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OBJECTIVES OF STUDY:
The purpose of this study is to present to researchers in

the fields of agricultural economics, agricultural planning, and

to econometricians a brief review of some of the majbr studies

that have been done in U.S.A. to estimate and study agricultural
supply functions. This review will be from the methodology point

of view. That is to present the major procedures and techniques
which American economists used in analyzing, studying, and dealing
with agricultural supply studiese Reside describing the tecnniques
used, this review, will try to present the steps the researchers -
have taken to overcome some of the pgoblems they faced in theilr

analysese.

It is also haped that a study of this nature may be helo-
ful to those who are involved in research dealing with analyzing,
estimating, and predicting supply for agricultural, industrial,
and consumption commoditiess

AGRICULTURAL COMWODITY SUPPLY FUNCIIONS

Graphical Methods )
: =k
This technigue, developed by Beati'in 1929, is based

entirely on the use of graphse Successive curves for data that re-
present the relationship between the dependent variable and the
independent variables are drawil. By studying these curves reséarchez
can know which one of the independent variables has the greatest
effect upon the dependent variable.

13 L.H. Bean, "Applications of a Simplified Method of Graphic Cur-
vilinear Correlation, " Journal of American Statistica.
Association, 1929, 24: %86 - 3597.
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Smith used this technique to study the factors affecting
the price of cotton. His dependent variable was the percentage
increases or decreases in thehharvestedcotton acreage of the United
States. He used four independent variables. The first inde.endent
variable was the New York average price of cotton for delivery in
March as quoted during December of the calender Year Preceding the
vearaof harvest divided by the Bureau of Labor Statistical Index of
farm product prices at wholesale for the same December.,

The second independent variable was the New York average
price of cotton taken for one year earlier. The third independent
variable was the percentage change that took place in acreage dur-
ing Ghe year preceding the year of harvest. The fourth independent
variable was taken as the last two digits of the year of harvest
{period 1902-1926) to represent a trend., By drawing curves to repre-
sent the relation between the dependent variable and these independ-
ent variables, Smith found that the relative price one year before
the the given year will produce more effect upon acreage harvested
than the relative price of two years before and the greater the in-
crease the change in the acreage in the preceding year the greater
the reaction or decrease in the given year,

Smith pointed out
To employ these relationship curves for the purpose of
forecasting, it is necessary to obtain the values of the in-
dependents listed previously for the given year, read from
the curves their effects upon acreage, and add together the
resulting readings. The sum will represent the estimated
or forecasted acreage change.l) e

1) B.Be. Smith, "Factors Affecting the Price of Cotton," U.S. Depart-
ment of Agriculture, Technical Bulletin 50, 1928,

Pe 25,




He added: :
If similar estimates are made for all years throughout
the period and fthese estimated changes compared with the
changes™ that actually took place, a very close agreement is
observeds,l)

The correlation between the estimated changes and actual chauges
was 0.95. '

Beang)in 1929 published an article estimating farmer
response to price. He used the same technique to analyze changes __
in the acreage of potatoes in New York, Michigan, Idaho and the
United States as a whole, sweet potatoes, cabbage, strawherries,
watermelons, rye and cotton in United States, and flax in FNorth
Dakota. The dependent variable in his analysis was the absolute
increase or decrease in acreage harvested over that of the preced-
ing yeare The independent variables were prices received by pro-
ducers adjusted for changes in the general level of farm prices
during the first season and second season preceding the change in
acreage. Some of the prices were deflated by the prices of com-
peting crops. The period covered was from 1921~1928.

Bean found that there was a general type of production
re8ponse to price in all the cases analyzede The dominant factor
in the change in production in any given year was the price receivec
for the production of the preceding years The prlce received during
the season two years precéding was an important factor particularly
if it was low. The nature of the response of production differed
by regions and commodities. The range of the indexes of correlation
for the twelve cases was from 0967 to 0.997.

1) Ibldo, De 24,
2) L.H.Bean, "The Farmer's Response to Price," Journal of Farm
Economics, July, 1929, 1ll: 368 — 385,




This technique of graphical curvilinear correlation depeid:
solely on plotting the original observations on corrdinate Paperse.
A continuous smooth curve can then be drawn through them by eye in
such a way to pass approximately through the center of the observa-
tions. This is a very simple method when nature of the relation is
indicated closely by the original observations. In this case, 1t
might yield a satisfactory expression of the relation. In other
case, the observations may be more scattered, therefore, determining
the relation will be more difficult and different persons may, draw

different curves.

By taking Smith's and Bean's curves as representatives of
his technique, we find that no one of them can be regarded as vefy
accurate, because they fitted complex free-hand curve to a small
number of observations. Even though this method is a simple one
and takes less time to find the relation between the dependént and
independent variables, it will be too difficult %o use in finding
the true relationship, if it is used for many observations. In this
case it is not easy to indicate the curve which fit the data best.

