, figure 2 is simply one member of a class of diagrams which
might be described as demand and supply structures for pork., [tis
useful primarily as o basis for selecting wariables and methods of
enalysis for the measurement of demand on un annual and national
average basis, using dute of the sort that are generally available from
published sources. T'his observation applies to all similar diagrams
in this bulletéin which relate to specific commaodities.

Hocs aNp Porg

Figure 2 shows a diagram of the major factors that enter into the
supply-demand structure for hogs and pork. As in similar diagrams
inclnded in this bulletin, heavy arrows represent major influences
that are relevant to the statistical measurement of demand equations
for this commodity group, lighter arrows represent minor influences,
and dashed arrows indicate those of negligible, doubtful, or occasional
importance. In each. case, the many forces that enter into or affect
the marketing system are included within 2 single dash-bordered box.
Since, in this bulletin, the major factors that affect demand for farm
products are emphasized, discussion of the relationships that operate
within the marketing system is considered to be outside its scope.
Tn each diagram, prices are shown within circles and other factors
within boxes.

FACTORS THAT AFFECT SUPPLY

Production of pork obviously is a direct function of the number of
hogs slaughtered, their average weight, and the percentage yield
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of pork per hog. Year-to-year variations in production of pork
result mainly from changes in the number of hogs slaughtered.

The number slaughtered in any given year is determined mainly by
the number of sows bred in the preceding year. For example, hogs
marketed from September to March were born 6 to 9 months pre-
viously, from sows bred 10 to 13 months previously. About June 22,
when the size of the spring pig crop is known, a forecast can be made
of the number of hogs that will be slaughtered from September to
March. Similarly, about December 22, when the size of the fall pig
erop is known, the approximate number of hogs that will be slaugh-
{ered from April to August of the following year can be forecast.

The average age at which hogs are marketed can be varied by a few
weeks according to how much they are forced during raising and
feeding, and by pethaps a week or twa according to the exact time
chosen for murketing. For example, economic influences current
toward the end of a marketing season may delermine whether more
spring pigs than usual will be carried over into the period for mar-
keting fall pigs. or whether more fall pigs will be marketed early,
along with spring pigs. Variations in average marketing dates are
directly related to the average weight per hog slaughtered, as late
markefings mean heavy weights, early marketings light weights,
Variations in the number of gilts saved for breeding mean opposite
variations in the number slaughtered currently. These factors
influence production of pork relatively little in most years.

The nature of available official data means that calendar-year esti-
mates of pork consumption nwst be vsed in deriving a consumer
demand equation. This unit splits the marketing season for spring
pigs. However, the logiral basis for considering that calendar-year
production of pork is predetermined, or nearly so, rests on the 10 to 13
months required for gestation and feeding to matlket weight, plus a
decision-making interval before actual breeding.

The relevant statistical question in this connection is, “What pro-
portion of the variation in calendar-year production of pork is asso-
ciated with factors known or determined before January 1 and with
neneconomic variables operating during the current year?” For this
purpose, production of pork ean be considered te be determined by
some or all of the following variables:

Bpring pig crop, previous year;

I™all pig crop, previous v&lr;

DBreeding intentions for current spring pig crop—that is, number of sows to
farrow (reporied in previous December}—multiplied by acrmal munber of pigs
soeed per litter, which depentds mainly on nalural cenditions, inctuding weanther,
at farrowing;

Supply of corn, previous year;

Hog-corn price ratio, preceding September-Decenihert ;

Production of corn, current year; and

Shart-term expectalions regarding price trends which could affect age and
weighls at marketing.

The first three variables accounted for more than 93 percent of the
variation in production of pork during 1924—41. The report of breed-
ing intentions reflects ihe influence of other variables such as supplies
of feed grain and relative prices of bogs and corn, current and anticl-
pated. Supplies of feed on January 1 relative to numbers of livestock
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also affect production of pork because of their influence on average
slaughter weight and yield of pork per hog. The current year's
proauction of feed grains, which depends primarily on weather, could
be introduced as an additional factor which may influence the weights
at which hogs are marketed during the latter part of the calendar
year and the number of gilts saved for breeding purposes after
January 1.

From this analysis it appears that in 192441 varintions in ealendar-
year production of pork were about 95 percent predetermined. The
explanation of production is not significantly increased by including
the current price of hogs or pork.

RELATION BETWEEN PRODUCTION AXD CONSUMPTION

Exports and changes in stocks of pork and pork products (excluding
lard} normally are small. In terms of year-to-year changes, 93 per-
cent of the variation in consumption of pork during the calendar-
years 192241 was associnted witi varintion in the quantity of pork
produced. YWhen both variables were expressed in millions of pounds
tressed weight, the regression equation was as follows

Q=50.24-0.752 §

{0.03) {1)
where @ is consumption, S ig production, and the number in parenthe-
ses is the standard error of the regression coeflicient. Thus, a 1-mil-
lion-pound change in production normally was associated with an
0.75-million-pound change in consumption,

As 95 percent of the variation in production of pork during the
interwar pericd was apparently predetermined, it appears that at
least 88 percent (0.95 times 0.93 times 100) of the variation in con-
sumption of pork was predetermined. Alternatively. cansumption of
pork could have been expressed directly as a function of the variables
used to explain production of pork. When this was done, 90 percent of
the variation in consumption of pork was associated with the known
predetermined factors affecting production. In this instance, the bins
that may result from treating consumption as & predetermined vari-
able and using the single-equation approach is probably small.

RESULTS FROM SIMULTANEOUS- AND SINGLE-EQUATION MODELS

The example that follows helps to picture the biases that might be
involved in neglecting a possible simultancously determined supply
equation for pork. If a simultaneous supply cquation exists, the
following model can he used. (In the usual terminelogy of simul-
taneous equations, addition of random disturbance terms would trans-
form these into structural equations.)

Demand: p=b, g4-b.y {(2)

Supply: ¢=b p4-bez (3)

where p is price, ¢ is consumption, 7 is consumer income during the cur-
rent year and 2 is the estimate of production that would be arrived at
based on predetermined variables alone. Each variable is expressed in
terms of deviations from its mean. If the varisbles are in logarithmic
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form, b, is the reciprocal of the elasticity of demand and D; is the

elasticity of supply. Equation (2) fitted directly by least squares

%iv_'es an unbiased estimate of the elasticity of demand if, and only if,
3 1s zero.

A study of the reduced-form equations indicates that the significance
of b; depends upon whether the net regression of ¢ on y differs signifi-
cantly from zero after allowing for the effects of 2. On an intuitive
basis this is not obvious. The actual analysis showed that this coeffi-
cient, and hence the elasticity of supply, did not difier significantly
from zero. 'This may reflect n part the offsetting influence of feeding
to heavier weights and the withholding of breeding stock with a rise
in demand.

When the coefiicients in equations (2) and (3) were determined
simultaneously by the method of reduced forms, the following results
were obtained : '

Demand: p=—1.14 ¢-+0.90y (2.1)

Supply: g=-—0.07 p-0.77> . (3.1)
When these equations were fitted by the single-equation least-squares
method, assuming that b, is equal to zero, results were obtained as
follows. The standard ervors of the regression coeflicients are indi-
cated by the numbers within the parentheses.

Demand; p=—116¢ 4 0.0y ; R°'= 07 (2.2}
{007} (006}
Supply: g=(0)+ 0.84z2 ; =00 (3.2)
{0.07)

It is apparent that the differences between the two sets of coefficients
are small in relation to the standard errors of the regression coefficients
as determined by the least-squares approach.

® The rednced form of equatlons (2) and (3) is derived as follows:
Substitute the right-band side of equation (3) for the ¢ in equation {2}, obtain-
ing an expression for p in terms only of the predetermined variables, ¥ and z:

= b _babe N
p.—(l"—zhba ‘_f;'+ 1—b.b: - (4}
Similarly, substitute the rvight-hand side of cquation (2) for the g in equation
(3), obtaining
= .UE.H). b N
q—(l—b;b, L S g )

As y and z are predetermined variables, equations {4) and (5), each fitted by
least squares, should give unbiased cstimates of their respective coefficients,
which :re combinations of the siructural coefficients. These eguations prove
to be

p=0.07y — 096z ;, =102 {4.1)
(0.10) (011}
g=—000y+ 0.84z ; F=01 (5.1}

{0.06} (0.0T)

An estimate of b is nbtained hy dividing the coefliclent of 2 in equation {4.1)
by the coefficient of # in equation (49.1), giving b=—114, An estimnate of b, 1g
darived by dividing the cocilicient of # in equation {$.1) by the coeflicient of %
In equation {4.1), giving 8,=—.00. (The value of —.07 in equation {3.1) was
Lased on unrountted data). As the crefficient of y in equation (5.1) is non-
gignificant, the estimate 0f ba does not differ significantiy from zelo.
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OTHER QUESTIONS INVOLVED IN ASCERTAINING WHETHER THE
SINGLE-EQUATION METHOD CAN BE USED

(1) The extent to which consumer income appears to be affected by
changes in price and consumption of individual agricultural products
was discussed in a general way on page 13. Some evidence relative
to this point as app?ied to pork is now presented. During the inter-
war period, less than 2 percent of the year-to-year variatien in dispos-
able 1ncome was associnted with changes in the vetail value of the con-
sumption of pork. The total retail valuye of consumption of pork dur-
ing 192241 was equal to 2.6 percent of disposable income. In percent-
age terms, the average year-to-year variations in consumption of pork
and in disposable income were about the sume, These facts suggest
that variations in consumption of pork, operating through prices and
expenditures for pork and competing produets, affected consumer in-
come negligibly.  Hence, consamer income may be tuken as prede-
termined with respect to the demand-supply structure for pork.

(2) About 86 percent of the year-to-year variation in farm prices
of hogs during 192241 was associnted with corresponding variations
in the retail price of pork. In & more detailed study, the factors that
may account for the 14 percent of variation that is unexplained might
be explored. These factors may inclade peculiarities of the marketing
structure, inventory changes, differences in methods of construction
and weighting of farm and retail price series, and, to a minor extent,
errors of measurement in the basic price data. However, it is unlikely
that these factors would require a simultaneous fitting of markefing
margin and consumer demand equations.

Short-run imperfections in relationships between retail and whole-
snle prices in a single city ave discussed in McCallister, Poats, and
Jones (25, pp. 3-12). Annual prices for the entire country moy show
similar imperfections to a Jimifed extent.

{8) The price of lard affects the price of hogs to some extent at any
given time. Had it been derermined that the price of hogs during the
marketing year significantly affected eurrent production of pork. an
equation dealing with factors that affect the price of lard might have
been needed as a part of the required system of simultaneous equations
relating to the supply-demand structure for pork.  As the effects of
current prices of hogs on production of pork have been shown to be
negligible from a statistieal viewpoint. factors that affect the price
of lard need not he measured simultaneously with those that 2 fect the
price of pork.

The several considerations that enfer into the decision as te whether
the single-equation or the simultaneous-equations method should be
used in determining the elastici'y of demand for o single commodity
have been discussed in detail for pork. For other conﬁnod}'ties, only
those aspeets which might be expecied to operate different] ¥ are con-
sidered.

Results from equations based on the diagram shown in figure 2 are
disenssed Inter. The equations for the severnl iypes of meat are dis-
custed together to permit ready comparison of the eoeffiviencs obtained
for the several items and those obtained for all meat considered as
a single commodity group.

259699—53—_5
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CATTLE AND BEEF

A simplified diagram of the supply-demand structure for beef is
shown in figure 3. This is similar to the diagram for hogs.
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FACTORS THAT AFFECT SUPPLY

Beef, as distinct from veal, s produced from maturer cattle of heav-
jer weight., Hence, production of beef during a given calendar year
must come chiefly from animals in existence as of January 1. Numbers
of cattle on farms as of January 1 by age, sex, and type are published
each year. Marketings of male beef cattle, particularly steers, are
affected only slightly by current prices in any one year. Marketings
of heifers and cows ave more subject to cconomic decisions based on

current prices, and particularly to decisions to ex pand or contract the
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breeding herd and the scale of the beef-cattle enterprise. Despite
this qualification, the number of cattle on farms as of J amaary 1 sets
the general level of cattle slanghter for the succeeding calendar year
and is substantially correlated with it.

The yield of beef per animal slaughtered is influenced by range and
pasture condition during the current and preceding calendar years
and also by supplies and prices of feed grains in both years.  The
economic factors responsible for the yield of beef per head in a given
year are mainly determined before January 1.

If the statistical approach used for pork is applied to beef, about
85 percent of the variation in production of beef can be explained by
varlables measured or existing at the beginning of the calendar year
or before, suppiemented by noneconomic factors that operate during
the calendar year., For example, the ratic of calves to cows is influ.
enced to some extent by weather and disease buk only slightly by
economic considerations.

RELATION BETWEEN PRODUCTION AND CONSUMPTION

During 192241, more than 98 pereent of the year-fo-year varialion
in domestic consumption of beef was associated with variations in
production of beef. As with pork, consum ption of beef can be related
te the predetermined and noneconomic variables used in the explana-
tion of beef produaction. When this is done, the same percentage for
consumption as for production—83 percent—is apparently predeter-
mined. The remaining 15 pereent may be partly owing to {1) ran-
dom errors in the several vaviables, (2} independent decisions of cattle
producers not directly influenced by current prices of beef and cattle,
and (3} other predetermined varinbles not included in the above
analysis. Ifthelatter two factors are at all significant, the bias intro-
duced by using consumption of beef as an imdependent variable in a
single-equation least-squarves demand function should be Jess than
15 percent,

RESULTS FROM SIMULTANEOQUS- AND SINGLE-EQUATION MODELS

The elasticity of beef production with respect fo current price was
expected o be negative and to differ significantly from zero. There-
fore, it seemed desirable to comparve results from a simultaneous-
equations model and a single-equation model for beef cattle, even
though the differcnces in a similar comparison for hogs were nonsig-
nifieant. The structural equations for beef cattle, given below, are
somewhat more complicated than these for haogs,

Demand: p=b g+ y+% w0 {6}
Supply: g=, p+b: 2, (7)

where p and ¢ are retail price and consumption of beef, ¥ is consumer
income, 2 is an estimate of production of beef based wholly on prede-
termined variables, and w is production of meats other than beef,
The value of w is assumed to be unaffected by the price or consumption
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of beef.™ Corresponding to the analysis for pork, the single-equation
approach is valid for hthcr equation (6) only if b, in equation (7)
does not differ significantly From zero.

In the simultaneous-equations terminology, these equations are gver-
identified. Hence, the standard method of deriving a unique estimate
of &, is laborious. However, an analysis involving reduced-form
equations indicates that by does not differ Signiﬁmntly from zero.
Even if &, is assumed to equal zero, two approarches are possible: (1)
qutlons {6) and (7) can be estimated simultancously, using the
method of reduced forms; or (2) equation (6) can be fitted dn‘er_t]}
by the least-squares method. The demand equations derived by these
two methods, s shown below, are designated as equations (6.1) und
(6.2), respectively. 'The standard civors of the regression coeflicients
are shown for the equation derived by the method of least squaves.

p=—0804-- 032y —0 e
p==—T1 .0 2088y —{ G e
(03125 (0.06) (0.2)

Althongh the differences hetween these equations are Invger than those
belwt‘on the equations lor por lg, they fdo not excoed one stundard error
of the Jeast-squares regression coeflicients.

