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PREFACE

This report is the first of a scries based on exploratory studies,
regional in nature, analyzing the farm surplus situation and the
corollury udliustmcnt problems of agricultere. VWheat and feed
grains—the larger and more pressing facots of excess agricultural
cutput—nprovide the theme of this first analysis. Economie efficiency,
limited by certain specific assumptions, is the framework within
which this analysis was made. Factors noneconomic in nature alse
are involved in the location of production. These factors are (1) for
the most part nonquantifiable and (2) probably of less importance in
inltuencing the location of produeiian than those of costs and prices.
Hence, this analysis s limited to cconomic {actors.

The results presented bere are necessarily tentative because of the
complexity of the analysis problem and data deficiencies. Readers,
therefore, should look on these results as fivst approximations and as
& basis for further analysis. Bxtended analyses in progress are
designed to crase many of the analytical limitations cvident herein.
Because of the naturs of the analysis problem, a patticuler moth-
odology and its implications are emphasized in this repors.

Becauvse of space limitations only brief explanations of methods used
to gollect and estimate the deta required for this study and only
agoregates of these data wre presented here. However, additional
explanation of the methodology and more detniled data ave available
in A Linear Programing Analysis, supplement to this bulletin, which
may be had on vequest {rom, the Information Division, Agricultural
Research Service, U.S. Department of Agriculture. Included in the
supplement are: (1) Mathematical notes for cconomic models, the
programing matrix, and weights used for grain yiclds and production
costs; (2) notes and supplementary data for yields, acreages and
production costs; and (3) a formal presentation of the method used
to estimate demand resbraints,

Specialists in the United States Department of Agriculbure and at
many State Agricullursl Experiment Stations furnished much of the
basic information used in the study. The authors gratefuliy acknowl-
edge this assistance. Special appreciation is expressed to K. L.
Bachman, G. T, Barton, . W. Crickman, R. A. Loomis, and H. L.
Slewart, Farm Eeonomics Research Division, Agricultural Research
Service, for valuable suggestions in regard to conceptual as well as data
problems and to L. A. Ibnen of the Department of Economics, Towa
Slate Tiversity, who assembled and unalyzed much of the basic data.
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Regional Adjustments In Grain
Production

A Linear Programing Analysis

By Awviy C. Egpery, Agricuitural ]"(.Onomast Irrm Beonomivs Resenrch
Divigion, amefeuliurnl Research Bervice, U.B Demrtmcnt of Agrienit ire;
wnd Faune . Heany, Professor, Dep: iriment of Feonowies and Soviolugy,
Town Agriculture and Home Beonomics HKxperiment Stalion

SUMMARY

The study veported here was » regional aggregabive analysis of the
wheat and feed-grain economy in the United States. The gencral
objective was o ascertain the regioual production location of whenb
and feed graing if annuat {}uLput, were in balance with an assumed
fevel of demand, and if production were lecaled in those nreas that
produce the gmin requirements most cfliciently.  Problems of surplus
production of individual grains ¢annot be tnvestigaied independently,
As expetience in the last deende has shown, conbrol of the acrenge of
one grain crop usually leads to su increase in the acreage of oue or
more of Lhe others. Recent developments in mathematical pro-
graming provide methods for analyzing simullancously possible
produglion adjustments lor various crops.

Although the programing study is parily methodelogicel, empirical
results can be used Lo specify Lhe relatively high-cost grain-producing
regions in the United Stales with the production restraings and costs
spu.:fsed The restraints were the acrenge of land considered to be
nvailable for production of grains in each region and the guantities
of wheat and feed grains mquued for (-onsmupamn in 1954, Given
the chosen levels of production reslenints, productk prices, and pro-
duction costs, the optumum regional location of production was deter-
mined by those areas that produce the specific grain requirements ab
cither (1) minimum cosk or (2) maximum profit, depending on the
assumplions of the analysis.