&

Morecver, there will be many successive approximations in handling

these many observations,

In their analysis, Smith and Bean used central market
prices rather than farm prices. The latter is the price to which
response of production takes place. The quantity supplied does no®
depend solely on prices and change in acreage harvested in preced-
ing seasons but also on many other variables which they assumed to
be constant or did not mention, For these reasons one cannot place
a great deal of confidence in their results. Moreover, this method
cannot be used in predicting or describing the relationship'between
price and production in the future because all of the results ob-
tained from it depend on the circumstances that prevailed in the

period covered,
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By looking back to the time in which they puvlishea
their work, it is found that they did attempt to find and deter-
mine the relationship between production and prices. They used
central market prices because they were the only avallable price:s
which could be obtained for a long series of years. By relaling
changes in acreage to absolute levels of prices, they introduced
s dynamic element in their analysis.

Some of the economists now use this technigue primard ly--
to give some idea about the relationship between quantitites sup-

plied and changes in pricese.

Time Series Analyses -~ Single Equations

Simple and Multiple Regressions. lloore in 1917 wrote
a book in which he introduced a method to estimate the response
of cotton production to prices. He believed that price ought to
have something to. do with production. He wrote,

There should .... in normal times, be some relation
between the percentage change in the price of cotton last
year over the preceding year and the percentage change in .
the acreage of cotton this year over las® year.l)

Using the simple linear regression technique he related
the logarithmic first differences of cotton acreage with the lag-
ged logarithmic- first differences of cotton prices., His analysis
covered the period 1890-1913. He found that the simple correla-
tion between the percentage change in the acreage of cotton and
the percentage change in the price per pound of cotton lint Tor
the year before was equal to 0.532.

1) H.L.Moore, Forecasting the Yield and Price of Cotton, New Yol
The Macmillan Company, 1917, De 87.




Moore'!s work can be criticized on some points. The cotton
acreage does not by any means represent the quantity supplied of
cotton and hence the response to price changes. Quantity supplied
is the product of acreage harvested times the average per acre and
not all cultivated acres are harvested., DBut it seems that this was
the best available data to Moore at that time. Response of farmer:
likely will not only be to change in prices of cotton of the preccd-
ing year but also to other previous changes and to changes in the
prices of other products.

Moore was, in fact, the first economist who introduced
this method of relating quantities to previous prices. His work
can be considered as the first study ever made of actual supply
response in agriculture. Many of the American economists following
him used his tecbniQue of relating quantities supplied to prices
prevailing at some earlier period throughout all the work they have

Ao

UDIIC »

Smith in 1925 published an article in which he related
sbsolute changes in cotton acreage tp prices during the November,
December, January, February and March preceding planting. ZEach
price was the mean of the average of the daily spot prices in the
New York and New Orleans markets and was deflated by the wholesale
price index of agricultural commodities for the same month.

He stated that

Since prediction of future conditions must be
based upon analysis of present conditions, the price of
cotton during the planting period might conceivably be

a prime factor in the formation of the producer's opinion
as to future price and hence of his decision with reference
to acreage.l)

1) B.B. Smith, Forecasting the Acreage of Cotton, Jarnal of American
otatistic Association, New Series, March 1925, 20;
21 = &pa Dis
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Smith followed Moore in using the first differences rabticw
than the original values to obviate the necessity'of computing
trends and to transform the nonlinear relations which are usually
associated with the phenomena of diminishing returns into lincar
relations. The period covered in his analysis was 1907-192%. Avu
firat he drew a series of correlation charts between the dopéndeut
variable and the respective independent varibales. He Tfound that
the reLatlonsblps were almost perfectly linear. Smith found that
the coefficient of correlation = .,9502 and that the series of Deccen-
ber, January and February were the most important. Secondly, he
used another regression in which the independent variables were the
three price series and the production and yleld-value series per
harvested acre lagged one yeal. The coefficient of correlation wou
0.93. This indicates that prices have more to do with detﬁrmininj
the producer's mind with reference to acreage than do productior
and yield-value per harvested acré.

Smith in his analysis used the deflated mean of the average
of the daily prices in New York and New Orleans markets. Farmers
usually respond not to changes in the prlces of the termlnal markets
but to changes in the prices received by them, But it seems thab -
when he did his work, series on prices received by farmers were not
svaialable. He introduced a trend in his regression equation which
has no analytical significance here since he used the first @iffereinc:
of acreage which as he mentioned will take care of the trend problem.
In his regression he introduced two new variables, the absolute chaii
in production lagged one year and the absolute change in yleld-value
per harvested acre lagged one year, It is well known now that the
use of lagged pricés in regression rather than other lagged variables
is helpful in identifying the supply curve. He used the acreage of
otton as an approximation to plamned output and this may not be
od procedure but it seems that this was the only feasible one a

hat time.

