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Preface

I hope this bulletin will be helpful to many groups of persons, in-
cluding undergraduate and graduate students, young researchers who
are beginning to get practical experience in demand and price anal-
ysis, and agricultural outlook workers, both in the U.S. Department
of Agriculture and in the State extension services. This last group is
especially important. The State outlook worker is not doing an ade-
quate jug when he simply “‘carries back the word from Waaimgtun”
concerning the outlook for demand and prices in agriculture. He must
understand the analysis in back of the outlook. He must take the
outlook and apply it to the particular situation in his State; then he
must be able to a:rﬁlnin it to the farmer in aimﬂ: terms. Similarly,
research men must have a good basic understanding of demand analy-
gis if they are to help legislators and administrators to improve farm
programs.
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Highlights

® Why study demand and prices of farm products? Who uses the
results and how? What value are such studies to the general publie?
The farmer, the cooperative association, and the food distributor
must have accurate forecasts of consumption and prices for making
intelligent adjustments in production and marketing. The admin-
istrator and the legislator must have sound theories and accurate
measurements of demand as a guide to programs, policies, and legisla-
tion. For our democracy to work toward the general welfare, every
citizen should know the basic facts of demand. Our economic per-
formanece can be no better than our understanding of economic theory
and our ability to forecast the quantitative effects of proposed actions.

® The demand for food is quite inelastic, both with respect to
price and income. This statistical fact lies at the heart of the farm
problem. A small surplus in agriculture depresses prices severely.
And farmers usually get only slight benefits from increases in consumer
income. Moreover, demand at the farm level is more inelastic than
at the retail level. In other words, farm prices are more flexible than
retail prices. This is because price spreads between the farm and the
retail store are not generally percentages. They are more nearly
constant amounts in dollars and cents.

® Since World War II, there apparently have been substantial
shifts in the demand for meats. The demand curve for beef has gone
up. The curves for pork, lamb, and veal have gone down. Con-
sumption of chickens has gone up sharply, as & result of lower prices;
but the demand curve itself apparently has remained about fixed.
Of course, there is competition among these foods. Because we need
to understand a lot more about such eompetition, this bulletin ana-
lyzes the interrelationships of demand for beef, pork, and chickens.

® The marginal utility of money is an important economic con-
cept with significant practical applications, ﬁ:e percentage change
in the marginal utility of money resulting from a 1-percent increase in
income is termed money flexibility. It is estimated in this bulletin
by an analysis of food prices.

#® The long-run demand for any commodity is likely to be more
elastic (or less inelastic) than the short-run demand. Cotton is eur-
rently of special interest. The short-run domestic demand for eotton
is known to be very inelastic. But it is also widely recognized that
relatively high eotton prices may, in the long run, reduce cotton con-
sumption auﬁstantia]] . This bulletin attempts to measure the long-
run domestic demand for cotton, using a form of distributed lag.
Elasticity of the long-run demand is estimated at about —1.8. This
indicates that a 1-percent increase in cotton prices would eventually
result in a drop of 1.8 percent in domestic cotton consumption.

® The income (or “returns”) from a crop often is affected greatly
by the erop’s distribution among different places, times, forms, and
groups of consumers. Most theoretical discussions have been limited
tospecial cases of independent markets. This bulletin discusses general
principles of distribution—whether or not the markets are inde-
pendent. It then shows how these principles apply to the diversion
of surplus wheat to exports and the diversion o? surplus lemons to
processed products.

vi



DEMAND AND PRICE ANALYSIS:

Some Examples From Agriculture

By FREDERICK V. WAUGH

Research Adviser
Economic Research Service

Aims of Research in Demand and Prices

Research in demand and prices has followed two different paths
searching two different goals. Most of the early studies were devot
to pure, abstract theory. Since Henry L. Moore's work, beginning
in 1914, many statistical studies have tried to measure the quantita-
tive relationships between prices and consumption.

Both these aims are good, desirable, and necessary. They need not
conflict with one another. Clear theoretical concepts and correct
theory are basic to progress in any field. A correct theory is “prac-
tical.” It explains in principle how prices are actually made, and
how consumers actually respond to changes in prices and in their in-
comes. It should guide sound statistical research on demand and
prices. Also, good statistical research helps to sharpen up theoretical
concepts and to amplify theory in the fields of demand and prices—as
it has done in physies, for example.

Let us consider in more detail the two main aims of research in
demand and prices.

To Develop a Theory of Demand

A theory is simply an explanation. Empiricism is not enough.
Science is not a collection of miscellaneous facts; it is an orderly clas-
sification of facts and an explanation of their interrelationships.

. The so-called pure theory of demand is based upon logical reason-
Ing as to how men would act under certain stated conditions: For ex-
ample, universal competition, full information, and the maximization
of individual satisfactions. Such pure abstract reasoning can be an
end in itself, just as it was in the geometry of the ancient Greeks.
areto was ?uite explicit that his work was not aimed at numerical
estimation of prices." Rather, he was interested in pure logic.

There is still plenty of room for pure logic and For mathematical
economic theory in the field of demand and prices. Such theories
often are fascinating. But logic alone is not enough. It needs to be
checked by actual observation of how prices are made in the market—
Just as Aristotle’s reasoning about falling bodies had to be checked a

! Pareto, Vilfredo. wmasveL p'fconomie POLITIQUE., Giard et Briere, Paris
1909. P. 233: “Remarquons, d'ailleurs, que cette determination n's nullement
Pour but d’arriver a un caleul numérique des prix.”



thousand years later by Galileo, who was interested in how bodies
actually did fall. The test of good theory—whether in physics or in
amriﬁmim—ia whether it explains what actually happens in the real
world.

There need be no conflict between theory and statistical analysis in
the field of demand and prices. They are both essential. And they
need to march forward hand in hand.

To Estimate or Forecast

While some are interested mainly in economic theory, others want
to forecast expected prices—or, at least, to estimate the prices that
could be expected under certain assumed conditions. For this pur-
pose, economic theory must be concrete, quantitative, statistical.

Such work calls for applied economic theory. But sometimes the
main emphasis has been upon measurement, and theory has been kept
in the background. For example, Cassels and Black wrote in 1933,
“The statistical price research which has become so important within
the past 15 years has been directed mainly to practical ends, and not
to the confirmation, amplification, or correction of any cheoretical

lanation of value."?

ut, as good theory is essential to good forecasting, statistical
measurement and statistical analysis are essential to developing eco-
nomic theories that adequately describe how prices are actually made
in real markets,

In most practical cases, estimating and forecasting are not aims in
themselves. Rather, we need estimates and forecasts in order to ac-
complish other important purposes. The farmer, processor, distrib-
utor, or ﬁpeculatur needs a forecast of probable future prices to de-
cide intelligently when to buy or sell.

Moreover, economic forecasts and projections are not fatalistic proph-
ecies like those made by the ancient astrologers, numerologists, and
soothsayers. The U.S. Department of Agriculture is making eco-
nomic projections 5, 10, or more years into the future. These projec-
tions are estimates of what the economic situation would be in agri-
culture several years from now under each of several alternative farm

rograms. Such projections should be of great value in helping
armers and other citizens to decide what kind of agricultural pro-
grams they want.

1. Lessons From History

« + « It may be doubted whether Jevon's hope of constructing demand
curves by statistics s capable of realization.—F. Y. EpcEwoRTH in
Demand Curves. From Palgrave's Dietionary of Political Eeconomy.

Even though practically all of the statistical work in demand has
been done during the past 50 years, it now covers hundreds of books
and articles. T shall not attempt to catalog them here. Rather, I
shall point out a few of the important trends.

A% Hoeial Seience Researeh Counecil. REBEARCH IN PRICES OF FARM PRODUCTS.
New York, 1033,
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The Concept of a Demand Curve

The two most imgarl,a.nt concepts of demand were first clearly stated
by Frenchmen in the middle of the 19th century. Cournot wrote:
Let us admit therefore that the sales or the annual demand D is, for
each article, a particular function F (p) of the price p of such article . . .
Observation must therefore be depended on for furnishing the means of
drawing up between proper limits a table of the corresponding values of
D and p; after which, by the well-known methods of interpolation or by
hie processes, an empirie formula can be made to represent the
iunctinu in question; and the solution of problems ean be pushed as far
a8 numerical applications.t

A similar concept was developed independently by another French-
man, Dupuit.? hiarshal] extended and pupuiame:{ these concepts.®

Another Frenchman, Walras, developed a different sort of concept,
or at least a substantial elaboration of the Cournot concept.* He vis-
ualized the demand for any commodity as a function of all other com-
modities and services, together with consumer income. Each con-
sumer, in trying to maximize his own satisfactions, would spend his
money in such a way that the ynarginal utility of a dollar’s worth of
each commodity was equal to that of each other commodity or service.
Thus, a two-dimensional relation between price of a commodity and
the quantity of that commodity purchased would be determined only
upon the assumption that all other prices and consumer income were
held constant.

Walras’ concept was elaborated by Pareto.! A modern version will
be found in Hiu&, especially in his mathematical appendix.®

The Walras-Pareto-Hicks concept provides an elaborate and in-
triguing model for pure economic theory. It is not adapted to the
measurement of demand by statistical analysis. Most statistical
work on demand has used concepts similar to those posed by
Cournot, Dupuit, and Marshall. Moore and Schultz musaed the
Walras-Pareto concept in detail, but they based their statistical
analysis on Marshall.

Early Statistical Studies

The year 1914 will be remembered as the beginning of World War I.
Many statistical economists will also remember the year as marki
the publication of two of the first serious attempts to measure deman
statistically.

One of these was a 5-page paper by Lehfeldt.” He attempted to
measure the elasticity of the true demand curve for wheat, considering
the whole world as a single market. For this purpose bhe used a curve
similar to what was later called an “or‘t.hngunﬁ regression.” He first

! Cournot, Augustin, RESEARCHES INTO THE MATHEMATICAL PRINCIPLES OF
THE THEORY OF WEALTH. 1838, Translation by Nathaniel T. Bacon. P. 47.
Macmillan, New York. 1929,

¥ Jules Dupuit's writings (1844 through 1853) were republished under the title,
DE L'UTiLiTE’ ET DE 8A MEsURE. Torino, Italy. 1933,

* Marshall, Alfred, rrRINCIPLES OF EcONOMICS, Sthed. Maemillan,

! Walras, Léon. £LEMENTS D'ECONOMIE POLITIQUE PUERR. Paris, 1000.

. *Pareto, Vilfredo. MANUALE DI ECONOMIA POLITICA. Societa Editrice Librar-
in, Milano, Ttaly, 1907,
* Hicks, . VALUE AND CAPITAL. Clarendon Press, Oxford, 1939 and

T Lehfeldt, R. A. THE ELASTICITY OF DEMAND FOR WHEAT. Econ.Jour.,, XXIV.
Pp. 212-217. June 1914. '
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found the logarithms of the world average price and total quantity of
wheat for each year, took the year-to-year changes in thﬂﬂﬂ?ﬂg&ﬁ B,
and used the ratio of the standard deviations of these changes as an
estimate of demand elasticity. His justification was:

-+ . it seemed to me that the best way to deal with the deviations of p

and q was to take the ratio of their standard deviations . . . In support

of this view I am ?&d to be able to quote the opinion of Dr. G. D, May-
nard, with whom I have discussed the problem.

Professor Lehfeldt evidently had no interest in estimating the ex-
pected price of wheat associated with given quantities, nor in esti-
mating the expected consumption associated with given prices. His
curve would have been entirely unsuitable for either of these purposes.

The year 1914 also ms.rketf the publication of the first of a ve
remarkable series of books by Henry L. Moore® I do not thin
Stigler® overstated the case wgan he wrote:

If one seeks distinctive traits of modern economies, traita which are
not shared to any important degree with Marshallian or earlier periods,
he will find only one: the dev ment of statistical estimation of eco-
nomic relationships. Mathematical analysis became increasingly more
common after Walras's first edition; statistical descriptions of economie
phenomens were expanding throughout the nineteenth century ; bold pro-
nouncements on public policy are as old as economies. But statistiesl
economics, the name given by Henry Moore, is the one important modern
development . . . Henry Moore was its founder.

Moore’s writings have become classics in statistical demand analy-
sis. They pointed the way to most of the statistical research that
has been done in this area in the past 50 years.

In retrospect, Professor Moore seems to have tried to do two things
at once: first, develop curves that could be used to forecast expected
prices; and, second, measure the true demand curves of economic
theory. His general method was least squares regressions. They
were applied in a wide variety of ways: to the original data, to year-
to-year changes, and to percent of trends. He used various
. mathematical functions; for example, those providing for constant
and for changing elasticity at different parts of the curve,

In genara.i?ﬁwre's curves are still sound when they are used for
his first purpose; that is, for estimating expected prices or expected
consumption. But few statistical analyses will do both things at once;
that is, provide the closest estimates of expected prices and of the true
demand curve of economic theory. Still, when most of the shifts in
demand can be explained, and thus, when the residual errors are small,
the best estimating curve and the true curve of theory are nearly
identical. Often, when searching for the best estimating equation
we are likely to get a very good estimate of the true theoretical curve,

One of the early mileposts in this hi.storij' was Holbrook Working’s
study of the demand for potatoes in 1922.'" Working has since made
- & number of other statistical studies. He has also written many in-
formative articles about economic theory and research methods.

* Moore, Henry L. ECONOMIC CYCLES: THEIR LAWS AND CAUSE (1914); roRre-
CASTING THE YIELD AND FRICE OF COTTON (1917); GENERATING BECONOMIC CYCLES
(1923); sYNTHETIC EcoNoMics (1929). Macmillan, New York.

* Stigler e J. HENRY L. MOORE AND STATISTICAL EcoNoMIcs. Econo-
metrica, Vol. 30, No. 1, Jan. 1962,

** This point was made in & letter of Oct. 1, 1963, from Holhrook Working to
Frederick V. Waugh.

1l Working, Hel k. FACTORS DETERMINING THE PRICE OF POTATOES IN &T.
PAUL AND MINNEAPOLIS. Univ. Minn. Agr. Expt. Sta. Bul. 10, 1922,
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Studies Made by the Bureau of Agricultural Economics

Statistical studies of demand were in their infancy when the Bureau
of Agricultural Economics was set “8. in the early 1920's. Such
studies were greatly stimulated by H. C. Taylor, O. C. Stine, H. R.
Tolley, and other ]indem in the BAE. i ’

Two of the early examples of such studies were Killough on oat
prices, and Haas and Ezekiel on hog prices."” ** Scores of reports of
statistical demand studies have been written in the BAE and successor
agencies since the 1920’'s. They are still forthcoming. Also, many
reports have been published, and are being published, by land-grant
colleges and by the Journal of Farm Economics.

These studies had a very practical purpose. Often the central pur-
pose was to estimate or forecast prices. Sometimes it was to estimate
or forecast consumption or trade. Such forecasts were intended to

ive the farmer and the food trades basic information they needed
ﬂr making profitable adjustments in production and marketing. Out
of this effort and similiar work in the land-grant colleges grew the
agricultural outlook service. _

This service of the U.S. Department of Agriculture does not stop
with publishing technical appraisals and interpretations of the eco-
nomie situation and outlook for a large number of commodities, It
also is being used more and more to estimate the probable effects of
alternative agricultural programs, such as those to adjust production
or support prices. The purpose is essentially to project expeeted
prices, farm income, Government costs, ete., that would result if
certain actions were taken. They call for expected prices, expected
consumption, expected trade, and so on, conditional upon stated
assumptions.

Other Studies

Statistical studies of demand developed rapidly in the 1920’s and
1930°s. This development was not limited to ﬂZe Federal Govern-
ment nor to the United States. Holbrook Working's early study on
potatoes has already been mentioned. Dozens of studies dealing
with other commodities were published in the 1920%.

_In 1928, Warren and Pearson published a large collection of sta-
tistical studies of demand and supply for agricultural commodities.™
This was the first of several major efforts to make systematic studies
of demand for a large number ni‘ commodities and to publish them in
one place,

European economists and statisticians also made a number of im-
portant studies in the 1920’s and early 1930's. Among the most
mmportant were Hanau’s study of hog prices in 1928," a general study
by Leontief in 1929, and some interesting theoretical and statistical

2 Hillough, H B.
R 9255 ugh WHAT MAKES THE FRICE OF oams? U5, Dept. Agr. Bul.

B Haas, G. C. and Ezekiel, M. J. B.
USS. Dept. Agr. Bul. 1440, 1026, J- B. racroRs AFFECTING THD FRICE OF HOGE.

" Warren, (. F. and Pearson, F, A. INTERRELATIONSHIPS OF SUPPLY AND PRICE.

Gﬁi:ﬁlintgrfrfgt Bta. Bul. 466, Ithaes, N.Y., 1928,

u, ur. DIE PROG 1 1 -

mﬂmhu“' s e | NOSE DER S8CHWEINFREISE. [Institut fir Konjunk
Leontief, W EIN VERSUCH IUR STATIBTICHEN ANALYSEE VON ANGEBOT

UND NACHFRAGE. Weltwirtschaftlisches Archiv., XXX, 1929,



work by Roy in 1935." Ezekiel published the first edition of his book
on correlation analysis in 1930.% This for many years was the bible
of those using least squares methods. It has recently been revised
to include a short discussion of simultaneous methods.

Henry Schultz published his monumental work on demand in 1938,
This combined a review of economic theory with a large number of
statistical studies. This book is well-known throughout the world.

Stone brought out in 1958 a book on demand in Great Britian which
covered somewhat the same ground as that covered by Schultz’ book
in the United States

Several important textbooks have been published on agricultural
%-icea. They include books by Thomsen and Foote,” Shep .erd,” and

aite and Trelogan.® Foote also prepared a detailed handbook ex-
plaining the methods used in analyzing simultaneous equations of
supply and demand.®

Concepts and Practical Applications

In practical applications, the interest is not generally in the true
demand curves of economic theory. If some other curves will give
closer estimates of prices or consumption, the?r are preferred. Insuch
cases, there is no “problem of identification.” r. Killough, for ex-
ample, in his 1925 study discussed in some detail the factors affectin
the price of oats. He did not bother to mention the true deman
curves of economic theory, except in a footnote which read:

" A suggestion has been made that these . . . eurves do not exactly cor-
regpond to the economie concept of & demand curve.”

The early critics were usually negative. Their comments were like
that of Edgeworth, quoted at tﬁe beginning of this section, that it was
impossible to derive a true demand curve from statistics.

olbrook Working was more positive and more useful: *

While it is natural that these statistical studies of demand and price
should be commonly characterized as studies of the elasticity of demand,
their true significance eannot properly be appreciated from this point of
view. They should be considered rather as attempts to add to our knowl-
edge of the more general and fundamental question of the factors deter-
mining prices. e concept of clasticity of demand, as developed from
the law of diminishing utility, forms a part of a general scheme of ap-
proach to the subject of value into which the present statistical approach
does not readily fit. Probably we are in the proceas of developing a some-
what different plan of approach to the theory of value which must be
worked out along independent lines,

¥ Roy, René. £rupEs fcovomofTRIQUESs, Sirely, Paris, 1935,

* Bzekiel, M. J. B. METHODS OF CORRELATION ANALYSIS. Wiley & Sons,
editions of 1930 and 1941. Third edition, with Karl A, Fox, 1959,

1% Schultz, Henry, THE THEORY AND MEASUREMENT OF DEMaND. Univ.
Chicago Press, 1

* Stone, Richard. THE MEABSUREMENT OF CONSUMERS' EXFENDITURE AND BEHAV-
IOUR IN THE UNITED KiNGDoM, Cambridge Univ. Press, 1954

® Thomsen, Frederick L. AGRICULTURAL PRices. MeGraw-Hill 1936, Most
recent edition with Richard J. Foote, 1952,

® Shepherd, Geoffrey 8. AGRICULTURAL PRICE asanysis. Iowa State Univ.
Preui,vhm. Editions of 1041, 1947, 1950, 1957, 1963,

B Waite, W. C. and Trelogan, H. C. INTRODUCTION TO AGRICULTURAL PRICES
1048 and AGRICULTURAL PRICE ANAL¥a1s 1951, Wiley & Sons.

® Foote, Richard J. ANALYTICAL TOOLS FOR STUDYING DEMAND AND PRICE
STRUCTURES. [U.3. Dept. Agr. Handb. 146,1058,

® Working, Holbrook. THE STATISTICAL DETERMINATION OF DEMAND CURVES.
Jour. Ewn.gkXXIX, August 1925,
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The economic profession has not followed the lead suggested in the
last sentence of this quotation. It is high time that we develop new
thecries and concepts of value that are testable by statistical analyses.
It statistical findings fail to confirm the theories inherited from our
predecessors, should we stru.g%}e to invent elaborate methods to try
to reconcile the facts with the theory? Rather like the physical
scientists, we should modify theoretical concepts to make them fit
the observed facts in the actual marketplace.

The first step in any statistical analysis should be to set up some
sort of theoretical model describing how the markets for a commodity
work. The model generally starts with a listing of factors that are
believed to affect the supply, demand, and price of the commodity.
Diagrams are often hel ];u] in portraying various interrelationships.
Finally, the model should be put inte & form that can be fitted E
statistical techniques to determine if it is consistent with the obmmﬁ
data. To set up a good model for measuring the demand for any com-
modity, the researcher must have an intimate understanding of the
markets for that particular commodity. The routine fitting of the
same model to cotton, beef cattle, and canned peas is poor research
method.

Important articles by Elmer Working and by Haavelmo have
spelled out in some detail the reasons why the usual least squares
analysis and time series do not result in a true demand curve of eco-
nomie theory. ™ * Since those theoretical articles, various statistical
methods have been developad to try to estimate true demand curves.
Such methods are explained in detail in two reports of the Cowles
Comnission.”

Much of the literature on this subject is abstract. To some extent,

however, the methods have been applied to concrete statistical prob-
lems, especially in the Department of Agriculture. Under the lead-
ership of Richard J. Foote, about 10 bulletins were published, givin
the results of structural analyses through simultaneous demand an
supply equations for various farm products.
. Without doubt, such statistical studies can give us valuable insight
into the structure of agricultural markets; that is, they can help show
us how a number of demand and supply functions work out simul-
taneously. So far, the structural equations have not been adequately
tested in forecasting a dependent variable, such as price. But as
Marschak showed, least squares should give the best unbiased fore-
casts, unless the basic structure of demand has changed.” Structural
equations may be useful in forecasting the results of known changes
In structure, such as a new support price.

Fox found that, in actual practice, least squares equations for

icultural products and feeds were practically identical with those
obtained from the more elaborate simultaneous methods.® Wold has

* Working, Elmer. WHAT DO STATISTICAL DEMAND cumvEs smow? Jour.
Eeon.,, XLI, 1927.

T Haavelmo, Trygve. THE STATISTICAL IMPLICATIONS OF A SET OF SIMUL-
TANEOUS EQUATIONS. Econometriea, Vel 11, Jan. 1943,

* Koopmans, T. C. ed. STATISTICAL DIFFERENCE I DYNAMIC ECONOMIC
MopELs,  Wiley & Bons, New York, 1050,

ood, W, C, and Koopmans, T. C, ed. sTUDIES IN ECONOMETRIC METHOD,
‘u’hleﬁf& Sons, New York, 1953,

*® Marschak, Jacob, srunres i ECONOMETRIC METHOD. FEdited by N. C. Hood
Bu;du %‘ C.lg{n?xlmam, Wiley, New York, 1953.

Ox, harl A. THE ANALYSIS OF DEMAND FOR Fi . T.B. :

Agr. Tech Bul. 1081, 1953, ST, S5k
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made some interesting theoretical and statistical studies of “racursive’”
relations which are very common in icalture® In a recursive
situation, the current value of each variable depends upon previous
values of other variables. For example, this year's price may depend
on production decisions that were made last year, and influence by
last year's prices. Wold has shown that in"fully recursive models,
least squares simple equations give the best estimates, both of ex-
pected price and quantities, and also of the true curves of economie
theory (assuming no errors of measurement). Harlow’s study of hog
prices used a recursive analysis.®

Future Studies

1 hope that in the future we can build on the suggestion made by
Holbrook Working back in 1925. Instead of sticking with the con-
cepts of demand developed by Cournot, Walras, and Marshall, why
not redefine demand as the expected quantities that would be pur-
chased at given prices, with certain other things held constant? It is
not practical in statistical work to hold everything else constant (as
some followers of Walras would insist). For example, it is not feasible
to hold prices of all other commodities and services constant. But in
statistical work, we usually want to hold consumer income constant
and perhaps also to hold constant the prices of a few of the leading
substitute commodities.