OTHER COXNSIDERATIONS

1. On the basis of the demonstration for pork, disposable consamer
income can be treated as an independent variable in the consumer de-
mand function for heef.  The chief competing commodity is appar-
ently pork, production of whicl is Jargely predetermined.  Produc-
tion of some other meats and o poultry also seems to have been largely
predetermined under the conditions of 109241

2. During 1922-41. 91 percent of the year-lo-year varintion in prices
of Leef cattle was associaled with corresponding variations in the
vetiil price of heef,  In a mote detailed study the veasons for the un-
explained variation might be further e\plmod

3. Figure 3 indicates thul changes in the farm price of cattic ready
for sLmuhtem influrnece Lo tome extent the prices vecetved by farmers
for feeder or grass cattle. "The margin between prices of feeder and

" Praduetion of other meats, o, is fgeloded in the heef nonlesiz and eveluded
from the pork analysis on empicienl ratler than logieal sronads. The rogression
coctlicient Doiween the priee of heef and e suppty of athor wents is highly sig-
nificant, as evidenceed by equations (61) and (621, ITowever, In 2 parallel
anplysis, (he {east-squiares regyession of the price of pnvk upen the suppiy of
other moads wis =001 (2011}, nand the ofher coeflicionts in enquation (2.1)
wore changed only in the thivd decimal plaee by {he addition of this variable.
Thus, the regression epeflicient between the price of pork and (e supply of other
meals was nonsizmifieant, and estimates of the ywice of pork would hiave been
aflected very little hy (he inclusion of the Imdter varinhle.

Tl asymmoetrienl naitoure of these rosnlts is oppn=oil to hpth theory apd common
senge. As an experiment, the anthnr fitted leastsgquares demamnd eqinittions for
pork and heef subject to the eandition that the cross-regressions of price upon
sopply nf the competing commodity be identionl.  While a simnHar randilion might
e Incorparated in a complele simualtancous-equations mode!l ineiuding demand
and supply functions for bofh pork amd beel, this Is nol standard procedure.
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slaughter cattle is influenced by prices of corn and other feed concen-
trates. However, most of the feeder cattle to be slaughtered in a
given calendar year move to feed lots during tate fall and early winter
of the preceding year. The current farm price of corn is largely a
function of corn production in the preceding antumn and of the con-
dition and production of corn during the current year. Al of thess
are Inrgely determined by weather. Apparently, under normal con-
ditions, current farm prices of cattle have only retatively smali in-
fluence upon production of beef for the current year and the bias
involved in not formally attempting to separate the supply curve from
the demand curve is also relat] vely small,

However, pronounced trends in prices within a given year have two
oppesite effects, which sometimes tend to equalize cach other. Rising
prices, for instance. result in feeding all slaughter stock to heavier
weights, adding (o the beef output per head; but they also enconrage
producers to hold back both feeder and breeding steck, thus decrensing
the number of cattle staughtered.  On oceasion the extra v ithholding
can be substantial,

Under such cireumstances, a system of simultanceous equations (as-
suming adequate data available on which to base them} wonld be
superior as g forecasting mechanism fo the single-equation approuch,
This system wounld involve separate demand equations for (1) catile
for immediate slaughter, (2) eattle for further feeding, and (8) cattle
for replacement or expansion of breeding herds.

CALVES AND VEaL

The supply-demand struetuve for voa) 1s shown in fgure 4. Veal is
targely a byproduct of the dairy industry. Male and female calves
are born in roughly equal ]])roportions, but ounly a fraction of the

males are of prospective value in connection with the dairy enter-
prise. In general) it does not pay to feed dairy cattle for slaughter
to heavy weights, and most of the male calves {as well as some heifers)
are slanghtered at an carly age, Paventhetically, the dairy enterprise
also supplies a considerable part of the output of beef, as dairy eows
are sold for slanghter when their productivity declines to unprofitable
levels and heifers held as prospective replacements are sold when
their productivity becomes doubtful.

In addition to the veal produced from dairy calves, there is a con-
siderable volume of meat from calves of beef breeding slaughtered
at heavier weights than veal calves. This meat is considered as ves)
in some terminology and is reported as veal in all statistics of meat
prodaction, :

Approximately 87 percent of the Year-to-year variation in produc-
tion of veal can be explained in terms of measurable predetermined
or noneconomic variables, Figure 4 suggests that the remaining 13
percent may be owing mainly to nonmensurable predetermined vari-
ables. Also, more than 99 percent of the year-to-year variation in
consumption of veal is associated with corresponding changes in pro-
duction of veal. Lack of an adequate retail price series for veal pre-
vents determination of the marketing-system equation.
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Sales of heifer calves for slaughter are influenced to some extent
by current and recent prices of milk cows and of milk and butterfat
and anticipations of future prices for these items. However, these
prices are not affected by the price or consumption of veal. Similarly,
the output of “venl” from beef herds may be affected considerably
by current and anticipated prices of beef cattle but only a little b
prices of veal. Thus, in obtaining a demand equation relating to veal,
the single-equation approach appears to be valid.

LamB axp Murron

Figure 5 shows a simple diagram of the demand-supply structure
for lamb. About 88 percent of the variation in number of lambs
slanghtered during a given calendar Pveur was associated with varia-
tions in number of sheep on farms at the beginning of the year. Aver-
age weights of lambs slaughtered are influenced to some extent by
noneconomic factors such as weather and the condition of range and
pasture. From 1922 to 1941 nearly 97 percent of the variation in
production of lamb can be explained in terms of predetermined or
noneconomic variables. Some 98 percent of the year-to-year variation
in consumption of Iamb was associated with corresponding varviations
in produetion of lamb. Thus in turn perhaps 95 percent of the con-
sumption of Jamb appears to have been explained by predetermined
variables.

Eighty-five percent of the year-to-year variation in the farm price
of lambs in 192241 can be explained by corresponding variations in
the retail price of lamb and the price of wool, A sizable quantity of
wool is obtained from the fleeces of slaughtered lambs, although most
of the wool produced in the United Strtes is obtained from mature
sheep. The number of lambs slaughtered in any particular year ap-

arently reacts only slightly to the current farm price of lambs.

owever, the cumulative effect of prices of lambs and wool over time
in relation to prices of competing products, such as beef cattle, in-
fluences considerably the longer-run changes in numbers of sheep on
farms and in production of lamb.

Torar MEATS AND MEAT ANIMALS

Figure 6 is a logical aggregation of the demand-supply structures
for the four individual meats depicted in figures 2 through 5.

As production of individual meats is largely predetermined, total
production of meat is Jargely predetermined also. Durin 1922-41,
95 percent of the year-to-year variation in consumption ofg ment was
associated with variations in production of meat. Hence, the least-
squares regression of retail prices of meat on consumption of meat
is not Jikely to be seriously biased. The effects of prices of livestock
products during the marketing year upon the current production of
meat are relatively small except in abnormal years such as 1951. Al-
though consumers spend from 5 to 6 percent of their disposable in-
come for all meat (valued at retail prices), the effect of variations
in consumption and prices of meat upon disposable income is still
insignificantly small relative to errors of measurement in the pub-
lished income series.
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A more detailed analysis would raise a question as to whether sup-
plies of poultry meat (particularly commercial broilers) and of fish
can be regarded as predetermined variables. Production of broilers
and of some types of fish in any given year may be influenced to some
extent by supplies. and prices of meat. Quantitatively, these com-
modities are not so important as red meats.

REsurTs oF STATISTICAL ANALYSES FOR MEAT anp MEAT ANIMALS

Data included in tables 1 to 8 are reproduced from an article pub-
lished by the author in July 1951 (72). The analyses were developed
in general conformity with the methodological viewpoint set forth in
the present bulletin.

The data uvsed in the statistical analyses are time series of annual
chservations for 1922-41. Unless timing of production and marketing
indicate a different seasonal break, the observations refer tc ecalendar
years. Most of the series are based on official estimates of the Burean
of Agricultural Economics. But disposable consumer income during
192941 is from the published series of the Department of Commerce,

258608 53——6
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and retail price indexes and individual prices are in some cases based
on data of the Bureau of Labor Statistics. In a few cases the official
data were adjusted for the effects of specific programs, chief of which
was the diversion program for beef during the drought-induced cattle
liquidation of 1934. Virtually all quantity and income variables
were placed on a per capita basis, '

The series were converted to logarithms, and regression equations
were fitted to first differences of these—that is, to year-to-year chahges
in each series rather than to deviations from the average for 109241
as a whole, Some of the reasons for this are as follows: (1) The
logarithmic form as chosen primarily on the geound that price-
quantity relationships in consumer demand equations were more likely
to remain stable in percentage than in absolute terms when major
changes oceurred in the general price level. If the 192241 relation-
ships are to be tested or applied under current conditions this is im-
portant. Incidentally, when logarithms are used, flexibilities of price
and elasticities of demand are indicated directly by the regression
coefficients, so that the results for different commeodities can %e com-
pared directly without adjustments for differences in their original
units of measure; (2) First differences were used partly because the
guestion to which much of the agricultural outlock work of the Bu-
rean of Agricultural Economics is addressed, “How will demand and
price conditions in the next murketing season differ from those now
existing ?”, logically requires an answer in terms of year-to-year
change. Nurther, they improve reliability of the estimates in some
cases by substantially reducing such intercorrelation of variables as
is associated with shared trend and major cycle patterns in the vari-
ables proper. They also reduce the extent of extrapolation involved
when 1nterwar analyses are applied to postwar years.

Table 1 presents the major statistical coefficients from certain equa-
tions that apply to all meats and to each type of meat. In each case,
the equations were fitted by the usual least-squares method. Egua-
tions relating prices of meat to production of meat and consumer in-
come reflect total demand, including demands for export. and storage.
For this reason, the regression ccefiicients do no¢ represent the re-
ciprocals of consumer demand elasticities. Within the range of
1992-41 experience, the analyses for meat based on consumption are
believed to approximate closely consumer demand equations.

Table 2 presents the results from some regression equations of farm
prices upon retail prices. They are fitted independently of the con-
sumer demand equations in accordance with the discussion given
on pages 18-19. These regressions are empirical approximations for
199941, and the logarithmic form was chosen primarily so that re-
gression coefficients for different commodities could be readily com-

ared. :

P Table 8 shows results from analyses which express farm prices as
functions of production or consumption and disposable income. The
forecasting accuracy of these equations would be affected both by
changes in consumer behavior and by changes in the marketing sys-
tem. In general, these equations are less informative than the two
separate sets of regressions, results from which are shown in tables
1and 2.
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TaBLe 1.-—Meat: Factors affecting year-to-year changes in retail prices,
' ' United States, 192841 :

Effect on price of 1-percent change in—
c?:netfﬁo'f Production or Disposab}e Sg’;{)i]ﬁféocrﬁ?‘
‘Commodity multiple] consumption lncome modities 2

: determi-

nation !
' Net |Stnd-| g | Stand- | oy | Stand-

] 1 «f 3
affect error effect otror effect error
Production: 4 “ | Percent | Percent | Percent | Percent | Percent | Percent
Porko oo | Q.02 —0.85 0. 00 0. 93 G 10 _ . ____
Beef . ___________ i .96 —.83 .09 . 83 .03,5—0.38 005
Lamb__ ... _.___ , .91 f—, 34 .15 . '.?Sl- .07] §—.40 11
i | !
Alimost._..! .98 —1.07 .07 .86 .07_____.|_._.__
Consumption: 7 . ;
Pork___._______. : L07 =118 .07 .90 OB
Beef ____________ : .95 —1.06 . 120 .88 .06, 8_. 52 . 09
Lambo.oooooo.._ i 04—, 50 Ji4) .78 .06 S—, 651 14
Al meat_ __ | .98l —1. 50 .osl .87 .03_.____. .
: ‘ : I

! Represents the percentage of tofal year-to-year variation in retail price during
1922-41 which was ““explained”™ by the combined effects of the other variables.

2 Per capita basis.

* Regression coefficlents from analyses based on first differences of logarithms.
Cen be used as percentages without serious bias for year-to-year changes of ag
much as 10 or 15 percent in each variable.

! Analysis for which quantity variahles are production.

® Production per capita, all other moats.

* Probably understates true effects of changes in production or consumpiion
upon price.

7 Analyses for which quantity variables are consumption.

8 Consumption per capita, all other meats.

PRICE-QUANTITY RELATIONSHIPS USING RETAIL PRICES

Two sets of relationships are shown for meat. During tlie early
and middle twenties the United States exported as much as 800 million
pounds of pork in a year. The export market tended to cushion the
drop in prices of meat when slaughter of hogs increased. As total
production of meat was fairly stable to begin with, small absolute
changes in exports, imports, and cold-storage holdings, substantially
reduced the percentage fluctuations in consumption of meat. From
1922 to 1041, consumption of meat changed only about 70 percent
as much from year to year us did production of meat.

The first set of price-quantity coeflicients for meat indicates that
a 1-percent increase in production of meat caused a decline of little
more than 1 percent in the average retail price of meat. Increases
of 1 percent 1n production of pork or beef were associated with de-
clines of less than 1 percent in their retai) prices, and the net effect
of pﬁ'oduction of lamb and mutton upen the price of lamb was oven
smaller.
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In any period of mobilization the total civilian supply of meat is
subject to control. The second set of analyses for meat is more rel-
evant under such circumstances. A 1-percent decrease in per capita
consumption of meat was associated with an increase of 1.5 percent
in its average retail price. A I-percent change in consumption of pork
alone was associated with an opposite change of about 1.2 percent
in its retail price. A I-percent increase in consumption of beef was
associated with slightly more than a i-percent decrease in its retuil
price, if supplies of other meats remained constant. If the supply
of other meats also increased 1 percent, the price of beef tended to
decline another 0.5 percent.

Some of these equations take specific account of production of other
meats in explaining the retail price of a given meat. Apparently
prices of beef are strongly influenced by supplies of other meats, and
chiefly by pork. Prices of lamb also are markedly affected by supplies
of other meats. The simple correlation between year-to-year changes
in prices of lamb and beef during 192241 (+*=0.67) was almost the
same as that between prices of lamb and pork (=0.63). It seems
likkely that part of the apparent influence of pork upon the prices
of lamb operates indirectly through the price of beet. Per capita
production of beef and pork during 192241 were of the same order
of magnitude {roughly G0 pounds per capita) while production of
Iamb and mutton was only a tenth as large. Apparently the price
of lamb tended to some extent to follow prices of the two primary
meats.

A similar equation gave a nonsignificent price flexibility for pork
with respect to supplies of other meats. This coefficient would be
expected to be negative and significant. The fact that production of
beef and lJamb was much less variable from year to year than pro-
duction of pork makes it difficult to establish the actual effect of sup-
plies of beef and lamb upon prices of pork.

RETLATIONSHIPS BETWEEN FARM OR LOCAL MARKET AND RETAIL PRICES

Equations relating farm prices to retail prices, the vesults of which
are shown in table 2, involve certain problems. Official calendar-
year prices Tor meat animals are averages of monthly prices weighted
by farm marketings. Z'he Mavketing and Transportation Situation
(35) uses simple averages of monthly farm prices, with some ad-
justments to improve the ecomparability of the retail- and farm-price
series used. 'Fhe differences between the two series are significant
in some years. Marketings of cattle ave heavy during the last 4
months ot the year. Slaughter (hence production of beef) is above
average during these months. More important, farm prices veflect
the heavy snles of feeder cattle from the range States to farmers and
feeders in the Corn Belt. The average prices of these unfinished
animalg arve lower than the average prices of finished cattle sold for
slanghter. The difference between weighted and unweighted prices
of cattle is large enough to change the signs of the first differences
between years such as 1929-30 and 1937-38. “The downturns in 1929
and 1937 ave evident in the weighted farm prices, but not in the un-
weighted farm or vetail series. (Observations are calendar-year
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averages in each case.) Fhe analyses in: table 2 are based on un-
weighted averages at both the farm and retail levels.