&
nE,
¥}
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Walsbl) in 1944 published an article in which he summarized
the results of his study of supply of cotton and cottoinsced. The
period covered by his analysis was 1910-1923. He used the cotton
acreage in cultivation July 1 as the dependent variable. The inde-
pendent variable was successively the average prices received by
growers in the precéding crop year for cotton, cottonseed and com-—
nosite price of cotton and cottonseed in his regression series.

All these prices were lagged one year and deflated by the index
number of prices paid‘by farmers %o represent changes in uni® cost.

Walsh's work has a great value relative to The time at
which it was done. He used in his analysis the prices received by
the growers to which farmers actually respond. He dntroduced a now
independent variable in his regressions i.e. the chunge in cost of
prOdquloﬂ. This was done by deflating all prices used by che index
number of prices paid by farmers. This index number cousists of
prices of all the commodities that the farmer's- family used either
in production or consumption and, therefore, does not represent
accurately cost of production. But it seems that this was the only
available index at that time. Using the prices lagged one year has
a significant meaning since there is usually a considerable tinme

lag between price changes and production changes.

In 1950 Kohls and Peariber published the results of
their study of a Large number of commodities. They used in their
analyses simple and multiple linear regressions. They pointed
out that

1) R.M. Walsh, "Response to Price in Production of Cotton and
Cottonseed," Journal of Farm Economics. lay 1944,
26 : 359 - 372,

o
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This work reports the results of a study of the
short time response of agricultural production to price
and other factors. The short-run response considers only
the year to year changes which are primarily under the
control of the producer.l) :

The percentage change in acreage from the precediﬁg‘gcar
was the dependent variable in their analyses. The independent
variables were price lagged one, two or three years and otGher

factors.

All prices were deflated by an index of prices received
by farmers. They converted all data to percentages of the preced-
ing years. They wrote :

This procedure has the advantage of ellmlnatlng
all but the most severe trends. It also converts all
variables to a common denominator which greatly facil-
itates later application.2) '

Their results show that both low correlations and Llow
elasticities were found. They used the percentage change of acreag:
as an approximation to the planned otuput. In their fegréssion '
they used the lagged prices which can help in the ildentification of
the supply curve from the given data. It seems that the reasons
for. aeflatlng all the prices used by the index of all prlces Fe-
ceived were that most of these crops were grown over a wide area
snd the number of relevent alternatives to any of these crops was
very large. Their work can be considered the most comprehensive
study published to that date. v

1) Rl Kohlsand Don Paarlberg, The Short—Time Responge of Apri-
cultural Production to Price and Other Factors, Furaue
University Agricultural Experimént Statlon Bulletion 555,
October: 1950, Lafayette, Indianae Pe3.

2) Ibid,,,Appendlx.
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1)
Halvorson used a time series multiple-regression analjy-

sis and correlation analysis for the period of 1934 — 1954 for the
United States as well as regional data. The study focuses on

the short time supply elasticity which works primarily througl
changes in production per coﬁ. Farmer's response to price (mili-
feed ratio) was measured by the changes in their rates of feedlii
as represented by the pounds of grain fed per pound of milk pro-

duced,

Bowlen in 1955 published an article using a simple re-
gression model to study farmer's response to changes in the price
of wheats. The period covered by his study was 1926 to 1952, oniG-
tjng the controlled years 1938-1943% and 1950, First he used
lagged adjusted price as the independent variable and acrea;e
ffted as the dependent variable for the United States 28 o wholso,
The regression coefficient was 1.05 and a standard error of(b)some
three times as large. Then he used the first differences of plan-

i -

ted acreage and first differences of adjusted price ratios for
the preceding season. But the results were only slightly different.

*(j

He stated that,

It would be incorrect. to conclude that price
was not an important consideration in farmer's decision
making process, but rather the direction and extent to
which farmers respond is influenced by a most diverse
set of conditions among areas, among farms within an area
and over time. 2)

1) H.W. Hdlvorson,"The Supply Elasticity for Milk in the Short
Run", Journal of Farm Economicse. December

1955, 37: 1186-1197.

2) B.J. Bowlen, "The Wheat Supply Function,”_Journal of Farm
HEconomics, December 1955, 37: 1177-1185, pe. 1177




e

Therefore, he subdivided the state of Kansas into thres
areas on the basis of climatic and other conditions, including
possible substitution of other crops. By using a simple resr-—
ession model, Bowlen found no significant relationships whon
be used lagged adjusted prices of wheat and acreage planteu
or when be used first differences of these two variables.