I think there is too much eoncern with “the” elasticity of demand
for a commodity. .In practice, such elasticities comm{:-nfv vary from
market to market, from use to use, from grade to grade, f{am time to
time, from one part of the curve to nnuﬁmr . . . and so on, almost
ad infinitum. 1 doubt if there is any such thing as “the” elasticity of
demand for wheat, for example. There would always be at least two
kinds of demand elasticity: the elasticity of expected consumption
with respect to price and the elasticity of expected price with respect
to the quantity sold. In general, these are not reciprocals of one
another, because the two regression lines differ from one another.

The curves of expected purchases as a function of prices and of ex-
pected prices as a function of quantities sold probably should not be
called demand curves—in order to avoid confusion. Back in the
1920’s and 1930's, they were sometimes called “supply-price’” curves,
and “expected price-marketings” curves. Whatever name is most
suitable, these curves are usually the ones that are needed in most
practical work.,

One of the most promising recent developments in demand analysis
is Brandow’s study, which is a synthesis of several statistical analyses
resulting in a “demand matrix’’ exhibiting all the direct elasticities and
cross elasticities of demand among many groups of farm products.®
Brandow’s matrix is proving very valuable in estimating the direct
and indirect effects olempnsed changes in farm programs. It also
may serve as somewhat of a bridge between the partial-equilibrium

M Wold, Herman and Jurfen, Lars. DEMAND ANALYSIS. Wiley & Sons, New
York, 1953,
2 Harlow, Arthur. FACTORS AFFECTING THE PRICE AND SUPPLY oF Hoos, U.S.
Dept. Agr. Tech. Bul. 1274, 1062,
Brandow, G. E. INTERRELATIONS AMONG DEMANDS FOR FARM FRODUCTS AND
IMPLICATIONS FOR CONTROL OF MARKET S8UPPLY. Penn. Agr. Expt. Sta. Bul. 680,
Univ. Park, 1961,



analysis of Cournot-Marshall and the general equilibrium of Walras-
Pareto-Hicks.

Wold's recursive models also should have a great future—both as
tools of economiec theory and as means of forecasting expected prices,
consumption, and produetion.

To make real progress, the statistician, the economic theorist, and
the mathematician must cooperate cluﬂeiy with one another. Pure
economic theory is merely idle amusement unless it is tested and ap-
plied. On the other hand, the compilation of statistical data is of no
value unless the data are used to test and to quantify theory.

9. Total Food Consumption Related to Retail Price and to
Consumer Income

The desire of food is limited in e man by the narrow eapacity of the
human stomach.—Apam Burra in The Wealth of Nalions.

This bulletin covers a vm*lel;{' of statistical studies. It does not
attempt a comprehensive analysis of demands for all products.
Rather, it gives examples of same of the wide variety of studies that
are needed. Chapters 2 through 6 discuss a number of common prob-
lems in the statistical analysis of time series. Chapter 7 considers
some implications of statistical findings to economic theory. Chapter
§ analyzes long-term demand. Chapters 9 and 10 apply statistical
findings to problems of intermarket distribution and discriminative
pricing.

This chapter starts with a simple graphic analysis of the demand
for food as a whole. At the end of the chapter are some numerical
results. The goal of this chapter is the determination of the total
consumption of food in response to changes in food prices and in
consumer incomes.

The Data

First to be decided is the way to measure total food consumption.
Several measures are available.!

Total poundage of food or total caloric content are not of concern.

Poundage and caloric content do not respond much to changes in con-
sumer income, nor to changes in food prices. Moreover, the farmer
and the consumer are interested in the quality of the diet, as well as
poundage.
.. In one sense, Adam Smith was right that demand for food is lim-
ited. Today, we are not eating many more pounds of food than we
did 20 or 30 years ago—but what changes have been made in the qual-
iy and variety of foods in our diets! And these changes are sig-
nificant both to consumers and farmers.

We shall use the index of per capita food consumption. This is a
price-weighted index. That is, the quantities of various foods are
weighted by the retail prices of those ?ﬂﬂdﬂ in & base period. Thus, a
E;:-und of meat counts more than a pound of potatoes. The USDA

andbook states that this index is regarded as the best available meas-
ure of changes in the overall food consumption at the retail level. It

—

i -
_RThme measures are deseribed in CONBUMPTION AND UTILIZATION OF AGRICUL-
TURAL PROLUCTS, Vol. 5 of MAJOR STATISTICAL BERIES OF THE 1.5, DEPARTMENT OF

AGRICULTURE, Agr. Handb. 118. 1957. The . :
on pp. 65 and 66 of the Handbook. mensure Wed here fo: described
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TapLe 2.1.—~Food consumption related to prices and incomes

[1957-59=100]
Retail food | Disposable |Ratio of foudl Food con-
Year price ! income per prices to  |sumption per
capita ¥ income capita ?

L e 57. 6 35 3 163. 2 90. 1
Lk R A R e 55. 5 35.0 158. & 88. 9
L — a4, 8 35 4 154. 1 88. 9
- P e T a3, G 37.0 150, 3 80. 1
B e e R e 52.9 32.7 161. 8 88. 7
188).ucccnsncsmnnnmasn 43. 6 279 156. 3 88.0
LB R SR 36. 3 2L 1 172.0 85.9
B L s 35. 3 19.7 170. 2 86.0
T e e e b Lt 39.3 22.3 176. 2 87.1
198D e ssasammsbesn 42.1 24.9 169. 1 B3 4
8 42 5 28.0 151. 8 BB 5
L 44 2 20.9 147. 8 88. 4
1938, e 41. 0 27. 4 149. 6 88. 6
0 v e 39. 9 20 2 136. 6 91. 7
b L R S 40. 5 31 2 129. 8 93. 3
T 3 R e i 2 a7. 8 116.9 895 1

(World War IT years excluded)

IPT 8L.3 | 64. 0 127.0 099. 9
b et e e 88 2 0.0 126, 0 96. 7
b L s R R 8L 7 68, 9 122. 9 06. 7
1 e R s 85. 8 T4.2 115, 6 98. 0
L = sy 95. 4 80.0 119. 2 96. 1
TSR R L Y 7.1 82. 4 117.8 08 1
14 ] e e 95. 6 85.8 111 4 09, 1
I S e S 95. 4 B85 8 111. 2 949, 1
A S 94. 0 90. 0 104. 4 09. 8
RBE S S 04 7 04. 4 100, 3 101 5
L 97. 8 97.8 100, 0 99. 9
1 B et i ol 101 9 99, 0 102. 9 99, 1
kil Bepal o e ol 100. 3 103. 2 97.2 101. 0
b T 101, 4 104 9 96. 7 100. 7
el P R PR R T 102, 9 107. 3 95. 6 100. 8
1082 . el 10%. 5 110. 9 93.3 101 0
b R e 105 0 117.0 80.7 101. 8

! Bureau of Labor Btatistics, food component of the Consumer Price Index (not
deflated)

171.8. bepart.ment. of Commerce, income after taxes (not deflated).
310.8. Department of Agriculture, retail price-weighted index.
¢ 1963 data are preliminary. They were not used in the analysis,

reflects the quantitative aspects of changes in consumer demand, but
excludes the effects of demand on prices. But it does incorporate
shifts from lower priced to higher priced foods.

The index of per capita food consumption is shown in the last column
of table 2.1. This table omits data for the World War II years 1942—
46. These years are omitted from all analyses in this report because

the usual demand relationships were obscured by food rationing and
price control.

The first two columns of table 2.1 show the indexes of retail food
price and of per capita disposable income. The retail food price is the
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food component of the Consumer Price Index published by the U.S.
Bureau of Labor Statistics. It is based upon prices reported by a
large sample of retail food stores in 46 cities throughout the country.
In constructing the index, the prices of the several foods are weighted
by the quantities of these foo commonly bought by typical work-
ingmen’s families. The index of per capita disposable income is based
upon the income and Eﬂpulat.i{:rn estimates of the U.S. Department of
mmerce. Disposable income is total income minus taxes. 3
We want to find the relationship between three variables: retail
food price, per capita disposable income, and per capita food consump-
tion. In this case, the problem can be simplified by “deflating™ the
index of food price by dividing it by the index of per capita disposable
income. Sucg deflated prices (i.e., the index of food price divided by
the index of per capita income) are shown in column 3 of table 2.1.

Deflation

This analysis has not followed the standard convention of deflating
prices by dividing them by the Consumer Price Index. In many cases
such standard deflation is logical, and works well. But I agree with
Shepherd that no standard technique of deflation is applicable to all
problems.? Especially when simplifying the analysis to two vari-
ables—the quantity consumed and some kind of deflated price—it may
often be convenient to deflate by dividing prices by consumer income.
This assumes that a doubling of food prices and a doubling of con-
sumer income would not significantly change the quantity of food con-
sumed. Sueh an assumption seems fairly reasonable—at least if all
other prices were doubled, too—as demonstrated by the fact that the
observations on figures 2.1 and 2.2 are clustered fairly closely around
the freehand lines. When using consumer income as a deflator, a rise
in income reduces the “real” price; that is, a smaller proportion of in-
come is needed to purchase the same foods at the same nominal prices.
Aside from savings, income is the sum of all prices multiplied by the
respective quantities bought. Thus, when food prices are divided by
consumer income, they are, in a sense, deflated by the weighted aver-
age of all prices.

Dot Charts

We want to find the relationship between the data in column 3 and
column 4 of table 2.1. This can be done best with a dot chart, such as
the one in figure 2.1. Properly used, the dot chart is a powerful tool
of demand analysis. It has been too much neglected in recent years.

First, we plot on the chart the pair of observations for each year. We
plot the fﬂﬂd-::unsu:qptlun data on the horizonal (x) axisand the corre-
%POHMg deflated price (i.e., pricefincome) data on the vertieal (y) axis.

or example, take the data for 1926—the first year shown in tngle: 2.1.
The index of per capita food consumption for 1926 was 90.1, and the
index of deflated price was 163.2. So we measure off 90.1 units on the
x-axis, and go up 163.2 units on the y-axis, locating the point marked
26. Similarly, the point marked 27 shows the two indexes for 1927
and so on,

Points for the years 1926 thmugh 1941 are clustered rather closely
around the line marked ‘“‘prewar,”” and points for the years from 1948
through 1962 are clustered around the line marked “postwar” (except

* Shepherd, Geoffrey 8. AGRICULTURAL PRICE ANALYEIS. Jowa State Uni
Press, fmu, pp. 121-131, 1963, 3



for the observation for 1947, when conditions reflected a holdover of
wartime demand). These two lines were drawn in roughly, “eyeball
method,” without any of the distractions of mathematics. They are
not necessarily the “lines of best fit" in any exact sense. One could
have drawn a single line. Agriculture has progressively been pro-
ducing more food per capita at lower “real” prices.

Note that this says nothing about cause and effect, nor about pre-
determination and postdetermination. It is purely arbitrary which
data are plotted on the x-axis and which on the y-axis. Our data
could just as well be plotted as shown in figure 2.2. Neither chart—
and no statistical analysis—will demonstrate cause and effect.

Years ago, the convention in European countries was to draw dot
charts like figure 2.2 with price on the x-axis and consumption on the
y-axis. Presumably, this was because students thought of price
changes as being the cause of consumption changes. In studying
responses of consuming families, this seems most reasonable. To
them, price changes are given data; their changes in purchases are
the result.

But for many years, the convention in the United States has been
to draw dot charts like figure 2.1 with consumption (or marketings) on
the x-axis and price on the y-axis. Apparently, this is because U.S.
students have commonly looked at another aspect of the problem. The
quantity of potatoes, say, to be consumed was determined primarily
by the size of the crop, and market prices had to be adjusted =o the
cm:{) would move into consumption.

8 I see it, most arguments about cause and effect are futile as far
as statistical analysis is concerned. Regardless of the direction of
cause and effect, regardless of any notions about which variable is
“‘predetermined’’ or “exogenous,” figures 1 and 2 are equally good. In
fact, they are the same thing; the axes are simply reverseg.

Comments on the Curves

Figure 2.1 shows that deflated food prices were highest in the de-
pression years of the 1930's. Since then, deflated food prices have
gaduaﬂy dropped as per capita food consumption has increased.

emembering the sort of deflation used in this case, we might say that

food prices have risen less than consumer incomes—and that this de-
velopment has been associated with expanding per capita production
and consumption.
. The shift from the prewar to the postwar curve, although not large,
is of considerable interest. It suggests that the postwar curve shifted
slightly upward and to the right. This would mean that a given per
capita consumption would be associated with a slightly higher de-
flated price in the postwar period than in the prewar period.

Similiar conelusions could be drawn from a study of figure 2.2. For
example, fizure 2.2 indicates that a given deflated food price in the

ostwar period would be associated with slightly higher per capita
ood consumption than in the prewar period. This is only statin
the conclusions from figure 2.1 the other way around—which 1s natura
because figure 2.2 is nothing but figure 2.1 turned around.

We have mentioned that the lines in figures 2.1 and 2.2 are not nec-
essarily the lines of best fit. By fitting an appropriate mathematical
curve, the statistician could doubtless gain a few decimal points of
accuracy. But the fitting of a mathematical curve assures only that it
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fits (in some specified sense) better than any other mathematical curve
of exactly the same type. Thus, if we had fitted straight lines, we could
be sure that they would fit better than any other straight lines. But
the fit might not be so good as that of the freehand curves. Graphic
analysis—especially the study of dot charts—avoids the deadly rou-
tine of always fitting straight lines (or straight lines in logarithms)
whether or not they are appropriate.

If we want a mathematical curve at all, the proper time to compute
it is after doing enough graphies to know what sort of curve to fit.
Here we could ﬁ;et along well enough without computing mathematical
lines. We could estimate price or consumption closely enough from
the freehand curves. We do not really need to compute correlation
coefficients. We can see that the correlations are high—that is, that
the scatters around the lines are low.

The preliminary data for 1963 were plotted on figures 2.1 and 2.2
after the fizures were drawn. Figure 2.2 shows that food consump-
tion was shghtly lower than the expected amount corresponding to a
“deflated” food price of 91.2. Similarly, figure 2.1 shows that food
prices were slightly lower than those expected with a food consumption
index of 101.0.

Correlation Coefficients From Freehand Curves

If we want correlation coefficients, or coefficients of elasticity, we
can estimate them from figure 2.1. The coefficient of correlation is
the square root of the coeflicient of determination. The coefficient of
determination is the proportion of variance in the dependent variable
explained by the independent variable. This can be computed from
figure 2.1, because the amount of unexplained variance is shown by
the vertical deviations of the observations from the freehand curve.
Then vertical deviations are called residuals or errors of estimate.
This unexplained variance can be substracted from the total variance
to determine the explained variance.

The simplest way to estimate the correlation coefficient is as follows:

(1) Compute each residual or error of estimate, square the residuals,
sum them, and divide by the number of observations to get the mean
squared residual. The mean squared residual is the amount of sarianece
mmuﬁhg in the dependent variable unexrplained by the independent
variable,

(2) Compute the variance of the dependent wvariable—total vari-
anee.

(3) Compute the proportion that unezplained variance is of the total
variance by dividing the mean squared residual by the variance of the
dependent variable. This is called the “alienation coefficient” and
may be represented by A,

(4) Compute the proportion that explained variance is of total
variance by substracting the “alienation coefficient’’ from one. This
is the coefhcient of determination and is represented by r%,,—=1—.4%,,.

Elasticity Coefficients From Freehand Curves

It is easy enough to compute elasticity coefficients from freehand
curves. Let x and y be any two related variables. Then dy/dz is the
slope of the line at any given point. Take a straight edge and place
it so it is tangent to the curve at the given point. The slope of the
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tangent is the slope of the curve. And the elasticity of ¥ with re-

spect to z at the point y, z; is Eﬂ=% ;—'
E

For example, we might use figure 2.2 to estimate “elasticities of
demand”, that is, the ﬁnstiﬂiﬁy of per capita food consumption with
respect to deflated food price. For the prewar period, we might take
the point z,=150, y,==89.7. (Here, ¥ is the value of the curve asso-
ciated with z;=150.) At that point, the slope of the curve is —0.149.
(That is, ¥ goes down 0.149 units for each increase of 1 unit of 2.) So
for the prewar period, i

{BJ] E,,=—0. 149)‘«:@— —0.25.

For the postwar period the elasticity corresponding to x,=110,
y;=93: is
2.2) Eyp=—0.154X Ja 5=—0.17.
This indicates that the postwar demand for food was less elastic
than the prewar demand.
Two comments might be made about the elasticities indicated in
equations (2.1) and (2.2). j
First. these elasticities are much lower than the elasticities usually
found for individual foods. The elasticity of the aggregate demand
for food as a whole is not a sort of an average of elasticities of demand
for individual foods. When the price of an individual food changes,
leaving prices of other foods unchanged, the consumer can easily sub-
stitute one food for another. Such substitution is impossible when
the prices of all foods go up. While the elasticities indicated in equa-
tions (2.1) and (2.2) are lower than those usually found for individual
foods, they are in line with the findings of many other studies of the
a.gg%at.a demand for food as a whole.
nd, the drop in elasticity from a prewar figure of —0.25 to &
Eogtw:}r figure of —0.17 is not surprising. As incomes and levels of
ving increase, the demand for food is bound to become less and less
elastic. In technical terms, this is because the marginal utility of
money decreases. (This will be discussed in Chapter 7.) In less
technical terms, when incomes are high, consumers are inclined to
buy whatever foods they want, and are not much influenced by mod-
erate changes in prices.

Mathematical Analysis

The relationships between food consumption, food price, and con-

sumer income can be estimated more precisely by ma ematical anal-

For this purpose, we do not need to deflate by dividing price

y consumer income. Rather, we can measure the separate eflects of

rice and of consumer income. But, as shown in table 2.2, I have

followed the standard ﬁmtim of deflating both price and consumer
income by dividing each by the Consumer Price Il?llx—llex.

Thus, q is per capita food consumption

p is deflated food price (i.e., price/CPI)

y is per capita deflated consumer income (i.e., consumer in-
come,/population > CPI)
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The general alnl)e of the curves in figures 2.1 and 2.2 suggested a
Og

linear analysis in

(2.3) for 192741, log q=1.98—0.24 log p+0.24 log ¥.

(0.05)

(0.02)

for 1948-62, log q=2.19—0.24 log p+0.14 log ¥.

(1}

.15)

(0.05)

arithms. Such an analysis gave these results:

(R*=0.907)

(R*=0.874)

The numbers in parentheses are the sampling errors of the coeffi-

cients above them,

To be statistically si

ificant, a coefficient should

TasLe 2.2.—Inderes of food consumption, food price, and
CONSUMEr TRCome

[1957-59=100]
Food con- | Food price! | Consumer
Year sumption per income 3
cepita (9 | (o) )
______________________________ 88. 9 9L 7 67. 7T
.............................. 88. 0 02.0 59. 3
.............................. 80.1 93. 1 62.0
el e e 88. 7 20, 0 56, 3
........ 85. 0 82 3 527
b Ll E5. 9 76. 3 44 4
et et 86. 0 78. 3 43. 8
L e R e 8.1 84. 3 47. 8
| RS LT S et N o e e S 85 4 881 52.1
L] R ey B e o, P 88.5 88.0 58. 0
1037 - Tt I S et o e e 85 4 88, 4 59. 8
R T e b O e L. R B8 6 83. 5 55. 9
TRBEE = e T B R s 9.7 82 4 60. 3
b0 e AL R T e s e 93. 3 B3.0 641
1 r 0 I e o e o 851 86, 2 a7
(World War IT years excluded)
06. 7 105. 3 82.1
96. 7 102. 0 83. 1
98. 0 102, 4 88.6
6. 1 105, 4 88 3
98. 1 105 0 89.1
99,1 102, 6 92. 1
00, 1 101. 9 9L 7
99. 8 100. 8 86. 5
101 5 100. 0 0. 8
00, o 00 8 99. 9
0.1 1001 2 08. 4
101. O 08 8 101. 8
100. 7 08 4 101. 8
100, 8 98. 8 103. 1
101. O 08 4 105. 5
101. 8 08. 4 107. 9

! Retail prices of Bureau of Labor Statistics, deflated by dividing by Consumer

Priee Index.

Per Ul:aif-& disposable income, deflated by dividing by Consumer Price Index.
analyais,

2
1 1943
16
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ta are preliminary. They were not used on the



be at least twice its sampling error. So the coefficient of log p in the
postwar equation is not significant. f d

A most interesting statistical fact is that in the prewar equation, the
coefficients of log p and of log y are equal, but of opposite signs. This
justifies the kins of deflation used in our graphic analysis. The first
equation in (2.3) can be written

q=g5‘5 p—l:l-.ﬂ- Fnﬂ:ﬂ&ﬁ (p‘,rF)-u.il_

So price divided by income has a sound statistical basis—at least
in the prewar period.

The coefficients of log p in this analysis are elasticities of expected
consumption with respect to retail prices (holding income constant).
This is often called the price elasticity, but it is not the elasticity of
price. These elasticities are —0.24 in each period. Our graphic anal-
ysis (equations 2.1 and 2.2) indicated elasticities of —0.25 in the pre-
war period and —0.17 in the postwar period. These results are
remarkably similar, especially when we note the sampling error asso-
ciated witg the —0.24 in the second equation of (2.3).

Equations (2.3) also give the elasticities of food consumption with
respect to income (holding price constant)—often called income elas-
ticity. They are 40.24 in the prewar period and +-0.14 in the post-
war period.

The price elasticities of —0.24 mean (approximately) that each 1
percent increase in price would be associated with a reduction of —0.24
percent in food consumption (consumer income held constant). No
change is seen here from prewar to postwar.

The income elasticity of 40.14 in the postwar period means that
each 1 percent increase in consumer income was associated with an
increase of 0.14 percent in food consumption (price held constant).
This was much less elastic than in the prewar period, when a 1 percent
increase in income was associated wit.g an increase of 0.24 percent in
food consumption.

To dig deeper into the interrelationships between consumption,
price, and income, I tried some equations like

(2.4) log g=a+b log p+c log y+d log p log y.

The high intercorrelation between log ﬁand log y made the sampling
errors of the regressions rather large. But adding together the data
for the two periods and computing (2.4) for the composite, I found

(2.5) log q=3.49—1.00 log p—0.72 log ¥+0.49 log p log ¥.
(-37) (-41) (.21
(R*=0.977)

. Although the coefficient of log y is not fully significant, this equation
1s interesting. It gives the elasticity of q with respect to p,

(2.6) E.,=—1.0040.49 log v,
and an elasticity of q with respect to y,
(2.7) En=—0.72+40.49 log p.
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Equation (2.6) indicates that demand for food gets more and more
inelastic with respect to price as incomes rise. is 1s in accord with
Harrod's th , but is the opposite of the theory proposed by Bowley
and Allen.' ! Increasing inelasticity of demand for food could lead to
inereasing instability in agriculture.

Equation (2.7) indicates that food consumption gets more elastic
{or less inelastic) with respect to income as food prices rise and less
elastic (or more inelastic) as food prices fall. Both of these results
seem reasonable and in accord with observed facts.

Since Marshall, economists generally use the term “demand curve' to
mean the curve ai].uwing how the consumption of & commodity varies
with the price of that commodity. They often use the term “Engel
curve” to mean the curve showing how the consumption of a commod-
ity varies with consumer income. The term comes from Ernst Engel,
who made some of the earliest household-budget studies in the 19th
century. ‘‘Engel’s law" states that as incomes rise, the proportion of
income spent for food drops.®* This law is in line with the finding that
the demand for food is inelastic with respect to income—in fact, that
is one way of stating Engel’s law.

Conditional Expectations

Equations (2.3) and (2.5) were based upon historical data through
1962. How well do they fit the data for 19637
The preliminary data for 1963 were:

g=101.8, p=98.4, y=107.9.
The corresponding logarithms (to the base 10) are:
log g=2.0075, log p=1.99300, log y=2.03302.

Inserting the 1963 data for log p and log ¢ into (2.3), we get what I
shall call the conditional expected value of log g. It is 1.99630.
Translating this back to ordinary numbers, the conditional expected
value of g in 1963 was 99.2. The actual preliminary figure for ¢ was
101.8, =0 the conditional expectation was 2.6 percent too low. In
other words, there was an error of —2.6 percent.

The main purpose here is to test how well—or how poorly—the
historically based equations fit the 1963 data. In this case, the fit is
only fair, .

In similar manner, we can insert the preliminary 1963 data for log p
and log ¥ into (2.5). This %ivas us & conditional expectation of
qh= 104.4. Comparing this to the preliminary figure of 101.8, we see
that equation (2.5) gives an error of 42.6 percent. Curiously, this is
the negative of the error resulting from equation (2.3). It happens
that an average of the two expectations would exactly hit the 1963
data but I don’t recommend such an average.