'fABLE 2.—Meat animals: Relationships between year-to-year changes
tn farm price and retail price, United States, 192841 '

Effect on farm price of I-percent change
in—

Coeffi-
cient of
determi-
nation !

Commodity Retail price Other factors

Net Standard Net Standard
effect ? error effect 2 error

Meat animals: Percent | Percent | Percent | Percent
1. 73 0. 17
1. 33 .44
1. 74 .14
1. 06 .18

All meat animals. __! ) 1. 57 .12
i

1 Represents the percentage of total year-to-year vatiztion in farm price during
162247 that was associated with the combined etffects of the other varinbles.

2 Begression coefficients from analyses based on first differences of logarithims.

3 Wholesale price of {ard at Chicago. Coefficient not significant owing to high
intercorrelation {r?=.83) between refail price of pork and wholesale price of lard.

1 United States average farm price of woof.

For meat animals as a group, flexibility of the farm price during
1922-41 was 1.57 times that at retail. The farm price of hogs was
1.75 times as flexible as the retail price of pork. However, prices of
lard were highly correlated withk prices of pork on a year-to-year
change basis and the wholesele value of lard was equal to 15 percent
or more of the value of live hogs. After allowing for the effects of
changes in prices of lard, the nef flexibility of hog prices with respect
to the retail price of pork was probably less than 1.75. The equiva-
lent farm value of “Good” grade beef (“Choice” grade under the pres-
ent definition) was 1.74 times as flexible as the retail price. However,
these farm-retail price flexibilities which are stated in percentage
terms are not independent of the absoiute level of farm prices, if the
marketing margin contains substantial items of cost which are fixed
in absolute rather than percentage terms.

Wool accounts for a significant fraction of the total value of lambs
sold for slaughter. A recently shorn lamb of given quality brings a
lower price than one with a heavy fleece. The price of wool signifi-
cantly affects the price received by farmers for lambs.

_ Beef cattle have byproducts of some value, such as hides and tallow.
The value of these hyproducts is undoubtedly reflected in market
%rices to some extent and enters into the calculations of processors.

ut it is not always possible to measare these relationships from
analyses based on time series.
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FACTORS THAT AFFECT FARM OR LOCAL MARKET PRICES

Table 3 summarizes relationships between farm prices, production
and disposable income. 1In most cases the effect of a 1-percent change
in production per capita is associated with more than a 1-percent
change in the farm price. ‘[here is some indication that from April
to September the I:i{mce of hogs is less shurply affected by changes in
;())roduction of pork than during the heavy marketing season from

ctober to March.

For most of these items, the response of farm price to changes in
disposabie income is more than 1 to 1. These coeﬂllz:ients ranged from
1.1 for lambs to 2.1 for the October-March analysis for hogs. The
income reSEonse for all meat animals was 1.43.

As in table 1, production of other meats significantly affected the
prices of beef cattle, calves, and lambs.

Tanre 3.—8 eat animals: Factors affecting year-to-year changes in
farm prices, United States, 1992-41

Effect on farm price of l-percent change in—

Co-

;f;:b , Disposable Supply of
of mul- Production 2 income ? corupeting

Commodity . eornmodities ?

tiple
deter-

mina-

tont | Wes S;E;‘éd' Net, Sia;éd‘ Net Si:"l_réd'

3 3 ok 3
effect crror effect error eifect errar
Meat animals:

Hops: Percent |Percent [Percent jPercent | Pereent
Jan~Dec________ 0.82 |—1 5¢ 0. 26 1. G3 0.28 |____.__
Qet—~Mar ... _ .81 1—1.52 .26 | 2.08 L2B .
Apr—Sepé___.___. .69 |¢*—. 99 .25 1.501{ .371.__.___

Beef eattle______._ 80 1—1. 19 .23 1,27 .13 F—0.40

Venl calves_________ .93 |— .82 .16 1. 30 10 |s— 75

Lambs. . _____.__. BT 11580 .31 1. 69 i5 [*— .70

Allmestanimals. .88 |—1. 60 . 26 1. 48 R € T R [P

t Represents the percentage of total year-to-year variation in farm price during
1922-41 that was expiained by the combined effeets of the other varisbles.

2 Per capita basis.

2 Regression eocfficients from analyses based on first differences of logarithms.

§ Probably understates true efect of produetion on price.

* Production of other meats per capiia.

Feoos

Sales of eggs accounted for more than 70 percent of the fotal cash
receipts from the poultry enterprise in 192241, Before World War
IT eommercial production of broilers was relatively small and most
chicken meat came from furm flocks which were kept primarily for
production of eggs.

Figure 7 shows a simplified diagram of the demand-supply strue-
ture for eggs. It should be remembered that during 192241 produe-
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tion of eggs was one of the more stable agricultural production
variables. The average variability (standard deviation) of year-to
yeaxr changes in production of eggs amounted to 3 or 4 percent. With
this limited basic variability, it seems likely that 10 percent or more
of the observed year-to-year variation in the number of eggs produced
comes simply from errors of measurement, even though the measure-
ment error 1s small compared with the total quantity of egges produced.

Production of eggs is strongly affected by seasonal factors, although
less so now than i 19922-41. Although the short incubation and
growing periods for chickens makes it theovetically possible to expand
production of eges within a 6-month period, the hatching of chicks for
replacement of farm flocks is generally concentrated in spring. Cull-
ing of hens and replacing them with young puliets is concentrated
in the last half of the year. In addition, there has been a strong
(and curvilinear) uptrend in production per layer because of im-
proved genetic qualities and of improvement in the feeding and man-
agement of poultry. About 85 percent of the variation in production
of eggs, after the estimated error component is subtracted, is asso-
ciated with variations in the average number of layers on farms
January 1 and the trend in production per bird. Changes in supplies
of feed during the current year muay also affect produetion of eggs
through their influence on the management of the flock.

Despite the strong seasonal pattern in the egg-producing enterprise,
production of eggs probably responds to some extent to relative prices
of eggs and of poultry feeds in the earvly part of the current year. For
example, more than 17 percent of the variation in production of
chickens during 1922-41 was associated with variations in the egg-
feed price ratio early in the calendar year,

About 97 percent of the observed variation in consumption of eggs
(in terms of original values) waz associated with changes in praduc-
tion of eggs. (In terms of first differences, the degree of association
is 80 percent.) Because of the method of derivation, errors of meas-
urement in production of eggs would affect consumption cqually.

Coeflicients for the analysis on egos given in table 4, based on pro-
duction, are adjusted for the effects of an estimated measurement
error in the egg-production series. Similar acdjustments would be
appropriate in an analysis based on consumption of eggs.

Fiarm CHICKENS AND BROILERS

The diangram in figure 8 could have been simplified for 192241
by excluding items relating to commercial broilers. Figure 8 is more
representative of the situation as it existed in the early 1950%, when
almost half of the total supply of chicken meat was produced by
commercial broiler enterprises.

Production of farm chickens is influenced to some extent by economic
variables which operate during a given cadendar year, and more espe-
cially hy the relative prices of epgs and poultry feed during the early
months of (he year. However, the price of poultry feed is estublished
primarily by the quantity of feed grains praduced in the preceding
year (and te some extent in the autumn of the current year) relative




THE ANALYSIS OF DEMAND FOR FARM PRODUCTS 49

THE DEMAND AND SUPPLY STRUCTURE
FOR CHICKENS AND BROILERS

0ISPOSABLE
COMSUMPTION COMSUMER SUPPLY
OF FARN INCOME oF
CHICKENS RER MEAT
EXFORTS /
RETAIL SUPPLY
\ CHAMGE FRICEOF |s————————— aF
\ IN STDCKS CHICKENS TURKEY
5 v
s
\ g CONSU; PTION’I
SLAUGHTER | / by
OF FaRM ¥ r— e OF BROILERS
CHICKENS MARKETING )
SYSTEM I
/ 4 Lo e d
CHANGE [N
STOCKS EXPDRTS
HUMBER I
OF HENS w //
AND HUMBER AYERAGE PRICES OF ~. ,
PULLETS OF FARM WEIGHT CHICKENS |
ON F ARMS, CHICKEHS FER AtD = = e a| FRODUCTION
JAH. | RAISED BIRD BROILERS OF BROILERS

FARM
FRICES OF

PRICES QF
FOULTRY

FRICE OF

PRICE

OF EGGS, POULTRY BROILERS, FEEDS, 2
JAHJUNE “F:EJ"’;*-E & WOKTHS HOHTHS

PREY1OUS FREYIOUS

"

ARROWS SHOW DFRECTION QF INFIUENCE HEAVY ARROWS INDICATE MASOR PATHS OF INFIUEMCE
WHICH ACCOUNT FOR THE BULK OF THE YARIAFION [N CURRENT PRICES LIGHT SOLID AREOWS 1M .
DICATE DEFINITE BUT LESS MMPORTANT PATHS, DASHED ARROWS INDICATE PATHS OF NEGLIGISLE,
DOUAIFUL OF OCCASIONAL MPORTANCE

D, 5. DEFARYMENT GF AGRICULTURE NEG. 48542 -x BUREAU OF AGRICULTURAL ECONDMICS

Fraure 8,

to production and average prices of livestock. Demand for feed for
chickens is only a fraction of the total demand for livestock feed.
Similarly, as no measurable short-run competition in demand between
eggs and chickens is found, the price of eggs may be regarded as
uninfluenced by current slaughter of chickens. The number of hens
and pullets on farms on January 1 is highly correlated with slaughter
of chickens during the ensuing calendar year,

If prices of eggs and of pouliry feeds in the early months of the
calendar year arve treated as predetermined variables, 69 percent of
the observed variation in total slanghter in million pounts dressed
welght of farm chickens can be explained by predetermined or non-
economic variables.  About 88 percent of the variation in consumption
of farm chickens during 1922-41 was associated with changes in
slanghter of chickens (in terms of first differences), but the errors
of measurement in the two series were not independent.

Unpublished stndies of supply responses in production of chickens
have attributed no importance to the price of farm chickens, as
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chickens on farms are raised mainly for production of eggs. The
more significant variables have been prices of eggs and of poultry
feed. Hence, figure 8 indicates no effect of chicken meat prices upon
eurrent production of chickens.

Production of commercial broilers differs considerably from pro-
duction of farm chickens. Broiler enterprises are highly specialized.
They buy all or almost all of the feed they need. The producers’
margin of profit is clearly discernible, and responses to relative prices
of broilers and feed are relatively swift and sharp. Eggs hatch in
about 3 weeks and chicks reach marketable weights as early as 9 weeks
thereafter. Production of broilers can respond considerably to prices
or other factors in 8 or 4 months. To some extent, the broijer enter-
prise serves as 2 balance wheel for the total poultry-meat industry.

If sufficiently accurate statistics for a long enough time were avail-
able, production of broilers could be treated as a predetermined vari-
able by using time periods of 4 months or less. Figure 8 suggesls
that to understand the factors which determine prices of both broilers
and farm chickens a simultaneous-equations system would be required
conceptually, even though such a system cannot be fitted statistically
until more data are accumulated.

TURKEYS

Figure 9 shows a similar demand-supply diagram for turkeys. Par-
ticularly during 1929-41 (no adequate data are available before 1929},
turkeys fell into a simple pattern from the standpoint of estimation
of statisticol-demand equations. During this period approximately

90 percent of all turkeys produced were murketed from October to
December. Turkey poults were hatched in spring and the number
raised was influenced by such factors as profitability of production dur-
ing the preceding year and the current level of feed prices. In 192041
the conditions of turkey production were such as to establish it as a
predetermined variable.

In terms of original data, 98 percent of the variation in consumption
of turkeys during 192941 was associated with variations in produe-
tion. (In terms of first differences, the degree of association was 56
sercent.) Again, the errors of measurement in the two series are not
independent. The errors of measurement in consumption probably
are sufficient to impart a significant downward bias (in ubsolute value)
to the regression of turkey prices upon turkey consumption. Under
pre-World War II conditions, consumer income, the supply of red
meats, and the supply of chickens could be vegarded as not measurably
influenced by consumption or prices of turkeys during the same mar-
keting year.

The increase in production of Beltsville Small White turkeys m
the early fifties probably increased the intensity of competition among
turkeys, chickens, and commereial broilers.  ¥or all types of pouliry
meats, development of the frozen-food industry tends to spread out the
previons seasonal peaks in consumption. TPossible effects of these fac-
tors must be kept in mind when proceeding from prewar analyses lo
current applications.
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RESULTS OF STaTiSTICAL ANALYSES For Pourtry anp Eccs

Tables 4 and 5 give results for analyses dealing with poultry and
egos similar to those given for meatsin tables to 3.

Increases of 1 percent in supplies of chickens and turkeys have de-
pressed their retail prices by about the same percentage. The price

TaBLE 4.—Poultry and eggs: Factors affecting year-to-year changes in
prices, United States, 198841

Effect on priee of l-percent change in—

Supply ot
competing
commodities

Production or Disposable
Trice series and consumption income !
commodity

Stand- Not Stand- Not Stand-

ard ard ard
2 2
erTor effect errar effect error

Net
effect 2

Based on retail price: Percent | Percent | Percent | Percent | Percent | Percent
Chickens ? 0.8 }«=0,75| 0.18| 0.76 | 0.09 [F—-0.42
Egest . _______ V87 [fi—2.34 44 1. 34 .13
Based on farm price:
Chickens .86 1— .62 .28 1. 06 .12
90 | —-1.21 .23 1. 06 .20
.82 p—291 . 55 1. 43 L 17

! Per capita basis.

? Regression coeflicients from anaiyses based on first differences of logarithms.

1 Based on consumplion por capitn. Other analyses based on nroduction per
capita.

1 Probably understates true effacts of changes in production or consumption
upon price.

5 Consumption of all meat per capita.

® Coeflicients in thiz analysis were adjusted to allow for estimated average
errors in measuring year-to-ycar changes in production of eggs.

7 Production of chickens per capita,

Tanue 5.—Pouliry and eggs: Relationships between year-to-year changes
in farm price and relail price, United States, 1922-41

Effect on farm price of I-
pereent change in retail

Cocfficient price

Cemmodity of deter-

mination

Standard

Tiffect ! Crror

Percent Percent
. 33 0. 49
1, 08 .05

! Regression coellicients from analyses based on Mirsé differences of logarithms.
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of chicken was sigmificantly affected by supplies of meat, and the price
of turkey was siy; nificantly affected by supnlies of chicken. It is evi-
dent. from these two relationships that supplies of meat were 2lso a
factor in the determination of prices for turleys. Ina special analysis
not shown in fable 4, supplies of pork from October to December ap-
parently affected significantly the farm price of turkeys.

Retail prices of eggs responded more sharply to changes in produc-
tion than did prices of any livestock product previously mentioned.
The change of -2.3 percent probably understates the true effect of a 1-
percent change in per capita procuction of egys.

The price-income relationships in table 4 run between 0.8 and 1.4.
If a retail-price series for turkeys were available, the regression of
retail price npon disposable income would probably be somewhat less
than 1.0. Prices of eggs apparently responded more sharply to
changes in consumer income than did those of other livestock products.

Prices received by farmers for chickens vary considerably more than
do retail prices, but year-to-year variation in prices of eggs is little
greater at the farm than at the retail level. These differences reflect
the fact that, as a percentage of the retail price, costs of marketing ave
considerably higher for poultry meat than for eggs.