He thought that by dividing the state of Kansas into
more homogeneous areas, he could get important results, obut >
these, results were also unsatisfactorye. This was a result of
using a simple regression model with one independent variable.
Wheat production is influenced even in small homogeneous areas
by many other variables such as availability of-other alter-
natives for resource use, weather conditions and farmer's 1lncomc.
It seems that using a multiplegratherAthan;a‘éimpke regression
mocdel would be more appropriate. His work can be cousidered as
a guide for other economists to prevent them from over simplify-
ing the problems which face them.

Nerlove in 1956 published an article éétimating the
elasticities of supply of cotton, wheat and'corn for the period
1909-1932. In his regression model he used the expected price
~ather than last year's price. He stated that, "Farmers react,
act to last year's price, but rather to the price they expect,
and this expected price depends only to a limited extent on what
Last year's price was,“l The expected prices of The past years
~ould not be obtained. To estimate them he put the hypothesis
shat, "Each year farmers revise the price they expect to prevai.
in the coming year in proportion to the error they made in pre-
iicting price this period.™ 2 This hypothesis is equivalent to

1) Marc Nerlove, "Estimates of the Elasticities of Supply of
Selected Agricultural Commodities, "Journol
of Farm Economics, May 1956,38:496~509+p.498. -

2 Ibide, PeiBBO.
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one in which expected price is represented as a weighted moving
average of past prices. This can be expressed mathematically as

followss
2 % - - B2 :
= /(gPt_l+ (1=-B)B Pyp + (1=P)° B By_s+ +0n L
where Pi = the price expected in t© years,
Pt_lz the actual price in t-1 year)
(8 = the coefficient of expectation.

By substituting this expected price equation in the
acreage response function which is Xt =a, +a P§ + Ups he found
that there 1s a relationship between thls year's acreage and last
year's actual price and last year's acreage. He ‘estimated the
elasticities, multiple correlation coefficients and the trend for
the three crops assuming that ]3 = 1 which he called a special
nethod. Theun he compared his result with estimates that have been
obtained by other workers in the field of supply response with the
=t:“nedr*cted]3 which he called the general method. He found that
shz coefficients of determination, and the elasticities of acreage
%0 expected price are higher using the general method than they

were bJ using the special method.

Nerlove in his paper inctoduced the concept that farmers
react not to the last year's price but to the price they expect.
But farmers, in fact, not only react to the expected price of the
commodity they produce but also to the expected prices of compet-
ing products, the expected prices of factors of production, and to
the alternative uses of their resources that will be available.

He used in his regression deflated prices. but it is not certain
that farmers use this method at all and even if they do deflate
thelr prices there is no evidence that they use Ehe same deflator.,

1) Ibid., p. 501
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Nerlove, however, by his paper contributed more under-
standing of the use of the econometric models in supply studies.
His paper made an important advance in supply analysis.

Nerlove and Addison in 1958 published a paper presenting
a method for der1v1ng statlstlcal estimates of long-run elasticities
»f supply and damand, On the assumpbion that farmers base their
decisions on price lagged one year and by using the traditional
approach that planted or harvested acreage represent planned out-
nit, they formulated the supply function as follows:

Eﬁ' =a+ bpy ; + ct,l (1)

whers §£ = the lgng—runhequilibrium acreage,
Py 1= tbe price of the commodity lagged one year,
t = frend variablé.
Bu’ since: thedlémg<run equiliboiwm acreage could not be observed;
then equation (1) could not be estimated directly. Therefore they

supposed that the relation between the current acreage Xy and the
equilibrium acreage E% could be represented in the following equa-—

{ o &}

*—

‘. j_ . (%, - x 3 0. e
g~ Ty ?/ e v

where ?’ the coefficient of adgustment. Substituting (11) in (
they obtained ;hg?gst;mazlng equations

1) Marc Nerlove and William Addison, "Statistical Estimation of
long~run Elagticities of Supply and Demand, "Journal of Farm et
Economics, Nevember 1958, 40: 86l - 880, P. 865.

2) Loc. cike
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o mwal® by PR ot + (1= ) meq + ug;l

where u. = a randomly distributed residuals

Fhyw

They used this equation to estimate short-run price
elasticity over one production period and the long-run price slg-~
sticity for twenty vegetables produced for fresh market in the
United States. Lagged prices, lagged acreages, and a linear trend
were used in the analysis. The acreage and price data were obtained
from published Agricultural Marketing Service sources. In describ-
ing their analyses, they stated that, "They are prellmlnary ansliy-
sés and presented mainly for illustrative purposes.,’ n2 They found
that the price elasticties of supply for most vegetables were Low
over one production period and for many vegetables were in excess
of one for the long-run.