{ Harrod, R. F. THE TRADE cycLE. Clarendon Press, Oxford, 1986.
& Bowley, A. L. and Allen, R. G. D). ramMiLy ExpENDITURE. King, London,

® Engel, Ernst. DIE LEBENEOSTEN BELOIECHER ARBEITER-FAMILIEN FRiuEn
UNp JETZT. . Heinrich, Dresden, 1895. Engel's statement of the law Ze 26)
was, "‘je drmer eine Familie ist, einen desto grosseren Antheil von den Geramm-
tausgaben muss sie zur Beschafung der Nahrung aufwenden.”
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The conditional expectations shown here and elsewhere in this bulle-
tin are not forecasts for 1963. Actually, they were made early in 1964
after preliminary 1963 data were avalable. But they are similiar in
principle to most practical economic forecasts. Such forecasts are
usually based upon some sort of historical relation, say of X, to Xj,
bR e e , Xy. Then, in one way or another, the forecaster de-
cides upon what values to assume for X,, X, .. _____ y Xn And
if the “structure” has not changed, his ““best” estimate of X is found
by inserting the assumed values of X3, X,, .. _____ » Ay in his his-
torical equution and estimating X,. Technically, this is the con-
ditional expectation of X;. It is the value of X, to be expected (in
the probability sense) if the assumed values of X3, X5, ... b
were precisely correct. )

Actually, 1t would have been possible some time during 1963 to
make rough estimates of p and y, and, therefore, to make a forecast
of g. But equations like (2.3) and (2.5) are useful for many “pro-
jections” that are not forecasts. They let us estimate the expected
values of ¢ corresponding to any assumed values of p and y. is, of
course, assumes no change in structure. If there has been a known
change in structure, any estimating equations need to be adjusted.
This is true whether the equation is obtained from ordinary least
squares or from some other method.

3. Retail Price and Farm Price!

Farm-level demand for domestie food is less elastic than retail demand

for foods—much less elastic if marketing mar%ns are large.—GEORGE
Braxpow in Inierrelations Among Demands for Farm Producls . . .

In primitive societies the original producer usually sells directly to
the consumer. Thus, the farmer or the fisherman in a primitive
country gets the retail price. But in modern, h1§hl;,? specialized
countries, the farmer commonly gets less than one-half the retail price
of food. This is because of the enormous expense for transporting,
processing, storing, wholesaling, and retailing.

Demand theory often overlooks the spread between prices at the
farm and prices in retail stores. This is quite unrealistic. Certainly
in our statistical work we must take account of this spread. The na-
ture of this spread is of much importance to the farmer. Generally,
it tends to make demand less elastic (more inelastic) at the farm than

in the city.
Theory of Derived Demand

There are two conflicting notions concerning the relationship be-
tween demands at farm and retail levels. Some people are firmly
convinced that food prices are made at the farm—and that retail

! Robert E. Olson, William H, Waldorf, and Forrest Scott provided data for
this 'l:h.a]l}ler and made a number of useful su tions concerning the analysis,

Also, 1 have used ideas developed in the following papers:

Bunkers, E. W., and Cochrane, W. W. oN THE INCOME ELASTICITY OF FOOD
sERVICES, Haev. Econ. and Statis., May 1957,

Burk, Marguerite C. S0ME ANALYSES OF INCOME FOOD RELATIONsHIPS. Jour.
Amer. Statis. Assoc., Dec, 1958,

Daly, Rex F. DEMAND FOR FARM PRODUCTS AT RETAIL AND FARM LEVEL. Jour.
Amer. Statis. Assoc., Sept. 1958.

Ogren, Kenneth . FARM-RETAIL SPREADS FOR Foob pRoDUCTs. U, Dept.
Agr. Mise. Pub. T41, 1957.
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prices are made up of the farm price plus various charges for proe-
essing and distribution. In the short run, this may often be true.
Buyers of hogs at the farm level, for example, may notice a decline
in marketings; so they may increase the price of hogs at the farm while
the retailer is still selling his acecumuluted supply of pork at the old
retail price.  Thus, there is often a lag between changes in price at the
farm and in city stores.

But in the long run, I think that consumer demand is controlling.
It is based upon the wants and preferences of consumers, together wit
income, prices, and supplies of competing commodities and other fac-
tors. ‘This being true, in the long run, food prices are determined at
the retail market by what the consumer can and will pay for what is
offered. The price at the farm must equal the retail price minus all
charges for transporting, processing, storing, wholesaling, and re-
tailing. ‘This theory is explained well by Thomsen and Foote.?

A complete theory of cFerma.nd would have to explain the factors
that influence retail prices and price spreads between the farmer and
the consumer. Here we shall ask only how price spreads are related
to quantities marketed and to consumer income. Actually, it is not
consumer income, as such, that affects price sprends. Rather, it is
wages and other costs. But wages and other costs are highly corre-
lated with consumer income.

Percentage vs. Absolute Spreads

The effects of price spreads between the farmer and the consumer
depend partly on the size of the spread. They also depend ﬂﬂﬂy
upon whether the spreads are percentages of the retail food dollar or
whether they are absolute amounts. The mathematics of this is ex-
plained in Appendix 1. Briefly, if the spreads were a constant per-
centage of the retail price, the “fexibilities” of retail ?ricea and farm
prices would be equal. (Price flexibility was Moore's term for the
elasticity of price with respect to quantity.) On the other hand, if
the spreads were absolute amounts in dollars and cents, the prices
woultf be more flexible at the farm than at retail. This is important.
Inereased output raises gross income if, and only if, expected price
at the farm is inflexible (that is, if the elasticity of farm price with
respect to quantity is less than 1.0).

nflexible prices correspond to elastic demand, and flexible prices
to inelastic demand. The terms price elasticity and income elasticity
seem confusing to me. They do not mean the elasticity of prices and
the elasticity of income. As commonly used, price elasticity is short-
hand for the elasticity of consumption with respect to price, and in-
come elasticity means the elasticity of consumption with respect to
income,

Many studies of this matter in the Department of Agriculture sug-
gest that the price spreads are neither constant percentages nor con-
stant absolute amounts, but somewhere in between the two. In such
cases, the farm price is more flexible than the retail price.

Results of Statistical Study

The following results are based upon data in table 3.1. The table
provides data on retail food prices, consumer income, and food con-

* Thomsen, Frederick L., and Foote, Richard J. AGRICULTURAL FRICES.
MeGraw-Hill, New York, pp. 51-54, 1952.
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sumption from 1926 through 1941 and from 1948 through 1962. Note
that there are four different price series. The first column is the same
retail price index that was used in Chapter 2. The next three columns
are prices of the so-called market basket. This represents the prices of
fixed quantities of foods that are bought by typical urban families with
moderate incomes in the United States. So far as possible, these are
the same foods from year to year, keeping changes in services, pack-
aging, and so on, at & minimum. This market basket is priced every
month according to the retail prices gathered by the Bureau of Labor
Statistics. The Department of Agriculture computes the price of the
farm equivalent (for example, the farm price of the wheat and other
i ients in a loaf of bread). The difference between the prices in

column 2 and in column 3 is the price spread.

Tasre 3.1.—Data on market basket food prices, consumer income,

and per capila food consumption

Retail price Per capita | Food con-

index Retail Farm Price disposable | sumption

Year |1057-58= | price! [|equivalent! spread! income | per capita
100 (g} {;] (g} 195?%‘9= Iﬂﬁ'im ]

a 1
p) ¥ (g)
Dal. Dol. Dad.

1926__ .. 57. 6 G34 259 375 35.3 o0, 1
1927 - .- 85. 5 Gl4 247 36T 35.0 BE 9
1928 ... 54. 0 G617 256 361 35. 4 58 9
1929.... 55, 6 617 256 62 7.0 BO. 1
1930. ... 52. 9 507 227 370 32. 7 B8 7
1931___. 43. 6 481 167 314 27.9 88. 0
1932 ... 36. 3 403 125 278 21.1 859
1933 ... 35. 3 392 125 264 19. 7 B, 0
1934, _ .. 39. 3 442 148 281 22. 3 B7. 1
1936 ... 42. 1 491 187 201 24. 9 85, 4
1936__ .. 42. 5 495 197 208 25.0 88. 5
1937 ... 44. 2 514 210 304 20. 9 BE 4
1933 .. _ 41. 0 466 177 289 27. 4 BE. 6
1939.. .. 39, 9 450 170 280 20. 2 01.7
1940_ . .. 40. 5 451 177 274 312 3. 3
1941 __ . 44, 2 494 215 279 37.8 95. 1

(World War II years excluded)

1948__ _ BE. 2 982 4497 485 70.0 96, 7
1949 _. 84, 7 0928 435 493 68, 9 96, 7
1850 . _ _ 85. 8 az20 432 48R 74. 2 98. 0
1851__ . 95. 4 1, 024 497 507 80.0 06. 1
1962, ___ a7. 1 1, 034 482 552 82. 4 958 1
1953 _ _ 95. 6 1, 003 445 558 55 B 99, 1
1954. . _ 095 4 986 421 565 85 B 94, 1
1955____ 94. 0 969 305 574 90. 0 09, 8
1956. ... . 04.7 972 300 582 04. 4 101. 5
1857 __ . 97. 8 1, 007 401 BOG 07. 8 00. 9
1058___ _ 101. 9 1, 064 430 634 09, 0 99, 1
1956___ 100, 3 1, 040 308 642 103, 2 100. 0
1960 __ _ 101, 4 1, 053 407 46 104. 9 100. 7
1861.___ 102. 9 1, 060 406 B54 107. 3 100. 8
1962__ . 103, 5 1, 068 410 655 110. 9 101. 0

! Annual costs for the typical family.



None of the data in this table were deflated. A number of multiple
ression equations were run out on the electronic computer, together
with all the standard errors and various measures needed to test reli-
ability of results. The regression equations, the standard errors of the
regression coefficients, and the squared correlations are shown in tables
3.2 and 3.3. In general, the correlations were quite high, and most of
the regression coefficients were significant, at least twice their respec-
tive standard errors. y
Footnote 3 at the bottom of table 3.2 shows the prices that would
have been indicated if the 1963 preliminary data for consumer income
and for food consumption had been inserted in theestimating equations.
Of course, these are not price forecasts for 1963. They were made in
March 1964. Technieally, they are conditional expectations of prices

TaBLE 3.2.—Regressions of log price (p) upon log income * (y) and
log consumption * (g

Price measure ? Regressions

BRetail Eﬂoe index:
1026-41________| estimated log p.= T7.3467
41,0183 log y—3.6871 log ¢; R?=0.923
(0.0841) (0.5588)
1048-62________ estimated log p,= 4.8094
+0.5658 log y—1.9700 log ¢; R*=0.920
iy k (0.0671) (0.6076)
il price, market
baskot:
1926—41...._._.| estimated log py= B5.60976
4+ 1.0183 log y—3.8408 log ¢; R*=0.946
(0.0G89) (0.4820)
1948-62_______. estimated log pp= 7.6123

1948-62____ ...

Farm-retail epread:
1026-41____ ...

+0.5050 log y—2.8029 log g; R*=0.830
(0.0740) (0.6701)

eatimated log p.= 7.4567
+ 1.4507 log y— 3.7448 log q; R*=0.952
; (0.0084) (0.6800)
estimated log p.=12.6329
4+ 0.1376% log y—5.1449 log g; R*=10.738
(0.1572) (1.4238)

egtimated log pa= 8.7550
+0.7955 log y—3.8117 log ¢; R*=0.855
(0.0908) (0.6359)
eatimated log pa= 2.8025
=+ 0.76898 log y—0.8180* log 4; R?=0.978
(D.0606) (0.5488)

Numbers in parentheses are standard errors of the regression coefficients imme-

diately above them.
*These coefficients

twice their standard errors.  All other coe

gignificant.

are not statistically significant, because they are less than

cients in the table are statistically

X Dlspmable!)ermnal income per capita, 1957-50=100.

¥ Per capita

o0d consum
! The preliminary 1963

tion, price-weighted index, 1957-59=100.
ta were: y=117.0 and g=101.8. The actual values

of pay Ps, Per snd pa were 105.0, 1,078, 304, and 684 reapectively, while their con-
ditional expectations were 108.7, 1,072, 388, and 692 respectively. This ri_el_pr&-
sents a percentage error for pa, Ps Peo 80d pgof +1.6, —0.6, —1.5, and +1.2

respectively.
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in 1963; that is, they are the prices that would be expected if con-
gumer income were 117.0 and if per capita food consumption were

101.8.

But such
if we had goo
for a future year.

unconditional forecasts and conc "
all economic forecasts are conditional; that is,

uations would enable us to make conditional forecasts
indieations of consumer income and food consumption

Franklin Fisher makes a good distinction between
conditional forecasts.? Actually, almost
they are forecasts based

estimated or assumed values of the independent variables.
up’?‘[tlm regression equations are all given in logarithms. This is partly

because a preliminary \
somewhat concave rather than linear.
the equations is handy if we
in the logarithmic equations,

aphic analysis suggested that the curves were
y ‘i Aﬁﬁ? the logarithmie form of
want to compare elasticities. In fact,
regression coefficients themselves are

TasLE 3.3.—Regressions of log cmum;#(v;;n ! (q) upon log price (p)

and log income

Price measure

Regressions

Retail price, market
basket:

estimated log g=1.9450
] 17 o200 log ps+0.2320 log y; R'=0.869

P 2}&2%25} (0.0257)
estima og g=
A —0.2370 log pa-+0.1852 log y; R=0.868
(0.0731) (0.02949)

1026—41______..| estimated log g="2.1864
ot —0.21681 log pa+0.2368 log y; R1=0.911
0.0271) (0.0210)
1948-82________| estimated log g=2.3460
it —0.2116 log ps+0.1458 log y; R*==0.900
(0.0506) (0.0157)
Farm price, market
lﬂgtﬂ:—ll estimated 1 1.9343
........ ma og g=1.
o = 0.1854 log p.+ 0.2001 log y; R*=0.839
1948-62 ted 1 Y ¢
emee====| eStima 0g q=2.
i —0.1012 log p.+0.0598 log y; R*=0.882
(0.0280) (0.0148)
Farm-retail spread
1926-41_______. estimated log g=2.1662
—0,1926 log pa+0.1794 log y; R¥*=0.860
(0.0321) (0.0:200)
194662, ____ estimated log g=2.0788
—0.1991* log pa+ 0.2279 log y; R*=0.792
(0.1281) (0.0897)
Numbers in parentheses are standard errors of the regression coefficients imme-

diately above them.

*Not uttnlntiaﬁcu.!ly significant. All other coefficients in table are statistically

gignificant.

Per capita food consumption, price-wei

index (1957-50=100).

? Disposable personal income per eapita (1957-59=100).

* Fisher, Franklin M. THE PLACE OF LEAST BQUARES IN ECONOMETRICE! COM-
MENT. Esonometrica, Vol. 30, No. 3, July 1862,



RETAIL AND FARM PRICES OF MARKET BASKET
RELATED TO CONSUMPTION
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Figure 3.1

elasticities. For example, in the first equation in table 3.2 the elas-
ticity of expected retail price with respect to consumer income 1s
1.0183, and the elasticity of expected retail price with respect to the
quantity sold and consumed is —3.6871.

In table 3.2 the logarithm of price is the dependent variable and
the logarithms of income and quantity are treated as independent vari-
ables. In table 3.3 the logarithm of quantity is taken as dependent,
while the logarithms of price and income are treated as independent.
Thus, table 3.2 gives the closest possible estimates of the expected
logarithms of prices. Table 3.3, on the other hand, gives the closest
possible estimates of the expected logarithms of quantities. None of
these equations are true demand curves. These equations are for
estimating expected food prices and expected food consumption.
Actually, there is a third regression equation which would estimate
the expected consumer income associated with stated values of food
consumption and food price. But I think the two regression equa-
tions shown are of greater interest.

The elasticity of expected consumption with respect to retail price
is —0.2037 if we use the retail price index as a measure, and it 1s
—0.2161 if we use the retail price of the market basket as a measure.

An analysis of the equations in these two tables indicates some
interesting and important changes since World War II. These
changes can perhaps be seen most easily in figures 3.1 and 3.2,

Some Changes

Figure 3.1 shows the net relation of price of the market basket to
the index of per capita food consumption. It is a net relation because
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RETAIL AND FARM PRICES OF MARKET BASKET
RELATED TO CONSUMER INCOME
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Figure 3.2

consumer income was held constant. In the prewar period it was
held constant at the prewar mean. In the postwar period it was
held constant at the postwar mean, which was, of course, much
higher. This explains the change in the level of the lines.

n the prewar period, the elasticity of expected food prices with
respect to quantity sold and consumed was about the same at retail
and at the farm. Figure 3.1 suggests, for example, that in the prewar
period the price spread tended to be nearly a constant percentage of
the retail price. But in the postwar period, this situation seems to
have changed significantly. The price spread seems to have been a
more nenr%_',r constant absolute amount. As a result, prices were
much more flexible at the farm than at retail. This refers, of course,
to flexibility with respect to the quantity of food sold and consumed.

igure 3.2 shows an even more striking change in the farm-to-
retail price relationships with respect to income. In the prewar years,
farm prices were substantially more flexible than retail prices with
respect to consumer income. In the postwar years, farm prices were
much less flexible than retail prices with respect to consumer income.
Nevertheless, the elasticity in terms of farm prices was not statistically
significant. Figure 3.2 shows, for example, that retail prices in the
postwar years rose substantially as incomes increased. It shows also
E-llllzi farm prices were affected very little by the increase in consumer

me.
This is aimtlalg because a large part of the price spread is made up
of wages, and because wages are a large part of consumer income.
W&E&G have increased substantially since World War II. They have
yushed up the price spread so much that the farmer has gotten very
ttle advantage from the increase in consumer income and the
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resulting rise in retail food prices. Many reports from research
agencies and from trade sources have spoken of the steadily rising
demand for food since World War II. The demand has risen sub-
stantially at retail, but little at the farm.

A "True" Demand Relationship

Tables 3.2 and 3.3 give the closest estimates of expected prices and
of expected consumption. They do not necessarily correspond to
the true demand curves of economic theory. i |

One method of estimating a “true’’ demand equation is what is
sometimes called “‘orthogonal regression.” As an experiment, I com-
puted an orthogonal regression, using the 1948 to 1962 data and using
the index of retail prices as the price variable. I got the equation

—37.847 log p+24.504 log y—101.097 log ¢=0.

This equation could be written in several forms, including the fol-
lowing:

—1.00000 log p+0.64745 log y—2.67120 log ¢=0
1.54452 log p— 1.00000 log 3+4.12523 log g=0
—0.37436 log p-+0.24238 log y—1.00000 log ¢=0.

The first and third equations immediately above can be compared
with the first equations in tables 3.2 and 3.3.

Appendix 2 discusses the orthogonal regression and describes the
numerical computation. In computing the above equations I as-
sumed that there were errors of observation and errors of specification
in all three variabies. I also assumed that the ratio of the error to
the standard deviation was the same for each of the three variables.
If this had been true, and if the errors were strictly uncorrelated with
one another and with the variables themselves, the observed scatter
could have been explained entirely by errors in each of the variables,
re}llzmaunt.ing about 2.2 percent of their respective standard deviations.
That is, the true values of p, ¥, and g could have fallen exactly upon
the regression plane.

For this example, I chose one of the highest correlations. In such
cases the ordinary least squares regressions are not far different from
one another. Also, it is not hard in such cases to visualize the possi-
bility that the true values of all the data could lie exactly on an n-1
dimensional plane. In other words, one could well imagine that the
deviations from the plane were due to errors, either in measurement
or in specification.

Statisticians should know a great deal more than they do about
errors in published data. If they had accurate estimates of such
errors, they might make more use of something like orthogonal re-
gressions. It is not necessary to assume that the relative errors in
all variables are equal to one another. If the statistician can estimate
the relative magnitude of the errors in the different variables, he ean
use some of the kinds of regressions developed by Frisch.*

i Frisch, Ragnar. STATISTICAL CONFLUENCE ANALYSIS BY MEANS OF COMPLETE
REGRESSION sysTEms. Universitetets @konomiske Institutt. Oslo, Norway,
19384, Especially note part II.
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Although orthogonal regressions and similar estimates of “true”
demand equations may be very interesting, I do not know what to
do with one after I compute it. For practical purﬁoena, I would
mgch :iat.]?ger have the simple regression equations shown in tables
3.2 and 3.3.

The orthogonal regression does have the virtue of consistency.
For -&xa.m'EIB, the elasticity of price with respect to consumption is
equal to the reciprocal of the e asticity of consumption with respect
to price if both elasticities are figured from the same orthogonal
regression. y

Consistency is often overrated, especially when it means averaging
things that are essentially different. A hunter has a single-shot rifle.
Two geese fly overhead. If the hunter is practical, he will aim at a
single goose, not at a point halfway between the two.

4, Some Individual Foods

The theory of prices is based—or at least is supposed to be based—on
ohservation of the actual behaviour of prices.—OsEAR MoRGENSTERN in
foreword to GeraarD TINTNER'S Price and The Trade Ciycle

So far, we have discussed the demand for food as a whole. Of
course, there is no such commodity as food. Food is made up of
hundreds of commodities. Some, like potatoes, are ver simple.
Others, like bread, are very complex. en we iump all food com-
modities into & single index, we may cover up many important and
interesting relationships. We shall now consider the demand for
geveral individual f-:}ﬂdl:

Data and Analysis

One of our main purposes is still to compare the demand at the
retail level with demand at the farm level; that is, we want to know
how retail prices respond to changes in quantities and consumier
income, and we want the same sort of information for prices of various
food commodities at the farm level. This is a subject which has not
been adequately analyzed either from the standpoint of theory or
statistics. It is a subject that is important to the farmer. For this
purpose, my colleagues William H. Waldorf and Forrest Scott made
available detailed data on prices and price spreads for 44 individual
foods. With the help of two other colleagues, Martin E. Abel and
Hyman Weingarten, I had a simple, standard analysis run for all
these 44 foods, using the electronic computer.

“Such routine mass production methods have both advantages and
disadvantages. They enable us to get enormous amounts of statistical
results which are comparable between commodities. On the other
hand, any nnalﬁ-s.is which uses the same equations for all commodities
is likely to overlook essential features in the markets for the individual
foods.” The market for rolled oats is simply net the same thing as
the market for chickens or for carrots. Bo for theoretical purposes
and for such applications as price forecasting and program appraisal,
I would strongly prefer special analyses by economists with intimate
knowledge of the production, processing, cfi’st,ribut.ic-n, marketing, and
consumption of each particular commodity they are studying.

But very simple demand models are often satisfactory for some of
the perishable foods which involve very little processing. This is
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especially the case when supplies of these commodities are practically
fixed in the short run.

This chapter will analyze the demand for five fresh fruits and
vegetables, and also the demand for beef and milk. The analysis
covers only the postwar period 1948 through 1962. In each case,
linear functions were assumed.

r=a+bg+cy
(4.1) s=d-+teq+fy

f=(a—d)+(b—e) g+ (=1,

where r, &, f represent the expected retail price, the expected farm-
to-retail price spread, and the expected farm price (r-s); where g
represents the given, or assumed, capita consumption of the
particular food; where y represents the given, or assumed, per capita
consumer income; and where the other letters represent constants to
be determined by statistical analysis. In the case of fluid milk. a
linear time trend was added to equations (4.1).
Note that this analysis assumes linear relationships between prices,
uantities, and consumer incomes—not linear relationships between
e logarithms of these variables. This was because I wanted to show
certain relationships between retail prices, price spreads, and farm
fricea. Obviously, farm price equals retail price minus the spread.
f the equations for retail E:»lm and for price spreads are linear, the
equation for farm price is also & simple linear equation. Asa practical
matter, either linear equations in the absolute numbers or linear
e%uatiom in the logarithms of the numbers would fit the data reason-
ably well within the observed range.

The Diagrams and Tables

Mr. Waldorf, Mr. Scott, and their able assistants h%lémd me Teview
the results of the analyses for the 44 commodities. We chose seven
commodities which seemed reasonably satisfactory. Five of the seven
are fruits and vegetables. All seven are very simple foods that are
sold with little processing and are not involved significantly either in
the export or import markets.

The results for these seven foods are shown on the following pages.
The game standard form was used for each commodity. Take figure
4.1 for example. It gives the results for potatoes. The data on
retail food prices, farm-retail price spread, consumption til:rr capita
and l:ﬁapou le income per capita are shown in the table at the bottom
of the page, covering the years 1948 through 1962. The regression
equations, the squared multiple correlations, and the price flexibilities
are shown in the middle of the page. The estimating equations for

r and for s were computed by least squares. The equation for the

& A
expected farm price, f, was obtained by subtracting s from r. The
numbers in parentheses are the utnncﬂ;.rd errors of the regression
coefficients immediately above them.