QOuve bundred sud fowr unique major grain-producing regions in the
Tnited States were delineated foe the analvsis.  These regions do
not include Lhe total land aren of the Nation, but in 1954, they
accounted {or around 90 percent of il feed grains and wheat produced
in this country.  Phe small quantity of graun produced in the omitted
arens was assumed to e independent of the system. The census
year 1954 was used as o base year for determining production costs,
grain prices, yields, and consumplion requirements, and 1953-—when
no acreage-conbrol programs were in cflect—was the base year for
estimaling MaxuRum grain acreases,

Five models, designated as A, B, ¢, D, and B, were formulnted to
determine the optimum production locations for wheat and feed
erains.  The maximum regional grain acreages were common to all
fve. PFood wheat, feed w hmt aund n i'(,cd-q: ain roilabion were the
regional production I}OS‘BIlJllILlL’b {nclivities} in models A, B, C, and IE,
but for model D, the regional produetion possibilibies were food whc:tt,
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feed wheat, corn, oats, berley, and prain sorghums.  Other differences
between the models were: {1} Models A, B, G, and D were minimum
totel production cost models, but model E was a maximum total
profit model; (2) anoual land reots were included in the activity
production costs for model B, but not for models A, C, D, and E;
and (3) wheat and feed-grain activities had separate regioual pro-
dugtion restraints for model C only.

The linear programing solutions of the models, though not alike,
show a high degree of similavily; especially the solutions of models A,
B, and E, which proved to be the most realistic solutions.  These Liree
rnodels agreed in showing that 58 particular regions would be needed
for production of grain. The selutions nlso agreed in showing that 33
specific regions would not be needed for production of grain. There
was disagreement for only 16 regions, Two solutions agreed in show-
ing that 7 of the 16 regions would be required, and that the remnining
9 regiens would not be requived. Production of Ieed grains was gon-
sistently specified by the solutions Lo these three models for the Corn
RBelt, Delawnre, New Jersey, eastern Pennsylvania, and Maryland.
Produclion of wheat was designated in each solution for the Pacifie
Northwest and northeastern Colorado, The three programing solu-
tions diffared most from model to model in the Lake States and the
Northern Plrins, particiderly in North Dakotn and Soutl: Dalota.
Production specificetions for North Dakota and South Dakola varied
from all feed grain (meaning large quantities of barley) lor model B
to nearly ail wheat for model E.

Production of Teed grains and wheat was net speeified in any model
for Michigan, southenstern Colorado, castern New Mexico, the Delta
States, and the Southeast, except that model IE specified production of
a small quantity of wheat in southern Alabaing and w small quantity
of feed grain in western Wentueky and eastern Virginia.

On the basis of the study, areas for wlich little or no production of
prain was speeified were these in which most of the adjustments in the
use of resources in grain production would he needed,  The number of
acres spectfied as not veeded would be 31.9 million acres {for model A,
34.7 million neres lor model B, 22.9 million acres lor model C, 62.4
million aeres for model 1D, and 28.8 million acres [or model I,

Clompetitive prices of wheat and feed grains were determined for
models A, B, C, and D tiirough the dual programing solution. Land
renls were determined by the dual solution to ench of the five models.
In gencral, these rents can be described ns residual or imputed values.
Tu teems of the wodels, however, the derived rents can be described
also ns competitive prices of land used for preauction of grain.

In inteepreting the resulls for all models, it shiould be remembered
(1) thet spatinl production patterns were computed under the assump-
tion of production te¢hniques refleeted in the technical coellicients
equul Lo the avernge of the region, and (2) that the coellicients were
constant for the delineated regions. Localional variations from the
regional cocfhicients used would mean that some acreages in the “out-
going” regions would remain in grain production and some nerenges in
the “staying-in'’ regious would be withdrawn. Only grain crops were
used ns competitive alternasives in prograing, although inclusion
of lnnd rent ns a cost in model B gave some recognition to alternative
crops.
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Assumptions nud data with such limitations were used for this ex-
ploratory stage in the analysis because of computational problems.
The empirical task was a heavy one. Gathering data and making
computations involved sizable efforts. About 4 man-years were spent
in routine development of coefficients. Had manpower and computa~
tional funds been more adequate and had cruder coeflicients been used,
e somewhat more appropriate model could have been constructed.
This model would have grain and nongrain crops and livestock activi-
ties and an objective function of return maximization.

Under ideal conditions for conducting a study to analyze regional
resource problems, adequate funds, computational facilitics, and time
would be available. Adequnte stores of information on coefficients
would be available for indicatiog shifts at both extensive and intensive
margins of production. Muaony homogeneous production areas would
be delinested with supply and demand functions and commodity
prices predicted [or each. A general equilibrium model, considering
the l‘ui}J range of farm and nonfarm opportunities in use of resources,
would be used. The possibility of contracting intensity of production
through use of luss fertilizor per acre, for exsiple, in regions having
relatively lower costs would be considered also.

As time and funds become available, work should proceed that will
sccount for alternative crops, regional demands, transportation costs,
and new farning techuiques. In a model that considers production
patterns under potentinl techniques, some partts of the 21 regions
programed in the Southeast, for exnmple, probably would “remain’”
in grain production, Some grain production would ba expected to
remain in each of the other regions also, if such things as intraregional
variations in production funetions and complementary and supple-
mentary relationships were reflected adequately in the model.