The work of Nerlove and Addison can be considered the most
important and comprehensive work that has been done in estimating
long~run supply elasticities for agricultural.products. Itmay be the
changing point from static to dynamic understanding of supply
phenomena. This may help eccnomists to differentiate between short-
run and long-run elasticities. It may also help applied workers
in the future to obtain accurate results., Using the price expecta-
tion model in their anaylsis, they succeeded in demonstrating the
concept that farmers react to expected prices rather than prices
received. But using lagged time series may raise the problem of
the lag correlation between the time series used., They found that
the problem of serial correlation was much less than by using other

models.

.lj Loce Cibe
2} Ibld.cg po 8710
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1)

Barker in 1960 realized that past work in aupply

- analysis has focuséd upon the individual farm unit% or upon the

United States as a whole,zdesigned a study to bridge the gap be-
tween these extremes by providing regional estimates of supply

4 response using regression technique. The hypotheses tested con-

cerned differences in supply elasticities with respect to milk
price for : 1- different geographical regions, 2- different time
periods, and 3- different economic conditions. Variables used
in addition to trend and the milk price were principally prices
of competing products and costs of inputs, three basic forms of
the singlé equations were employed : l- a traditional model,

2—- a distributed lag model; and 3- an inevefsible model, In
all three models milk production was the dependent variablee.

Canonical Regressions. This method can be used in

estimating the supply relation. Waugh wrote, "It appears to
have obvious possibilities in reseach upon the elasticity of
agricultural supplies.“a) This method is used to explain the

relation between a group of products and their prices together.

In the regression analysis an index may be built for the acreage

of the whole group and another for the whole set of pricese.
This method helps in estimating the weights which will be used
in building these indices.

1) Randolf Barker, "The Response of Milk Production to Price;
A Regional Analysis', Ph.De Thesels,
Iowa Stabe University, 1960.

2) Frederick V., Waugh. Prospective Uses of Estimated Coefficients
~and Related Statistics. Agricultural Supply Functions, Edited
by E. O, Heady, Iowa State Unlversity Press, Ames, lowa, 1961,
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Simultaneous Equations Systems

Hildreth and Jarret in 1955 published the results of \fg
their study of the relation between quantity and price of llve-f‘
stock in the United States. Their objective was " ...e00s GO
obtain quantitative approximations to some of the underlying
relations determing quantity and price of livestock products
produced and sold in the United States each year"(}) In theizx
study,the individual products-cattle, calves, hogs, chickens,

turkeys, sheep, milk and eggs-were included in the livestock
products aggregate. The period covered by their study was
1920-1949,., They formulated an economic model, by using the
economic theory and previous knowledge Tto describe the relat-
ions among the variables. A statistical model was set-up to
represent the relations of the economic model, This statisti-
cal model consisted of seven equations that were linear in the
logarithms of the observed variables. These equations repres-
ented the production relation, demand for feed grain, demand
for protein feed, supply of livestock products, demand for -
livestock products, supply of feed grain and supply of protein
feeds., They solved these equations simultaneously to obtain
the parsmeters and, found that there was a negative elasticity
for livestock sales to current livestock prices. There was a
positive relation between livestock sales and the amount® of
livestock produced, farm wages, beginning inventory numbers
and the price of feed grains. In their analysis they did not
take into account changing technology. The period covered was

(1) Clifford Hildreth and P. G. Jarret, A Statistical Study o."
Livestock Production and Marketing, John Wileg
Inc., New York, 1955, P.l. _ v
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relatively short for this kind of study. They did not intro-
duce in their equations a variable to represent fixed assets.

Estimation of supply functions and response of output
to changes in price by using time series regressions is a pos-
itive technique because it describes what does exist in a given
time period. The above review shows that Moore was the first
one to use the regression analysis to expalin farmer's response
to price change and he was also the first to introduce the con--
cept of using lagged prices. Most of the economicsis following
Moore used the same principles with some modifications. Some
have measured supply response in acreage planted or harvested,
others in physical output. Some presented these acreages as
absolute acreage, others as a percentage change.from acreage of
previous years., Prices were expressed either in absolute fTerms
or based on prices of preceding years. Some deflated prices
by the index number of prices paid by farmers to introduce cost
of production. Others deflated prices by the index number of
prices received to correct for changes in purchasing power.
Some 1lntroduced prices of competing producvs, prices o6f inputs
and yleld per acre as independent variables.

All these attempts to estimate and analyze the relation-
ship between quantities supplied and prices reflect only hist-
oric relationships. They describe something that happened over
a previous period. Even though this approach was widely used,

i)

many problems still exist with the use of these techniqueg .

(1) For details on problems of time series analysis see, "Tech-

niqgues and Problems in Estimating Agricultural Supply Fun-
ctions,"by Mohamed G. Abou E1 Dahab, The Institute of Nat-
ional Planning, Memo.NO. 715, January, 1967.