The price flexibilities are elasticities of prices with respect to quanti-
ties and with respect to income. More specifically, Fs, is the
flexibility of the expected retail price with respect to quantity con-
sumed, holding income constant. The other price flexibilities
are to be interpreted in a similar manner. These:flexibilities can be
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Figure 4.1

computed from the regression coefficients and the means. For ex-
ample, flexibility of the expected retail price of potatoes with respect
to quantity, holding income constant, is —1.448 X -15%; = —2.57.
The flexibility of —2.566 shown below the potato diagra am used data
taken to more decimal laces. .

The reciprocals of price flexibility are often taken to represent
elasticities of demand. Thus, a price flexibility of —2.5 is often used
a8 the equivalent of & demand elasticity of —0.4. I prefer to use the
price flexibilities themselves rather than their reciprocals. If, for
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Figure 4.2

any reason, the elasticity of demand is wanted, I would prefer to use
the other regression equations, using quantities as the dependent vari-
ables; then the elasticity of demand with respect to price is approxi-
mately the expected percentage change in quantity associated with a
1 percent change in price.
he diagrams at the top of each chart show retail prices and farm
prices as functions of quantities consumed and as functions of dis-
posable income.
The left-hand diagram marked A relates prices to consumption.
In this case, consumer income is held constant at the mean $1,066 for
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the period. The right-hand side marked B shows the relation of
prices to consumer income, holding quantity constant at the mean of
104.6 pounds per capita.

Some Tentative Findings

No sweeping conclusions should be drawn from a study of seven
commodities in the short period since World War II. But these
analyses suggest certain implications that deserve further study.
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Figure 4.4

Price Flexibility With Respect to Quantity

Table 4.1 summarizes the flexibilities of retail and farm prices with
rrs‘itzﬁct to quantities consumed.

e striking fact brought out by this table is that prices of all the
commodities are more flexible at the farm level than at the retail level.
This is not surprising to anyone familiar with the statistics of agTi-
cultural prices. However, it does run counter to some common
notions aEnut the nature of price spreads.
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Relationship of Price Spreads to Quantity

Three different assumptions are commonly made about the nature
of the spread between farm price and retail price. A common as-
sumption is that the farmer gets about a constant percentage of
retail price. If this were the case, the price flexibilities at the farm
and at retail would be the same. This is definitely contradicted in
the findings presented in table 4.1.
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TasLe 4.1.—Price flexibilities with respect to quantity
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Figure 4.7

Another fairly common assumption is that the price spread tends
to be & constant number of cents a pound. The regression equations
shown under the several diagrams suggest that this assumption may
be somewhat nearer the truth than the assumption of constant per-
centage markups. Note that in three of the seven cases (tomatoes,
beef, and milk) the regression coefficient showing the effect of quantity
'-1}3011 price spread was less than twice its standard error. This 1s
often taken as an indieation that the coefficient is not significantly

different, from zero. If the coefficient were zero, it would indicate the
constant absolute markup.
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In all the cases except milk, the regression equations indicate a
negative relation between quantity and spread—that is, as the quan-
tity increases and price comes down, the spread alzo comes down, at
least somewhat.

Warren and Pearson, as the result of a general study of prices of
farm products, came to the general conclusion:

“When there is a large crop, the farm price is reduced more eents per
bushel than is the retail price. It costs more cents per bushel to get the
cheap crop to the consumer than to get the high-priced erop to him.'" !

The findings reported here are in line with the conclusions drawn
from a number of statistical studies made in the former Bureau of
Agricultural Economics to the effect that price spreads decline some-
what with increased quantities, that they tend to be somewhat
between percentage :mr.clI absolute amounts, and that they are probaby
somewhat closer to absolute amounts than percentages.

Theory alone is not a sure guide on this matter. There are theo-
retical reasons for expecting price spreads to come down in some cases
with increases in quantity, gut there are also theoretical reasons for
expecting them to go up in other cases with increases in quantity.

n a general way, price spreads are based upon costs—at least in
the long run. Average costs may go up or down with increases in
quantity. For example, processing costs may go up if an industry is
operating at near capacity and has to pay higher wages for overtime
work or has to use less efficient equipment to handle excess supplies.
But the a?eraie costs of both processing and retailing may go down
if an industry has unused capacity or ]ngor that is not fully used.

In any case, retailers do not generally allocate costs carefully
between individual food commodities. A retailer tries to recover his
costs for a whole department, such as fruits and vegetables, but his
markup on potatoes may be quite different from that on peaches, for
example.

If price spreads for some food commodities tend to widen when
supplies increase, as Warren and Pearson found, the explanation may
be that there is less competition in buying when supplies are large.
If, in addition, the food commodity is one which tends to sell at a
fairly standard retail price, then the spread obviously becomes wider
with larger quantities.

Price Flexibility With Respect to Income

Table 4.2 shows for each of the seven commodities the price flexi-

bility with respect to income.

Price flexibilities at retail are all positive except in the case of sweet-
otatoes. The “income elasticity” for white potatoes probably has
een increased by new processed products. Most sweetpotatoes are

still sold unprocessed. This indicates, as expected, that the prices of
most foods increase as consumer incomes increase. But three of the
price flexibilities with respect to income at the farm level are negative
and 4wo are zero. Thus, only two of the seven price flexibilities with
respect to income are positive at the farm level. Only in two cases out
;}f seven did higher consumer income tend to raise the price to the
armer.

! Warren, G. F. and Pearson, F, A, INTERRELATIONSHIPS OF SUFPLY AND PRICE.
Bul. 466, p. 144. Cornell Univ., 1928,
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This is suggestive of what ha ed in the years following World
War II. As consumer inmmaapll:::remad, the retail prices %f most
foods went up; the price spreads also went up; and the farmer got
little or no benefit from the rising retail prices. For some commodi-
ties he actually took lower prices, because the price spreads increased
more than retail prices.

TaBLE 4.2.—Price flexibilities with respect to income

Commodity At retail At farm
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Relationship of Price Spreads to Income

Consumer income in the postwar period has been highly correlated
with wage rates and with other marketing costs. Thus, when we use
consumer income in the equation to estimate the price spread, we are
using it as sort of a proxy for costs. Naturally, we would expect the
price spread to widen as processing and marketing costs increase.
The tables below the diagrams indicate that this happened in six of the
seven cases. The only exception was sweetpotatoes, for which
the coefficient was practically zero and clearly nonsignificant.

The widening of price spreads as consumer incomes inerease callses i
fanning out from left to right of the two lines on part B of the diagrams.

Economic Analysis of Price Spreads

The results in this chapter are obviously very general. They seem
to explain fairly well the consumer demand for simple, unprocessed
perishable foods. They give at least a fair indication of the forces
affecting the aggregate price spreads for these foods. Thus, they help
explain demand at the farm level.

oth Brandow and Stine, in reviewing this chapter, commented on
the need for a thorough and detailed study of the wide variety of
economic forees that nﬁect price spreads at every stage of marketing
from the farmer to the consumer. Such a study would need to cover a
wide variety of farm products. It would need to go into such matters
as costs, methods of ratemaking, the nature of competition, the strue-
ture of agricultural markets, contract selling, vertical integration, time

, and & great variety of other matters.

Until recent years, the U.S. Department of Agriculture’s work on
Price sgrends_ was limited mainly to measuring what the gpreads
are, an be({u_zblml-!in detailed statistics. The Congress has been very
interested in this kind of statistical measurement. In the past few
years, attention has been shifting more to economic analysis of the
forces affecting price spreads. Such studies are needed very much to

?;Emml ;::illemtanding e demand for farm products, especially at the
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Statistics alone are not enough. We need to know what the
statistica mean. Especially, we need to know why price spreads
change from time to time—and the effects of such changes upon the
farmer, the middleman, and the consumer.

Such studies deserve the work of a number of able economists over a
period of several years.

5. Some Shifts in Demand

vl . ik 18 ible to resort to simplified methods of multiple correlation
requiring little time or labor and l}"lPJ.d.‘il‘tE results of considerable practical
value.—Lovis H. Beax in a Simplified Method of Graphic Curvilinear
Correlation.

We have noted that routine, mechanical analyses of large masses of
data are likely to overlook many essential features of the demand for
any particular d. The student interested in practical results will
do well to plot the data and make appropriate graphic analyses. The
art of graphic analysis was well developed back in the 1920s and
1930°s. In these days of automatic computation, many mathema-
ticians have neglected it. Fortunately, many commodity economists
interested in really understanding what makes the prices of pork,
potatoes, and bread still make good use of graphic analysis.

In this chapter, we shall consider only meats. But similar analyses
might well be made for other foods.

Postwar Demand for Meats

Most of the analyses in Chapter 4 were based upon the assumption
that there were no significant trends or shifts in demand from 1948
through 1962, We had to abandon this assumption in a few cases,
But in these exceptional eases we assumed that there was a steady
trend in demand throughout the period. This, too, was an outright
assumption which needs to be checked.

A case in point is the postwar demand for meats. Our previous
analyses assumed that the relationship between per capita consump-
tion and price of each individual meat was constant throughout the
postwar period. We shall now look at the data to see whether this
assumption needs to be modified.

The necessary data are in table 5.1, which exhibits the deflated
retail prices of beef, pork, lamb, veal, and chicken, together with the
per capita consumption of each of these meats.

Deflation

Before proceeding to a graphic analysis of the data, it might be
appropriate to ask why the table shows deflated rather than actual
prices. There is no magic about deflation. And there is nothing
sacred about dividing prices by the consumer price index. As a
matter of fact, I made two different graphie analyses: one using actual
retail prices and the other using deflated retail Eri{:ca. The one using
deflated prices (that is, prices cﬁvided by the CPI) seemed to turn out
better. The data lined up more regularly around the indicated
CUrves,

This is, of course, a purely empirical observation. It is also reason-
able to think that some form of deflated prices is likely to give better
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results than actual prices in any period where there is a decided change
in the general price level. For examﬁle, take the retail price of lnm%.
It rose 8.4 percent from 1948 through 1962. But the consumer price
index (that is, the general level of retail prices) rose 25.8 percent dur-
ing the same period. Thus, the “real”’ price of lamb was lower in
1962 than in 1948. The concept of real prices is important—just as
is the concept of real wages, for example. An increase in wages does
not mean much if it is offset by a currespondin§ rise in the cost of
living. In asimilar way, an increase in the price of any food is nominal
only if the percentage increase is equal only to the percentage increase
in the general level of retail prices. y

In Chapter 4, we included consumer income as a separate variable.
In other words, prices were adjusted for changes in consumer income.
Here, we adjusted prices of several meats to changes in the general
level of prices by dividing meat prices by the consumer price index.
We could have used some other kind 01? deflation, but in this case,
dividing prices by the CPI seemed to work well.

Graphie Analysis

The five separate parts of figure 5.1 show the data for beef, pork
lamb, veal, and chicken. The simplest case seems to be that o
chicken, which is shown in the lower right-hand corner of the chart.
All the data for chicken in the entire period 1948 through 1962 seemed
to line up closely around the smooth line which is shown. True,
there was a fairly regular drop in price throughout the period and a
corresponding regular increase in consumption. But appareritly this
Was sj movement along the same “demand” curve (or quantity-price
curve).

In the four other cases, it seemed necess to draw two demand
curves. For example, the data for beef inﬂt.ge eriod 1948 through
1957 line up closely around a smooth line, as indicated. The corres-
ponding data for the period 1958 through 1962 line up closely around
a higher line. This indicates that the demand for beef shifted upward
n the latter part of the period. In the period 1958 through 1962,
consumers paid higher deflated prices than they paid earlier for the
same per capita quantities. Similar analyses indicate downward
shifts in the demands for pork, lamb, and veal. These shifts came
earlier than the shift in the demand for beef.

CamﬂEﬂ.riaun of the different sections of figure 5.1 suggests that
these shifts in demand for individual meats may have been due in
part to shifts in supplies of competing meats. This is particularly
true for beef and pork. The upward shift in demand for beef came
several years after a reduction in pork marketings. The drop in the
demand for pork occurred simultaneously with the increase in per
capita supplies of beef. I do not know how to explain the difference
in timing of the shifts in demand for beef and pork. Logically, one
might have expected the shifts to have occurred simultaneously.
Figure 5.1 shows when the shifts happened, but it does not explain
why they took place. Such things as outdoor grills have been
suggested as possible causes.

Abrupt Shifts vs, Gradual Trends

The analysis in figure 5.1 suggests abrupt shifts in the demand for
beef, E:rk, lamb, and veal. Such shifts could be explained partly
by substantial changes in the marketings of competing meats. For
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example, the sharp increase in beef marketings from 1952 to 1954 may
relate to the drop in hog marketings in the same 2 years, In Chapter
6 we shall consider the demand for each meat as a function of the per
capita quantities of that meat, and also of competing meats. B
shifts in demand can be mostly explained by changes in marketings
and by chan in consumer income. Income has increased gradually,
:ﬂdhhl;-ﬂ- resulted in a gradual upward trend in the demand for meats as

whole.

Abrupt shifts in demand in past years do not help us forecast the

future unless we can explain why the shifts occurred, and thus forecast
future shifts.

4



6. Competition Between Different Foods

- . . competing eommodities like beef and pork, or corn and oats, are of

particular interest today when the varinusTﬂaus for relieving farmers are

E&Hﬂgimuﬁim.-—liunnf ScHULTE in Theory of Measurement of
mand,

The price of any food may be affected by hundreds of variables—
for example, by supplies of all other goods and services. The reverse
18 also true: The consumption of any food may be affected by hundreds
of factors, including the prices of all other goods and services. In
view of this, it may seem presumptuous for a statistician to try to
explain past prices—or to forecast future prices—by considering only
A };w variables. And for the same reason, many mathematicians and
economic theorists have doubted the possibility of measuring by
statistical means the relations between prices, consumption, and
ineome.

True, it is impossible to measure the effect of every factor that may
have iuﬂuancedp price in the past, or that will do so in the future.
Good statistical analyses of time series never result in perfeet correla-
tions. In practice, there are always unexplained “errors”, or “resid-
uals.” A good statistician studies his residuals with some care. If
he can discover a systematic relationship between the residuals and
some other variable, he can improve his analysis. But he can never
reduce all residuals to zero except by such reprehensible practices as
using as many variables as observations. That is probably what
Edgeworth meant in the statement quoted at the beginning of Chap-
ter 1. We cannot hope to get the exact “true” demand curve from
statistics, simply because we shall always have residual errors. But
we can often get equations that give estimates of expected price, or of
expected consumption.

Chapter 4 showed that most of the variation in the prices of many
foods was associated with changes in the quantity of the particular

ood offered for sale and with changes in consumer income. The

es shown on the diagrams in that chapter were not “true” demand
curves because not :ﬁr the observations lay exactly on the lines.
There were residuals around the lines. The equations did not explain
all the past variations in prices. Certainly, they would not give us
perfect forecasts of the future. But they would give fairly good
estimates of the expected prices associated with any as.aumedgo per
capita consumption and per capita consumer income.
_ Chapter 5 showed that our explanation of meat prices could be
improved by taking account of time trends; i.e., of shifts in the re-
lations of expected prices to per eapita consumption. Chapter 6 will
demonstrate that further improvements can be made by considering
th%p-ar capita supplies of competing meats,

. e are not concerned here with any technical definition of competi-
tlon In terms of marginal utility. ose interested in the theory and
the mathematics of such a definition should consult Hicks.!" Tm-
portant as this concept is in the pure theory of demand, we are con-
cerned here with a much simpler idea. In a practical marketing sense,
beef competes with pork if increased supplies of beef result in lower
prices of pork. This sort of competition can be measured statistieally

' Hicks, J. R. VALUE AND cAPITAL. Pp. 11-52 and the mathematical appendix,
pp. 303-328. Clarendon Press, Oxford, 1930,
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without any refined assumptions about the nature of utility surfaces.
It is in this sense that we proceed to consider competition between
different meats.

Competition Among Beef, Pork, and Chickens

As an example of this problem, take meats again.* This is a small
art of the general question of interrelationships among demands for
all foods. The general question is discussed in Appendix 3. A study
of Figure 5.1 suggests that changes in beef supplies affect pork prices.
Thus, when beef supplies increased in the mid-1950's, the supply-price
curve for pork dropped. To investigate this matter in detail, made
an analysis of prices of beef, pork, and chickens. Itisin table 6.1.

TasLE 6.1.—Relationships between expected price and per capita
aan&;ﬁmp{wn and disposable consumer income for beef, pork, and
chicken

A. Correlation matrix

-‘:I- K: xl xq }_r' Y. TI'F;
X, 1. 0000 —0. 7213 0. 7620 0. 8080 —0.3844 0. 1567 ={). 8519
X: | — 7213 10000 —. 4337 —. 048 . 4460 —. 6551 . 5407 =[a : bl
X, . T620 —. 4837 1. 0000 . 9569 L2627 L2240 —. 9613 |4

X .B080 —. 5048 . 9560 1. 0000 L1063 L 1TTH —. 0455

Xy=Reef consumption per capita
X.=Pork consumption per capita
Xy= Chicken consumplion per capita
X ;= Disposable consumer income per capita
'.;l;_a= Retail price of beel

w= Retail price of pork
Y= Retail priee of chicken

B. Intermediate computations

12,0893 4 6020 9. 8750 —17. 6206
4 6020 3. 0937 3.7601 — 6.0308 | _
08750 3. 7601  19.9317 —25.7425 |

| —17.6206 —6.0308 —25. 7425  37.8802

—1.8744 —2.0351 —0. 6438

— 0413 —1.5330 — .1605| . .
13831 —1.0248 —1.1964 |
1.3460 21508  .6772

C. Regression equations (based on standard deviation units)

pi= — 18744z, — 0.041325+ 0,383 1y + 134602, it =0.9458
(0.2559) (0.1294) (0.3285) (0.4524)

yp= — 208512, —1.53302; — 10248z, +2.1508z, K= _B3T5
(0.4433) (0.2242) (0.5692) (0.7847)

yy= —0.6438x, — 0, 1605z, — 1. 19642, + 0.6772x, R*= 0715
(0.1855) (0.0038) (0.2382) (0.3283)

D.  Alternative regression equation for beef

yy= — 1.9352x, + 1. T84T, = 9337
(0.1497) (0.1497)

? Throughout this bulletin I have used average prices for all cuts of meat.
etually, various euts of beef, pork, and lamb sell at very different prices.
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TABLE 6.1.—Relationship between expected price and per capita
consumption and disposable consumer income for beef, pork, and
chicken—(Continued)

E. Btandard deviations and means

X Xy X X, ¥y ¥y ¥;
Standard
deviations: 11.1000 39222 40019 251.2808 7.4561 3.522% 8.2401
Means: 76.1733 65.7933 242667 1666.0000 685067 54.6200 51.3400

F. Regression equations (based on original units)

Fi= 79.3100 —1.2999X,; +0.0520 X,
(0.1066) (0.0044)

¥Yi=166.0721 —0.6450 X —1.3769.X: —0.9021 X +0.0301 X;
(0.1407)  (0.2014) (0.5010) (0.0110)

¥;=132.8033 —0.4784 X} — 0.3375 X3 — 2.4661 X; +-0.0222 X,
(0.1378)  (0.1973) (0.4909) (0.0108)

Part A of the table is a matrix of zero-order correlation coefficients.
The matrix is partitioned into two submatrices: a is the submatrix
of correlations among the independent variables (consumption of the
three kinds of meat and consumer income). Submatrix b shows the
correlations between the independent variables and the dependent
variables. The dependent variables are the ones whose values are
given, or assumed.

Part B first shows the inverse of a; that is, @'. Then it shows
a~"b. The three columns of a~! b are the three regressions in terms of
standard deviation units—often called the “betas.” This way of
mmputing the regressions is similar to that explained by Fisher.?
The detailed computations followed the general pattern of Friedman
and Foote.! Similar computations are explained in Ezekiel and Fox.®

Part C of the table repeats the regressions given by the columns of
a~' bin Part B, and ndd}; the standard errors of regression coefficients
(shown in parentheses below the corresponding coefficient) and the
squared multiple correlation coefficients. The squared standard error
of By 18

Exﬁit: { L:f} Ca'

where ¢y is the k** diagonal element of a~!, n is the number of observa-
tions, and m is the total number of variables (including the dependent).

The first regression—that for beef price—is peculiar. The regres-
sions of beef price on pork supply and on chicken supply are E:ﬂ;h
nonsignificant. Moreover, the regression of beef price on chicken
sugpl{m positive, which does not seem at all anm le. This result
is doubtless due to the strong upward trends in chicken supplies and in
consumer income. For these reasons, I computed an alternative
regression for beef prices. It is shown in Part D. I strongly prefer
it to the first equation in Part C. With this change, all the coefficients

! Fisher, R. A. STATISTICAL METHODS FOR RESEARCH WORKERS. Pp. 120-166.
Oliver and Boyd, Edinburgh and London, 12th ed., 1954.
¢ Friedman, Joan and Foote, R. J. COMPUTATIONAL METHODS FOR HANDLING
EYSTEMS OF SIMULTANEOUS EQUATIONS, U8, Dept. Agr. Agr. Handb., 94, 1057,
! Ezekiel, M. J. B. and Fox, K. A. METHODS OF CORRELATION AND REGRESSION
ANaLYsis, Pp. 489-530. Wiley & Sons, New York, 1950.
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make sense, and most of them are statistically significant. The
correlations are satisfactory.

How well do the equations in part F of table 6.1 fit the 1963 data?
The preliminary 1963 data, per capita, were:

Beef consumption. .o ceeeo——aee Xi= 952
Pork consymption. - cocccemecccemmm——a- Xy= 64.9
Chicken consumption._ .. cccmeccnae- X;= 30.6
Consumer income._ __ ___.... Son s AN e BT X.=52, 127

Inserting these values into the equations, we get the following retail
prices in cents per pound and percentage errors in expectations:

1968 Conditional  Percenlage
preliminary  ecpeclalions error
Beef, Xy oo 67.8 68.1 +0.4
Pork Xp. o loinsiiec: 50. 5 51. 6 +2.2
Chicken, X7 . .. 376 7.1 —-1.3
Implications

This analysis implies that beef prices are not affected significantly
by changes mn Buppﬁt'.a of pork, nor by changes in supplies of chickens.
On the other hand, it suggests that pork prices and chicken prices
are both affected b& changes in suﬁphes of other meats. This seems
to run counter to the findings of Fox.! Using prewar data and first
differences of logarithms, Fox concluded that pork prices were prac-
tically independent of variations in supplies of other meats, while beef
prices were not. This should make us cautious about accepting too
readily the equations shown in part F of table 6.1. They need further
testing, includinﬁ_ actual forecasting.

In any case, if pork competes with beef, it seems only ]ogc.nl to
expect beef to compete with pork. If chicken competes with beef,
beef probably competes with chicken. And if pork competes with
chicken. chicken doubtless competes with pork. Thus, if we have
demand equations like

Yi=aun + s+ ottt o
(6. 1) Yeo=tnz+ 0ntst+andst+aas
¥o=aa2 + s+ GnZa+ GaiTe,

we should expect ais and ay to have the same signs; likewise a, and
a,, and a,; and ag. ]

But this is not all. If the consumer spends a very small proportion
of his income on any of the three commodities, we should expect a.s
and as to be approximately equal to one another; i.e., ¢y=~an. Like-
wise, we should expect ay=ay and gu=an. The reasons for this
are given in Appendix 3.

A Symmetric Matrix

If we assume that the real matrix of coefficients a,, to the right of
6.1 is symmetric, we can fit it by the method indicnm:i in Appendix 4.

* Fox, Karl A. THE ANALYSIS OF DEMAND mw FrRODUCTS. UL, t.
Agr. Tech. Bul. 1081. PFPp. 41-46. 1953, s o



Applying that method to the same beef-pork-chicken data as used
before, we get the symmetric equations

¥,=124.62—1.5349.X, —0.4788 X,—0.4460.X,1+0.0619.X,
(6.2)  Y,=139.26—0.4788X,—1.2027.X,—0.3101.X;+0.0231.%,
¥,;=123.99—0.4460.X, —0.3101.X,—2.3871.X,+0.0238.X,.

Compare these equations with those in part F of table 6.1 Don't
these seem more likely plausible, acceptnbll;? I think so.

Of course, the estimated prices, as computed from equations (6.2)
are less highly correlated with the actual prices than are the estimates
from part F of table 6.1. This is because the equations in part F
were computed to maximize the correlations. So we sacrifice some
of the high correlations to gain what seems to be a more logical set of
equations. Which set would give the better results in actual fore-
casting? We cannot be sure. But the high intercorrelations among
independent variables can make any regressions untrustworthy—even
though the multiple correlations are very high.