Damry PropucTs

Tven on the aggregative level shown in figure 10, analysis of de-
mand for dairy products is difficult. The quantity of milk produced
in a given year can be largely explained by (1) the number of cows
and heifers in dairy herds as of Jannary 1, (2) supplies of roughages
and of feed concentrates during the preceding and current years, and
(8) the level of milk production per cow, which has gradually in-
creased because of improved genetic qualities of dairy cattle and bet-
ter pastures and management practices. But specifically accounting
for factors which cause the year-to-year changes in production of milk
is difficalt. Part of this arises from the relative stability of this pro-
duction, because of such factors as the long productive life span of
dairy cows and the heavy fixed investments of dairy producers, par-
ticularly in fuid-milk areas. Observed year-to-year changes 1n
production of milk averaged about © percent during 192441. Thus,
although these year-to-year changes may have been estimated within
a billion pounds or less at a basic level of 100 to 110 billion pounds
total prodnetion, as much as 25 pevcent of the reported year-to-year
variation in production of milk may have come from errors of meus-
urement. As production of manunfactured dairy produects is reported
with almost accounting aceuracy, evrors of estimation are concentrated
in estimates of consumption of fluid millkk and cream, for which few
check data are available for the 1022-41 period.

About 96 percent of the variation in the absolute level of consump-
tion of dairy produets {fat solids basis) was associated with varia-
tions in total production of mill. In terms of year-to-year changes,
however, the degree of associntion was only 40 percent, ~ The relative
stability in mili production means that, for practical purposes, the
explainable year-to-year variation in retail prices of dairy products
is almost wholly associated with changes in disposable consumer in-
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come. During 1922-41, 84 to 87 percent of the year-to-year variation
in retail prices of dairy products was associated with year-to-year
changes in disposable income (table 6). For most dairy items, the
addition of the relatively small changes in consumption as explana-
tory factors did not significantly increase the percentage of explained
variance in retail prices.

Figure 10 suggests that there may be significant back-effects from
the farm price of milk and butterfat upon the quantity of grains and
other concentrates fed to milk cows and hence upon current produc-
tion of milk. The dairy economy is related through butter to the
whole fats and oils economy although, as prices of butfer are usuaily
9 to 8 times as high as those for its major competitor (oleomargarine),
the competitive effects are not always obvious.
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TaBLE 6.—Dairy products: Relation of year-to-year changes in retail
prices to changes in disposable tneome, United States, 192841

Effect on price of 1-per-
Coefficient of | 20t change in income 1
Commodity determina-
tion

Standard
Net. effect 2 SITOL

Percent Pereent

1 Per capita basis.
2 Regression coefficients from anslyses based on first differences of logarithms.

Prices received by farmers for milk for fluid use, for butterfat, and
for milk used by plants making butter and nonfat dry milk solids are
correlated from 98 to 95 percent with changes in the corresponding
retail prices (table 7). However, only 79 percent of the variation in
prices received by farmers for milk sold to condenseries and cheese
factories is associated with corresponding, that is, simultaneous, varia-
tions in retail prices of evaporated milk and cheese. Although some

TasLe 7.—Dairy products: Relationships between year-to-year changes
wn farm price and retail price, United States, 199941

Effect on farm price of I-percent
change in—
Coeffi-

;;%Ie}:rgif- Retaill price Other factora

ngtion !

Commodity

Net Standard Net Standard
effect 2 error effect 2 errTor

Percent | Percent | Percenii | Percent
Milk for fluid use 1. 64

Condensery milk 2,13
Milk for cheese . 1.78
Butterfat . 21,85

21,19

! Represents the percentage of total year-to-year variation in farm price during
192241 that was associated with the combined effects of the other variables.

? Regression coefficients from analyses based on first differences of logarithmas.

* Coefficient derived by algebraic linkage of two regressions: (1) Farm price
upon whaolesale price of butter; and (2) whaolesale prics upou retail price, Coeffi-
clents of determination have bheen retuced and the standard error increased to
allow for residual errors in both equations,

4 Wholesale price of nonfat dry milk solids (average of prices for both human
nnpl animal use).
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of the unexplained variations in these cases may come from differences
in the weighting and construction of the respective farm and retail
price serics, the structure of the marketing system for these two groups
of produrts may also be involved. Changes in inventories in both
reported and unveported positions may be explanatory factors.

Farm prices of milk and butterfat fluctuate more than do retail
prices of the products marketed. Butter has the smallest marketing
margin and the smallest percentage velationship between favm and ve-
tail price changes. The farm price of fluid mitk changed about 1.6
times as sharply as the retail price and the price of milk used for
cheese fluctuated about 1.8 times as much as the retail price of cheege,
Because of the importance of fixed costs and charges in the marketi ng
system, the price paid for milk by condenseries fluctuated morve than
twice as sharply as the retail price of evaporated miik.

In terms of the major individual commodities the supply-demand
structure for dairy products is a good deal more complex than is
indicated by figure 10. In the western Corn Belt and the Great
Plains some farmers may deeide to sell whole milk for manufacturing
rather than farm-separated cream on the basis of relative prices
received for the two products. Although year-to-year changes in
this choice of marketing forms may be fairly small, in the last 20 years
farmers have shifted from marketing mainly farm-separated cream
to marketing mainly whole milk. In major manufacturing areas such
as Wisconsin, many milk produocers have access to at least three differ-
ent Lypes of ontlets—condenseries, cheese factories, and butter and
powder plants, that is, plants which make nonfat dry milk solids as
well as buifer. Some of these producers ave also in position to sell
milk for fluid use.

Although preducers in the major fluid milksheds are protected to
sonie extent by sanitution requirements and other institntional factors,
seasonal surpluses of milk in the fluid milksheds are diverted into
manufactured products and thus compete in the national markets,
Thus, the utilization pattern for total production of milk in a given
year involves four or more simultancously determined derived demand
equations,

Neither these complexities noy the even greater ones that would
be involved if the minor, bub significant, products and byproducts
of the duiry industry were introduced into a diagram such as figure 10
need be discussed here.  Considering the presence of errors of estima-
tion in the basic milk-production and butterfat-sales series and in the
estimates of consumption of fluid milk and eream, it is doubtful
whether a satisfactory statistical model of the dairy industry could
be derived by any means now kuown, Any detailed analysis of the
demand-supply structure for dairy products must be conceived in
terms of many simultaneous equations. Fluctuations in inventories
at various market levels are a complicating factor, as are export-
import relationships and the relation through butter to the world
fats and oils economy,

Tortai Livestock PropucTts

Often 1t is convenient to work with large agpregates, such as an
index of consumption of all food-livestock products and an index of
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the corresponding livestock-product prices. Results from such
analyses are shown in table 8, As in the case of all meat, the logical
question concerning the extent te which production of livestock is
predetermined depends upon the summation of the degrees of prede-
termination for individual livestock products. It can be shown that
the regression coefficient obtained between two ageregates or index
numbers such as prices and consumption of all food-livestock products
depends upon the elasticities of demand or the flexibilities of price
for the individual livestock products and upon the relative variability
of their consumption. An additional facter is their relative econemic
importance as measured by their weights in the index number. To
the extent that flexibilities of price for individual members of such
an aggregate differ widely, a change in the average level of livestock
prices is not independent of the internal distribution of changes in
consnmption of livestock. Thus, for some purposes, analvses of less
aggregative series must be used. From these, an estimate or fore-
cast of the average level of livestock prices can be made by summing
the price estimates for individuoal produets, recognizing the competi-
tive relationships which exist wmong some of the Iatter.

Considering the relative importance and relative variability of
individnal consumption or production series for livestock, it may
be assumed that 90 percent or so of the year-to-year variation in pro-
duction of livestock during 192241 can be attributed fo predetermined
factors. Comparable indexes of production and consumption are not
available to measure the degree to which consumption of livestock
products is predetermined, but a level of 80 percent or more is probabie.
Thus, the major shortcoming of a demand equation for this commodity
group is likely to be its degree of aggregation rather thau biases arising
from the neglect of supply equations which ave determined simul-
taneously with those for demand.

As food-livestock products as a group, valued at retail prices, are
equivalent to & little more than 16 percent of disposable income, the
question of whether disposable income is affected signifieantly by
variations in consumption of livestock may be raised. The standard
deviation of yeay-to-year changes in consumption of food livestock
(a range that includes about two-thirds of the individual yeav-to-year
changes) in 1928-41 was less than 3 percent, compared with 12 percent
for disposable income. This Limited variability suggests that varia-
tions in supply of livestock accounted for a great deal less than 10
percent of the total variation in disposable income. Moveover, only
4 percent of the year-to-year change in consumpticon of livestock was
associated with changes In disposable income during these years,

If the effects of variation in consumption of livestock are considered
as operating upon consumer expenditures {and hence on conswmer
incomes) vig the demand equation llustynted in table 8, the following
rough caleulations are in order:

1. Effect of a 1-perecent increase in consumption of food livestock:
(a) On retail prices of food-livestock products= ——1.64 percent.
(b)) Orn retail expenditures for food-livestock products= —0.64 pereent,
. Standard deviation of consuinpiion of food livestock=2.7 percent.
. Approximate refail valve of foad-livestock products (1892241 averape) =9
bitlion dellars.
. Standard devintion of changes in consnmer expenditures for food-lvestoek

preduets atiributed to changes in consumption of food livestock (Item I
times item 2 divided by 100 times item 3)=0.156 billion doliars,
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1t may be supposed that the variation in disposable income because
of changes in the supply of foed-livestock products available to con-
sumers is ot the same general order of magnitude as the 0.156 billion
dollars of item 4. This result is about the same as for pork alone.
Altliough the total value of food-Tivestock products is about four times
that of pork, the percentage variability of consumption of food live-
stock in 192241 was only a fourth as great. No allowance is made
for eflects of supplies of Tood-livestock preducts upon prives of other
commodities; probably sueh effects ave neither lavge nov statistically
measurable.  The estimafed eficet of consumption of food livestock
upon disposable income in relation to the observed year-to-ycar varia-
tion in disposable persenal income during 102241 is negligible.

In view of this discussion, the estimates of flexibilities of price for
all food-livestock products shown in table 8, which were dervived from
equations fitted by the method of leust squares, appear vabid, apart
from the question of overaggregution discussed ou page 24, Tarm
prices respond about L5 times as mueh to o 1-percent change in either
consumption or disposable income as de retail prices. This veflects
the relative stability of mavketing charges. On the average, a l-per-
cent change in the retail price of this conimodity group in 1923—11 was
associated with a change of 1.5 pereent in the farm price.

Tanie 8.—AM food livestock producis: Fuetors aflecting year-lo-year
changes in prices, United States, 1922-44

Yifect on price of l-pereent change in—

"Coeflicient
of mul- -
tiple de-
terming- -

tien |

. , ‘onsnin L . Disposable incomea !
Priee series Consnmption isposable income

'
3
1
B

i Net of- ! Slapdard  Netel-  Standard
| ; fect?  ° error ; Tecl? orvor

1
Perem

!
— 1. 64
—2.453

5 .
Pereent 1 Pereend | Percent
L

! 0. 03

! 0.13 0. 854
1 1.23 L7

.31‘

! Per capita basis,
? Tlegression coeflicients [rom analyses based on first differences of logarilhus.

DEMAND FOR CROPS, 192241

To avoid repetition, dingrams showing the supply-demand struc-
tures for a number of typical situations ave lirst discussed.  These are
referved to in the appropriate commodity diseussions, along with
results from the stabstical analyses based on them., Two such dia-
grams were discussed in connection with development of the theoretical
framework. To provide continuity, brief comments regarding them
are included here,

Typricar SupeLy-DeEdMaND STRUCTURES

The upper part of fgure 1 illustrates the simplest ease found for
perishable crops.  In this case production available for marketing is
assumed to be not allected by price during the marketing period.
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Also the design assumes a single maiket or end use. Some vegetables
produaced for “fresh market and some fruits in areas where processing
1s not important fit this pattern reasonably well. Acreage is deter-
mined by economic influences and decisions made 111ywhele from
severnl weeks to several years before the curvent harvest period.
Year-to-year changes in crop yields are mainly owing to weather,
insects, and other natural hazards. IFor some of these crops con-
sumption is practically identical with preduction and can be treated
as a predeterminad variable.

A complication recoguized in the diagram may arise even when

producers of a pevishable crop are not erganized to control marketings,
If the market price does not cover the costs of harvesting, each pro-
ducer may decide to leave sume part of his preduction unharvested.
In elfect, this means that the observation applying to price and total
production will not lie on the demand curve. It will fall to the vight
along the producers’ supply eurve, which is approximately horizon-
tal in this range. If the data ov prior knowledge indicate that this
actually happens, the prodnetion variable may be adjusted for the
quantities unharvested. Inclusion of unharvested production in this
case would bins the slope of the fitted demand curve toward zero.

The lower part of figure 1 represents a more complicated situation
which applies to some fruits or vegetables with both fresh-market and
processing outlets. Again production is assumed to depend chiefly
upon weather and upon economic influences prior to harvest. This
dingram implies that Loth the provessed and fresh forms of the com-
mochty are consumed entively in the domestic market so that dispos-
able income is the appropriate final demand shifter for both. The
statistical relation betwoen farm and vetail prices of the processed
product is likely to be zomewhat looser and more subject to distortion
because of changes in inventories, anticipations, and time lags than
15 the market relationshin for the fresh product.

The structure in this diagram indicates the existence of at least
two simultaneously determined demand equations, even assuming
that a perfect relation exists between the farm and retail prices
ot both fresh and processed products.  In fitting the two basic demand
equations, the retail price of each form of the pr sraduct minus the mar-
keting margin or charge appropriate to each could be used in arriving
at an eqmv.ﬂent farm price in cach eage.  TUnder conditions of equi-
librium, the equivalent Farn prices returned from each outlet should
be equal.

If total marketings of a perishable erop ave controlled by a pro-
(lucers’ group or cooperative marketing organization, advantage can
be taken of differences in demand clusticities for the two forms of
the product to increase total net revenue. In the 1930°s a frequent
assumption was that the processed form of a fruit or nut had a more
elastic demand than did the fresh product. Consumption of the
processed form counld be spread out over many months ov a full year,
wherens it inight be necessary to sell the fresh product within the
space of a few weeks. If with the same prices in both outlets, demand
were more elastic in the processing outlet, total revenue could be
increased by shifting parf, of the crop from fresh-market to processing
outlets. The optlmum allocation OL a piven supply would be that | in
which marginal net revenues from the two outlets were equal, In
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gencral, of course, such n solution or even an approach to it wounld
mean lower aver age prices to growers from the processing outlet than
from the fresh market.

Some programs for diversion or for controlled uwtilization assumed
that the processing demand way independent of that for the fresh
product.  This may have been approximately true at the outset, but
as time wore on it appeaved in some cases that the processed ploduct
was eneroaching upon the onginal market of the fresh. QOranges and

certain tree nuts appear to have followed this pattern.  To recognize
such interdepemndence in demand, the retail price or the concumptlon
of ench commodity would need to be included in the demand equation
of the othor,

The diagram in figure 11 ilustrates a situation which oceurs more
frequently with mineral or industrial than with agricultural products.
It assrmes that production is determined sialtaneously with curvent
price.  This woold be true {or certuin crops for procesging if produc-
tion wewe determined mainly by the contract price and if retail prices
were based on a fixed mark-up over the contract price. Actually, re-
tail prices ave usunlly adjusted in Luch a way that available supplies
move into consumption and a corvesponding adjustment is made in
the conirnct price in subsequent years. Thevefove, in effect, produc-
fion miud price are not defermined simultaneously. This dingram
would apply approximately to those perishable fruits and vegetables
a substantial pavt of which are lelt unharvested, with the quantity
harvested depending mainly on the price at harvest. This situation
representts the purest and earliest form of the identifieation problem as
constdered. for example, by Working (87) in 1927, With the supply-
demund stracture us shown in the divgram, the elasticity of demand
cannot be determined by single-cquation methods. However, if
weather {orother factors”Y ean be infroduvced as a measured variable,
the clasticity of demand ean be estimaled by using a system of two
simnliancons equations.