—
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QPERATING UNIT APPROACH

Budgeting Method

Black(l) in 1932 suggested this method in discussing

methodology for research in interregional competition.

Allen znd others published in 1940 a bulletin studying

the long time supply schedule of milk. In describing thelr
method they stated that

By means of individual farm records and other-
data the past period is carefully examined farm
by farm in a representative area. Net changes
over the period are noted and explained. For
the period ahead individual farm estimates are
prepared for each of three price levels. The
area summations of the individual estimates

are further adjusted for certain factors which
cannot be treated by individual farms, - The
final results can be presented as a long-time
supply schedule for the area showing the pro-
bable output for each of the several levels of
price for milk for a time some years ahead .(2)

They obtained from 109 farmers complete farm business

records including all receipts and expenditures for 1956. After

normalizing the data so that the comparison between different

budget plans will be on the basis of normal conditions, they .

worked out three farm plans or budgets for 10 years ahead for

each sample farm. These budgets are 3

(1)

(2)

John D, Black, ™ Interregional Comptition in Agricultural
Production, In Research, In Farm Management - Scope and
Method..." Social Science Research Council Bul. 15,

R.H. Allen, Erling Hale and R.L. Mighell, "Supply Response
in Milk Production in the Cabot-Marshfield Area - Vermont,
* J,S., Department of Agriculture Technical Bulletin 709,P.Z.
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a, the first in terms of present price relationship,

be the second in terms of milk prices 15 percent higher
relative to all other prices,

¢, the third in terms of milk prices 15 percent lower
relative to all other prices.

They pointed out :

In general, the procedure followed in this
study is to consider first a most profitable farm
organization for each price situation : as real-
istic terms as possible and then on the basis of
personal acquaintance with the farmer and his
past record performance to estimate the effect
of subjective factors in causing him to fall short
of the point arrived in the first approximation.(1l)

They found that a 15 percent decline in milk prices
would bring about a contraction in quantity sold considerably
greater than the expansion that would result from a similar
price increase,

The supply schedule which they obtained is associated
only with the year 1946 and it could not be used in predicting
the quantity of milk obtained as a result of an increase or
decrease in the prices of milk for any of the years between
1936-1946 or even beyond 1946, It is a static or normal sche-
dule which does not take into account whether the changes in the
prevailing conditions in the normal year 1936, will exist in 1946
or not. Moreover, farmers in operating their farms usually do
not attain the most profitable organization which Allen used in

1) " Tude, P, 31,
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his analysis because not all production conditloﬁs  k
their control. Therefore, the supply schedule @btaiaz:qdi& “gg _
represent actual response to price change, ; - :

Schuch studied the supply of fluid milk in the ﬁetrait
milkshed using the budgeting technique to estlmateﬂa ahert—fﬁn
supply curve, He used a mail survey of the producers &n the
area to determine the conditions under which fluld milk was
produced., The results of this survey were his guif:: in select—
ing 10 typical herds representing production condiﬁi{,}tin th@
Area, A marginal cost curve was estimated for each of #h#ac
10 herds, then the quantity of milk that each preduner waald
supply at various prices was determined, The quanhitgfa”
price was multlplled by the number of producers repi
that typieal herd. The results were summsd to get 7
supply curve for all producers in the area. ‘He. fsnnt G}
the short-run, elastlclty of supply in the Batroikﬁ_’
varies areunﬂ§.426 depending on the level of predﬂs

: Schnh, by introduclng the aspect of the marg*ﬁ
in his analysis, did a very good job, But when.hq 15
horizontal summation of the supply curves of-inﬂifi_fi
to obtein the aggregate supply curve for the grga” 1e
by the preblem that the prices of variable inpﬁtﬁ”
be the same to the individual farmer will vary %¢
whole, ' : :

(1) Geargé B,y Schuch, " The Supply of Milk in the Det
shed as Affected by Cost of Productloﬁ“ Mich%=¢-
T, Buls 259, P. 45, :
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Linear Programming Technique

Knudtson and Cochrane published a paper to estimate the
supply function for flax at the firm level., They stated that,
"The purpose of this study was tc explore the possibilities of
using a linear prcgramming technique to derive a commodity sup-
ply function at the firm 1evel."1>

They formulated a model for a representative small grain
ferm in the northern Red River Valley of Minnesota, This re-
presentative farm was raising wheat, barley, oats and flax. The
period 1940-1954 was selected as the basis for determiniung the
average yields for the four crops. The prices of the period
1930~1937 were used as the base for determining average relative
prices for the four graina. They used the Minneapolis wheat price
as the basis for calculeting the relative prices.

From the results obtalned from the linear programming
model, they constructed the flax supply function by varying the
flax price and holding all other things constant.