7. Morginal Utility and Indifference

Le fait qui permet d'établir un lien entre la théorie abstraite de
I'économie pure et les phénoménes économiques concrets, est . . . la
gwpnrtin ité des prix et des utilitbs marginales au point de 'équilibre

u marché.'—Raowar Frizscn in Sur un leme d' Economie pure,

It sometimes seems as if there is a yawning chasm between pure
abstract economic theory and the actual facts of economic life as seen
in the marketplace and as recorded in economic statistics. Ricel

inted this out in a famous article analyzing the contributions of

areto and his brand of mathematical economic theory.? After pay-
ing tribute to the great accomplishments in pure logic, Ricci went on
to say that the theory remains abstract and intangible, and that there
is “no bridge” between the pure theory of Pareto and nine-tenths of
the problems with which the economist is usually concerned.

The chasm between pure economic theory and practical economic
analysis is extremely wide and deep. Some economists prefer to live
on one side and some on the other side. They have little opportunity
to communicate with one another, and sometimes they seem to have
little desire to do so. 1 think this is extremely unfortunate. The
statistician and economist engaged in analyzing practical problems
could gain a great deal of insight by understanding basic theory.
Also, a good theorist needs to do more than sit in an armchair and think
deep thoughts. He needs to observe what happens in the real world
of economics. Even the fanciest mathematics, filled with Greek
letters, will not give him this sort of information. There is a erying
need for closer understanding and cooperation between pure theorists
and those who apply theory to practical problems of business and
politics. This is getting to be more and more difficult. It is some-
thing like trying to build a bridge over the Grand Canyon.

1 That is, equilibrium market prices are proportional to marginal utilities; this
fact engbles us to establish a relationship between abstract economic theory and
concrete economic phenomena.

m’gfiml, Umberto, GIORNALE DEGLI EcoNosigri. P. 43. Rome. Jan.-Feb.
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The Bridge

But, the quotation from Frisch at the head of the ch apter saye that
a bridge between theory and economic phenomena can be uilt upon the
basis of the proportionality of prices and the marginal utilities when the
market is in equilibrium. :

What did Frisch mean by proportionality? Assume that a given
consumer is rational and that he spends his income in a free market
without any rationing. In other words, he can buy as much or as
little of each good or service as he chooses. How will he spend his
money? He will allocate his e enditures among the different goods
and services in such a way that he gets the sarme marginal utility (or
marginal satisfaction) from a dollar’s worth of each good or service.
Otherwise, he is not rational. For example, if he gets more marginal
sntisfaction from a dollar's worth of beef than from a dollar's worth of
pork, he should obviousl buy more beef and less pork. He should
obviously continue to make such adjustments as long as the marginal
satisfactions are unequal.

Remember that we are talking about a consumer’s own preferences,
whether or not they seem appropriate to vs. We may think a friend
spends too much money on iquor, on gambling, or on the opera. We
may think he saves too little, or too much, This is entirely beside the
point. In our analysis, we accept the old Roman doetrine, de gustibus
non di:{;)utmndum. Whatever a econsumer’s preferences are, if he 1s
rational he will try to allocate his spending so that he gets the same
marginal satisfaction out of a dollar’s worth of each good or service.

ost bridges are useful in both directions. Near my boyhood home
in Massachusetts is a bridge over the Connecticut River. You can use
this bridge to go from Hadley to Northampton. You can also use it
to gn from Northampton to Hadley. There are certain advantages
to be obtained by going in either direction. The Northamptonites
can go to Hadley for asparagus and onions. The Hadleyites can go
to the movies in Northampton.

So it is with the bridge suggested by Frisch. In one direction you
can go from pure economic theory to statistical measurement and appli-
cation. In the other direction you can use statistical measurements
to infer important things about theory. )

By using this bridge, modern econometricians are beginning to build
& new economics of welfare, For example, such writers as Hicks?
Samuelson,* Sirotz* and Tolley and Gieseman® have shown how’we
can get useful measurements o marginal utility.

Appendix 3 discusses some of the implications of ulility theory to
the demand for related commodities. E-emoui]]i used the principles
of utility to analyze certain phenomena about %ambli.ug and insurance.
Brandow used some of the theoretical principles derived from utility
analysis for setting up & demand matrix for agricultural ucts.
His demand matrix has proved to have many practical applications.
Fhese are examples of using the bridge to go from pure theory to
practical application.

1 Hicks, J. R. VALUE AND CAPITAL. Oxford Univ. Press, London, 1939,

4 Barmueclaon, P, A, FOUNDATIONS OF ECONOMIC amarysis. Harvard Univ.
Press, Cmnhridﬁe_. 1955,

* Strotz, R. H. THE EMPIRICAL IMPLICATIONS OF A uTILITY TREE. Koonom-
etrien 24: 269-280, 1957,

* Tolley, G. 8. and Gieseman, R. W. CONSUMER DEMAND EXPLAINED BY MEARUR-
ABLE UTILITY CHANGES, Econometriea, Vol 31, No. 3, July 1963.
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Using the bridge established by Frisch and others, we should be
able to start with statistical measurements and explore their theoretical
implications. Thus, we can start with statistical measurements of
the interrelationships between prices, consumption, and consumer
income. We can deduce from these certain implications about
marginal utility, or at least about indifference function. Any such
estimates of marginal utility or indifference can have very important
practical applications. They could give us an income tax structure
graduated so that each income group made roughly the same sacrifice
in terms of disutility. They could perhaps give us a better way of
estimating changes in welfare to be expected from proposed changes
in public programs, such as price supports, production controls, and
the diversion of surpluses.

There have been many attempts in recent years to “rehabilitate”
the Dupuit-Marshall concept of consumer surplus. Marshall was
careful to point out that this concept applied only when one could
assume that the marginal utility of money was constant. Instead of
rehabilitating consumer surplus, perhaps we might substitute analyses
based upon quantitative estimates of changes in the marginal utility
of money.

The Marginal Utility of Money

We do not need here an elaborate theory of marginal utility.
Readers particularly interested in the subject are advised to read the
writings of Frisch on this subject. The general idea is that a rational
consumer would spend his money in such a way that he gets the same
mal;_ginal utility from a dollar's worth of each commodity.

If u, represents the marginal utility of money to a consumer, if
u, represents the marginal utility of a unit of commodity k&, and if
P: represents the price of commodity &, the bridge between the ob-
served statistics and the theory can be written

(7.1) e
i

In this equation, ;—:5 iz simply the marginal utility of a dollar's worth of
k

commodity k. The equation is a logical relation and should hold
that the consumer is completely rational and that he has full informa-
tion. 1In actual practice, of ccurse, (7.1) may not be an exact equa-
tion, but rather an approximation.

Equation, or approximation, (7.1) holds good at all times and
places. For example, letting the subseripts 1 and 2 represent two

periods of time, we could write the equations for these two periods in
the form

(7.2) Bea_ bt X i
Pr ﬂ-,._1ﬂ-l‘ldp*.= U g g

Moreover, we can divide one equation by the other. Suppose we
divide the second equation of (7.2) by the first. This gives us

(7.3) Umz_ Upa Pra,
Um,a Prz Uia
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Finally, suppose that in a particular situation we can assume that
ﬂ_;..‘—‘i'b!; + In such a case, equation (7.3) obviously has become
simply

P

Prz

Equation (7.4) says that the ratio of the marginal utilities of
money in the two periods in this case equals the ratio of reciprocals
of the prices of commodity k. This is, of course, very abstract. Can
we make it concrete? Suppose the 4 good is all foods. Perhaps we
ean assume that the utility or satisfaction obtained from foods is

ractically independent of the utility from other commodities. Then,
if we compare two periods of time when the consumer iz getting the
same quantities of food (and when his wants are the same), he must
also be getting the same marginal utilities from food. In such a
case, equation (7.4) would be applicable. We could use it to measure
the relative marginal utility of money in the two periods.

[ first tried an analysis of post-World War II data for consumer
income, food prices, and food consumption. However, there was
such & high inverse correlation in this period between deflated con-
sumer income and deflated food prices that there was not enough
scatter left to make a good analysis. For that reason, I decided to
use pre-World War IT data covering the period 1927 through 1941.
This period includes the business boom that reached a elimax in
1920. It includes the depression of the early 1930’s. And it includes
the recovery from the depression to the beginning of World War 11.
In time of depression, we expect money to be tight and its marginal
utility to be high. In time of prosperity, we expect the reverse. In
many ways, 1927 through 1941 is an ideal period to test the method
of analysis. Of course, for many practical purposes we would rather
have an up-to-date analysis, but I hope the study of the 1927—41
period may be of interest nonetheless.

Lol

I

(7.4)

5.

A Statistical Example

Figure 7.1 presents and analyzes the annual data from 1927 through
1941 for per capita real income, real food price, and per capita food
consumption. The real incomes and real prices are in terms of
1957-50 dollars; that is, the data in current dollars were divided by
the consumer price index, with the base 1957-59=100.

The analysis attempts to measure relative changes in the marginal
utility of real income (that is, income measured in dollars of constant
purchasing power) to a t}fpicatl econsumer who has the national average
income and buys the naiional average amount of food.

The concept of a typical consumer is extremely important if we
are to have a bridge between pure theory and practical a plication.
All economists know that it is not possible to compare the utilities
obtained by different individuals. This is simply because wants and
preferences vary from one person to another, But in many practical
applications we are concerned with the welfare of typical persons or
typical families, whose wants probably do not change much from
year to year.

If we had records of the income of a typical family, a record of the
amounts of food bought at each income, and the price of food in each
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RELATION OF FOOD CONSUMPTION
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situation, we would look for combinations of income and food price
that would induce the typical consumer to buy the same fixed quantity
of food all the time. en, assuming that the family got the same
marginal utility from the same amount of food, we could estimate the
relative marginal utility of income at different times by equation
(7.4). The relative marginal utility of money would be proportional
to the reciprocal of food prices. e can do somewhat the same thing
by imagining a typical consumer who gets the national average income
and buys the national average amount of food.



In the present case, we can estimate how the marginal utility of a
typical family in the United States varied with ite income by inter-
reting the slopes on the lines of figure 7.1. For example, take the
1soquant labeled 90. Any point on this isoquant indicates a combina-
tion of real per capita income and real food price, resulting in a per
capita food consumption index of 90. Atany of these points, we
assume in our analysis that the marginal utility of food was constant.
Therefore, we can use equation 7.4 to estimate changes in the margi al
utility of money. Reading from isoquant 90, we find that the food
price associated with an income of $1,000 was 79; while the food price
nssociated with an income of $1,200 was 94. Equation (7.4) lets us
interpret what this means in terms of relative marginal utility.
Specifically, we find that when income rose from $1,000 to $1,200, the
marginal utility of money dropped to 79/94 or 84 percent—a drop of
16 percent. Similar computations could be made for other incomes,
using any of the isoquants in figure 7.1.
Ench observation is plotted on the diagram by first locating the
int corresponding to the combination of real income and food price
In a given year, and adding the index of per capita food consumption
for that year. For example, the observation for the year 1927 was

plotted by first locating the point corresponding to $1,066 income and
an index of real food prices of 91.7, then writing beside that point
the index of per capita food consumption, which was 88.9. The obser-
vations for each of the other years were plotted in a similar manner.
We need a three-dimensional analysis to find the relationship
between the three variables—income, food price, and food consump-
tion. Such a relationship can be shown graphically by means of
isoquants. These are similar to contour lines drawn on a map. Such
contour lines can be drawn graphically the same way a curve is drawn
through a number of observations on a two-dimensional dot chart.
The only difference is the interpolation in three dimensions instead of
two. is is what the surveyor does when he malkes a contour map.
My first analysis of the data in figure 7.1 was entirely by graphics.
Later, I computed a mathematical fit. The isoquants shown in figure
7 1 were obtained from the mathematical e uation. The equation was
chosen for two reasons: First, it a penraa to be logical (for reasons
discussed later); second, it fit the data well. The equation was:

(7.5) =66.492—1.085 (132) 4+0.424 (100 log ¥\,
0103\ p / (0.040)\ p
R*=0.905

The numbers in parentheses are the standard errors of the regression
coefficients immediately above. Both regression coefficients are
clearly statistically significant. The squared coefficient of multiple
correlation is 0.905. o fit is evidently very good.

Equation (7.5) is an ordinary least squares equation, treating g 8s
the El]ilﬂaﬂdmt variable. :

In this analysis we are interested in the relation between food price
and eonsumer income when food consum tion is held constant. For
this purpose we can rewrite equation (7.5) in the following form.

100__ q—fi6.492
{2:6) p 0.424 log y—1.085
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We want to use equation (7.1) to measure relative marginal utility of
money. Using (7.1) and (7.6), we can estimate the marginal utility
of money along any isoquant (i.e. where g i8 constant), as

(7.7) U.—_ k(g—66.492) _ constant
: " 0.424 log y—1.085 log y—2.560

Equations similar to (7.7) have a long history in the literature of
economics and mathematics. Daniel Bernouilli7 (one member of the
famous Swiss family of mathematicians) suggested as early as 1738

that the marginal utility of money was constant, ¢ here a is “the min-

imum of existence’ ; that is, with an income of less than a, there would
be no utility at all. As incomes increased from a, utility would rise,
but at a decreasing rate. i

Most economists and mathematicians interested in utility agree
that total utility would rise rapidly as income increased above the
minimum of existence, but that the rate of increase would decline as
incomes increased and the curve of total utility would flatten out
and be almost horizontal for the highest incomes. ~ The same reason ing
indicates that the marginal utility of money would be infinite at the
minimum of existence, would drop off as incomes increased, and would
R)-E,MMII zero for the largest incomes. Either Bernouilli’s eurve or

ch’s curve, indicated in (7.7), would meet these conditions. Frisch

presented five logical conditions that he believed should be met by a
curve of marginal utility of money. In addition to the conditions
already mentioned, Frisch was concerned with what he has callad
“money flexibility.” This does not mean a rubber dollar. It means
the flexibility * of the marginal utility of money with respect to income.

Frisch indicated that the money flexibility is greater than unity for
small incomes, but that as incomes increase, money flexibility decreases
and ?!pprnnches zero as incomes become very large. Bernouilli’s equa-
t1on does not meet the last of these specifications. His formula would
indicate a flexibility greater than unity for all incomes, For that
reason, I have used the same type of equation that Frisch used in his
1926 study.
. The flexibility of marginal utility of money with respect to income
is obtained by ifferentiating (7.7) with respect to y, and multiplying
the result by y/u,. This gives us

_ —0434
(7.8) e e £

According to (7.8), the logarithm of the minimum of existence is
2.56. This would indicate tﬁ $363 per capita annual income was
the minimum of existence. Of course, this is a very great extrap-
olation, since the lowest annual average income used in this analysis
was about $800. The minimum of existence robably could be located
more accurately if separate studies were mngﬁ of the marginal utility
of money among very poor families. Also, it would be desirable to

T Bernouilli, Daniel. EPECIMEN THEORIAE NOVAE DE MESURA sorTis. Com-
mentarii Acadamise Seientiarum Imperialis Petropolitanae, Vol 5, 1738.

* That is, Fynr="tn. L.

52




have similar studies of the marginal utility of money for very rich

families. Actually, the measurements of marginal utility given here

are accurate only within the range of observations, which 1s between

$800 and $1,400 a year per capita real income in 185759 dollars.
Equation (7.8) indicates the flexibilities:

Per capita income Money flecibility
B0 s m e Gl o o D R e s e T
i T A O e R
| R e S LR D RO DS S
LA s s s e R e e s =T

Similar estimates of money flexibility could have been made from a
graphic analysis without any mathematical equation. Such estimates
would be based on the slopes of one of the isoquants corresponding to
several different income levels. Also, one cnu(lld try other forms of an
equation relating food consumption, food price, and income. For
example, an equation which would meet all of Frisch's original tests
would be similar to (7.5), except that it would use log log r 1n place of
log r. : I did not fit such an equation, because (7.5) seems to fit well
enough.

An Indifference Surface for Beef and Pork

In trying to measure marginal utility, we had to assume that the
satisfactions obtained from food were independent of the satisfactions
from other goods and services. This is a rather heroic assumption,
and perhaps needs to be taken with a grain of salt. We can justify the
methods we used on two grounds: First, it seems logical to think that
the assumption is approximately true, although probably not exact;
second, a number of studies by Frisch, using many different commod-
ities in place of food, all gave somewhat similar results. But in what
follows, we are not concerned with measuring marginal utility, but
with finding combinations of quantities of pork and beef that seem to
be indifferent to the typical consumer who gu;,*s the average quantities
and who has an averaze income.

There is a great deal of literature about indifference surfaces.
Almosi all of it starts with an assumed indifference surface and deduce
what demand functions and supply functions would be implied. To
my knowledge, very few people H:we attempted to start with market
data and ﬁnﬁ,ha indifference functions that are implied by the quanti-
ties purchased and their prices. Yet, this is just what we need if we
are to make any practical use of indifference functions, or even if we are
to use such functions to help us understand how the market operates.

1 have attempted to derive an indifference surface for beef and pork.
It is based on data in table 7.1 The first two columns in the table
show per capita consumption of beel and pork in the United States
from 1948 through 1962. The third column, ¢, is the per capita
consumption of all goods and services other than beef and pork. Itis
found by starting with the per eapita disposable income, subtracting
the expenditures for beef and pork, and dividing the remainder by the
consumer price index. This gives us the deflated expenditures for
everything except beel and pork. In this sense, 10 represents con-
sumHtinn of all other things. The fourth column, r, is the ratio of
retaill beef prices to retail pork prices. (The fifth column will be
explained a little later.)
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TasLE 7.1.—Data for indifference surface

Annual per capita
consumption Consumer | Actual Adjusted
Year income ! price price
{ga) ratio? ratio?
Beef Pork (r) r')
(g {gz)
Pounds Pounds Dallars

g L R e 63, 1 67. 8 1, 615 1. 226 1. 520
1S S G3. 9 67.7 1, 592 1. 241 1. 584
el e s S s 63, 4 69, 2 1, 703 1. 379 1. 504
b ) e e 56, 1 7.9 1, 744 1. 485 1. 657
e 62. 2 72 4 1, 785 1. 490 L 607
1T e 7.6 63. 5 1, 847 1. 052 1. 079
] e 80,1 60. 0 1, 817 1. 00§ 1. 053
IS5 e 820 . 8 1,924 1. 158 1,120
L e e 85 4 67. 3 2, 003 1. 185 1. D81

846 61. 1 2, 006 1. 085 . 907

B0, & 60, 2 1, 960 1. 190 1. 120

8l 4 67. 6 2, 040 1. 388 1, 250

85 2 65, 2 2, 057 1. 364 1. 197

88, 0 62, 2 2, 083 1. 281 1. 104

80.1 64 0 2, 144 1. 319 1. 080

! Per capita disposable income less expenditures for beef and pork, deflated by
the consumer price index.
2 Ratio of retail beef price to pork price.
3 The same ratio corrected for the effect of qa.  Specifieally,
log r' =log r—1.452289 (log g —3.274239), or
log ¢ =log r-+4.755141— 1.4?2239 log gs.

The first step in the analysis was to run an ordinary regression equa-
tion in logarithms, usinf ]uﬁ' r as the dependent variable, since r is the
variable to be explained. It turned out to be

(7.5) log r=—4.788588 —0.85546 log ¢,+
(0.310)

0.955203 log g2+ 1.452289 log ¢,.
(0.441) {0.308)

The numbers in parentheses are standard ercors of the regression
coefficients immediately above. The squared correlation coefficient
was 0,800,

Now, we come back to column 5 of table 7.1; r is the price ratio
adjusted for variations in ¢;. The mean of log ¢, was 3.274239. The
formula for the corrected price ratio is given in footnote 5 of the table.

The adjusted price ratios r' are estimates of what the price ratios
would have been with varying amounts of beef and pork (i.e., varying q
and g, but with expenditures for all other goods and services held constant) .
I will use these adjusted price ratios to make inferences about the
shape of a partial indifference surface for beef and pork—that is, a
set of isoquants connecting various combinations of beef and pork to which
the typical consumer would be indifferent (assuming constant amounts
of other things).

This use of indifference curves differs from those found elsewhere,
Edgeworth, and many other early writers on indifference, discussed
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cases in which the consumer spent his entire income for the two goods
studied—say, for beef and pork, or for foods and nonfoods. This
enabled them to work in only two dimensions. Hicks and some other
modern economists make a similar simplification by considering com-
binations of one commodity and other things grouped together.

I searched for combinations of beef and pork that would apparently
have been equally satisfactory to the typical consumer, always assum-
ing that he could have bought the same amounts of other Emds and services.

These indifference combinations of beef and pork will be inferred
from the adjusted price ratios, . The price ratios are the “bridge”
between objective statistical analysis and the pure theory of subjective
indifference.

First, we plot the data for g, gz, and #* for each year, as in figure
7.2. In 1948, for example, g, was 63.1, g, was 67.8, and 7' was 1.529.
We locate the point (63.1, 67.8), and lai:-al it 48 to identify the year.
Through this. point we draw a line sloping downward 1.529 units on
the x-axis for each unit on the y-axis. zgk transparent triangle and
straight edge are very useful in drawing such lines. Similarly, we
locate the (g, ¢:) points and the price-ratio slopes for all the other
Years.

What do these lines mean? Take 1048, for example. If the price
ratio were 1.529, the typical consumer could have bought any combi-
nation of beef and pork lying along the straight line (extended as far
as he pleased in either direction). Any of the combinations along that
line would have cost the same amount of money and would have left
the consumer as much to spend on other things. ~ Actually, the typical
consumer bought 63.1 pounds of beef and 67.8 pounds of pork. He
did so of his own free will, because he preferred that combination o the
others on the straight line.

This is the key to indifference analysis. We can infer certain things
about preferences from the actual responses of consumers to prices.
More precisely, we can infer that there is an indifference curve tangent
to the straight line through each observed combination (g, g), and
that each such line is concave downward. We know that no two
indifference curves can cross one another.

With these simple principles in mind, it is easy to interpolate a
series of graphic curves in a diagram like that in figure 7.2. Like any
stulisticj problem with actual data, the conditions will not be met
exactly—the fit will not be perfect. But it will be close enough for
practical purposes—that is, the adjusted price ratios, r', will be
approximately equal to the slopes of the indifference lines passing
through a given (g, g2) combination.

For precise measurement, there is merit in fitting a mathematical
surface to the data. The isoquants (contour lines) of such a surface
should fit the data in the sense described above. Appendix 5 explains
a mathematical equation that T used to fit the surface in figure 7.2.
But we need not spend time on the mathematical fit here. The prinei-
ples are the same, whether the indifference lines in figure 7.2 are
interpolated graphically, or are computed on a caleulating machine.

1 have drawn five indifference curves through figure 7.2.  Of course
any number could have been drawn. The five curves are numbere
in Roman numerals. The analysis does not indicate which combina-
tions are preferred—only which are indifferent. But the CONSUMmer's
position is obviously improved as he goes from combinations on curve
I to those on 11, and to those on the higher curves, since he can get
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more beel and more pork on the higher curves. But there is no
attempt in this analysis to measure the gain, either in total utility or
in marginal utility. The satisfactions obtained from combinations of
curve II are not necessarily twice as great as those on curve I—they
are simply greater. How much greater we do not know. This is no
different %;'um measuring how hot it is by a thermometer. We do not
necessarily feel twice as warm when the thermometer reads 60° F. as
when it reads 30°. We are simply warmer. (Advertising claims of a
certain soap making clothes 9.2 percent brighter, 28.6 percent fluffier,
or 1.67 percent better smelling may well be considered with some
suspicion. )

ne final comment should be made on the indifference lines in
fizure 7.2. These lines are only slightly curved—that is, they are
almost straight lines. If they were straight lines, they would indicate
that beef and pork were perfect substitutes for one another. Th
obviously are good substitutes—at least for many people. The sm
degree of curvature indicates, as we would expect, that the typical
consumer does not consider them perfect substitutes. He mﬁ‘ buy
more pork and less beef if, and only if, pork becomes less expensive
relative to beef. But the main point is that this analysis indicates
that only small changes in price ratios are needed to induce rather
substantial adjustments in consumption. Some mathematicians
might wonder whether the relative flatness of the indifference lines in
figure 7.2 might not be due to the particular mathematical equation
that was used. The answer is that any mathematical equation that
fits the data would give the same results—as anyone can see by
studying the slopes of the actual price ratios in figure 7.2.
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8. Long-Run Demand for Cotton

For time is required to enable a rise in the price of a commodity to
exert its full influence on consumption.—ALFRED MARSHALL in Frin-
ciples of Econontics.

Many statistical studies are designed to measure the short-run
relationship between the consumption and price of a commodity.
These include studies based upon first differences and upon deviations
from trend. They also include the measurement of the net relation-
shjj) between consumption and price, based upon a multiple regression
including time as one of the independent variables. Other studies,
including simple relatienships between actual consumption and price
over time, mix the short-run and long-run relationships in unknown
proportions.