From a practical viewpoint, the solutions reported here provide o
starting point for considering spatial adjustment of production of
grein. But further refinements and improvements arve essential for
tinal design and implementation of adjustments based on regional
coraparative advantage in grain production.

INTRODUCTION

Toe GENERAL PROBLEM

One of the major short-run problems of agriculture in the United
States is the necumulation of surpius stocks of feed grains and wheat.
These accumulated stocks are only a material indication of a more
basic problem—the growing tendency of the industry to produce in
excess of domestic requirements and foreign outlets. With the rapid
accumulation of stocks of grains in the last several years, it becomes
inerensingly important that alternatives be found to bring production
into line with annual requirements for such crops as fecd grains,
cotten, and wheat,

Stocks of all feed grains combinad on October 1, 1959, were more
thon three times the normal carcyover, Without including produc-
tion from the 1959 crop, these stocks were large enough to produce
o8 national pig crop of average size. Relatively, stocks of wheat were

580146—061—2
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even grenbor, The carryover of wheat has exceeded annual produc-
ftlon most of the time since 19584, Carryover stocks of wheat on July
1, 1959, wers more than twice the normil annuel domestic disappenr-
pnce. Imposition of nerenge conlrols for corn snd wheal after 1953
elso encouraged greater acreages of barley, oats, and grain sorghuns,
and & buildup in stocks of these grains,  Serghum carryover stocks,
for example, increased [rom 75 million bushels in 1955 to 510 million
bushels in 1959}

Tigure 1 illustrates the growing magnilude of stocks of wheat and
corn relulive to annual production. The carryover of wheat will
nearly equal wnnual production in 1959, while the enrryover of corn
will be about 50 percent of the annual crop. The need for finding
alternatives to these crops is apparent. Further annual increnses ia
stocks can be eliminsted only if steps are taken to bring production
in hine with anvual domestic uses and loveign outlets for grain pro-
duced in the United States.

Grains are not Lhe only surplus crops, The Conmmodity Credit
Corporntion holds sizable quantities of cotton, and relabively smalier
stocks of duiry preducts, soybeuns, rice, tobnceo, and peanuts. But
in terms of both vulue and acreage, wheat and feed grains represent
the major part of farm commodity surpluses. Hence, the study from
whig{; this report resulled was concentrated on analysis of the grain
problem,

! Hereafler, the term “sorghum” refers to grain vacietios only,
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REGIONAL ADJUSTMENTS IN GRAIN PRODUCTION

TeE ScoPE oF THE PROBLEM

Grein surpluses are a major concern of {armers, because much of
their income is derived {rom the whent and feed grains they produce.
The combined value of these five grains 1n 1855 was approximately
42 parcent of the total value of the 79 principal farm vrops (30, 1956).2
Hence, if an attempt were made to dispose of grain surpluses on the
open market in a normal year, [arm income would be reduced
drastically.

Grain surpluses also affect consumers, Through Federal price-
support programs, consumers are paying the cost of storing these
surpluses. In fisend 1959, the estimated realized cost for all govern-
ment programs that coneern whent and feed gralns—primarily for
stabilizabion of farm prices and income—was about $1.1 billion. In
addibion, consumers pay, for the commodities they generally consume,
prices somewhiab higher tonn “free market” prices would be otherwise.

That the grain cconomy is out of balauce is an uncquivocal state-
ment.  Ilow to get ib back into some semblance of equilibrium is &
problem that has no simple solution,  Although production of grain
15 concentrated in certain regions of the United Siates {the Corn Belt,
Great Plaus, and Pacific Northwest), significant quantities of wheat
are grown in 40 States, and at least one of the feed grains is grown in
48 Stales (30, 1956). Furthermore, even though production of these
graius is widely dispersed, large quantilies are shipped long distances
to mect demands of the various areas in continental United States
(81, pp. 17-27).

Tue Speciric PROBLEM

The general objective of the study reported was the analyzing
of regional production patterns [or grain crops in the United States.
The framework within which this analysis is made is oune of economic
efficicney in grain production. Whab would be the most efficient
putiern of grain preduction il anuual requirements were met at least
cost relative to the comparative advantage of varlous regions in
producing grain?  Several exploratory models are used to determine
which regions might shift [rom grain production if these objestives
were atlained.