Kelleya)presented a paper at the Scuthwest Milk Marketing
Conference to present a method for appraising the role cof price
in'effecting output changes in Federal Order Milk Markets, and
1o estimate the elasticities of supply, output response and in-
come with respect to price.

In his study, he used the linear programming technique.
He programmed a sample of 49 farms of 1957 in the Topeka, Kansas
#ilgshed for thres basic situations: (1) uses allrescurces, levels

1) Arvid C. Knudtson and Willard W. Cochrane, ™A Supply Function
for Flax at the Firm Level," Jocurnal of Farm Economics, Feb-
ruary 1958, 40: 117-123, p. 317~

2) PaulL. Kelley, "Supply and Respense Relations for Milk," Con-
trinution No, 5),, Department of Agricultural Ec04um_ua, Kansas
Agricultural Experiment Station.
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of technology, levels of management, restrictions on crop and
livestock activities, factor and product prices existing in 1957,
(2) identical with situation I, except that base and blend milk
were decreased 10 percent from 1957 levels, (3) identical with
situation I, except that base and blend milk were increased 10
perceht over 1957 levels.

Krenzl} and others published a study to develop profilt
maximizing production plans for dairy farms in the Des Moines
area, and to derive aggregate fluid milk supply schedules for
the area based on these optimum plans. The dairy farms in the
area were classified into 24 categories on the basis of average,
soil type, tenure and dairy-building resources. Optimum plans
were developed for an average farm in each category at two levels
of production per cow. These plans were developed using linear
programming techniquesubilizing a variable price for fluid milk,

Fliud milk supply schedules for the optimum plans in
ecach farm category are weighted by the estimated number of farms
of each type in the area and aggregated overall catbegories.

Economists in using the linear programming technique
have to specify some assumptions concerning the goals and actions
of farmers, such as specific techniques of production, specific
products, specific resource use and the attainment of maximum
profits. Supply functions obtained are called normative supply
functions. This means what farmers ought to do in their pro-
duction operations in response to price changes under certain

—

N

1} R.D. Krenz, E.O. Heady, and R.V. Banmann, " Profit Maximizing
Plans and Static supply Schedules for Fluid Milk in the Des

Moines Milkshed." Iowa pgr, and Home Econ. Expt. Station,
Res. Bulletin 486, 1960.
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assumptions. The results obtained by this method are optimum only
in terms of the assumption used in the analysis.

Since this method depends upon certain assumptions,
it has the advantage of allowing analysis of etfects of new
variables. Therefore, it is easy to include the effects of pos-
sible changes in technology in estimating supply functions.
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AGGREGATE AGRICULTURAL SUPPLY FUNCTIONS

The previous part of this review has dealt with estima-
tes and studies of supply functions for individual farm products.
Knowledge of supply relations for individual farm products is
useful and helpful in prediction and in formulating policies for
individual farmers. It may be helpful to some extent to decision
makers for public policies. But these micro-relations are not
sufficient to be used to gulde national policies directed towards
changing the whole structure of the agricultural sector. Only
supply relations on the macro level can be helpful in this latter
case, L5 is through knowledge of aggregate supply functions of
agriculture for a region or a nation, that agricultural probiems
can be solved,

Schultz wrote

Tell me what the supply of farm products will be five
or ten years from now, and I shall give you meaningful
answers to the more important problems of agriculture. 1)

Heady in 1955 published a non-empirical paper studying
supply functions of agricultural products under full employment.,
The steps which he recommended.to be fwllowed to obtain a good
description of supply functions can be presented in the follow-
ing eteps.

1} Theadore W.Schultz, " Reflections on Agricultural Production,

Output and Supply, "Journal of Farm Economics, August 1956,
%8s 748 -~ Y62, p. 748.
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1) Specification of the appropriate analytical modle,
2) measurement of the relevant observations, 3) prediction
of the coefficients which make up the system of equations
: 1)
involved.

The only two periods of full employment which could be used were
1910-1929 and 1942-1954, The use of a simple least squares pre-—
diction of the regression, in the case of aggregate supply
functions will not be helpful, since many different relations
exist, between variables in the econony. He described the sinmple
regression technique that " This procedure can only provide a

mongrel relationship ....“2)

. The supply elasticities, in this
case, he said could be obtained only by a simultaneous equations

systeme

Cromarty in 1956 published a papaer studying the re-
lationships within agriculture and between agriculture and other
sectors of the economy on the national level. He wrote

The object of this paper is to present some addition-—
al empirical results on the major macro-relationships ex-
isting within agriculture and bétween agriculture and the

3)

remainder of the econony.