As indicated in the above quotation, Marshall noted the distinction
between short-run and long-run demand. Mighell and Allen wrote
an excellent paper on the subject.! They pointed out:

We have developed neither the theory nor the methodology for esti-
mating what quantity of any product will presently be taken by the
consumers if the price has definitely fallen to a level 10 pereent lower
Etns:i:: to other prices and consumers have reason to believe it is there

Elmer Working’s study in 1954 was one of the first attempts to
make statistical measurements of long-run and short-run demand.?
A study by Nerlove in 1958 proposed a different statistical method of
measuring long-run demand, based upon a particular form of distrib-
uted lags.® A paper by Tomek and Cochrane in 1962 discussed the
concept of long-run demand, and used the method outlined by Ner-
love to estimate both the short-run and long-run demand for meats.*

The statistical results obtained by Tomek and Cochrane differ
from those of Elmer Working. But they both indicate that the de-
mand for meat is more elastic (or less inelastic) in the long run than
in the short run. There is a need for more theoretical work—and
especially for more statistical measurement—in this area. Almost all
the statistical studies have attempted to estimate short-run demand
funetions. For practical purposes, we need good estimates of long-run
demand functions. This is especially true when we are considering
the probable long-run effects of any farm program—for example,
programs to support prices, restrict output, or divert surpluses from
normal channels of trade.

A Case in Point—Coftton

We need more studies of long-run demand for many farm products.
Here we shall consider cotton as an example. Cotton was chosen
partly because there has been some controversy about its elasticity
of demand in the long run.

! Mighell, K. L. and Allen, R. H. pEMAND S8CHEDULES—'NORMAL' AND ‘IN-
sTanTANEOUS'. Jour., Farm Eeon., XXI—3, p. 555, August 1939

* Working, Elmer J. DEMAND FOR MEAT. Univ. Chicago Press, Chicago, 1954.

¥ Nerlove, Mare, DISTRIBUTED LAGS AND DEMAND ANALYSIS FOR AGRICULTURAL
AND OTHER coMmopiTies. U.S. Dept. Agr. Handb. 141, June 1958.

' Tomek, William G. and Cochrane, Willard W, LONG-RUN DEMAND: A CON-
CEPT, AND ELASTICITY ESTIMATES FOR MEATS, Jour. Farm Econ., Vol. XLIV,
August 1962,
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Some think American cotton is 1nsin% the domestic market to rayon
and other manmade fibers because of high cotton prices and reduced

rices of manmade fibers. This view has been endorsed by the
National Cotton Couneil of America and has been supported by
statistical studies of Horne and McCord.? Yet, most of our standard
analyses indicate that the short-run domestic demand for American
cotton is highly inelastic. An elasticity of —0.3 18 commonl; used,
and is supported by a study of Lowenstein.® A recent study ’ found
a still more inelastic demand of —0.14, when adjusted to hold con-
stant the consumption of noncellulosic fibers. An elasticity of —0.3
would mean, mugﬁly, that a 10 percent increase in the price of cotton
would reduce domestic consumption by only 3 percent. This would
seem to be a profitable deal for the cotton farmer. In fact, it might
seem to his advantage to set the price as high as possible.

But the three studies mentiuneg are not in conflict with each other.
All of them recognize two main facts: (1) the short-run domestic
demand for American cotton is very inelastic; but (2) the long-run
domestic demand is much less inelastic—and pe:rtha elastic. This
is because mills will gradually shift from cotton if the competing
fibers have a continued price advantage over several years. Also,
the final consumer will gradually shift from cotton clothing to clothing
made from substitutes if the price ratios encourage the shift.

"Thus, it is quite possible that the short-run domestic demand for
Ameriean cotton is highly inelastic, while the long-run demand is
elastic. But none of the siatistical studies has yet measured the long-
run elasticity. This is a key datum needed in analyzing agricultural
policy. 1 do not claim to have anything like a final answer, but this
chz:lpter may have some bearing on a practical question of economics
and politics. In any case, it explores a method which is somewhat
similar to Elmer Working's, but which uses a “distributed lag" some-
E’h&lt sir::j].ﬂr to those developed by Irving Fisher * and by Mare

erlove.

The Data and an Estimating Equation

A tise in the price of cotton has only a small direct, immediate
effect upon cotton consumption. But indirectly, and over a period of
years, 1t increases the production and consumption of rayon and
noncellulosic fibers—which, in turn, affect the consumption of cotton.

The following analysis is based upon two ratios: (1) the mill con-
sumption of cotton divided by the mill consumption of rayon and
acetate, and (2) the price of Strict Middling 1Ye-inch cotton divided
by the price of rayon staple. The data are shown in table 8.1. My
colleague, James R. Donald, helped me get appropriate data and
advised me on the analysis in this chapter.

The price and consumption ratios are shown graphically in figure
8.1. Since 1933, there has been a striking inerease in the ratio of
cotton prices to rayon prices. There has alco been a sharp decrease

8 Horne, M. K., Jr, and McCord, F. A. PRICE AND TODAY'S MAREETS FOR U.8.
corroN. National Cotton Council of America, Memphis, Sept. 1962.

¢ Lowenstein, Frank. FACTORS AFFECTING THE DOMESTIC MILL CONSUMPTION
or corroN. U.S. Dept. Agr. Agr. Econ. Res., IV-2, p. 50, April 1952.

7 Donald, J. R., Lowenstein, F. and Simon, M. 8. THE DEMAND FOR TEXTILE
FIBERS 1§ THE UNITED 8TATE2. U.S. Dept. Agr. Tech. Bul. 1301, Nov. 1963.

® Fisher, Irving. OUR UNSTABLE DOLLAR AND THE SO-CALLED BUSINESS CYCLE.
Jour. Btatis. Assoc. 20. 1925

¥ Zee footnote 3, page 57.
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RATIO OF COTTON FIBER TO RAYON STAPLE
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in the ratio of cotton consumption to mgon consumption. But,
neither the rise in the price ratio nor the drop in the consumption
ratio has been entirely regular. There have been many ups and
downs, especially in the price ratio. A close study of the two lines
indicates that changes in the price ratio do not have a large immediate
effect upon the consumption ratio—rather, there is a lag. Moreover,
the lag does not appear to be for & definite period—such as 3 years ot
5 years, for example. Rather, it appears to be spread out over several
years. In other words, the consumption ratio seems to respond not
to the price ratio in any one year, but to the price ratios over several

past years.
To investigate this further, I used the 3-year averages shown in
table 8.1. The following two alternative estimating equations are

hased upon these 3-year averages. The difference between these two
equations is simply in the assumed lags. Equation (8.1) uses price
ratios centered 3 years, 6 years, and 9 years previous to the current
year, t. Equation (8.2) uses the ratios centered on the current year,
3 years before, and 6 years before.

(8.1) @,=11.70—4.28 P, ,—2.08 P y—0.23 Py, (R2=0.95)
1 (0.70) (0.77) (0.52)
an

ESE} Q;=11.32 +ﬂ.?3 P;—d?g P;_a—g-El Pl—u, (RI=G9?}1
{(0.63) (0.69) (0.48)

where P, is the current 3-year average price ratio.

Q, is the current 3-year average consumption ratio, and

Py Py Pis are price ratios centered 3, 6, and 9 years before
the current year,
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The last coefficient in the first equation and the first coefficient in
the second equation are statistically nonsignificant. They indicate
only that the true coefficients are probably close to zero.

TasLe 8.1.—Consumplion and price ratios: cofton and rayon

Consumption| Price ratios? Consumption, Price ratios ?
ratios ! ratios !
Year Year

3=V BAT J-year 3-vear 3-year

Annual| aver- |[Annual| aver- Annual| aver- |Annual| aver-

ages ages ages ages
14 06 14 47) 0. 390 0. 370)| 1948____| 3.89| 4. 16 1. 064| 1.138
13. 50 12 73 . L 445 1940.___| 386 3. 74 1.135 1. 160
10. 64 11. 64 CB21(| 1950.___| 3.47] 3.72 1 309 1. 206
10. T4 11. 12 625l 1951 ___| 3.82) 3.686| 1.174) 1. 203
11, 96| 10, 54 LB2R(l 1852 __.| 3.68 3. 72 1. 125 1. 164
8. 87 9. 58 L4093 1953__..| 3.65) 3 63 L 194 1. 190

7.91| 8 33 CB21( 1954 .. 3.57| 3. 47 L 251 1. 261
821 830 . .675(| 1955....[ 3.09 3 43 1. 337 L 316
8 77 B 68| . CB4T7(| 1956.__. 3 63| 3 39 1. 359 1. 364
9.07) B 63 1 1. 018/| 1957..__| 3. 45 3.50( 1. 397 1. 373
804 7.07 L 1. 068)| 1958____| 3.43| 3. 45 1.362| 1. 335
6 79 690 1 1. 139( 1959____.| 3.46) I 62) 1. 246) 1 332
1945..._..| 5 86 6 05 1. 1 241f 1960___.| 3.97 3. 1. 387, 1. 382
1046.___..| 5 490 5 39 1 1. 284( 1961.__.| 3. 62 3 63 L 514 1. 477
1947, .. - - 472 470 1 1. 2250 1962....] &.31|.c--..| L B29).-—---

I Mill mnaumrﬁbn of cotton and of rayon and acetate,
2 Price of 8M 14s inch cotton divided by price of rayon staple.

All ratios are computed from data in sTaTIsTICS FOR coTToN. 0.8, Dept. Agr.
Statis. Bul. 329. Table 13, p. 12; table 232, p. 208, 1963.

Distributing the Effects Over Time

While either equation (8.1) or (8.2) gives a very high squared
correlation, the correct equation doubtless would distribute the effects
more evenly over a period of years, rather than staying at one level
for 3 years and then jumping a.lj:’ruptly to another. Such a distributed
effect can be visualized in figure §.2. First the regression coefficients
in equations (8.1) and (8.2) were each divided by 3 to put them on an
annual basis. Then they were plotted on the diagram, and a smooth
curve was drawn through them, except that at the extreme right of
the curve, I disregarded the nonsignificant positive coefficient. It
seems unreasonable to believe that the immediate effect of a rise in the
price ratio would be a rise in the consumption ratio. [ have assumed,
in drawing the curve, that the immediate effect is small, but negative.

The table shown in the lower part of fizure 8.2 shows the meaning
of the curve. The first column is simply the wvalues of the curve,
reading backwards; that is, from right to left. For example, at time
t (the current year) the price ratio would be weighted —0.25; for
year t-1 the weight would be —1.00; and so on. The second eolumn
gives cumulative weights; for example, for year t-1 the cumulative
weight is —0.25—100=—1.25; and so on. By the year t-8, the
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Figure 8.2

cumulative weight has risen to —7.94. This apparently measures the
full long-run effect of the price ratio upon the consumption ratio.
What does this imply in terms of elasticity? The mean price ratio
was 1.17 and the mean consumption ratio was 5.05. So the long-run
elasticity of the consumption ratio with respect to the price ratio was

] T
(8.3) Ep=—194 g o5 =—184.

This elasticity can be distributed among the 9 years. Si.ml_ﬁlly
multiply each cumulative weight in column 2 by 1.17/5.05. 18



gives column 3 which indicates an immediate elasticity of —0.06, a
cumulative elasticity after 1 year of —0.29, and & final cumulative
elasticity of —1.84.

Of course, these elasticities are based upon quantity ratios and
price ratios. They are not conceptually the same as elasticities based
upon actual quantities and actual ﬁricaa. They are somewhat
similar to elasticities based upon “deflated” quantities and prices.
They may help bridge the gap between short-run and long-run concepts
of demand. Ii'he commonly aceepted short-run elasticity of —0.3 1s
based upon an analysis in which consumption was lagged 6 months
after prices. Figure 8.2 indicates an elasticity of —0.29 after 1 year.
It also strongly confirms the idea that the long-run domestic demand
for cotton is elastic. If the price ratio were increased 10 percent, the
immediate effect upon the consumption ratio would be insignificant.
But if the price ratio were raised 10 percent and held at the hagher level
for 9 or 10 years, the consumption ratio would apparently drop by 0.6
percent immediately, by 2.9 percent in 1 year, by 6.5 percent in 2

ears, and so on, until it reached a level about 18 percent below where
1t was originally. i

The final column in the table in the lower part of figure 8.2 gives
percentage weights for each year, obtained b{ dividing each weight in
column 1 by —7.94. These percentage weights would be appropriate
for computing a weighted moving avem%e of the gmca ratios. Such
a moving average could, for example, be plotted in figure 8.1 to amooth
the irregular bum and dips in the year-to-year data. 2

The “long-run demand elasticity’” used here reflects changes in the
output of competing fibers and also technological improvements in the
qualities of both cotton and other fibers. It is not the only possible
concept of long-run demand elasticity, but it is useful for some

purposes.

:I-gfe method used here to distribute effects over time is more like
the method used by Irving Fisher than the one used by Mare Nerlove.
Nerlove assumed a particular mathematical function, similar to a
“‘decay curve” in physics. Like Fisher, I have not assumed any
particular distribution function. Rather, I have tried to find one that
seems to fit the observed data.

An Estimate for 1963

1f the annual price ratios are weighted by the numbers shown in the
fourth column of the table at the bottom of fizure 8.2, the weighted
sum for 1962 is —10.867. When this publication was written, the
actual average ratio between cotton and rayon prices for the 196364
crop year was not known. But the average ratio in the first 5 months
was 1.41, and T assumed that ratio for the whole crop year. The
weighted sum of price ratios for 1963 was —11.132. The difference
between these two sums is —0.265, or, say, —0.26, indicating a drop
of 0.26 point in the cotton-rayon consumption ratio for 1963. This
Fﬂu].d :znean a 1963 consumption ratio of 3.05, compared with 3.31
or 1962.

When the above statement was written, the 1963 consumption
ratio was not available, so this was really a conditional forecast.
Since then, the consumption ratio for 1963 has been estimated at 2.81.
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9. Distribution Among Markets: Some Graphs

It often happens that s monopolist finds it ible and profitable
to sell a Binglepggmmudity at different prices to Jifle:mt. buyers.—Joax
Rorrxson in The Economics of Imperfect Competition

One of the most common problems in agricultural marketing is how
to distribute a given quantity of some commodity among several
markets. In the case of perfect competition, the invisible hand of
Adam Smith solves this problem by itself. But when there are any
departures from competition, due to organized selling by farmers or
dealers, or due to governmental programs, the distribution of a crop
among markets becomes a matter of deliberate choice. And the
distribution among markets often may make a substantial difference
in returns to farmers (or to others), especially when it is possible to
sell at different prices in the different markets—thus taking advantage
of differences in the elasticities of demand.

In what follows, I assume that the quantity to be distributed is
fixed in the short run. This is a very common situation in agriculture,
especially in the case of pl:rishaf:les, where the quantity to be
distributed in the short run 1s determined by production.

Place, Time, Form, and Person

Markets are commonly separated in at least four ways: by place,
by time, by form, and by person. Sometimes, they are separated by
combinations of these. For example, some of the wheat is sold in the
domestic market, and some in the foreign market. Some of it is sold
this year, and some held over until next year. Some is sold as wheat,
and some is made into flour and other products.

One typical problem is the distribution by place—that is, to different
cities, regions, or countries. Suppose there 1s a given supply of wheat
in the United States. Some of 1t will be sold in the domestic market,
some for export. These may be considered as two markets for wheat.
By some means or other, the existing supply must be allocated
between these two markets. Import duties, import quotas, and
many other devices are commonly used to keep the export market
more or less separate from the domestic market.

Another common problem is distribution through time. Part of
the late potato crop is sold in the fall, part in the winter, and part
in the spring. These markets are naturally separated, althongh not
necessarily independent of one another. But time moves only in one
direction. Supplies can be carried forward in time, but not back-
ward. Thus, distribution through time differs from distribution
through srm‘

Many farm commodities are sold in various forms. For example,
milk is sold as fluid milk, eream, butter, cheese, and other products.
Each of these can be considered a market for milk. The existing
milk supply must be divided in some way among the different forms.

hese, again, are naturally separate markets. Once milk has been
made into butter o1 cheese, it 1s not likely to be transferred to some
other product. (A minor exception is the transfer of butter to
butter oil.)



Still another problem is the distribution to different ups of
persons, such as income groups. This includes such pro lems as
whether to have public food programs, such as school lunches and
food distribution to needy families—and if g0, what kinds and sizes of
programs. This problem has welfare aspects and also farm income
aspects. These programs have safeguards to prevent resale of the
foods distributed, thus keeping the markets separated.

Even a uniform commodity (that is, one of the same grade and

uality) can be distributed by Elm:a, by time, by form, and by person.
iln addition, there are many other interesting and important problems
in agricultural marketing which involve larger or smaller differences
in quality. One of these is the distribution by grade. A similar
roglam 15 the determination of amounts to be sold under different

rands, packages, etc. Chamberlin presented an illuminating analysis
of ”pmj)uct ifferentiation”, the common practice of making small
djﬁererlmee in the quality of goods in order to sell them at different
prices.

Two Kinds of Distribution

In principle, there are two main ways to distribute a given quantity
among several markets. First, the guanl;ity may be distributed so
a8 to get equal net prices to the producer from a markets, (Here,
net price means price minus all costs of processing and distribution.)
Second, the distribution may be aimed at making marginal net returns
the same from all markets. Here, marginal net return from any
market means roughly the change in net returns to the producer 1f
he sells one more unit in that market (including any indirect effects,
such as the effect of greater shipments to market A upon the price in
market B).

Perfect competition would result in equal net prices from all markets.
For if the net price in market A were higher than in market B, for
example, some of the shipments to market B would be diverted to
market A.  Under perfect competition, such diversions would continue
until the net prices in the two markets were equal. In the case of
geographic markets, such a distribution has come to be called “spatial
equilibrium” in many recent papers’ In some old textbooks on
marketing, such a distribution, whether by place or by time, was
commonly called “orderly marketing.” Tt was sometimes assumed
that this distribution gave the producer the greatest income, It is

! Chamberlin, Edward. THE THEORY oF IMPERFECT COMPETITION. Harvard
Univ. Press, Cambridge, 1933.

! Baumol, W. J. BPATIAL EQUILIBRIUM WITH BUPFLIES PFHEDETERMINED,
Mimeographed. U.8. Dept. Agr. Bur. Agr. Econ., 1952,

Beckman, M. A cONTINUOUS MoDEL oF TRANSPORTATION. Econometriea,
Vol. 20, ]:g}. 643-60, 1952,

Enke, 8. EQUILIBRIUM AMONG BFATIALLY SEFARATED MAREETS! BOLUTION BY
ELECTRIC ANALOGUE. Econometriea, Vol. 19, pp. 40-48, 1051,

Fox, K. A. A SPATIAL EQUILIBRIUM MODEL OF THE LIVESTOCE FEED ECONOMY,
Econometriea, Vol. 21, p. 547-66, 1952,

Henry, W. R. and Binﬂmp. C. E. NORTH CAROLINA BROILERS IN INTERREGIONAL
CoMPETITION. Agr. Econ, Inf. Series 56, North Carolina State Colle :, 1957,
_Judge, G. G. A SPATIAL EQUILIBRIUM MODEL FOR EGGS. Bul. 318, %lunn, Agr.
Expt. Sta., Storrs, 1956,

vopmans, T. C. OPTIMUM UTILIZATION OF THE TRANSPORT SYSTEM. Feono-

metriea, Vol. 17, pp. 136-486, Supplement, July 1949,

Mosak, J. L. GENERAL EQUILIBRIUM THEORY IN INTERNATIONAL TRADE,
Cowles Commission Monograph No. 7, Bloomingten, Ind., 1949.



true, of course, that any small, individual producer could maximize
his net income by selling in whatever market offered the highest net
price. But for an industry as a whole, the purely competitive distri-
bution would seldom, if ever, maximize the net returns (that is, total
returns minus marketing costs) of producers. Chapter 10 will discuss
two statistical examples and will compare distributions under com-
petition with those under discriminating monopoly.

To get the highest possible net income to producers, distribution
would have to be such as to equalize n‘uu'g;inall1 net returns from the
different markets. The reason for this is simple. If the marginal
returns from market A are higher than those in market B, the returns
from the two markets together will be increased by diverting a small
amount from market B to market A. As long as the marginal net
returns are unequal in any pair of markets, such diversions would
increase net returns from all markets together. Thus, a necessary
condition for maximum income from all markets is that marginal net
returns be the same in each market.

Except in extremely unlikely cases, this process of equalizing
marginal net returns would unequalize net prices. It would result in
selling the commodity at different net prices in different markets.
This is what economists call price discrimination. They even some-
times eall it monopolistic price discrimination, since it would be
impossible to charge different net prices if there were perfect com-
petition. These terms have a bad connotation to many people.

This is not the place to discuss in any detail the social consequences
of price discrimination. Yet, it might be well to note that not all
forms of price discrimination are necessarily bad. Price discrimina-
tion ordinarily benefits certain groups and harms others. Whether a

articular form of diserimination is socially desirable or undesirable
gep-ends upon who gets the benefit and who is harmed and how much.
Many forms of discrimination in favor of needy people have been
wenerally accepted. A much broader defense of price discrimination
was made by S)Z}upuila.a Robinson presents a discussion of the social
aspects of diserimination.t

Charts

Figure 9.1 presents two diagrams that are useful in analyzing a wide
variety of distribution problems in markets independent of one
another. When markets are independent, the quantity consumed in
a market depends upon the price in that market and is not influenced

prices in other markets. Most of the modern discussions of price
diserimination have been limited to cases of independent markets.
For example, Robinson made it clear when she presented her analysis
that, “In the following argument we shall only consider cases in which
the demand curve in eac sefimrate market 12 independent of prices
charged in the other markets."”

Diagram A at the top of figure 9.1 shows assumed demand curves in
three markets. They are ]aive]ed I, IT, and ITT. The prices are net
to the producer. For example, the demand for any given quantity in
market II may asctually be the same as that in market I in terms of

* Dupuit, Jules. pE t'vTiuTé ET pE sa MESURE. (A collection of Dupuit's
writings.) La Riforma Sociale, Torino, Italy, 1933.

1 RopixgoN, JoAN. THE ECONOMICS OF IMPERFECT coMpeETITIoN. Macmillan,
London, 1938,
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Figure 9.1

delivered prices, but there may be a difference of $10 in the net prices
to producers, due to a difference in the frm%l:t rate. To make the
diagram easier to read, I have assumed only three markets and linear
demand functions. But a similar diagram could be drawn for any
number of markets and for demand curves of any shn:ipe. s
Suppose the producer has 90 units of the commodity to distribute
among these three markets. If he sets a uniform price of 20, he would
sell 20 units in market I, 10 units in market II, and nothing in market
ITI. This obviously would not work because he could a total of
only 30 units. He would have to lower his price until he could dispose
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of 90 unite. To do this at a uniform price, he would have to lower the
price to 10. ‘Then he would sell 30 units in market I, 20 in market IT,
and 40 in market ITI. His net returns from the three markets
wﬁfther would be 900.

art B at the bottom of figure 9.1 presents the same data in a
different form. Instead of showing the net price associated with each
quantity, part B shows net returns (that is, quantity times net price)
associated with each quantity. Economists have become accustomed
to working with demand curves. Yet, there are many advantages to
working with returns curves. And whenever the demand curve is
given, it is a simple matter to complete the corresponding returns
curve.

When dealing with returns curves such as those in part B, a uniform
price would be indicated by a straight line, such as the dashed line
shown on the diagram. e dashed line indicates a uniform price
of 10; that is, it shows that 10 units would give a return of 100; 20
units would give a return of 200, etc. At & different uniform price
we would have. a different dashed line. For example, if the price
were 5 instead of 10, the line would be one-half as steep as the line
shown. The price is indicated by the angle between the dashed line
and the x-axis.

Reading from the dashed line, you can derive the same results as
were obtained in p:rt A: that is, & uniform price of 10 would dispose
of 30 units in market I, 20 in market IT, and 40 in market III. B
total returns from the three markets would be 900, as before.

The marginal net return at any point on one of these curves is
simply the slope of the tangent to the curve at that point. Assume &
uniform price of 10 and note the slope of the returns curves at the
point where the dashed line crosses them. The slope of the returns
curve in market I is sharply downward; that in market II is slightly
downward; and that in market IIT is level. (That is, the slope 18
zero.) This indicates that returns from three markets together would
be increased by shifting to market IIT a part of the 30 units going to
market I, and part of the 20 units going to market IL.  We look for

ints on three curves where the slopes are equal and where we can

ispose of the total of 90 units. These su'mts indicate a distribution
of 221 units to market I, 17% to II, and 50 to TII. The net return
from the three markets together is 987k under this distribution.
Remember that it was 900 under the competitive distribution.