The rove specific major objectives of the study were:

(1} To formulate severnl programing models with s{)ccial char-
acteristics for analyzing particulnr facets of the grain surplus problem.

(2} To obtain empirical solutions o the analtytical models that will
indicate comparative regioual eflicicocies of resource use in produetion
of whent and feed grains.

(3) To usc the empirien] solutions to suggest optimum spatial pro-
duckion and land use patterus {or wheat nod leed gratvs.

{4) To estimate competisive reuts for grainland, and prices of wheat
and feed grains.

(5} To analyze wealunesses in the basic ussumptions of the analyses
and suggest wayvs of improving similar investigations,

(6) To desertbe the problems encountered in collecting and proc-
e{ssing data for the study, and o suggest means of scquiring improved
anta,

2 Ifalic munbers in parventheses refer to Literature Cited, page 634,
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(7) With the experience of this investization as a basis, to suggest,
studies that would seem to be more adequate for snalyzing regional
resource—efficiency problems.

It is vecognized that the grain economy is not independent of other
types of farim production, but that the total farm complex, as well as
t.ime rest of the economy, hes a definite bearing on whut happens to
grain production. More of the relevant variables in the economy
would heve been included in this analysis if time, funds, end the
solution to certain technical problerns had permitted.

For purposes of analysis, 104 major grain-producing regions in the
United States were delineated to provide the analytical fremework
for the models used.

ECONOMIC MODELS

Several linear programing models are used in this analysis. By
using the simplex linear programing routine, it is possible to derive »
competitive equilibrium solution for two or more products in & spatial
or regional economy.  This equilibriwm solution includes the specifien-
bion of regionsl product levels, and factor and product prices. The
necessary assunipbions for linear programing analysis are: (1) At
least one limited resource; (2) a finite number of production processes
baving constant input-output coeflicionts; (3) ndditive processes; and
(4) chivisibility of inputs and outputs for any positive level.

Basic Assumprions

In order to reduce the analysis of the wheat and feed grain economy
to a maenageable size, certain simplifying assumptions were necessary.
Although these assumptions may not describe exactly the economie
structures within regions, they permitted the use of programing
mwodels that were sufliciently eomprehiensive and detailed to be eorr
sisteat with the general objectives of the study.

These formal basic assumptions for the structure of the grain
economy were made:

(1) There are N unique, spatially scparated but interdependent
production regions, with many producers of wheat and feed grains.

(2) All producers in a specific production region have ondy the choice
of producing the same (homogeneous) products or product mixes,
and guality is uniform between regions.

(3) All producers in & speeific production region have identical
input-output coeflicients and use the same production techniques.

(4) Input-output coefRicients are constant within the relevant range,
that is, constant returns to scale exisé.

(8) An acre of feed grain (or wheat) land can be substituted for an
acre of wheat (or feed grain} land st o constant rate within ench region.

(6) Total production in cach region is limited only by fixed quan-
titics of Innd suitable [or grain production.

(73 The cconcmic objective of each producer is profit maximization.

(8) The system is stotic in that consumption ust be met from
current production; the production period is the crop year,

{9) Total grain-consurnption requirements are exogenous, deter-
mined by annual per unit requirements of the human and livestock
populations a$ a point in time.
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TrE Speciric MoDELS

Five snalytical models were formulsted as steps in attaining the
objectives outlined. The structural changes made from model to
model were attempts to add greater realism to the anelysis or to
investigate some particular facet of the grain-production problem.
Only t-%.e structure and objectives of the models arc described here.
The methods used in obtaining the data needed in esch of these
models are briefly outlined in the sections that follow.

Model 4

For each of the (N=104) homogeneous grain-producing regions,
three types of grain-producing activities were considered—ifood wheat,
eed wheat, and o feed grainrotation? The quantity of grain produced
by these three activities—individually or in combination—is limited
by the mayimum acreage available within each region for production
of grain. The produstion costs associated with eae% of these activities
include labor, power, machinery, seed, chemicals, and certain mis-
cellaneous items,

A central market was assumed for wheat and feed grain, and the
cost of transporting these grains from the produscing regions to the
market was seb ab zero. There are two national deman restraints,
one for food whent and one for feed grain,

The objective of model A was o determine the spatial pattern of
grain production that would provide the Nation’s annual requirements
of wheat and feed grains at minimum total cost, under the cost condi-
tions cited. A corollury objective of model A was to estimate the
annual value, or “shadow” prices, of laad used for grain in the various
Tegions.