Figure 12 illustrates the demand-supply stracture tor feed grains.
Sowme 90 pereent of the production of feed graing is consuned b\r Jive-
stock.  The fnimediate value of these grans to a livestock producer
deponds upon their valie as raw materials in the production of live-

stock.  The relutive etability of hivestock-feed price vatios when av-

(‘I‘:l;{{‘d. over periods of 2 {o 5 years indicates thely imporiance as vegu-
lators of the livestock-feed cconomy. By and large, o 1- pmcent
ierease in prices of grain-consunung livestock is nssociated with a
sipiilar increase in prices of feed grains.

As previon=ly smentioned. 85 peuvut of the yvear-to-yenr vaviation
in farm prices of food-livestoek products frone 1692 to 1941 was as-
sociated with corresponding vaviations in both consnmption of live-
stock products and disposuble income.  Consumption of Tivestock
products in the aggregate ean be regarded largely a5 a predetermined

ariable,  Thus the aver age farm priee of ivestock products may be
treated as un nulvpmulmdly defermined vaviable for the purpose of
analyzing the prices of feed grains.

Numbers of graim-consuming livestoek on farms at the beginning
of a feed-grain marketing year also influence the demand for and
the prices of feed grains. E-aupphes of Lhese grains and of byproduct

feeds at the beginning ol a mnrkeling year ave determined mainly by



http:pl'('rjoll:.ly

DEMAND AND SUPPLY STRUCTURES
FOR PERISHABLE CROPS

Supply and Demand Determined Simultaneously: Single Market

DISPOSABLE

CONSUMPTION CONSUMER. INCOME

MARKETING
SYSTEM

{

WEATHER,

OTHER FACTORS FRODUCTION

ARROWS SHOW DIRECTION OF INFLUENCE, HEAVY ARROWS INDICATE MAJOR PATHS OF INFLUENCE
WHICH ACCOUNT FOR THE BULK OF THE VARIATION IN CURRENT PRICES, LIGHT SOLID ARROWS IN-
DICATE DEFINITE BUT LESS IMPORTANT PATHS; DASHED ARROWS INDICATE PATHS OF NEGLIGIBLE,
DOUBTFUL, OR OCCASIONAL IMPORTANCE

U. S. DEPARTMENT OF AGRICULTURE NEG. 48832-X BUREAU OF AGRICULTURAL ECONOMICS

Fiaugre 11,

SI0NA0Yd WYYA d0d ANVIWNHA J0 SISATVNV “HHL




THE DEMAND AND SUPPLY STRUCTURE
FOR FEED GRAINS

I PREVIOUS INFLUENCES I

CONSUMPTION,
LIVESTOCK
PRODUCTS

PRODUCTION,

LIVESTOCK
PRODUCTS

!}

NUMBERS,

RETAIL
PRICES,
LIVESTOCK
PRODUCTS

DISPOSABLE
CONSUMER
INCOME

MARKETING
SYSTEM

GRAIN-CONSUMING
LIVESTOCK

LIVESTOCK
NUMBERS,
FOLLOWING
YEAR

N\

QUANTITY OF
FEED GRAINS
FED

FARM
PRICES,
LIVESTOCK
PRODUCTS

FARM
PRICES
OF FEED
GRAINS

7 A
A

SUPPLIES OF
FEED SRAINS,
BYPRODUCT
FEEDS

| WEATHER, OTHER FACTORS l

DEMAND FOR
FEED GRAINS
FOR EXPORT,
FOOD AND
INDUSTRIAL USES

ARROWS SHOW DIRECTION OF INFLUENCE, HLAVY ARROWS INDICATE MAJOR PATHS OF INFLUENCE
WHICH ACCOUNT FOR THE BULK OF THE VARIATION IN CURRENT PRICES, LIGHT SOLID ARROWS IN-
DICATE DEFINITE BUT LESS IMPORTANT PATHS; DASHED ARROWS INDICATE PATHS OF NEGLIGIBLE
IMPORTANCE IN THE DETERMINATION OF CURRENT PRICE

V. 5. DEPARTMENT OF AGRICULTURE

NEG. 48934-X BUREAU OF AGRICULTURAL ECONOMICS

Frauxne 12.

HEALIADIYDV 40 ‘IdEd 'S ‘A ‘1801 NILITIAE FIVOINHOEL g9




THE ANALYSIS OF DEMAND FOR FARM PRODUCTS 63

acreage planied and weather. Demand for feed grains for export
and for domestic uses other than feed is not important in most years.
These uses normally take less than 10 percent of the total supply of
these grains,

Farm prices of feed grains can be estimated from an equation based
on farm prices of livestock products, numbers of grain-consuming
livestock on farms, and supplies of feed grains and byproduct feeds.
Such an equation is discussed in Foote (77). This equation also has
approximate structural significance. Current supplies and prices of
feed grains influence proauction of livestock during the succeeding
few months. This in turn influences numbers of livestock on farms
at the beginning of the following year and also the level of farm
prices of livestock products which may exist then. As pointed ocut
by Foote (11}, the ]feed-grain and livestock economy inherently con-
tains a set of lngged relationships, each of which may be approximated
by single-equation methods provided the variables apply to appropri-
ate bime units and are properly lagged.

Figure 13 outlines a shnple demand-supply structure for export
crops such as cotton, wheat, or tobacco. This structure logically im-

THE DEMAND AND SUPPLY STRUCTURE
FOR EXPORT CROPS
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plies demand eurves for domestic consumption and for exports from
the United States. Also, assmning that prices received by farmers
are the same regardless of whether the commodity is exported or con-
sumed domestically, it implies that total disappenrance is equal to the
sum of domestic disappearance and exports. Obviously this diagram
could be extended fe incinde a demand curve for each country that
imports the commodity and a supply curve for each country that ex-
ports it. As most of the major export crops are storable, storage
demands in each exporting and importing country should be con-
sidered. The only way to establish a valid single-equation approach
for a major export crop would be to choose some representative *world”
price and maf(e it & function of world supply and some measure of
worlid demand. Betfore 1933 such equutions for wheat and cotton ap-
peared to have considerable value for forecasting.

Results from some demand equations for crops acve summarized in
tables 9 and 10. Except where noted, these were derived by the
author during 1930-31.

Fruirs axp VEGETABLES

During 1922—41, supply-demand structures for some of the fruits
and vegetables listed m table § corvesponded roughly Lo the simple
diagram shown in the npper purt of figure 1. Processing outlets for
peaches outside of California and for apples, oranges, lemons and
cranberries in all States where grown were velatively sinor. This
was troe also for potutoes, sweetpolatoes, and ontons, and for truek
crops for fresh market during swnumer and fall.  During Lhese seasons

production of truck crops is widely spread thronghout the country and
most shippers are sufliciently smail so that they do not attempt to
regulate current price by varying the daily quantities shipped.

roducers of truck crops for fresh market in winter and spring
are typically large-scale and are located in specialized producing
arens. More caretul study of factors that affect prices of winter and
spring truck crops might disclose the need of simultunecusly deter-
mining market-supply and -demand equations, as implied by the
diagram in figure 11. Problems of aggregation and errors in both
pro?luction and price data also are likely to he Important,

Processing ontlets for some of the fruits listed in table 9 have grown
rapidly since the Jate thivties and still morve yapidly since World War
II. Production of canned orange and grapefmit juice increased
rapidly during the Inte thirties und early forties. Sinece World War
IT production of frozen concentrated orange juice has greatly ex-
panded. Irozen concentrated lemon juice, lemonade, limeade, and
other juices are beginning to foliow this trend. During most of the
time from 1922 to 1941, only a single impovtant domestic ountlet ex-
isted for oranges. DBut during the eaxly forties the demand-supply
structure ineluded fwo muajor outlets, each with its own demand
curve. In the lnst 3 or 4 years a third outlet has been ndded. The
inereased demand for the processedl products has probably shifted the
level, and possibly the elasticity, of the demund equation for fresh
oranges as such. '

Before 1837 fully 90 percent of the eranberry erop was sold in fresh
form but 1n that year & bumper crop led to » large processing pro-
gram. 'This utilization has continued to increase.  Dala for the years
after 1937 suggest that as a vesult the total demand for cranbercies has
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TaBLE 9.—Fruits and vegetables: Factors affecting year-to-year changes
in farm prices, United States, 198241

Effect on price of 8 I-pergant change lo—

gggﬂ‘r Production HE&’&M“
determl-
natlen

Temperatir
Commodity or group

Net ! Stand- Vet Stand- Net Stand-

ard ard erToT
1
effect ! | error efzet I error effect !

» 1 .
Fruits: : ) : i
Deciduous: Pereent . Percent
%06 —0.79

Peaches23_ ______ .1 80 i —.87:
Cranberries{__.._... .86 Io—149

Percent Percent '

L6

i

:
f1,04 10,12

:

.78

k

All deciduous?. 1 .82 1 —.68| .08 ) Lo8 |
H
F

Citrus: ; ]
Oranges..........0 .43 ' ~—1.61
Grapefroit... ....F .72 --L 7
Lemons: ; :

Shipped fresh:
Summers. ... . A PoLdn
Winter 5._.. . .5 . .16

Alllemons_.... © .6l . —1.69 .34

All citrus?__ . 4 : . L10 -

A fruits ... . .82 ¢ EYRERTE

Potatoes.__ ... . . : .31 - 26
Sweetpotatoes_ ____ . .. LT3 . B 1
Qnions: i ' :
AU _____....... .8 27 . .20
Late summer? .85 .90 0 .32 ¢
Truck ecrops for fresh . " ;
market 7 1 i : .
Calendar yearo.o....: .85 1 1103 I L3600, :

Winter I ne—1 133 .33 0 .02

i [ =05 .48 .63
Lo, —1.72 .34 . 1.23;
s ~1.57l '35 .85

| Regression coefficienls from analyses based on first differences of logarithms.
Por capita hasis unless otherwise noted.

? Based on total production and income.

3 United States, excluding California.

+ Based on data for 1932-36. Processing outlets expanded rapidly after 1937.
There is evidenge that demand is now more elastie.

¢ Adapted from analyscs originally developed by Kuznets and Klein (23),
based on total supplies per capita for the summer months and domestic ship-
ments per capita for the wihter months, Prices are measured at the £ 0. b.
level, The adaptations copsist in (1) converting all variables into first differences
of logarithms, and (2) substituting disposable personal income for nonagricul-
tural income, The latter adjustient affccted the results very little.

¢ Index of summer temperatures in major United States cities.

T Index of winter temperatyres in major United States ciiies.

¢ Nonsignificant, at $-percent level.

* Analysis developed by Herbert W, Muomford, Jr.

w Equations fitted to 192841 data only.

U Probably understates true effect of production an price.
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become somewhat more elastic. That is, the farm price has been
somewhat less responsive to changes in production than it was from
1092 to 1938. On the debit side, inr some recent years farm prices
have been depressed by excessive earryovers of processed cranberries.

The demand equations for “all fruits” and for “all deciducus fruiis”
probably are too aggregative to be of much practical value. The total
for deciduous fruits includes such diverse commodities as grapes
(table, wine, and raisin), other fruits for fresh marlet and processing,
and even olives.

No attempt was made in table 9 to include results from single-
equation analyses for fruits or vegetables with complicated patterns
of utilization. Tor several of the major deciduous fruits grown in
California, two or more simultancous demand curves (for different
forms of the commodity) must be recognized. However, whether
enough data exist on consumption, retuil prices, and other factors for
each utilization to enable accurate fitting of simultaneons-equation
systems for these crops 1s not clear.

No analyses are included for truck crops for processing. Because
much of the production of these crops is contracted for in advance,
the relation between the current priee and current production more
nearly approximates a supply than n demand curve. Asanindication
of this, from 1929 to 1941 the simple regression of production on priee,
based on year-to-year changes. is slightly positive but statistically
nonsignificant. Xt would not be surprising to find o rather flat sup-
ply curve for most truck crops for processing in 1920—t1, as in a
given area these erops ordinarily used only & small purt of the land
that was suitable for their production. In the early years of World
War IL, however, acreage expinded tremendously. In some areas
it reached = level at which substantial price increnses would have
been needed to encourage additienal production.

Sucar axp Fars axp Qs

An exploratory attempt was made to test the hypothesis that con-
saumption of sugar is largely determined by the supply of foods with
which sugar is customanily used. Official estimates of consumption
of sugar are bused on shipments by primary distribulors or refiners.
Inventories in unreported positions, asin the hands of industrinl users,
wholesale and retail grocers, and consumers, appear to fluctnate con-
siderably. The officinl series on consumption of sugar shows some
large fluctuations which must reflect chicily changes in unreported in-
ventories. A rough index of consminption of sugar-using foods showed
fairly sizable {luctuations from year to year, but never more than the
equivalent of 9 pounds of sugar per capita on an average base of about
100 pounds. However, several times since 1940 the olficial series on
consumption of sugar has changed by more than 15 pounds between
adjacent years, and in 102241 it twice changed as much as 13 pounds.
Thus, the data ave not sufliciently accurate to test the hypothesis that
consnmption of sugar is related to that of sugar-using foods by a rel-
atively constant factor or to establish an elasticity of demand for
sugar, given the level of consumption of foods with which 1t is cus-
tomarily used,
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Per capita consumption of food fats and oils in the United States
has been relatively stable, except during the rationing peried of
World War II. An analysis of factors that affect consumption of
all fats and oils other than butter by Armore and Burtis (2) indi-
cated that the net elasticity of demand for this aggregate did not
differ significantly from zero. An analysis subsequent?y published
by Armore (1) indicates that although the demand for fats and oils
used in food other than butter and lard is highly inelastic, it differs
significantly from zero.

Some exploratory work was done toward testing the hypothesis
that consumption of food fats and oils is related to consumption of the
foods with which they are used as ingredients by a relatively constant
factor. For example, from 1922 to 1950 the ratio of butter plus oleo-
margarine consumed per capita to per capita consumption of wheat
flour was remarkably stable. Although butter and margarine are
used with foods other than bread, this ratio suggests the existence of
something like a stable “bread-spread ratio.” The ratio between per
capita consumption of lettuce and consumption of the “other edible
oils” group, which consists largely of salad and cooking oils, was
alzso relatively stable from 1922 to 1950.

Feep Grains anp Hay

The first analysis shown for corn embodies the struciure shown in
figure 12. The supply variable is the total supply (production plus
carry-in) of corn, oats, barley, and grain sorghums. These grains may
be substituted for corn in most feeding uses. Two denand factors
are used in this analysis. The first is an index of prices received by
{armers for livestock products, with each product weighted approx:-
mately by iis grain requirements. The regression coefficient indi-
cafes that a I-percent increase in the average price of grain-consum-
ing livestock 15 associnted with almost a l-percent increase in the
price of corn. The second factor is the number of grain-consuming
animal units on farms as of January 1. This coefficient implies that
a l-percent increase in grain-consuming animal units from one year
Lo the next tends to increase the prices of corn by perhaps 2 percent.