In this case, the marginal net return in each of the markets is —5.
A monopoly that could adjust both distribution and output would
make & gain by reducing total ahir'ﬁmenta somewhat. It would sell
90 units in 1, 15 in IT, and 40 in 111, making total marketin of 75
units and increasing the net returns to 1,025. But ordina ily, agri-
culture supplies more than the most profitable amount of most farm
products. This means that the farmer usua]lg produces to t.hrgj)oiut;
where marginal net returns are negative. And once having produced
a supply, it all generally gets marﬁet&d one way or another.

_ A minor point that might be noted incidentally is that the distribu-
tion that maximizes net returns results in & price differential of 5
between markets T and II. The difference in the level of the two
demand curves is 10, and we assume that the 10 is equal to the freight
charges. The analysis indicates that, with linear demand functions
such as we have shown, it would pay the producer to “absorb™ half
the freight charges. Actually, he would raise the price in nearby
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Flgure 9.2

'narkets and lower it in distant markets, compared to purely com-
petitive pricing. / ;

Figure 9.2 1s useful in all cases that involve only two markets.
Assume that a given quantity is to be divided between two markets.
In the case of this diagram, the quantity to be divided is 50 units.
The heavy curve marked I is the demand curve of the first market,
again expressed in terms of net prices to the producer. The heavy
curve marked II is the demand curve in market 11, but note that the

uantities have been reversed. For example, if g, is s0ld in market I,
the amount sold in market IT will be 50—g,. So g: can be read from
ﬂ%t to left.

nder perfect competition, the distribution will be such that the
prices are the same in the two markets. As the curves are drawn, the
uniform price will be 20. The net returns from the two markets
m%?ther will be 1,000.

he dashed lines marked I and II show the corresponding curves of
marginal net returns from the two markets. Such fet returns eurves
can be obtained graphically from the demand curves by using'some
fairly simple geometry explained in Robinson’s book. ote that at
the competitive equilibrium where 35 units are sold in market I and
15 units in market IT, the net returns are very unequal. In fact, the
net returns from market I are negative, and the net returns from
market IT are positive. They become equal with the distribution of
23 units to market I and 27 to market II. With that distribution,
the net returns from the two markets together are increased to 1,104.

So far, we have assumed that the two heavy lines are ordinary
demand curves, except that the curve in market IT is reversed. This
is all right if the two markets are independent of one another. In



case of interdependent markets, we could still draw a diagram like
that in figure 8.2, However, curve I would indicate, for example,
the various prices in market I corresponding to such combinations
as 20 units to market I and 30 to market 11, 25 to market I and 25 to
market IT, and all other combinations adding to 50.

The most general kind of diagram for the case of two markets is
that shown in figure 9.3. This diagram is in terms of isoquants,
which are similar to contour lines on & topographic map. In the
case shown in figure 9.3, each of the curved lines 1s auf:posed to connect
combinations of g and g that would result in equal net returns.

1f this were a topographic map, it would represent a hill. The top
of the hill would be at agout q=32 and g.=26. These would be the
two quantities which would give the absolute maximum net income to
the producer. But suppose he had 70 units to dispose of. Then he
would have to choose some point along the straight line indicated on
the diagram. The highest point he could reach would be where this
straight line is tangent to one of the curves. In this case it is at 300.
The diagram indicates that in this imaginary case, the producer could

GENERAL CASE OF TWO MARKETS
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get an income of 300 by selling 40 units in the first market and 30
units in the second. )

A diagram like figure 9.3 can always be drawn if the basic demand
functions are known for each of the two markets. Whether the two
markets are independent or interdependent, one can compute the
price in each of the markets that would result from any combination
of shipments. Then, multiplying the prices by the quantities and
adding, he can get the net returns from each combination. These
mtltli;nn.s can be p%otrted on the diagram and the proper isoquants can
be drawn.

Cases of More Than Two Markets

Distribution among any number of independent markets can be
analyzed by diagrams like figure 9.1. When the markets are not
independent, however, there is no practicable graphic analysis for cases
of more than two markets. The mathematical principles involved in
maximizing net returns from a number of markets have been explained
by Simkin.! A somewhat different mathematical statement of this is
in Appendix 6.

10. Distribution Among Markets: Two Examples

The question of distributing the lemon crop in a given year, among the
fresh and processed outlets . . . is of great significance to the industry.—
Hoos and S8eutzER in Lemons and Lemon ucks, Changing Economic
Relationships.

‘I'he theoretical analysis reviewed in Chapter 9 could be applied to
u wide variety of practical problems of intermarket distribution. For
this purpose we need a set of reliable demand functions.

Unfortunately, most demand analyses deal only with national
aggregates. Such studies give a single demand function, showiffg the
prices in a given market corresponding to a range of quantities sold
m the market. To analyze distribution among markets, we need a
breakkdawn of total demand to provide a demand function in each
market.

But some statistical studies in recent years have analyzed the
demand for a commodity in different markets. Two good examples are
a study by Meinken ! and a study by Hoos and Seltzer.! In this
chapter, I shall use simplified versions of the demand functions found
in these two studies, and shall discuss their implications for distribu-
tion. The same sort of analysis could be applied to a wide variety of
other marketing problems. We need much more quantitative work on
demand functions in different markets—by place, by time, by form,
and by person.

Distribution of Wheat in 1953

Meinken’s wheat study used limited information methods to derive
six simultaneous e?u&tiuns for U.S. wheat. Here, we shall be con-
cerned with three of Meinken's equations dealing with: (1) the demand

8 Bimkin, C. G. F. 80ME ASPECTS AND GENERALIZATIONS OF THE THEORY OF
DIBCRIMINATION. Review Eecon. Studies, Vol. 1, No. 37, p. 1, 1947-48.

! Meinken, Kenneth W. THE DEMAND AND PRICE STRUCTURE FOR WHEAT.
U.8. Dept. r. Tech. Bul. 1136, 1955.

# Hoos, Sidney, and Seltzer, R. E. LEMONS AND LEMON PRODUCTS, CHANGING
ECONOMIC RELATIONsHIPS, 1951-52. Bul. 720, Calif. Agr. Expt. Sta. Berkeley,
p- 6, 1952,
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for wheat used for domestic food, (2) the demand for wheat used for
domestic feed for animals, and (3) the demand for wheat for exports.
Letting g,, g3, and ¢, represent quantities (million bushels) demanded
for domestic food, for domestic feed, and for exports, and letting

F, ps, ps be prices in dollars per bushel, the three equations are as
ollowsa:

g1=531—24 p,
(10.1) gs=631—250
q;EEIWT—?BB Pa.

My colleague, Forrest Walters, helped derive these equations from
1953 data in Meinken’s study (pages 47 and 84, his study). We
adjusted the constants in each equation so that, with a uniform price
of $2.30, the estimated qua.nt.ities were the actual quantities consumed
in 1053. These quantities were 476, 56, and 213 million bushels.

The equations (10.1) assume that the three mérkets are independent
of one another; that is, they assume that the guantity consumed in a
given market depends only upon the price in that market. It is not
affected by prices in any other market. The domestic and export
markets are prncticall"i: independent of one another, at least over a
wide range of prices. This is because of various governmental actions
on such things as import quotas and import duties. The market for
wheat used as animal feed is, of course, affected by prices of corn and
other feed grains.

The feed equation in (10.1) assumes a given price of corn. But also,
one might well question whether the demand for wheat feed is inde-
pendent of prices for wheat used as food. At present, the two markets
are doubtless not independent of one another, but they might con-
ceivably be separated for practical purposes by such means as coloring
the wheat used as animal feed. For the analysis, we shall assume that
the equations (10.1) are accurate, and that the markets are independ-
ent o? one another, This enables us to make a simple analysis.

First, we transpose equations (10.1) to estimate the ]pncea associated
with various quantities. This can be done legitimately because equa-
tions (10.1) are estimates of the true structural equations. en
these equations are reversed, we get the following equations for
estimating prices.

P, =22.13—0.04167 g,
110.2) Pa=2.52—0.00400 g,
Py=2.57—0.00127 ¢,

Multiplying prices by quantities, we get the following equations for
net returns from each of the three markets.

F,=22.13 q,—0.04167 ¢
(10.3) r=2.52 q2—0.00400 ¢
Fa=2.57 g5.—0.00127 ¢
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Differentiating each of these equations with respect to quantities
marketed, we get the following equations for marginal net returns:

r=22.13—0.08334 ¢,
(10.4) F12=2.52—0.00800 g,
F33=2.57 —0.00256 g,

where 7, means the derivative of returns in market i with respect to
the quantities sold in market j. In the special case of independent
markets, all 7,,'s are zero except those shown, since the returns from
any market are affected only by the quantity sold in that market.

igure 10.1 shows a graphic analysis of this problem. The heavy
curves show the returns for domestic food, for domestic feed, and for
exports as functions of the quantities sold in these three markets.
The heavy straight line shows the uniform price of $2.30 in Kansas
City. This was the actual price in 1953. The actual cost of export
wheat to foreigners was the U.S. price minus a subsidy of 37.5 cents
plus shipping costs; but the wheat farmer got the same price, whether
or not the wheat was exported. This is one of several current examples
of farm programs that are essentially two-price arrangements to the

TWO DISTRIBUTIONS OF WHEAT
745 Million Bushels Distributed in 1953
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Figure 10.1
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buyer but gingfeal_kjrica deals to the farmer. In the following analysis,
we assume that the sq._lbau;lg would be the same under any distribution,
and are concerned with the market value of wheat prices at Kansas

City.

‘1Yhe distribution with a uniform price of $2.30 would be indicated
by the intersection of the heavy straight line and the heavy curves.
'I?I;is would give the actual distribution of 476 million bushels for
domestic food, 56 million bushels for domestic feed, and 213 million
bushels for exports. (It has to come out this way because the con-
stants were adjusted to make it do so.) Total sales in these three
markets were 745 million bushels. Priced at $2.30 a bushel, the wheat
was worth $1.72 billion.

But note that marginal returns at these three points are very un-
equal. The returns curve for domestic food slopes sharply downward
at the point g,=476 (i.e., marginal returns in that market are decidedly
negative). The returns curves for domestic feed and for exports
slope slightly upward at g;=56, and at ¢,=213 (i.e., marginal returns
in those markets are slightly positive). This means that the market
value of the wheat erop could be substantially increased by selling
less of it for domestic food and more for domestic feed and for exports.
A graphic solution would be to move to the left on the domestic food
curve and to the right on the curves for domestic feed and for exports
until three points were found where the tangents of the three curves
were parallel to one another, and where the total quantity was 745
(which was the actual quantity distributed in 1953).

More EJ)chiBﬁlj', we can do the same thincﬁ by the mathematics
explained in Appendix 6. The analysis indicates that maximum
returns would be obtained by the distribution shown in the second
column of table 10.1.

However, this is a hypothetical maximum. It assumes that the
linear demand equations are valid when extrapolated far be ond the
observed values. Note, for example, that domestic food sales would
be reduced from 476 million hushej)s to 246 million, and that the price
would be increased from $2.30 to $11.88 a bushel. Even if the ex-
trapolation would work (which is very doubtful), it would be politically
impossible to consider such a drastic reduction in wheat for domestic

&

food and such an enormous increase in prices. )

If the Co were to approve a three-price for wheat, 1t
would doubtless set an upper limit upon lﬁﬁ price for wheat used for
food in the domestic market. An administrator of such a mern.m
would also have to take account of many other practical problems.
For example, if he set the price of feed wheat too low, there would be
great opposition from corn farmers. Likewise, if he set the ]f:rioe of
export wheat too low, there would be opposition from wheat farmers
in other countries. The problem woul Em to find some distribution
of 745 million bushels that would be politically feasible and that would
increase the returns to wheat farmers.

Table 10.1 summarizes three distributions. The first column shows
the actual distribution in 1053 which gave farmers an income of $1.72
billion. The second column shows the hypothetical maximum which
theoretically would return $3.96 billion. The last column shows a
distribution that might possibly be feasible. Feasibility in this case
is & matter of judgment. Many wheat experts, and many political
scientists, might want to make changes in the numbers in the last
column. But it should serve as an illustration. The distribution
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TapLe 10.1.—Three distributions of U.S. wheat crop in 1953

Actual Hypothotleal maxtmom Fossibly feasible
Use [
Vaol- Price Foarm | Vol- Price Farm | Vol- Frice Farm
ume | per by, |iocome| weme per bu. |locome| wme per bu. | income
Mil. Fr Eil. | M, Dl Bil. | Mil Del. Bil.
[ ded. b dol. [TH dal,
Domesthe food. .. ... 478 230 = L0 148 ILE = 2,92 435 400 = 1.T4
Domeatle feed........ ] gim = 013 116 208 = 0,24 70 gkﬂ = 018
EIpottdcuccncennnnn- k] 230 = 050 i 208 = 0.8 240 2027 = 0,54
Totals. ...cuua- TS L.72 T45 3.08 T4S 24

shown in the last column would raise the price of wheat used for
domestic food from $2.30 to $4.00 a bushel. is is, of course, a sub-
stantial increase in price. But it probably would not raise the }Jrica
of bread very much, since the cost of wheat is a small fraction of the
retail price of bread. This distribution would increase the quantities
sold for domestic feed and for exports. It would lower the prices for
those categories slightly below the actual prices that existed in 1953.
The estimated return from this distribution is $2.44 billion. This is
arn increase of almost three-quarters of a billion dollars over the actual
returns in 1953. In this particular example, returns would be in-
creased from each of the three markets. :

The estimates summarized in table 10.1 assume that the same
quality and grade of wheat would be used in all three markets. Ae-
tually, the lower grades of wheat are used for feed. In 1953, for ex-
ample, the wheat used for feed doubtless was priced at less than
£2.30 a bushel. In actual practice, an administrator would take into
account the normal discounts for the quality of wheat used in feed.
But despite this, the rough estimates of increased returns from a
three-price arrangement are probably accurate enough for practical
purposes.

his is not the place to discuss in detail the mechanics of operati
a three-price program. Conceivably, such a program might be carri
out by a national cooperative that had control over the entire crop.
Or some government agency, such as the Commodity Credit Corpora-
tion, might be in control of the cml]:. Or, pcas.ibl;{r, it might be put
under some kind of Federal marketing order. In any case, the
quantity that any wheat grower could sell for domestic food would
have to be limited. Various kinds of “certificate plans” have been
suggested as a means of maintaining the necessary price differentials.

Fresh and Processed Lemons

When lemon crops have been large, a common practice in recent
years has been to divert some of the surplus into various kinds of
processed lemon products. Many of these lemon products return
very low net prices to lemon producers (sometimes even negative
returns). Still, some degree of diversion of this kind may well be
profitable.

Hoos and Seltzer have studied the economies of this situation.® T
shall use two demand functions that they developed. Some of the

# Bee footnote 2, page T0.
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early studies overestimated the increased returns that could be ob-
tained by diverting surplus lemons to processing use at lower net
rices. This is because the researchers assumed that the market for
rosh lemons was independent ot the market tor processed lemon
products. Hoos and Seltzer properly questioned this assumption,
since fresh and processed lemons are used for many of the same
urposes, When Hoos and Seltzer estimated the demand function
E:rr fresh lemons, they measured not only how the price of fresh lemons
was affected by marketings of fresh lemons, but also how it was
affected by the quantity of lemons sold for Frouessinﬁ. Similarly
when they measured the demand for processed lemons, they estimated
not only how the price of processed lemons was affected by the
quantity sold for processing, but also how it was affected by the
quantity sold in the fresh market. Thus, Hoos and Seltzer were
mnsidaﬁngﬂthe general case for two related markets.

1 took Hoos and Seltzer's rrice-qunntit]r coefficients.* Then I
computed constants which would adjust the equations to the prices
and quantities existing in the season of 1934-35. The net prices to
the lemon producer, and quantities in that year, were

(10.5) py=%1.71 & box (on tree) ¢,=7.18 million boxes
py= 0.07 a box (on tree) ¢,=3.55 million boxes.

Using these numbers, and the price-quantity coefficients from the
Hﬁa&S&ltmr equations, I got estimating equations for 1934-35 as
follows:

(10.6) p1="5.638—0.465 ¢:—0.166 ¢,

p3=0.897—0.043 ¢;—0.146 ¢s.

From equations (10.6) it is simple to figure the net returns to the
grower as & function of the two quantities. They are

(10.7)
B Returns=>5.638 ¢,—0.465 ¢i—0.209 ¢1gs-+0.897 ¢:—0.146 &

Differentiating B with respect to q, and with respect to g, we get
Marginal returns: R,=5.638—0.930 g,—0.209 ¢»
Ry=0.897—0.209 ¢,—0.292 ¢s.

Inserting into (10.8) the quantities that were actually sold in each
of the markets in 1934-35, the indicated marginal returns in the fresh
market were —1.78, and the indicated marginal returns in the

market were —1.64. The fact that both marginal returns
were negative shows clearly that total sales were larger than the
amount that would have brought the greatest income. This is com-
monly the case in agriculture.

But the fact that the marginal returns from the two markets were
almost equal indicates that lemon growers in that year came close to
maximizing the income they could get from their total output of 10.73
million boxes. Using the mathematical methods described in Appen-
dix #, we could find the absolute maximum returns for any gize crop

18ee footnote 2, 0. tions are adapted from Hoos and Beltzer's
equations 1 and 2, mﬂ, P- _Equn

(10.8)
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Q=q+g. We would do this by solving equations (10.9).
0.930¢,40.209¢;+1.000r=>5.638

{10.9) 0.209¢;-+0.292¢,+ 1.000r=0.897
1.000¢,+-1.000¢:=@,

where r is the marginal net return in each market, and where Q is
the fixed quantity to be distributed.
The general solution 18

g2=—5.897+0.807 Q
q,=5.80740.103 Q.

When @ is 10.73, as it was in 1934-35, equations (10.10) indicate
that the maximum net returns to the grower would be obtained by
selling 7.00 million boxes in the fresh market and 3.73 million for
processing. 'This is very close to the actual sales in that year of 7.18
million in the fresh market and 3.55 million for processing.

Assuming that the equations held exactly, the allocation of 7.00
million boxes to the fresh marhet and 3.73 to the processing market
would have given the lemon growers net returns of $12.54 million.
Actually, they got SlE.E:;dmi]]mu. e v )

Naturally, an organiz oup of lemon growers wo want a
general sort of analysis whjE would indicate the best allocation for
any size of em’lp. A handy chart for such a purpose would be one like
figure 10.2. The heavy curved lines in figure 10.2 are 1soquants, like
those in figure 9.2. For example, all the points on the line marked 12
indicate combinations of g, and g, that would give the growers net
returns of $12 million. Similarly, the points on the curve marked 10
would give the growers $10 million. The point where the two dashed
lines cross indicates the combination of ¢, and g, which would maxi-
mize the net return to growers when they had a total of 10.73 million
boxes to sell. The dashed line indicates all the combinations of g,
and gy which add to 10.73 million boxes. It is simply a straight line,
with a slope of —1.

You could find the maximum point on the dashed line by inter-
gglnting an isoquant which was tangent to the dashed line. It would

“tangent at the point where the two dashed lines cross. At that
point the slope of the isoquant would be —1. The dotted line marked
“‘gxpansion path” cuts all the isoquants at the points where their slopes
are —1. It shows the increases in each market that would maximize
returns as output expanded. If the crop had been greater or smaller
than 10.73, it would have been a simple matter to draw the dashed
line at a higher or lower level. In any such case, the maximum in-
come would be obtained by the combination of quantities for fresh
use and for processing indicated by the intersection of the dashed
line with the dotted line.

In case the crop were small enough, these two lines would not cross
at any point on the diagram. Technically, they would cross at a point
indicating negative sales for processing, which would be a nonfeasible
solution, since the grower cannot sell less than nothing in any market.
Actually, if the crop were less than about 6.6 million boxes, the grower
would apparently maximize his income by selling it all in the fresh
market. But when the crop got larger than about 6.6 million boxes,
it would be profitable for the grower to divert a substantial portion of

(10.10)
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Figure 10.2

the surplus into processing. These results apply, of course, to
marketings in years near 1934-35. To analyze current diversion
problems, we would need a postwar analysis of demand.

The above analysis of lemon distribution is entirely static. It
indicates the distribution that would have maximized returns in a
ainﬁle year. A more important question for the lemon industry may
well be how to maximize net returns over a long period of years. To
analyze this, we would need an analysis of long-term demand. It is
quite possible that the distribution of the lemon crop in a given year
may affect the returns in following years. The diversion of surplus
lenions into such products as canned and frozen lemon juice very
likely is an important factor in market development for these products.
Market development is naturally a dynamic process. Also, of course,
the development of markets for processed lemon products might
reduce the demand for fresh lemons in the long run. To analyze the
flow of net returns over a long period of years would require & much
more elaborate statistical analysis of demand and a more difficult
analysis than the one diseu above.
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Appendix 1. Flexibilities of Retail and Farm Prices

Let r be the expected retail price,

f the expected farm price,
g the quantity to be sold and consumed, and
¥ consumer income,

(A.1.1) Assume that r=f, (g, %)
and f=1; (g, ¥).

The elasticity of expected retail price with respect to quantity,
with income held constant (i.e., “price flexibility’), will be written
Fioy Similarly, Fj,, will be the elasticity of farm price, with
income held constant. 3 ;

Moreover, F;, , and F3, , will be the elasticities of retail and of
farm prices with respect to income, with quantity held constant.

By definition,

oy of ¢
F""_El_g ~ Fioy= g 1

(A.1.2) o g;_f
Fn'-l.i__'a_y‘g Fre— ‘%

We ask how these elasticities compare at retail and at farm levels—
de andinghupun the nature of the price spreads.
. With percentage price spreads—

f—(1—K) r.
P,
Then Fre,=(1—H) o -dpe=20-4=F,,

(1—=kr 2y r

So, with percentage spreads, both price flexibilities are the same at
retail and at farm levels.
B. With constant absolute spreads—

and Fy, ~=(1—k) g—; sl AP

Jf=r—e.
Then v
_or q aL L AT
F""_aq il F:., t—¢
Also T

S, By C Fryqg *
F”'*_S'y —c and Fiy., r—e

So, prices are more elastic (more flexible) at the farm than at retail—
both with respect to quantity and with respect to income—if the
price spread is a constant number of dollars and cents.
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Appendix 2. An Orthogonal Regression

nmiéluﬂmﬁnn, I have used the data from table 3.1, time period,
1 %
Variables, z,=log of index of food prices; za=log of per capita of
disposable income; and z;=log of per capita food consumption.

The correlation matrix was

1.00000 0.92219 0.66911
R=| 0.02219 1.00000 0.86701 |
0.66011 0.86791 1.00000

We assume thakh=%=%=%g: where e, is the error of meas-
1

urement, or specification in . :
Tf, aside from such errors, the correlation were rfect—and if
the errors are uncorrelated with one another and with the variables

themsel ves—
1—x  0.92219 0.66911
0.92219 1—x  0.86791|=(1 —)\)¥—2.05141 (1—N)+1.07108=0.
0.66911 0.86791 1—X

We want the smallest positive root. First solve the cubic for the
value of (1—2) which is nearest 1, but less than 1. It is approximately
0.97770, corresponding to »=0.02230.

Replacing the 1’s in the diagonsl of R, and computing the adjugate

f0.07770 092219 0.669117
(R—)=| 0.92219 097770  0.86791
| 0.66911 0.86701 0.977704

- 0.20263 —0.32000  0.146197
Adj. [R—2]=| —0.32090 0.50819 —0.23151 |
| 0.14619 —0.23151 0.10546_

In units of standard deviations, the orthogonal regression is pro-
portional to any row of the adjugate. For example, (0.20263z,/8,) —
(0.320902;/85) + 0. 14619xs/85) =0.

The standard deviations were 5,=0.026422, 8,=0.064628, and
8,=0.007136.

Thus, in terms of original units, the orthogonal regression i8

7.669z, —4.9652;+20.4862, =0,

This can be written in three different ways: dividing successively
by —7.669, by 4.965, and by —20.486, the equation can be written
in the following forms:

— 1,000z, +0.6472;—2.6712,=0
1.5452, — 1.0002,+4.1252,=0
—0.3742,+0.2422,— 1.00023=0.




The observed statistics are compatible with the hypothesis that the
correlation between the true values of the three variables is perfect,
and that the observed scatter around the regression plane is due to
relative errors of a little over 2 t in each variable. (Here,
relative error means the variance of the error divided by the variance
of the variable itself.) °

Note that by,=1/b,.. For example, a unit increase in consumption
reduces food price by 2.67120 units. And a unit increase in food
price reduces consumption by 1/2.67120=0.37436 units. There is
no inconsistency due to ing the dependent variable. In effect,
all three variables are treated as dependent upon one another.