Model B

Model A assumed thst land bas no slternative use or that its
opportunity cost in the next best enterprise is not significant (for
example, gras: in the western plains). In some areas, however,
alternative enterprises provide oppertunity costs of some importance.
Therefore, model B was formulated to determine how consideration
of certain opportunity costs, represented by specified land reats, would
affect the optimuin grain-production pattern.” Otherwise, the structure
of model B is the spme as that of model A. The sole difference is in
the cost coefficients, which, in addition to the costs enumerated,
include an estimated land rent.

Model C

The basic assumption, stated earlier, that an acre of land in each
region could be used for productior of either wheat or a feed-grain
rotation was relaxed for model C. In model C, the acresge of grain
in each region was divided into two components: A maximum whest
screage and o maximum feed-grain ncreage. Thus in model C, there
are 208 land restraints or restrictions instead of 104 as in models A
and B. All other variables (costs, demand requirements, snd so on)
in model C are the same as those for mode] A.

* Bee the following section for an explauation of the method used in delineating
these regions.
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Model D

Agronomists have posed the possibility ol establishing n meadow
crop in o rolution without using a nurse erep such as oats.  The feed
value produced from an acre of oats is less than that produced from
corn. Henee, if ouis could be eliminated from the customary rotation,
a large polential inercase in the feed supply would result.

Possibilities for establishing rotations without nurse crops are based
on wide soeding of corn rows in the second yoar with a meadow crop
seeded botween corn rows, sceding meadow in the spring alter corn,
then countrolling weeds by chemicals or elipping, or hoth,

Model I was designed to invesligate the possible impact of this
innovation on Lhe oplimum grain-production patiern. This model
uses six graia activities: Food wheat, feed whoat, corn, onts, barley, and
sorghum.! Production costs and production and consutuplion re-
straints nre the same ns those in model A, Agaln, the objeclive is
that of minimizing Ltolal production cosk.

Model E

Preceding models nssuwied  that production regiops, although
sputinlly separated, are interdependent in a cenbrul market, but that
transportation costs are zero. A slep toward greater realism i oa
model is the consideration of both Lransportiulion cosls and nany
markets,  Thus, we have a mulliple-point cconomy ler bolh produc-
tion and distribution. But a linear programing solution to & com-
bination production and Laosporlation problem with more than 3
production and market regions either would be impossible, or, with
present digital compulers, the cost would be prohibitive.  In addilion,
it is difficult Lo obtain date on transportation costs belween points.
As the [reight-rate components of Lransportation cosls are available
for wheat und feed grains thal move by currently used routes, this
preblem may be handled by assuming that Lransportation costs other
than freight, for example, costs ol loading and unjouding and cow-
mijssions, are constant between regions.

The assumplion ol one markel and o transportation cosb of zcro
was wilhdruwn Tor model E and replaced by these assumptions:
(1) Farm prices of wheat and feed grains ab all peintls are egual Lo the
prices ab o cenlral market anivus transportation costs; and (2) the
differences between historie prices lor different loealions wre due
solely to differences in trapsportalion cosis. I these assumplions
are approximated, a nel-profit solution for model I§ is equivalent to a
minimum-cost solution of n combination production-transporiation
problem, provided the markets abserb the progrumed quantities at
the assumad prices.

The objective of model & then is lo maximize total net profit, given
the production and ¢onsumptlion restraints.  These restraints are the
same as those in model A, The input-ouiput coellicients, also, arc
the same for the two models,

1 Dmplicit i Lhe models deseribed sa [ne is that wheatlnnd will be either coutin-
uously eropped or growa in rotalion with eultivated sumner fallow or other crops,
stich ns peas, (lax, or grasses, if olher erops are norally gprown in rofation with
wheul in specific arens.  Othor eropg in rotition with whent are possible, as other
arop uercapes ure nob puarl of the sereage restenints in ench region. For Lhe sune
renson, other crops ean be o park of the feed-grain rolntion acre.
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Lisnrarions or tae MODELS

The moedels used in the study reported represent sowme refinement
over similur ¢aleulntions made a previous studies, but they involve
Limitations ol which the wrilers are sware, A complete raodel of the
general equilibriom type, which is appropriate [or the type of problem
under analysis, wou[cf imply knowledge of all relevant production,
cosl, demand, nod supply lunctions for all products with which the
commodities consiclered compete in production or consumption.
Deta for an analysis within this framework, however, were not avail-
able, and alteraative approaches were used. Some of the major
practical limitations of (he general model used are outlined:

(1) When a resource used in the programing model is & small part
ol the lotal resource available, the price existing at o point in time
probably refleels quito nccurately the price that would need to be
paid for his resource by euch productive nelivily in (he model. But
when the resources used Ly (the model netivities are u substaniial part
{bul not all) ol the Lotal resource supplies, observed prices may be an
imperfeet measure of the resource prices d.ictat;ccr by the model
solution. This is the case when the quantlily of a resource used in
the programing solution is less than that which generated the observed
price.