The demnand-supply structure for barley taken alone should be more
complicated than is indicated by the above analysis becanse of the
relatively large quantity of this crop that goes into the brewing
industry. However, the quantity of barley used in the brewing in-
dustry 1s small compared with the total supply of all feed grains.

Because minor feed grains can be substituted to a considerable
degree for each other and for corn, changes in prices of these grains
are closely related from year to year. This is indicated by the lower
part of table 10. As production of corn greatly exceeds that of the
other feed grains, the price of corn may be used as a barometer and
basing point for the entire feed-grain complex. For example, 99

ercent of the year-to-year variation in the index of prices received
Ey farmers for all feed grains (including corn) from 1922 to 1941
wag associnted with fluctuations in the price of corn. However,
analyses by Meinken (£6) indicate that fluctnations in the prices of
minor feed grains relative to that of corn are significantly related to
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variations in their relative supplies. This indicates that substitution

is not perfect within the relevant range of prices and guantities.
The last three items in table 10 are incluged to show that changes

in prices of high-protein feeds and hay are relatively independent of

TaBuE 10.—Feed grains and hoy: Factors affecting year-to-year changes
in farm prices, United States, 1993-41

Effcet on price of change of 1 percentin—

Coefhi-

clent of Supply factor Demand factor

Commodity

deter-
minglion
Nat Btand- Wet Stand-

ard ard
1 1
effect error effeet error

Multiplel Percenl | Percenl | Percent | Percent
0. 89 —1. 3% 0. 15 0. 83
. B5 1—13.93 .21

. 82 1. 26 .28
i—. 89 - 48

£—1.22 .27
.83 { ¥—, 82 25

»1. 721 118

Average percentnge change in price
Coeffi- associated with 1-percent change in
ciend of priee of eorn

deter-
mination

Commodity

Net effeet ! Standard error

Simple PFercent Percent

All feed grains, prices received
by farmers 0. 99 0. 91
Hominy feed {Chicago} .87 . 88
Price paid by farmers for
purchased feed
Sorghum grains
is

! Regression coefficients from analyses based on first differences of logarithms.
? Cash receipts from beef cattie and dairy products weighted approximately in
proportion to total comsumption of hay by each type of eattie.
2 Total supply of eorn, oata, barley, sad sorghum grains.
% Index of prices received by farmers for grain-consuming livestock (weighied
according to grain requirements),
* Number of grain-consuming snimal urits on farms, January 1.
m‘ Eu ply of corn {adjusted for net chanpges in Commeodity Credit Corporation
stocks). . .
T Supgiy of other feed grains and byproduct feeds. *
‘s Product of numbers and prices of grain-consuming livestock.
. ® Bupply of oats, barley, and serghum grajns, plus wheat and rye fed.
'mtSupp!y of byproduct feeds. egression coefficicnt is siatisticaliy nonsignifi-
cant,
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changes in the price of corn. Much of the correlation indicated in
this table is owing to the common effects of changes in livestock prices
rather than to true substitution or competition %etween corn and the
dissimilar feeds.

The demand-supply structure for hay corresponds roughly to that
shown in the upper part of figure 1, for which a. single-equation ap-
proach is appropriate. The demand factor used in the analysis for
hay (table 10) is an index of cash receipts from sales of dairy products
and beef cattle, weighted approximately in proportion to total con-
sumption of hay by dairy and beef cattle respectively. In turn, cash
recelpts from sales of dairy products and beef cattle are largely deter-
mined by consumer income and by the production of those commodi-
ties. The supply of hay (production plus carryover) is not substan-
tially affected by the price of hay during the marketing season.

Exrport CRrOPS

The basic pattern of demand-supply structures for export crops is
shown in figure 13,  Some wheat is also nsed as » livestock feed. Tho
demand curve for wheat as a feed is snch that the quantity used for
this purpose increases sharply as the price of wheat declines toward
that of corn. TWhen the price of wheat is well above that of corn,
very little wheat is fed to livestock in most parts of the ceuntry.

The complete demand structure for wheat logically requires at least
three simultaneously fitted demand curves—one each for feed, domes-
tiec food use, and export. The demand equation for food nse can be
approximated reasonably accurately by the following approach. Be-
fore 1933, and in some years since, the farm price of wheat grown in
this counfry has been determined by the world demand-supply system
for wheat. During certain other years, the price of wheat in this
country has been determined chiefly by Government policy in regard
to price supports. If interest lies in domestic demand for wheat for
food, prices can be vegarded largely as an independently determined
variable nnd consumption as dependent upon it.  An analysis of year-
to-year changes in per capita consumption of flour, which represents
the bulk of the wheat used for foed in our country, indicated an
elasticity of demand with respect to the United States farm price of
—0.067. The standard error of this ceeflicient was 0.027, so that the
elasticity obtained differed significantly from zero according to the
nsual criterion.

An analysis by Lowenstein (%4) of factors that affect the quan-
tity of cotton used by mills in this country indicated an elasticity of
demand for cotton at the mill level of about —0.3. As in the case of
wheat, the price of cotton had been determined by world demand and
supply in some of the years from 1920 to 1941 and by Government
sup%ort prices in a good many years since 1933.

The situation for tobacco has been somewhat similar to those for
wheat and cotton. Treating the retail price of cigarettes as a pre-
determined variable, George R. Rockwell, Jr., in an unpublished
study, found that the elasticity of demand for cigarettes in this coun-
try is approximately —03. The elasticity of derived demand for the
leaf tobacco nsed to manufacture cigarettes is considerably less,

An exploratory simultaneous-equation analysis of domestic and
export demands for wheat, cotton, and tobacco as an aggregate was




70 TECENICAL BULLETIN 1081, U. S. DEPT. OF AGRICULTURE

fitted by the method of reduced forms. (See page 32.) The price
Index and the domestic consumption index of the three commodities
were expressed as functions of an index of their total marketings,
of domestic disposable income, and of total dollars expended by peaple
in other countries for all United States goods and services. (This
Iast is roughly analogous to using total consumer expenditures to rep-
resent domestic demand.) The usefulness of this analysis suffers
because the commodities thus thrown together are so dissimilar,
However, the results were promising. They implied an elasticity of
demand by dealers of about —0.5 in this country and about —12 in
the foreign market from 1924 to 1039. However, the regression of
price upon disposable income was nonsignificant and of the wrong
sign. Perhaps the major reason for this lies in the fact that the
measure of foreign demand used—total dollars expended by people
of other countries for goods and services produced here—was corve-
lated to the extent of 73 percent (r?) with year-to-year changes in
our disposable income. Based on this analysis, it appears desirable
to use the simultaneous-equations approach to explore the demand
structures for cotton, wheat, and tobaceo individually. Such studies
for wheat and cotton are planned under research projects now under
way in the Burean.

DEMAND FOR ALL FOOD AND FOR ALL FARM PRODUCTS

TFor convenience, analysts both in the Bureau of Agrienltural Eco.
nomics and in other agencies at times use aggregative analyses for (1)
all foods and (2) all farm products. The author also has used an
aggregative analysis for all farm products, exclusive of wheat, cotton,
and tobacco. This domestically oriented group includes more than
80 percent of cash receipts from farm marketings. TIts average price
ts highly associated with changes in aggregate production and in
domestic disposable income,

Special complications arise in any analysis that includes as many
items ns the one for all food. For example, livestock products account
for more than 60 percent of the retail value of food products originat-
ing on our farms and sold to domestic consumers. Consumer pur-
chases of livestock products respond significantly to changes in price.
Elasticities of demand at retail for several of these products range
from —0.5 to —1.0.

Foods mainly of plant origin include some fruits and vegetables
for which demand is even more elastic than the demand for meat.
They also include potatoes, dry beans, ecereals, sugar, and fats and
oils, for which both price and income elasticities of consumption are
small.

Aggregative analyses of the demand for all food yield regression
cocfficients which are complexly weightad averages of the elasticities
for mndividual foods. If the price for every food at retail dropped
10 percent and income remained constant in real terms, total consump-
tion of food might increase Ly perhaps 3 to 4 percent. However, the
consumption response is not independent of the distribution of price
changes for individual foods, if the assumption of parailel price move.
ments is relaxed. A drastic decline in prices of potatoes, flour, suger,
and lard would affect total consumption of food negligibly if prices
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of meat, poultry, fruits, and vegetables remained constant. But g
10-percent drop 1n an index of food prices caused by a 30-percent drop
in the price of meaf, might lead to as much as a 6-percent increase in
an index of total food consumption.

A least-squares equation expressing prices received by farmers for
all farm products as a function of (1) the physical volume of farm
marketings, {2) disposable income, and (3) the valne of agricultural
exports bas also been found useful for some purposes. If the relative
importance of domestic and export markets does not change, the flexi-
bility of farm prices with respect to total farm marketings should
have some significance, as all the variables are largely predefermined.
If the relative importance of agricultural exports should increase or
decrease sharply, however, the individual equations for domestic and
foreign demand would be more useful. In this case, each individual
structural equation would include three variables only—price, guan-
tity, and the appropriate demand factor.

An experiment was made to ascertain the kind of structural co-
efficients that would be consistent with the regression coeflicients of
the four-variable least-squares equation just discussed (that is, by
assuming that it is a reduced-form equation derived from two simul-
taneously determined equations representing the demand for farm
produets in domestic and export outlets respectively). By assuming
a domestic price flexibility of —1.8 with respect to domestic market-
ings and + 1.5 with respect to domestic income, and a price fexibility
for exports of —1 with respect fo quantity and +1 with respect to
value, the coefficients of the reduced-form equation were reproduced
almost exactly by an appropriate algebraic transformation.® The
method used does not constitute statistical confirmation nor does any
particular level of probability attach to the synthetic results. Never-
theless, it suggests the possibility of interpreting some of cur more
complicated estimating equations in terms of smaller structural
elements.

= This transformation involves the following: Assume that the demand egua-
ticn for domestic sales of all far products is given by

Pd=bfd-|-by, {8)
and the demand eguation for exporis of all farm products is given by
pe==lage+Def, where (9}

pa iz an index number of prices of all producks sold in the domestic mnarket,
pe iz an index nunher of prices of all products exported, g2 and ¢e are domestic
consumption and exports respeetively, ¢ is domestic income, nnd f 5 8 measure
of foreign demand (pnder free trade conditions, perhaps, simply the total income
of foreign consumers), and all variables are expressed in terms of deviations
from their means. Assnme thnt totel disappeavance (gd4-tge=qt) is a pre-
determined variahble, Then the equilibrium price for any given ecombination of
g, ¢ and f (essuming thai pe and pe are approximately equal) is

o bybs babs b
'p’_bi+baq‘+bl+bay+bx+bsf' (0

Certain assumptions must be mnde concerning the relative size of the variables
i’ these assumed coefficients of price and income flexibility are to be translated
into equivalent regression coeflicients. When this is done, based on averages for
the pericd on which the least-sguares analysis was based, sobstitviion of the
assumed values in eguation {10) yields coefiiclenis that are nearly the same
as those obtained from the statistieal analysis.
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POSTWAR CHANGES IN DEMAND RELATIONSHIPS

Demand-supply structures have been described for a number of
major farm products, and resvits from statistical demand equations
based on data for 1928—-41—voughly the interwar period—have been
presented. Here emphasis is placed on the extent to which the inter-
war relationships apply to the present and on factors or disturbances
that caused prices in the war and immedinte postwar years to deviate
trom those indicated by the analyses.

To the extent that they were effective, price ceilings and rationing
distorted the normal relationships between price and consumption
from 1942 to 194G, This was true of meats, sugar, butter, other fats
and oils, and cunned fruits during most of the price-control period.
Shortages of red meuts affected the demand for competing goods, such
as poultry and fish.  The shovtage of butter affected the demand for
margarine. The larger labor force, the greater emphasis upon heavy
industry, the longer work week, and other factors, both physical and
social, also contributed to disturbances such as a temporary halt in the
down-trend of consumption of cereals and potatoes. The boom in
Yeating oud” from 1942 Lo 1040 was 2 product of many factors, bué it
may have cansed changes in the demand for food which were nut pars
of the relutionships reflected in the 192241 analyses.

Prices of some commodities fluctuated freely below price ceilings
during most of Workd War IL  In some ¢ases, year-to-year changes
in production and price appavently followed the prewar pattern, al-
though the basic level of prices indicated a swollen demand relative to
the normal effeets of disposable income.  But for most livestock prod-
uets (and many other farm products as well) the 194246 data cannot
be used directly to test the 192:—L1 analyses. Fowever, 192241 de-
mand equations, supplemented by judgments concerning certain dis-
turbing factors, were used to estimate the pressures upon price-ceiling
and rationing programs during World War I1.

Rationing of wminsl foods was suspended late in 1945, and prices of
food were decontrolfed in the second half of 1946. It would seem,
therefore, that beginning in 1947 the prewar demand-supply struc-
tures would again be refiected in the year-to-year movements of food
prices and perhaps in theiv absolufe Jevels as well.  The vemainder of
this section attempts fo explain. at least partly, some of the food price
and consumption phenomens that ccenrred from 1947 to 1950,

The removal of price controls in 1946 was followed by 2 years of in-
flation in prices of both farm and nonfarm products.  In Angust 1948,
farim prices of meat animals and dairy products began to decline.
This led to substantial Government purchases of duiry products for
price support during 1949, In the winter of 1949-50 prices of hoys
remained for several weeks within a few cents of the mandatory price-
support level,

Lo most cconomists, the striking feature about faurm prices and in-
comes in 1947 and 1948 was the extent to which they exceeded any fore-
casts based on prowar regression anadyses. The chief disturbance
variablesinvolved, including liquid assets and the backlog demands for
housing and durable goeds, were recognized but they were generally
treated in a qualitative fashion. Nevertheless, the sharp drop in prices
of meat animals and dairy products toward the end of 1948 took many
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commodity experts by surprise. Then it began to appear that this
price movement was a return to (or toward) the prewar regression re-
lationships. But most commodity specialists coniinued to view their
prewar estimating equations with suspiclon.

In retrospect, it appears that many were overimpressed by the novel
elements in the postwar situstion and underestimated the continuity
of economic behavior. Many of the pestwar price phenomena ap-
parently can be explained if allowance is made for (1) The impor-
tance of liquid assets, particularly currency and demand deposits, in
the hands of consumers, and (2) the need for more than a single year
to adjust to the dramatic increase in prices of food following their de-
control in 1946.

CuANGES ¥ Income-ExpENDITURE RELATIONSHIPS

The reliability of a statistical measurement or explanation depends
partly upon the number of independent observations on which it is
based. Moreover, if probability statements are to be made about the
coefficients obtained, these observations must be drawn from some
stable, well-defined population. For many economic relationships,
the number of annual observations from 1942 fo 1950 that may meet
this second condition ranges from 0 to 4 or 5. Consequently, the pres-
ent section deals with hypotheses some of which cannot be statistically
tested. At most it can be shown that such hypotheses are cousistent
with the observed sequences of events that are to be explained and that
they are not inconsistent with other events which might logically be
implied by them,

The first major hypothesis is that the demand for food from 1942 to
1948 was considerably strengthened by the unprecedented accumula-
tion of liguid assets in the hands of consumers. In iis general form,
this statement is widely accepted. However, it is possible to give this
hypothesis a more specific and, on certain assumptions, even a quanti-
tative form. The assumption underlying this development is that
different types of liquid assets can be roughly equated with different
classes of expenditure and savings objectives. Within the limitations
of published data, the appropriate distinction is taken to be that be-
tween currency and demand deposits on the one hand and time de-

osits and United States Government securities (mainly “war savings
onds”) on the other.