1) Barl O. Heady, "The Supply ¢f U.S. Farm Products Under Con-
ditions of Full Employment," Journal of Americzan Economic
Review, May 1955, 45: 228-238. P. 228,

2) Ihide,; e 255,

3) James T. Bonnen and William A. Cromarty, "The structure of
Agriculture,” Agiticultural Adjustment Problems in a Growing
Bconomy, Edited by E.O. Heady and others, lowa State College
press, Ames, Iowa, 1958, p. 11i0.




- P26 -

He studied only the most important commodities. He divided the
comnodities studies into twelve categories. The period covered
was 1929-1953, He estimated the demand and supply relations for
all these cabegories. He used a model of 35 structural equations.
One hundred 2nd ten variables were used., In estimating the supply
relation for crops he attempted to explain the effects of price
expectations as measured by lagged product prices, prices of
alternative crops, costs of items used in production, wheather
and technological advances as measured by physical units of
equipment. In the case of non-crop products, he measured the
effects of costs of items used in production, the level of fixed
assets, price expectations as measured by lagged products prices
and in some cases technological improvements.

The model used was relevant to a relatively short
period. He stated that

It the modél is to be applied to longer time periods,
then the flow of resources between the agricultural and
non-agricultural sectors of the economy must be given more
emphasis l).

Brennan in 1958 published a paper studying the U.S.
supply fuction for cotton. He wrote

1) Ibid., pp. 155=116.
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The total U.S. supply could.then be built up from
several functions—-one for each region containing the
variables relevant to that region, Ideally each region
would be defined in terms of homogeneity of crop sub-
stitutes, technology, climate, etc eu.e

Therefore, he divided cotton acreage -in the U.S. inte three
geographic categories, the Southeast,rﬁhe Mississippl Delta
anu the Southwest. The periocd covered was 1905-19%2. Hs repre-
sented the acreage-response function for each category by a
linear equation. The independent variables were the expected
prices of cotton, expected prices of selected substitutes such
as corn, tobacco, peenuts and Wheat'and.trend..

Griliches in 1959 published 'a paper in which he esti-
mated the aggregate supply elasticity of the United States farm
products. He used in his estimate the,eiastiéities of the demand
for inputs in U.S, agriculture, He wrote

s+se agricultural inputs are responsive to changes
in relative prices. But if inputs respond to rpice
changes, so must also farm outputo_It.can'be shown that
any supply elastici+y can be expressed as a weighted
average of all elas ities of demand for lnd1v1dua1
inputs with respeut te price of the product

1) Micheal J, Brennan, Pchanges in Cotton Acreage in the South-
east=--Implications fOﬂ Supply Punctiensy "Journal of Farm
Economics, November 1958, 40% 855,p. 8&2

2) Zvi Griliches, "The Demand for Inputs in Agrlculturp and a
Derived Supply Elasticity," Journal of Farm Economics,
May- 1959, 4l1l: 309-322, p. 318,
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He assumed that the input factors were paid the value of
thelr marginal product, and therefore, he used the factor shawes
as weightse.

His aggregate supply elasticity can be presented as follows:
She ?:ki-?ip

where eqgp is the supply elasticity of output g with respect to

its own price p, k; is the share of factor i in total costs oxr

revenue and‘v is the elasticity of demand for factor i with

respect o changes in the price of the product. He assumed also

that factor prices are given and fixed,

Griliches in 1960 published a Study of the aggregate
supply function. He wrote.
The purpose of this paper is then To present some

‘estimates of the aggregate U.S. farm supply elasticity,
using a relatively simple econometric model,!

In his study he used a simple distributed lag model and introduced
Stalling's 2) weather index to take care of weather effects. The
dependent variable was output measured by the ARS Index of Farm
output., The independent variables were prices by the USDA Price
Indexes, weather by Stalling's weather index, lagged farm output

1) Zvi Griliches, "Estimates of the Aggregate U.S. Farm Supply
Function, "Journal of Farm Economics, May 1960, 42: 282-293,
Pe 2850

2) James L. Stallings, "Weather Indexes, "Journal of Farm
Economics, Febuary 1960,742: 180-186.
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and technological change by a trend variable.All variables except
trend were expressed as logarithms of original values. He esti-
nated also the elasticities of two sub-aggregates all crops and
livestock and livestock productss, The period covered was 1920-
1957 for the aggregate farm output and 1911-1959 for the two sub-
agregates. ‘

By comparing the studies that have been done in micro
level with that in the aggregate level, one can find that adequate
work has not been done in estimating and studying the aggregate
agricultural supply functions. Most of the work has described
aggregate relations rather than estimating them. Even those who
attempted to obtain aggregate supply functions by horizontal zg-
regating of supply functions in different regions or for different
ommodities were faced with many problems and limitations. These
prdblems may be the result of complexity of the agricultural
structure, data limitations and different alternatives available
for factors of production.

&
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