(2) To some extent, speeification of production regions is arbitrary.
Distinel boundnries between producing vegions do not exist. Somse
differences in soil productivity and climate are cvident in even the
smallest regions specified.

(3) Producers do not have identieal input-oubput cocfficients,
The qualily of management varics. The quality of land used for
grain production varies not only bekween, bub within [arms, even
though farm operalors may lend to use their better land for grain.
Classilication of land within regions by productive capacity Tor grain,

nd Lhe use of several elnsses of land lor recional lund restraints would
be more realistic. If several land classes were used, however, the
size of Lhe problem (malrix) would be greally expanded.

(4) Notb all farmers within a region use the same production tech-
nique.  As will be seen in the pages that follow, however, this assurap-
Lion was made only Lo fucilitate the measurement; of procuction costs.
In terms of the models, it is only neeessary that unit costs be similar
for [nrms within & region.

(5) Not all grain produced in the United Stetes is of the same
gquality.  Some of the differences in quality are necessary to fulfill
specinlized demands (exarmples ave durum wheat and malting barley).
Also, the five grains nre not perfect substitules for each other over
all ranges in livestock feeding. Bub with the fixed ratios assumed for
production of feed grains in each region for models A, B, G, and E, it
is probable that the national grain “mix” specified by the solutions
would permit thie level of livestock production assumed.

(6) Constant returns to scale may nob exist either within or between
farms within each region for the possible production range (from
zero production to the output limit preseribed by the land restraint).

(7) Total production within cach region is not limited by land
alone, Production is limited also by the amount of eapital farmers
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control. Grain production can be increased by higher proportions
of other inputs, such as fertilizer,

(8) The assumption that wheatland can be used for production
of feed grains and vice versa without apprecisbie changes in yield
may not be valid for some regions,

(9) Censumption of grain is not independent (exogenous) of prices.
Consumers vary consumption with changes in relative prices. Because
of the degres of demand aggregation and the l-year time period
assumed, constant per capita consumption rates may closely approxi-
mate demand restraints.

Although these limitations exist in varying degree for all regional
analyses, the magnitude of computational burden, if all identifiable
variables were considered, would exceed that manageable with exist-
ing computer and research resources. Investigations in the area
of aggregative regional analysis cannot achieve complete realism.
One objective of the study reported, however, was to provide o
steppingstone for the more refined studies that might follow. At
best, aggregative analyses can be expected only to provide broad
guides for resource adjustments and policy formulation.

BASIC DATA AND COEFFICIENT DERIVATION

The methods used in obtaining basic date and transforming them
mto programiog coefficients are described here. The descriptions
of the models in the previous section indicated the size of the task
and the difficulties encountered in assembling the required data,
Hence, the methods used can be described only briefly here. Addi-
tional details are given in the supplement.

Because of the many data assembled in the 1954 Census of Agri-
cultire and the publications that summarize and supplement the
censug, raost of the basic data used in the analyses are for 1954.
Maximum grain acreages in each region are the only exception; they
are from 1953 data,

GCrAIN-ProGRAMING REcIONS

Delineation of meaniugful grain-producing regions (in terms of the
objectives of the study) was m itself a sizable Job. At least one of
the five grains under study is produced in all States and in most of
the counties within these States. In many locations, however, grain
production is only a small part of the total agricultural production
and an insignificant part of the total grain economy. In many of
these areas of sparse production, grain is either a complementary
entorprise or has a special loc&tiomﬁ advantage. Thus, grain would
be produced in certain areas with a wide range of prices. Also, for
these sparse grain areas, data are very scarce. For these reasons,
Dnlj]/ major grain-producing areas of the United States were used for
snalysis,

AJJ'rens in which whent and feed grain were harvested from 25 per-
cent or more of the total cropland in 1954 were defined as major
grain-producing areas. To some extent, this demarcatiug percentage
18 arbibrary. But the major grain-producing arees thus defined rep-
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resented 90 percent of the total wheat and feed-grain acreages in 1953,
Furthermote, in 1954, the percentages of wheat, corn, oats, barley,
and sorghum produced in these major grain areas were estimated to
be §3.1, 93.4, 86.9, 72.7, and 91.0, respectively, of total preduction,
Thus, the defined major grain-producing areas are the source of most
of the wheat and feed grain produced in the United States and are
also the arcas that are most significant in the grain-surplus pieture.