The argument for this hypothesis involves three stages:

Tt is assumed (1) that time deposits and Government securities did
not contribute materially to the postwar inflation in food prices but
were earmarked for other purposes, {2) that consumer assets held
in the form of currency and demand deposits {over and above some
“normal” level) indicated a willingness to spend more freely (relative
to disposable income) for almost all current consumption items, in-
cluding food, and (8) that a part of the currency and demand deposits
of consumers, defined as “excess cash reserves,” affected current ex-
penditures to the same extent, dollar for doilar, as did an equal
amount of current disposable Income. The first and second prope-
sitions would probably be accepted by most economists; the third, in
its specific guantitative form, is somewhat arbitrary.
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From 1929 to 1940, 81 percent of the year-to-yeur variation in the
total retail value of food products originating in this country and
sold to domestic constumers was associated with changes in disposable
income. Estimates based on this analysis were below the actual value
in each of the years from 1940 through 1951. Results from this
analysis were materially improved by adding an estimate of excess
cash reserves held by individuals to the fignre for disposable income
before using it in the regression equation. A delailed analysis of the
effect of excess liquid nssets upon expenditures for food also would
need to consider the distribution of sucl nssets among income groups.

Cuancrs IN CoNsuMER DEMAND RELATIONSHIPS

In an intensive analysis for an individual commodity, it would be
instructive to interpret each annual price-quantity observation in 1941-
51 in terms of (1) the normal effects of supply and demand variables,
(2) specifie ehanges in structure (such as the addition of military and
Lend-Lease demands in 194245}, (8) disturbance variables affect-
ing consumer demand, such as excess cush reserves, and (4) the
effects of price ceilings. rationing, and other wartime contrels.  This
defailed approach is not attempted here, but a few examples and
suggestions are given,

Ior an analysis nf demand for food-livestock products as a group,
calenlated values from 1941 through 1951 were obtained by adding
suecessive year-to-year changes as estimated from the prewar regres-
sion of consumption upon retail price and disposable income, Using
clisposable income plus excess cash reserves as the demand shifter, the
consumption figures thus estimated for 1949 and 1950 were almost
identical with actual consumpiion in 1949 and 1950. However, actual
consumption considerably exceeded the regression estimates in 1947
and 1948.

Only once from 1922 to 1941 did per capita consumption of live-
stock products change us much as 6 percent from one year to the
next. But the estimating eqnation would require a decrease of 7.7
percent from 1945 to 1946, followed by a further decline of 9.0 per-
cent in 147, A plausible hypothesis is that consumers eould not
complete such a drastic shift in their demand schedules in so short
atime?

As an experiment, the anthor assumed that the quantity of live-
stock procucts demanded by consumers would not change more than
5.5 percent (two standard deviations ns measured in 1922-41) be-
tween adjacent years, and that any additional changes called for by
changes in prices and income would be completed in subsequent years.
This assumption results in virtually duplicating the actual year-to-
vear changes in consumption from 1947 through 1950. Moderaie
departures from this hypothesis would also be consistent with the
observed changes.

A similar 1942-50 projection was made of a prewar demand
function for meat. This projection yielded an improbably high
peak demand of 187 pounds of meat per capita in 1945 and avernged
nearly 15 pounds below unctual consumption from 1948 to 1950. The

" fn a general, nonquantitntive form this hypothesis has been advanced by
other analysts. Tor exainple, see Burk (7, especially pp. 202 and 208).
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simple lag hypothesis that was applied to food livestock products as a
group is not sufficient to account for these discrepancies.

A rough check on the peak level of demand for meat at the con-
trolled prices of 1945 and early 1946 is afforded by actual experience.
Consumption of meat reached a peak of 172 pounds per capita (sea-
sonally adjusted) in Janunary-March 1946, the first full quarter after
meat rationing was abandoned. Prices of meat continued at the
1945 level during this quarter and supplies were freely available.
If the increase in effective demand from 1941 to 1945-46 is distributed
over the intervening years, the apparent changes in effective demand
average only about half as large as those indicated from the 192241
regression eguation.

The regression estimates called for a reduction of 32 pounds per
capita in the demand for meat from 1946 to 1947-—the largest impulse
to change experienced in 1922~-50. If only half of this is allowed as a
normal change, in line with the interpretation of the 1941—46 experi-
ence, & demand estimate about 10 pounds lower than actual consump-
tion in 1947 is obtained. The decrease in actual consumption from
1947 to 1948 was greater than the regression estimate and this further
supporis the hypothesis of a lag in adjustment during 1947.

The behavior of meat consumption in 1941-50 is obviously more
difficult to reconcile with prewar experience than consumption of
food livestock products as a whole. The “allowable” changes in quan-
tities demanded in the range above 150 pounds per capita seem to be
little more than half as large as those indicated by 192241 experience,
which included a maximum consumption of 146 pounds and averaged
considerably below 140 pounds. The apEarent movements of effective

e reproduced approximately
by cutting each of the regression ceeflicients to half or three-fifths its
prewar value. This would be equivalent to assuming that consump-
tion becomes increasingly resistant te change as it is pushed farther
from some established norm or previous record. However, similar
results might also be obtained by changing only one or two of the
three regression coefficients in the prewar equation, or by changing
all three in different ways.

In attempting to extrapolate 192241 demand equations through and
beyond World War IT, one major real variable—excess cash reserves
of consumers—has been introduced, as have two special hypotheses.
These are (1) that it takes more than » year for adjustments in con-
sumption to unpredecedented changes in prices and mcome to go into
effect, at least for important food groups such as total livestock prod-
ucts or all meat, and (2) that elasticities of demand for some major
food groups decrease as consumption moves beyond the range of pre-
vious experience. The second hypothesis implies that the demand
equation in question is not linear (in terms of logarithms of price
and consumption) throughout, although it may be approximately so
within the 192241 range. The disturbance variable--cxcess cash re-
serves—did not operate noticeably before 1942 and its effect may
largely have disappeared by 1950. The two hypotheses concern pos-
sible normal attributes of consumer demand functions which, however,
are observable only under unusual conditions.

Perhaps the greatest change in food consumption patterns between
1941 an(iJ 1950 was o 35-percent drop in per capita consumption of

demand from 1942 through 1847 could
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butter. This situation is discussed to illustrate that food habits can
change significantly under certain conditions. It involves a true strue-
tural change which aflects the level of the demand equation and pos-
sibly its elasticity as well.

Per capita consumption of butter plus margarine during 1947-50
was about 16 percent lower than in 1935-33. Censumption of wheat
flour per capita (representing all domestic food use of wheat) wus
down almost 15 percent, and consumption of potatoes. sweetpotatoes,
and cornmezl was down by cven Iarger percentages. Hence the ratio
of consumption of butter plus margarine to that of the principal
complementary foods was nearly the same in both periods. But the
proportions of butter and margarine in total consumption of spreads
had shifted radically.

Table 11 indicates that the increase in consumption of margarine
was not due {0 any change in the relative prices of margarine and
butter. Civilian consumption of butter was sharply curtailed in 1943
and was held down by the vationing program until 1946, Supplies
of vegetable oils permitted consumption of margarine to increase more
than 50 percent above the 1930—42 level. Measured in pounds, the
inerease 1 margarine was only a fourth as large as the decrease in
butter. Under point ralioning, consumption of hutter by middle-and-
high-income groups wus probably reduced more than consumption by
lower income groups. Consequently, persons who had been little in-
fivenced by velafive prices of butter and margavine weve driven by
point values und the physical shortage of butter to try margarine.

TasrLe 11.——Bulter andd wmargarine: Price ratio, and raflo of consump-
tion to consumption of wheat flour, averages 1939-50

i I Copsumption ratio to wheat flour ?

. Price
Period | ratio t
; Butter | 3argarine] Total
Average: | |
193992 .- : 2,19 0. 106 & 016 0.122
104346 ___ .. 2, 23 . 072 - 025 | . 087
04750 . e e 2149 L 078 L 042 ¢ . 120

I When each is measured in cents per pound ab rebail, using prices for uncelored
margarine hefore 1050, ]
® When cach is measured in pounds, actual product weight.

When rationing and price controls were eliminated in 1946 prices
of both butter and margarine shot up. Per capita consumption of
butter increased only shghtly in 1047, and in 1948 it wus below the
previous (1946) vecord low, Consumption of margarine increased
some sixty pereent from 1946 to 1948, In 1948 the rabio of consumption
of maraarine to that of wheat floar was about 234 times as large as the
198942 avernge. Relutive to wheat flour, consumption of butter from
1947 to 1950 was less than three-fomths as great as in 193942 and
only 8 percent above the average level of the rationing period. Chang-
ing price ratios were not a major element in the shift, as relative prices
of butter and margarine averaged nearly the sume in the three periods.
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Major elements involved were: {1) A preferred commodity whose
supply was forcibly curtailed; (2) a substitute previously regarded
as inferior which could move mto the vacuum and which many con-
sumers accepted as an adequate replacement; and (3) a basic price
advantage in favor of the substitute product, which in the aggregate
offset any tendency of consumers to rettun to the preferred commodity.
The relation between butter and margarine in the last two respects
was almost unique among food products. The difference in taste was
not as much as between, say, competing meats, fruifs or vegetables,
and the retail price of butter averaged 2.2 times that of margarine.

The three elements mentioned could perhaps be generalized to other
pairs of commeodities. The extent of the shiff in the demand curve
for the preferred commodity would depend on: {1) How much its
supply was curtailed in an abnormal period; (2) how long the reduced
supply was maintaived; (3) how closely the other commedity had
competed in normal times, and the extent to which the two differed
with respect to taste, texture, and appearance; and (4) the extent of
the price advantage (if any) in favor of the substitute commedity
after the period of forced curtailment ended. The direction of each
influence is obvious.

If a commodity differs greatly from competing commodities, de-
mand may tend to “snap back” to its normal relationship to price and
income, This likelihood is increased 1f the substitute product offers
no price advantage. On the other hand, tastes for commodities as
dissimilar as cofice, tea, and cocoa might be permanently affected if
supplies of one were maintained for a full decade at 50 percent or less
of the previous norm.

CHANGES IN MARKETING CHARGES

The preceding discussion was concerned with factors that affected
consumer demand for food in the postwar period. Between consumer
outlay and farm income lies the food-mmarketing system. Some of the
characteristics of this system were discussed earlier. The present see-
tion summarizes the overall changes in marketing charges which oc¢-
curred from 1942 to 1950,

Table 12 shows the basic data relating to marketing marging for
food. The same series exists back to 1913. A salient feature of the
Ionger series is that only once before 1948 did the equivalent farm
value of food products exceed the marketing bill. That was in 1918.
The farm value of food products had inereased 3.3 billion dollars from
1915 to 1918 while marketing charges increased only 1.9 billion. With
wartime conirols removed, mavketing margins shot ap by 2.§ billion
dollars, or more than 40 percent, in 2 years while returns to farmers
increased less than 0.5 bi]]ion dollars, or about 5 percent. The 1921
deflation reduced farn refurns more than marketing margins. The
first year of recovery, 1922, yielded returns to farmers 1.7 hillion
iollf.rs lower than in 1918 and marketing charges 1.4 billion dollars

igher.

For gimilar reasons, marketing margins for food were bound to rise
with the removal of subsidies and price contrels in 1946. Between
1940 and 1945, the farm value of f00£ products increased by 6.8 billion
dollars and the retail value by 9.0 billion. So far as effecis on con-
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sumers were concerned, the national food marketing bill increased by
only 2.2 billion dollars. Actual margins, including subsidies to proc-
essors, incrensed by a thivd from 1940 to 1945 while returns to farmers
more than doubled. Evidently the wartime measuves to restrain mar-
keting costs and margins had been largely suceessful. Food marketing
agencies as a group were not squeezed as seriously as unit mavketing
marging suggest. Total returns of food processors were increased
because of the heavy production for military and Lend-Lense pur-
poses. Railroads improved thelr income positions despite controlled
freight rates because of an unprecedented volume of freight and
passenger traflic, including movements of military equipment and
persounel,

Tasue 12.—Domestic cicilian purchases of farm food producis: Retail
costs, farm value, and marketing charges, United States, 1940-52 1

Actual value

: ! 1
. Marketing charge | Subsid
Equivalent s g6 | DubsIcy
I Relei farm : Iﬁ]—" fgfo";_s
I value 1 Apparent Actual ‘| CSEOFS
i | |

Bil. dol. | Bil.del.  Bil.dol,  Bil.dal.  Bil. dol.
1:3. ' ! " S.‘)
15. 8. s.
18 HA i
21, 10, 10, :
2. 10, 10,
29, 0. 1.
13.

1o
17.
17,
17.
14,
20,

L 2 A Al T

k]
4

14,
20.

1L 10013 1 UG e e T LD
O o R AT ke W D 2

ll

15
]I’

17,
17.
19
20

it 000D =

Change from preceding vear

, Nk

Fwe O 2D ke Ba R AN DS AT |

B A S
O T TR T T - TN

AR A S R R ) |

{
et el el Sl e

! Figures rounded from oflical estimales of the Tlureau of Agrieniltural Tico-
nomics. See The Marketing end Transporiation Situntion (35, Oclobor 1951,
table 4.




THE ANALYSIS OF DEMAND FOR FARM PRODUCTS 79

By July 1946 most of the special wartime sources of revenue were
no longer avgilable, Removal of food subsidies meant that an addi-
tional billion dollars of revenue had to be obtained (if at all) from
consumers, Freight rates were increased sharply to offset reduced
volume as well as increased wage rates and costs of material. Post-
war reductions in the length of the work week led to demands for an
increase in basic wage rates. The upsurge in prices following de-
contrel was accompanied by bids for cost-of-living increases in wage
rates and the rise in corporate Eroﬁts left employers generally with
little basis for resisting them. Prices of coal, steel, automobiles, and
many other products were raised to cover the increases in unit labor
Eosts. Treight rates, wage rates, and administered prices rose step

step.

yThiIs) movement was general throughout the nonfarm sectors of the
economy. The retail cost of food to consumers rose from 22.8 billion
dollars in 1945 to 35.8 billion dollars in 1948, an increase of 13.0 bil-
lion: dollars. Roughly half of the increase went to farmers and half
to food processing and marketing agencies. The following year mar-
keting charges remained the same, but returns to farmers (leclined by
2.1 hillien dollars. From 1943 through 1948 returns fo farmers ex-
ceeded marketing and processing costs; in 29 of 30 years before 1943
and in 3 of 4 years during 1949-52, returns to farmers were Jess than
marketing costs.

In summary, examination of food-marketing margins shows the
following: (1} As of 1945 the total food-marketing charges paid by
consumers were considerably below their peacetime relationship to
the farm value of food products; (2) between 1945 and 1949, food-
marketing charges paid by consumers approximately made up their
lost ground ; (3) from 1946 through 1949 this “reflation” of macketing
margins drove a wedge between farm and retail prices of food. The
normal short-run relationship during 192241 was a 60-cent change
in farm value of food preducts for each dollar change at retail. The
average increase in farm value in 194649 was only 22 percent of the
change in retail vahue.

The relationship between farm value of food products and dispos-
able personal income was fairly close from 1922 to 1941. Deviations
from this relationship in the postwar period are hard to explain unless,
as is done here, the factors that affect consumer behavior and the forees
at work in the food-marketing system are considered separvately, It is
apparent that the disturbances in farm-retail price spreads for all food
apply also in the marketing-system equations for many individual
foods.

Caances N DeExanp at THE LocaL MarxeT LeVEL

As pointed out earlier, demand tt the farm or local market level
generally can be treated as a derived demand based on ultimate users’
demand less intervening charges. The farm level is a convenient
point at which to consider the combined effects of changes in demand
1 all end uses.