Appendix 3. Relationships Among Demand Coefficients

Ever since the days of Walras and Pareto, many mathematical
economists have considered relationships that should exist between
demand coefficients. In recent years, Slutsky, Hotelling, Hen
Schultz, Hicks, Wold and Juréen, Frisch, and Brandow have made
especially important contributions.!

ut, so far as I know, the first to apply these results to actual
statistical analysis was Brandow. His pioneering bulletin opens the
way to broader statistical studies of interrelated demands than ever
before possible. This is much more than an interesting academic
exercise; it can be an extremely valuable tool in program analysis and
development, as Brandow shows. We have been using Brandow's
demand matrix (with some modifications) in the U.S. Department of
Agriculture to estimate the expected effects of changes in such things
as price-support levels and acreage allotments.

randow does not discuss in any detail the basis for the several
relationships that are suﬂmsnd to hold among the demand coefficients.
Rather, he refers to Wold and Juréen and to Frisch. Also, following
almost all mathematical economists, he gives the relationships in
terms of “elasticities of demand,” meaning the elasticity of consump-
tion with respect to prices and with respect to income.

Elasticities are always abstract and difficult. Also, the relation-
ships between the elasticities of demand are based upon reasoning
about how a rational consumer would adjust his purchases, g, gs,
-+ .+ Gu, 8ssuming given total expenditures m, and assuming fixed
prices, pi, Ps, ...., Pn. Thus, the quantities are treated as de-
pendent variables, while prices and total expenditures are assumed
given.

I find it easier, and often more useful, to think in terms of Op:fOg,
and 0p,/dm. (In the rest of this appendix, these will be called Pra

! Blutsky, Eugenio. SULLA TEORIA DEL BILANCIO DEL CONSUMATORE. Giornale

deghlui Economisti. Milan, LI-1, 1915.
hultz, Henry. THE THEORY AND MEASUREMENT oF pEMAND. Chapter 1,

Univ. Chjna?: Press, Chicago, 1938,

Hicks, J. R. vALUE aND caprtat. 2nd ed. Clarendon Press, Oxford, 1946.

Wold, Herman and Juren, Lars. DEMAND ANALYSIS. Chapters 6 and 7.
Wiley & Sons, New York, 1953.

Frisch, Ragnar. A COMPLETE BYSTEM FOR COMPUTING ALL DIRECT AND CROSS
ELASTICITIES IN A MODEL OF MAXY SECTORS. FEconometrica 27-2, April 1959,

Brandow, G. E. INTERBELATIONS AMONG DEMANDS FOR FARM PRODUCTS AND
IMPLICATIONS FOR CONTROL OF MAREET SUPPLY. Ponn. State Univ. Bul. 630,
pp. 13-15, University Park, 1961,

Hotelling, llﬁrolf EDGEWORTH'E TAXATION PARADOX AND THE NATURE OF
DEMAND AND 8UPPLY FUNCTIONS. Jour. Political Econ. XL-5, October 1932,
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and pem.) These are the estimates of price changes co nding to
given changes in quantities marketed and in total u‘pen:ﬁturea !::n 8
market. In competitive markets, changes in prices are generally
determined by changes in quantities marketed and changes in in-
come—not the other way around. Tn this appendix I shall show the

rincipal relationships which should hold among such coefficients.

hen, I shall translate these relationships into terms of price flexibili-
ties—meaning the elasticity of price with respect to the several
quantities and with rea%e.ct to ditures. These relationships
are exnutlg' Epnm]lel to those found by such writers as Wold and
Juréen and Frisch, except that ours ill be expressed as relationships
between price derivatives, whereas theirs were expressed as relation-

ships between quantity derivatives.

Demand Equations
Consumers in a given market, during a given year, buy n different
goods and services. Let gy, s, «--~ @n Tepresent the per capita

uantities purchased, and let m be the per capita expenditures for all
the n and services together.
Sup we want a set of equations to estimate the expected price
of each good as a function of the ¢'s and m. The two most commonly
used sets of equations are

(A.3.1) oy =an@it+oupt .- + B1afnt T
Ps =0+ 82t - - - + QannTt GamM

..... A R AT e R

Pa=0m1FEnalrt - - . Gt Gamly

and
{J:'LE!.Z} lﬂg ™M “Eh] lﬂg E1+b11 IOE q1+ v +b|-lﬂg El+'!'h| lﬂE m
log s =b log g1+bn log s+ - - - +bs, log gn+ban log m

....... @@ mw ................,....1...4........,,.........

log P.=I5.l log Qi+bn: log 'Eh"" ren -’rﬁ“lﬂg‘ q:+b-- log m.

Of course, neither set of equations is likely to hold accurately
thmughout any wide ranges of the ¢'s and of m. But either should
provide reasonably accurate measures of @ ted changes in prices
with given small (or assumed) changes in the ¢'s and in m; that is,
@y, in (A.3.1) should be & reasonably accurate measure of the exibility
of lhﬁggll r:;ll}wi;}l to g, (In therest of this appendix, such flexibilities

-] ki

We want to establish certain rB]ﬂ-tiﬂl]B\hiKB that must hold among
the a's in (A.3.1), or among the b's in (A.3.2). The relationships
among the a’s can be established directly, remembering that ax =D
and Gpm =P 1l someone prefers to work with relationships nmc]r;iF
the b's, the relationships among the a’s can be translated to flexibil-
ities, remembering that by =fus We shall show the relationships in
both forms.

The Expenditure Equation

We can establish many of the principal relationships by analyzing
the basic equation of expenditures,

(A.3.3) it Piget - - - T+ Paln =T
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The first two relationships discussed below can be established from
(A.3.3) alone—without using such concepts as utility and indifference.

Weighted Sum of Income Coefficients
Suppose m varies, while all the ¢'s are fixed. Then

(A.3.4) f1P1m+ QaPrm - - + QaDam=1.

The meaning of this is simple. The change in expenditure for good
k i8 gsprm. If total expenditure is inureasedi‘e say by a dollar, the sum
of expenditures for each separate good must increase by the same
amount.

In terms ofithe a’s in (A.3.1), equation (A.3.4) is

(A.3.5) QitintQ8mt - ..+ Qullnm=1.
In terms of price flexibilities with respect to m, (A.3.4) becomes
(A.3.6) rt.:{lﬂ'l'r!‘_fh"‘ v oo +rafam=1,

where r, is the proportion of total expenditures allocated to the k*
In terms of the ¥'s in (A.3.2), equation (A.3.6) is
{‘5‘*3"“ rlbll+r36!’:-. CCa +f.ﬁ'll =],

Weighted Column Sums

l:..'i.?uul:lpnzmnz-. now that g, varies, while all other ¢'s and m are fixed.
en

(A.3.8) @Put@Put . . . +@upu=—ps,
or, in terms of the a's,
(A.3.9) N0t 00+t . . . FOu=—p,

These equations, too, can be explained easily. When ¢: changes,
the change in the expenditure for the 1 good is @ipa if 25k, But
the change in expenditure for the i good is Prtqepre.  Equation
(A.3.8) results from summing all changes in expenditure—which sum
is zero because m is fixed.

. I:l terms of price flexibilities with respect to g,, (A.3.8) is equiva-
ent to

(A.3.10) rfatrgut . L drafas=—r,
or
(A.3.11) rbutrdut . .. trda=—r




Weighted Row Sums

Here we assume homogeneity. That is, if incomes were raised by
x percent, and if all quantities were fixed, each price would be raised
x percent. This is logically correct if each consumer's expenditure is
increased by z percent. Otherwise, it is not exactly correct but may
serve A8 an ngzlrn::matmn.

Using the Euler theorem,
(A.3.12) @PutBPut - - - TIP=Pim
or
(A.3.13) gn+gut . .« T 0=
In terms of price flexibilities, (A.3. 12) becomes
(A.3.14) futfut - - - =S
(A.3.15) bu+but . - o Fhea=bin
Symmetry

In addition to the above conditions based upon the dxpenditure
equation, we can establish certain logical relationships between pu
and py on the assumption that the typical consumer is rational.

Let [/, be the marginal utility of t e k* . g its_price, and
U. the marginal utility of expenditures. The rational consumer
spends his money in such & way that

(A.3.16) Uy=pUw and Ui=pLn.

_ Since the order of differentiation is immaterial, the second deriva-
tives Up=Un-

(A.3.17) 2l miAUnpri=2Um+UnPar
Also,

(A.3.18) Um=pUnn+ UnPin=Uns
and

Uwm= PI:UI- + U-.Ph =Une
Substituting (A.3.12) into (A.3.11), and simplifying,

(A.3.19) PP+ Prr=DPPrmt Pty
or
(A.3.20) Pr=Pat PP PrPwm
or
(A.3.21) Gp=0n+ Pdim—Pilin-



In terms of price flexibilities, (A.3.19) becomes

(A.3.22) Talr(fom +fe) =ri(rafim+ra),
or

(A.3.23) fxs=:7:.f a—T(fen—Tfm),
or

(A.3.24) bas =;: ba—i(Bim—Dbem).

Note that when the proportion of income spent for good { is small,
Jre i8 approximately equal t.u-E—‘ fu- In such cases,
]

(A.3.25) b~ bu
or, more simply

(A.3.26) Pri~Pa,

or

(A.3.27) Ty~ .

Appendix 4. Symmetric Regressions

Chapter 6 included a symmetric set of equations for estimating
retail prices of beef, pork, and chicken. A general linear set of sym-
metric equations is

m=a¢1gl+ua:q=;+ O530a+ Bselfa
(A.4.1) Po=05301+ Cu3g3+ Cas@s+ Guctls
Pr=04301+ Cp302+ Q1305+ Greyy,

where q,, g3, g, are capita quantities of the three consumed,
wherq Py Po, Py 8re the retail prices of the same goods (for example, pyis
the price of the first good, ete.), and where y is per capita consumerincome.

ote that the first three columns of y's to the ng]g; of (A.4.1) are
assumed to be symmetric. The logic of this has been covered in
Ap&andlx 3. If we should fit three separate least squares regressions
to the three equations in (A.4.1), we would get two different estimates
of ag,, of a;, and of ag;. One possible way around this difficulty is to
determine the three equations simultaneously, and in such a WaY as
to minimize the sum of sums of squared errors.’ Thus, if e, is the
error of estimate in the first equation, e, in the second, e; in the third,
we may minimize E= (¢34 e+ el). To do this, we must compute E
from (A.4.1), differentiate it witil respect to each of the a,'s, and set

! Brandow followed a similar procedure in Pennsylvania State Universit
Bulletin 680, in equation i. 2, table 5, pp. 20-30. University Park. Aug. 1961,




each derivative equal to zero. This ia a long and tedious job, but it
involves no difficulties. It results in the following matrix equation,
where m =3 z.z,

My g Ty Mg MreaT [mus]
M (1) Ma M M M Mg au | | ()
My Mma (%) My Mg My My || aa| | (B
My My Ma My L My
(A.4.2) s My Ma My Qg |=| Mgy |
Mz Mg My (F) My My my || au| | ()
My My My My Gu | | Ma
Mgy Mg My My || on| | ma
|. LT My M ﬂl«J LOnd LM
! my 4 ma.
! mu+ M.
* min+ M.
4 magt mgy.
¥ mut my.
* my+mp. :
In our beef-pork-chicken problem, the m’s were
1 2 3 4 5 6 7
1,725 —440 474 33,807 —445 86 —1,002
215 —106 —6,965 183 —127 245
(A.4.3) .

474 — 106 224 13473 110 44 — 444
33,807 —6,965 13,473 884,052 2,790 2,200 —27439
The results given in (6.2) of chapter 6 were obtained by inserting

these m,'s into (A.4.2), solving for the ay's, and inserting these a,,'s
into (A.4.1).

Appendix 5. An Indifference Suface
Chapter 7 presented an indifference surface for beef and pork. It
was derived from data in table 7.1. First, we got the regression
equation
(A.5.1) log r=—4.788598—0.855546 log ¢,+0.955203 log ¢s
+1.452289 log g,,

where r is the ratio of retail beef price to retail pork price, and
g1, s, g3 Are per capita consumption of beef, pork, and all other goods.
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If log g, had been held constant at the mean of the series, (3.274239),
the equation would have been

(A.5.2) log r=—0.033447—0.855546 log ¢,+0.955203 log gs.

ar

(A.5.3) r=0.925090g; 0 855548,0. pssa
Consider the equation *
(A.5.4) Fa‘{llT_Lﬂ AP+,
Its first derivatives are
(A.5.5) a=a(1—c)g} and 2,=(1—¢)g,—c.
So
(A.5.6) z/zs=aglgs.

Now, if z were any monotonic increasing function of utility,
(A.5.7) afzy=th/uy=p[ps=r.

In our case, we would have
(A.5.8) 2=0.28713g} 1445 | g ovks0,

If price ratios were estimated from (A.5.7) and (A.5.6), the estimates
would be the same as those from (A.5.2). g

To compute any indifference curve from (A.5.7), take any arbitrary
value, z=£;, Then

(A.5.9) ga=(k,—0.28713¢) 1448y 22301

Using this equation, I computed several points on the curves
cormspondi;? to k=1.72, 1.73, 1.74, 1.75, 1.76. These ks are
arbitrary values of z, chosen to fill the range of the observed data.

Price ratios (or ratios of marginal utilities) could be estimated from
figure 7.2 by estimating the slope of an indifference line passing
through any given point (g,, gs).

1 My former coll @, Glenn L. Burrows, suggesied this equation to me. I
uudlunl;upurpe:‘ﬂ;hodjn 19566. £



Appendix 6. Distribution To Maximize Retums

Assume that a commodity may be distributed among n markets.
Let the quantities distributed to the n markets be g, g . . . g
Let Py, P - - - Pa be the net prices received hg farmer or
tributor f’bhat is, py i8 the deliv price in market k minus any such
costs as freight, storage, or processing that would be incurred by the
farmer or distributor in order to sell in the k** market). First consider
the general case, where the markets may or may not be independent
of one another.

Let the demand function in market k be

(A.6.1) Pa=fr(qn @n - - - Q)
Returns from the k* market are

(A.6.2) =%l

and returns from all n markets together are

(A.6.3) R=qpi+@apst - . - TqaPs

Assume that the demand functions (A.6.1) are known for each of
the n markets. Then it is a simple matter to mm;;)ut-ﬁ the returns
function (A.8.3). This function can be maximized by the ordinary
rules found in any good text on the calculus.

Let R, stand for 0R/dq,, and let R, stand for oR?dgeqy. I there
are no restrictions upon the total amount to be distributed in the n
markets, the necessary conditions for maximum returns are

(A.6.4) Bi=Ry= ... =R,=0.
There are n equations in (A.6.4), with the n unknowns, gy, gz . - - I»-
If the total amount to be sold is fixed at Q (a common situation in

agricultural marketing), the conditional (or constrained) maximum is
found by differentiating

(A.6.5) B—Ma+at - - - +2.—Q),
where A is a Lagrangean multiplier, and setting each derivative equal

to zero. Thus, necessary conditions for maximum returns in this
cAse are

(A.6.6) Ri=R;= ... =R,=)
O+t - - - T6=0

There are n-+1 equations in (A.6.6) with the n+1 unknowns,

ql: qh & % !'t’u- :L

The Lagrangean multiplier A turns out to be the marginal returns,
which are the same in each of the n markets.



Sufficient conditions for maximizing returns are that the Hessian
matrix,

Ru Ru LI R!In

(A.6.7) H=

be negative definite. This means that each diagonal element of H
must be negative, each 2-rowed princ:i%al minor must be positive,
each 3-rowed principal minor must be negative, . . ., and in
general each even-rowed minor must be positive and each odd-rowed
minor must be negative.

Marginal Returns in Independent and Dependent Markets

In the special case where the n markets are completely independent
of one another, (1) becomes

(A.6.8) 2=1@),
and the derivative of R=p,q, with respect to ¢, is
(A.6.9) Hy=pt+ Qprs,

where p,, is the derivative of p, with respect to g, (from the formula
for the derivative of a product).

Equation (A.6.9) can be written
(A.6.10) Be=p:(1+fus)
where f,, is the flexibility of p, with respect to g.. When using the
true, structural demand function, fiz=1/e;s, Where e;; is the elasticity

of g, with respect to p,. For that reason, (A.6.10) is often written
as

(A.6.11) Ry=pa(1+1/ex).

In the general case (whether or not the mackets are dependent),
marginal returns are obtained by differentiating equation (A.6.3).
This gives

R1=P|+EJP||+Q=P!J+ P +qum
By=prt+@iput@pnt . . . +quPu

(A D12 T T SR g LI
HFZP-+E|P:-+E#Pau+ L E “P'EAPIN
where p,, is the derivative of p, with respect to g,

In the special case of independent markets, py=0 whenever & =j,
So in this case, (A.6.12) is equivalent to (A.6.9).




Special Case of Linear Demand Functions
If equations (1) are linear,

Pr=bpt+bugi+bugat . . . +hiada
[ﬁ..ﬁ.lﬂ] P:=ﬁﬂ+&j[g1+ﬁﬂl+ R +hﬂa

....................

and returns are

R=5:uﬂ':+bu§:+{ﬁ‘u+bll}ﬂlﬂl+ R R LT o W
+hogat . . . Fhu@+ . . . F (bt bu)gada

+hugat - - - banta-
In this case, the necessary conditions for & constrained maximum are
2bygi+ (s +ba)get - - - F(Bratba)ga—2r= — b

(bratba) @i +2besat - . . +(Bratbaa)ga—A=—bxn
CABIE] . i srimdiiete s BEspE A e

[1'!'“ +b4|1.’gl + (b! u+bﬂ]q]+ L B +2ﬁ'llqn"' 1= _b-!l
Qtat ... =0
Sufficient conditions are (A.6.15) together with a demonstration that

2by, (biatba) . . . (Bratba)
5 (bya+bay) 20 .+ . . (baatba)

..................

(biatbu)  (bantba) - - . 2bs

(A.6.16) H

is negative definite.

In general, the diagonal elements of (A.6.16) are negative. Ordi-
narily, the diagonal elements will be much larger in absolute value
than the nondiagonal elements. So, in ordinary cases of linear de-
mand, the solution of equations (15) for the ¢’s and for A will give
a true maximum,.

In the extra-special case of linear demands and independent mar-
kets, by=0 for all i>j. Then equations (A.6.15) are easy to solve,
and (A.6.16) shows that the solution is a true maximum—assuming
that by, is negative in all markets. To solve (A.6.15) divide the first
row by 2b,, divide the second row by 2by, . . ., and so on; then
subtract each of the n revised rows from the last row. This elim-
inates all the ¢'s and gives a simple equation of the form cA=e:+@,
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or A=(c;+@)/e;, Then each of the n revised rows can be solved
easily for one of the ¢’s. A case in point is the wheat model discussed
in C]‘;a.ptar 10.

With interdependent markets, some of the b,’s>0 when isj.
Equations (A.E.l5{ can be solved by any of the usual methods, suc']]
as the Gauss-Doolittle method. But first it can be simplified by
subtracting equation 1 from equations 2, 3, . . ., » in order to
eliminate X

A method that is well adapted to the problem discussed here can
be developed from the general formula for inverting a bordered
matrix.! The matrix of coefficients to the left of (A.10.9) can be
written in partitioned form,

[i o]
3 1)

where b is the (nXn) submatrix of coefficients of the g¢’s, where

i=[1 1 ... 1], where i’ is the transpose of i, and where 0 is a
scalar zero. It can be shown that

b 7] [ '—&'s/S) &'/
(A.8.17) |:i I;]_[ o/S Y

where s is the (1xXn) vector of column sums of b, where &' is the
(nx1) vector of row sums of !, and S is the sum of all elements
of b°'. To demonstrate this, substitute ib~! for 8, b~4’' for &', and
ib~%’ for §; then multiply the original matrix by its inverse; the
result is a unit matrix,

After b has been inverted, the inverse of the bordered matrix can
he computed very easily and quickly from (A.6.17).

Special Case of Constant Demand Elasticity

In the case of a single market, economists often assume a demand of
constant elasticity,

(A.6.18) p=ag~

Such curves often fit the data fairly well within the observed range
of p and ¢. But they are not suitable for extrapolation over any

freat. range. Such an assumed demand function implies that returns
rom a single market,

(A.6.19) r=pg=aq'~®
have no maximum. If b<'1, returns would rise indefinitely as

quantity increased. If 5>1, returns would approach infinity as
quantity approached zero. i

! See Frazer, R. A., Duncan, W. J., and Collar, A. R., ELEMENTARY MATRICES.
Pp. 112-115. Cambridge Univ. Press, Cambridge, 1955. hlaD;RFﬂﬂfiﬂB\'n, V.N.,
GQOMPUTATIONAL METHODS OF LINEAR ALGEBRA, translated from Russian by Curtis
D). Benster. Pp. 105-111. Dover Publieations, Ine., New York, 1959,
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In case of several markets, such demand funetions as
P=0nG MEG" . . . "t
(A.6.20) Pr=0nqi™M@s™"™ . . . Q™"

Pa=0u1"qs" . « . Q™"

are also poorly adapted to the study of intermarket distribution. (The
direct price flexibilities —a,» are assumed to be negative; cross flex-
ibilitiss such as &y, can be negative, zero, or positive.)

With demand equations (A.6.20) and a given quantity to distribute,
there would be mo real distribution that would maximize returns
unless each @u<1 (i.e., unless demand in each market were elastic).
Otherwise, almost infinite returns could be obtained by practically
starving the most inelastic market and distributing practically the
entire supply to the other n—1 markets.

Iteration

In actusl practice—whatever demand funections are assumed —it is
ible to start with some particular distribution, such as the actual
istribution of last year. Then marginal returns from each market
can be computed by (A.6.12). (These equations can be used even for
%;r hic demand functions.) Unless R,=R;= . ... .=DR,, some
8 'FM will be indicated to increase returns. This iterative process can
be continued indefinitely as long as the K,s are unegunl, and as long
as the distribution stays within the range where the demand equations
(A.6.1) are believed to hold.

Apparently, Hoos and Seltzer had in mind an iterative procedure
when they advised California lemon producers not to distribute their
crop between the fresh and p markets in the way that would
aﬁnmnﬂy maximize returns.’ Rather, they advised lemon growers
that “consideration might well be Ei‘mn to gradually decreasing the
percentage of the crop allocated to the fresh outlet an mmspundmgly
increasing the percentage of the crop going to the processed outlet.”

Such an iterative procedure has the great a.dvantaga of making it
possible to restudy the demand funetions after each step. If the
allocation to processed lemons is gradually increased from year to
year, the statistician may be able to get dynamic measures of demand
changes, and thus may find the key to maximizing the flow of returns
over a period of several years. This would take into account the effect
of distribution in year £ upon returns in years ¢+1,¢+2,. .. ., and
80 On.

1 Hoos, S8idney and Seltzer, R. E. LEMONS AND LEMON PRODUCTS. Bul. 729,
. Agr. Expt. Sta., pp. 59. Berkeley. 1952,
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SUBJECT INDEX

Analysis: graphic, 9, 17, 38, 40; least squares, 7-9; program, 5; time
series, 9
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Beef, 34, 38, 39, 53-56

Bureau of Agricultural Economics, 5

Charts, dot, 12, 14

Computational techniques, 78-81

Coefficient: alienation, 15; correlation, 15; determination 15 elasticity,
15-16

Conditional expectations, 18-19, 22

Conditional forecasts, 19, 23

Consistency, 27

Consumer: income of, 49; surplus, 48

Correlation, 15

Correlation coefficient: see Coefficient

Cotton, 4, 57-62; longrun demand for, 58; shortrun demand for, 58

Curve, demand: see Demand

Deflation, 12, 38; by consumer income, 12

Demand, curve, 3, 6, 7; derived, 19; longrun, 57-62; matrix: see
Matrix; shifts in, 14, 24-25, 40; theory and concepts of, 8

Dependent markets: see Markets

Discrimination, 65

Disposable income: see Income

Distribution among markets: Theory and concepts of, 63-70, 87-01;
by market with net prices equal, 66, 74; by market with ma.rginni
returns equal, 6668

Distribution, with equal net returns, 64-70; wheat, 70-74; lemons,
75-78

Distribution, with a uniform price, 67; wheat, 70-74

Distributed iag, 58-60

Diversion to proeessing, 74

Economics, statistical, 3

Elasticity coefficients, see Coefficient

Elasticity of demand, 8, 15, 16, 20, 58; for food, 17, 18

Equations, atructuraf, 7,8

Estimating, 2

Export diversion, 71-74

Eyeball method, 12

Foods: competition between, 42-46; consumption of, 9-42; demand
for, 9; expected consumption of, 24 ; prices of, 23

Forecasting: see Estimating

Grapefruit, 32

Graphic analysis: see Analysis

Hogs,

Incx;mal:: disposable, 10-12; income elasticity, 20; marginal utility
of, 5
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