The geographical outlines of the 104 “homogeneous’ grain regions
so delineated, together with their assigned numbers, are shown in
figure 2. Henceforth, they are referred to as programing regions,
or simply regions. In the discussions that follow, the desgignated
numbers are used to identify these regions.

The programing regions are baged primarily on State economie
areas® To demarcate programing regions that were relatively
homogeneous for grain production and to keep the computational
work at & minimum, the following procedure was used: First, four
classes of economic areas were defined:

(1) Areas with grain production uniformly distributed, that is, the
concentration of grain acreage within each county was approximately
the same for all countics in the economic area.

(a) Areas with total harvested acrenge of wheat and feed graing
combined equal to or greater than 25 percent of totel eropland,

¥ State economic nreas were used beeause: (1) Types of farming and land pro-
ductivities are similar within these areas; and {2) many of the data required for
the study are summarized in the census by State economic areas.

WHEAT AND FEED-GRAIN PRODUCTION REGIONS

Locations and Reference Numbers

WL DAPAMT INT 6 adnicll Tulg . WED D1 3= 2871 ARSI TUR AL AESELACH BEiEL

Fraure 2
580146—081——3




12 TECHNICAL BULLETIN 1241, T.S. DEPT. OF AGRICULTURE

(b) Arees with totel harvested acreage of whest and feed
grains combined less than 25 percent of total cropland.

{2) Areas with grain production no$ uniformiy distributed.

(a) Areas with total harvested acreage of whent and feed
grains combined equal to or greater than 25 percent of total
cropland.

(b) Arens with total harvested acreage of whent and feed grains
combined less thaa 23 percent of total cropland.

By using dot maps showing the geographic distributions and econ-
centrations of the barvested acreages of wheat and feed grains in
1654, State cconomic areas were placed in either group 1 or group 2,
Group 1 was divided into classes la and 1b by computing the re-
guired porcentages, (a} and (b) above, from State economic area scre-
ages (29, tables 1 and 6). County acreages (29, tables I and 9) were
used to divide group 2 into classes 2a and 2b. Thus classes la and
1b are State economie areas and classes 20 and 2b are counties.

Fiaally, closses 1a and 2a were aggregated to form the 104 pro-

raming regions. Criteria used to guide aggregation were as follows:
tate economic arens and counties within each region were re-
quired to be contignous and to have similar grain yields, similar pro-
portions of the five grains shown, and similar numbers of combines,
cornpickers, and tractors per 1,000 acres of cropland. On the basis
of these criterin, many times two or more Stafe economic areas could
nobt be aggregated. Hence, some programing regions consist of
only oue State economic area. In obher instances, it was possible
only io aggregate one economic area and a group of vounties. A few
regions are made up of counties only.

The 104 programing regions shown in figure 2 provided the basic
units for making cstimates of ncrenge, yield, and cost. Bub when
the nocessary data were not available for these regions for estimating
input cocfficients, State data were adjusted by other related data to
compensate for within-State differences. In 2 few instances, State
data were used withous adjustment when o fogical means of adjust-
ment was not apparent.

T'he concept of “normal” is basic to the methods used in estimatin
the maximum regional grain acreages and regional yields, The wonc
“normal’ is used here to mean expected or average. The objective
for yields was to obtein estimates that would reflect accurately the
avernge quantity of inputs used per acre for production of wheat nud
feed grains in 1954. The general objective for all estimates was the
obtaining of date that would reflect the relative competitive positions
of the regions in production of wheat and feed grains.

REGIONAL ACREAGES

Grain acreages of 1953 werc used as estimates of the muaximum
regional ncreages available for grain production. More grain was
planted tn 1953 thau in any other year of the present decade.  Acre-
age-control programs were not in eflect in 1953, and the large gramn
acreages of that yenr perhaps represent the maximum arcs adapted
to these crops under pescctiwe economic conditions. Thus, later
figures on production adjustment suggest the quantity of land that
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might not be needed, relative to the 1953 base ncreage, if production
of feed grains and wheat were balanced with annual use.

Acreages planted to grain and summer fallowed are the components
of the regional acreage restraints. Acreages planted to grain were
not easily ascertained for many regions as either (1) estimates of
planted acresges were not available, or (2) when estimates of planted
acreages were available, they included plantings for hay, pasture,
silage, cover crops, and so on. These difficuities existed mainly for
small grains. The totel number of acres harvested for the various
uses of corn are estimated by Federal-State agencies, but numbers of
acres harvested for grain only are not estimated for the small grains,
A different method was used in estimating acreages of corn and small
grains because of the kinds of date available.