CHANGES IN DEMAND FOR DOMESTIC USE

If data on consumption of food in the last decade are examined, it
is evident that the levels of some demand equations have shifted sub-
stantially since 1922-41. Per capita consumption of potatoes, cereal
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products, and butter has trended downward, quite apart from any
normal short-run effects of prices or consumer incomes. As of 1952,
consumption of poultry meat was much above the prewar level, but
consumption of red meats was only moderately above the 192241
average. IHowever, these last two sitnations were reflected to some
extent in the relative prices of the two commodity groups, and it is
not certain that the demand equations themselves had changed greatly.

Demands for newer products, such as frozen fruits and vegetables,
inereased rupidly in the last decade. To seme extent frozen products
have displaced other forms of these foods but in most cases total
demand at the faurm level hias Increased. The introduction of frozen
concentrated orange juice has been very sucecessful, and apparently
lras increased the total demand for oranges. At the same time, inven-
tovies of canned and frozen juices have become potentially important
in influencing the farm price of oranges, and the single equations
fitted for 1922-41 may be obsolete for forecasting purposes.

The increased numbers of frozen food lockers and of “deep freeze”
units in private homes may also have affected at least the short-run
{month-to-month} elasticity of demand for perishable products. In
general. an increase in storage capacity relative to normal production
seemns likely to make total demand (including storage demand} more
elastic, nnd should moderate the price effects of changes in production.
Finally, the growth of television may accelerate changes in food habits
as compared with these attrilmtable to other forces and media. The
109221 yelalionships ecannot be used without caveful consideration
of these new lactors.

CHANGES IN BEMAND FOR EXPORT

During 1945 and 1046 the United States exported large guantities
of meals, fats and oils, and daivy products, as well ax grains, for reliet
of postwar famine. Since 1943, exports of grain have continued at
high levels relative to prewar. Exports of eotton and tobacco have
approximated prewnr Jevels, and substantial quantities of grain
gorghwms, soybeans; and inedible tallow and greases have been ex-
ported.  DPrewar exports of the latter commodities were almost neg-
Hgible. A new export-demand equation was introduced into the pre-
war denand-supply structure for them.

The export market since 1939 has differed [rom that during the
1920°s and 1930, The extent of exchange controls, import quotas,
and, on the United States side. of loans, gifts, and reliet shipmeuts
tfo occupied tervitories has beeir so preat that statistieal demand equa-
tions are hardly appropriate to deseribe the realities invelved. De-
velopment of synthetic fibers both here and abroad has altered the
demand equation for our cotton in both demestic and export markets.
Further study is needed to ascertain the extent to which stabilizing
tendencies exist in the export market and wheilier statistical rela-
tionships can be esiablished which wiil be helpful in the years imme-
dintely ahead.

EFFECTS OF PRICE-SUPPORT PROGRAMS
Sinee 1941, prices of such major storable crops as wheat, corn, cot-

ton, and tobacco have been supported at or near 90 pereent of parity.
To the extent that Government loan and purchase programs are oper-
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ative, this implies that a new demand function is added to the former
“frea market” structure. If supply exceeds market demand at the
support level, prices tend to be stabilized at or near the support price.
Prices may decline below the support price in certain months owing
to seasonal adjustments reflecting storage costs and changes in qual-
ity and operational details of the programs. The effects of price
supports upon price forecasts for a single year are obvicus. To the
extent that market prices rest upon the supports, price rather than
consumption becomes a predetermined variable, and regression equa-
tions based on these years should take this fact into account. Special
provisions relating to support programs for individaal commodities
may cause additional complications.

Accuracy oF Postwar Forecasts Frox PREWAR EqQuaTions

Table 13 shows, for some 30 price series, the kind of information
that is needed in appraising the applicability of prewar regression
analyses to the estimation of postwar changes in price. Column 1
shows, for selected price series, an “errvor tolerance” equal to twe stand-
ard errors of estimate from the previously discussed analyses based
on data for 1922—41. This has the following approximate signifi-
cance: If the demand-supply structure represented by a 192241 re-
gression equation and the probability distribution of disturbances or
residual errors still apply. we might expect about 1 actual pestwar
price in 20 to devinte from that based on the regression equation by
more than 2 standard errovs of foreeast, provided the values of the
independent variables for the new observation fall within the range
established by the values for the years included in the analysis,
the standard error of estimate is always smaller than the standard
erro:i of fovecast, the error tolerance in column 1 is somewhat too
small.

For most livestock products, the increase in retail prices from 1946
to 1947 was much greater than is indicated by the corresponding
changes in supply and consumer income. The reasons for this are
obvious. Retail prices through June 1948 had been held at 194243
levels by price ceilings, in the face of & great increase in consumer
income and an unprecedented accumulation of ready cash by private
individuals. With the removal of price ceilings in the second half
of 1946, prices soared to levels in line with these normal and abnormal
demand factors. The other deviations in retail meat prices which
exceeded the error tolerance occurred during the postulated “lagged
readjustment” period of 194549, The error for pork in 1951 may
he owing partly to the shortage of beef at celling prices.

Retail prices of Choice grade beef in 1952 averaged a shade higher
than in 1951 despite a 10-percent inerease in per capita consumption
of beef. However, prices of beef in 1951 had been held below the
free-market level, whereas the increased 1952 supplies had eliminated
pressures against price ceilings by the end of the year. Moreover,
prices of the lower grades of siaughter cattle dropped sharply from
1951 to 1952, both in absolute level and relative to prices of Choice
grade steers. Wholesale prices of Choice steer beef at Chicago
dro ped 2.46 cents a pound between the 2 years, and Commercial steer
beef dropped 6.44 cents. These figures suggest that the overall aver-
age retail price for beef (all grades) declined significantly relative to
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the published retail price series which refers to Choice grade only.
A. more comprehensive retail price series, if available, would be more
nearly comparable to the consumption variable for beef and would
probably be less affected by shifts in the relative supplies and prices
of different grades of beef.

The movement of milk prices in 1930 and 1951 can be attributed
partly to the velease of price-support stocks of dairy products, which
delayed for several months the normal response of prices of dairy
products to the increase in demand following the outbreak of hostilities
in Koves.

The “market margin relationships” are equations which express
the farm prices or equivalent farm values of each product as functions
of their retail prices. The 1947 deviations for hogs and butterfat
may have been cavsed partly by the removal of processor subsidies in
mid-1946, which resulted in an unusual widening in apparent market-
ing margins. Bven in other years, actual farm prices are predomi-
nantly lower than the regression estimates. This probably reflects the
continued widening of market margins which persisted even affer
farm and retail prices of food had started to decline from their post-
war peak. Also the coefficients from analyses for which the data were
expressed as logarithms { which essentially involve percentage relation-
ships) for 192241, when the farmers’ share of the retail food dollar
was relatively low, may inveolve some distortion in postwar years
wlien the farmers’ percentage, particularly for livestock products, was
considerably higher.

The behavior of farm prices reflects changes in relationships and
new factors that affect both consumer demand and marketing margins.
In some cases these reinforce each other; in others they are partially
offsetting.

Prices of fruit were high in 1946. The sharp drops into 1947 sug-
gest that demand for inventories of processed fruit may have been
important in 1946, This demand was absent, or abnormally low, in
1947, Prices of potatoes based on total production are “out of
bounds” in 5 of 6 years. When Government price-support purchases
are subtracted, the pattern of deviations is radieally changed, and only
2 of the 6 residuals exceed 2 standard errors of estimate. However,
the persistence of these two large residuals suggests either that this is
not the proper way to adjust for price-support influences or that there
may have been real changes in the stracture of market demand. Price
ceilings on the 1951 potato crop were partly responsible for the un-
expectedly large increase in prices for the 1952 erop. The 1951 crop
was used up much earlier than usual, and the extreme shortage of
storage potatoes in April and May of 1952 created a vacuum {and
a speculative atmosphere) which resulted in very high prices during
the early months of the 1952 marketing season. By February 1953,
prices of 1952 crop potatoes were much below those of a year earlier,
as would be expected from the larger production in 1952. Prices of
corn, hay, and onions stayed well within bounds in each of the postwar

£ars.
7 When expressed as functions of the price of corn, prices of oats and
barley show perhaps abnormally small variation in price. The stabi-
lizing effects of price supports for these grains, which are set at fairly
uniform relationships to the loan rates for corn, may account for this.
Prices of sorghum grains in 1952 were unusually high relative to corn.
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The sorghum crop was the smallest since 1939 and the corn crop was a
near record.

The errors in price estimates shown in table 13 justify more intensive
analysis than is found here. Some additional deviations probably
could be explained in terms of specific disturbing factors. Year-to-
year changes in the signs of successive large residuals might in some
cases be traced to fluctuations in inventory demand. More exacting
tests could be applied in searching for changes in demand structures.
For example, a sequence of 4 or 5 negative deviations of moderate size,
as in several of the “market margin relationships,” can be shown to
indicate that a downward shift in the equation that relates farm to
retail prices probably cceurred. To show that the prewar model equa-
tions still apply, it is necessary not only that the individnal residuals be
of moderate size but that there be random variations in sign.

On the whole, the prewar regressions for crops appear to have held
up very well. Those for livestock products show deviations which are
attributable to known disturbing factors, but some of the deviations
and patterns may be owing to real changes in structure. Certainly the
years shown, which inciuded postwar decontrol, inflation, readjust-
ment, and the partial mobilization and control of 1950-52, constitute
an unusually severe trial for any normal forecasting relationships.

LONG-TIME TRENDS IN DEMAND

A study such as this, which concentrates on short-run variations
within a vecent period, does not in general supply a basis for long-run

projections. Pronounced trends In consumption of food have oc-
enrred since 1909, when comprehensive estimates began. Trend is still
the dominant element in consumption of frozen fruits and vegetables
and some canned fruit juices.

Table 14 illustrates the changes that have occurred in consumption
of individual foods between 1909 and 1950. Although statistical series
beginning before 1909 are limited, food habits continuously evelyed
and changed during the 19th century. Railroads, refrigeration, and
commerclal canning made possible major changes in the diets of city
people in the latter half of the century. In the first half some agricul-
turists were deploring the newfangled tendency of northern farmers
to sell wheat and buy flour rather than grind the wheat themselves.
In the 1850’s cookbooks devoted separate gsctions to summer and win-
ter menus.**

Food habits are characteristic of individuals, families, or, at most,
of homogeneous social groups. The habits of different groups change
at varying rates, depending on many factors. Lower income groups
in most communities tend to emulate the food patterns of the more
prosperous groups so far as finances permit. In the past, when im-
migrant groups were sufficiently concentrated to maintain their own
community life and standards, their food habits were resistant to
change, Mgration from farms to cities forced some changes and en-
couraged others. Changes in food habits have been of interest to
nfl%trittgnists, soctal psychologists, and the marketing agenciss directly
affected.

“ For an account of dietary changes In the United Stateg during the 19tk cen-
tury see Cummings (9, chs, 2-8}.
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Trends in national average consumption of individual foods reflect
other factors in addition to bona fide changes in food habits. For
example, per capita consumption of sweetpotatoes in this country de-
clined move than 30 percent from 1935-39 to 1950. Hovwever, nearly
half of the sweetpotatoes used in this country for food are eonsumed
on a million or so southern farms. A disproportionate share of the
sweetpotatoes sold goes to southern towns and cities, where consump-
tion appears to be highest among families having low incomes. Ac-
cording to the 1948 Bureau of Fluman Nutrition and Home Economies
data for Birmingham (36), consumption of sweetpotatoes declines
rapidly as family income nereases.

According to official estimates of crop disposition, sweetpotatoes
nsed in farm households declined from 25.4 million bushels in 1835-3%
to 17.0 million in 1948-50. The quantity sold declined from 25.8 mil-
lion to 23.7 million bushels. The drop in farm household use has been
associated with a substantial reduction in farm population in the
South. The effect of this factor should, if possible, be allowed for
hefore an attempt is made to determine the velationship of average
consumption in this country to prices of sweetpotatoes and disposable
income.

TapLg 14.—Selected foods: Per capita consumption in the United States,
1808 and 1950
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Similar considerations are involved in explaining trends in the
consumption of cornmeal. On the average, per capita consumption
of cornmesl in this country declined about 40 percent between 1935
39 and 1950. Use of corn by farm households (mostly custom ground
into meal at small local mills) declined from 29.2 million bushels in
1985-39 to 16.7 miltion in 1949-50. The latter figure amounted to 30
percent or more of all cornmeal consumed In this country.

Of the farm household use of cornmeal in 1949-50, 16.1 million
bushels, or 96 percent, was concentrated in the South. In this region
2.1 million farms grew corn in 1944. At present, the number is
probably less than 2 millions. Presumably, some of these farms neither
grind their own eorn nor have 1t custom ground. Probably a third of
all the cornmeal vsed in our country is consumed on less than 2 million
southern farms.

Use of cornmeal by nonfarm people also is concentrated in the -
South. The 1948 BHNHE survey {36) showed a per capita use of
0.90 pound a week in Birmingham, compared with 0.01 pound in
Buffalo and Minneapolis-St. Paul and 0.03 pound in San Francisce.
In Birmingham, consumption of cornmeal declined with increasing
family income, ranging from 1.40 pounds per person per week in the
Jowest income group to 0.53 pound for families with incomes ahove
$4,000. This negative velationship to family income indicates the
direction in which food habits of the lower income groups ave likely
to change as their incomes increase.

Many examples of this type could be cited. Back of every major
trend in food consumption lies a story of social change, technological
development, or popularly held nutritional theories. However, the
remainder of this section is limited to some of the more technical
considerations regarding the nse of trends in statistical analysis of
price and consumption.

In either a first-difference or an original-value analysis, trends
must be explained on different bases than the regression coefficients
between economic variables. Each linear trend as such is perfectly
correlated with every other linear trend. If some concrete variable
which logically belongs in the analysis can be identified, it should be
included. The real variable will not have a time pattern that is per-
fectly smooth, and its first differences will fluctuate. Sometimes 2
choice between two possible trend variables can be made on the basis
of the significance of their respective contributions to the regression
analysis as a whole.

The time varinble is irreversible. Any projection of this variable
is an extrapolation beyond the range of experience reflected in the
estimating equation. This is not necessarily true of economic vari-
ables such as per capita consumption and price, particularly if the
latter is deflated.

1f trend is an important part of the explanation in a demand
analysis, the size of the munltiple correlation coefficient obtained inay
inspire greater confidence than is justified. The trend itself must be
explained before credit can be claimed for the increase in explained
variance which is attributed to it.

Trends in real variables, such as population living on southern farms
or percentage of consumers owning refrigerators, are relevant to a
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discussion of trends in consumption of food, but their separate im-
portance cannot be determined Ey correlation analysis. Cross-section
hata, such as family budget studics, sometimes enable us to identify
the particular regions or income groups in which consumption of o
given product is concentrated, Repeated sumple surveys could be
cc'iesigned te trace changes in food habits within velatively homoge-
neous subgroups. Even so there would remain the problem of ex-
plaining the trend for each subgroup in order to justify some simple
extrapolation procedure. If the repeated surveys obtamed quantita-
tive mformation on some of the relevant factors, the explanation
could be carried further by statistical means.

Carefully designed surveys repeated at appropriate intervals eould
do much in the future to explain trends, but statistical tosts can rarely
be applied to discriminate hetween two real explanations of trends
during a past period. The methods used and the deductions based
upon them must be chiefly those of the economic historian rather than
those of the professional statistician.
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