The acreages of corn planted for grain were estimated by the
following formula:

Estimated ncres of Acres of com Estimated acres of
corn Dlauted for j_ { planted forall pur- | { corn planted for
grain 1n the i-th __\poses i the i-th } silage in the i-th
region region region

(i=1,2,3, ... 104)

Phe acreages of wheat, oats, barley, and grain sorghums planted
for grain were estimated by the following relationship:

Acres of the g-th grain har-
vested for grain In the i-th
region

grain planted for grain in the J==

Estimated acres of the g-th
i-th region

of the g-th grain in the i-th

1—average abandonment rate
region

(g=1,3,4, 95

When available, 1953 planted or harvested acreages of wheat, corn,
oels, barley, and sorchum were oblamed from unpublished data of
the Agvicuitural Estimates Division, Agricultural Marketing Service,
aud from Stite statisticnl bullebins (2, 3, 4, 7, 20, 18, 25, 27, 12, 8, 9,
10, 11,18, 16, 14, 15, 28, 5, 6, 82, and 33). When acreages were not
avuilable from these sources, regional acreages were estimated from
State data (23} and 1954 economic area and county data (29).

The number of cultivated summer-fallow acres was included as a
component of the regional ncreage restraints because fallowed acre-
ages are o necessary innd input in semiarid wheat areas. Machinery
and abor costs associated with fallowed land are o necessary part of
the total per acre cost of production.  Also, historie yields are based
on production resulting from thie use of cultivated summer fallow in
rotation. Thus, the mclusion of cultivated summer fallow places
estimntes of acreage, yield, and cost in their proper relationship.

Estimates of cuitivated summer-fallow acreages were obtained
from the census {89, table 1) and from unpublished data of the Crop
Estimates Division, Agricultural Marketing Service. It was assumed
that fellowed acreages did not change significantly from 1853 to 1954.
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Only recently have annuel data on cultivated summer fallow become
available, and these data are far from complete.

The estimated acreages of wheat and feed grains available for
planting in each region are shown in table 1.

Tapue 1.—Fstimated acreages of land available for production of wheat
and feed grains, by regions, 19538 1

Region Wheat Corn Outs Barley | Sorghum
1,000 1,000 1,000 1,000 {1,000
acres acres acres acres acres
) U 316. 4 110. 4 i6l. 8 140 |- oo ..
D e 858. 2 L,OiIg ¢ 430, 1 1738 1o
s P 89, 2 320, 3 1. & 333 e
S 104. 2 157. & 15. 7 2r 3 L.
S S 59. 2 118. 8 18. 1 123 je o
4 12.8 526. 3 18. ¢ 3.8
Fmmmmmmmm e 77. 4 196, 7 44. O 6. 4
136. 7 133. 2 03. 7 14,0
gL &8 Laxg 08, & 7.4
80 247, 4 315 .2
10 241. 6 18.0 P A P,
110. & 2, 455. 9 527, 9 S |ecaa ol
90. 2 183, 2 14§, 4 188 4.
i2.2 80. 1 13. 4 2 ¢ N I
__________ 817. 3 24 8 |l
D R 0. 4 83.8 6.9 . ____..___ 0.3
LT oo 0.9 6498, 2 2109 [om e G. 2
18 e 18.1 1,120.3 T8 oo 18. 1
19 . 2.7 1,132, 9 897 | oo 2.7
23 ¢ SN 107. 6 T4i. 4 66, 7 52 B foooooeaa-
2 . 1617 Bu47. 9 a’ 7 3.9 6
3 PP 184 4 789. 7 40. 5 HT R L S
¢ S 235 227. 0 6 2 2,0 feccnmceon
o T 48. 6 242, 5 181 22 ..
25 . 189. 6 359. 5 20.5 44 5
134 5 208. 1 64, 6 i, 3
382 2 415, 1 262, 5 74
LG 6§ 2,420 1 795, 0 20. 6
205. 8 467, 8 71.0 12.8
498, 6 1,320.9 68. 6 13. 8
939, ! 2,800, 4 905. & 5.6 foooaa_ oL
220.3 alf. 2 263. 9 LO s
pa7. 7 082, ¢ 4185 [ I A I
893, ¢ 69, | 692, 4 39. 6 |
14. 9 2051 6 766, 0 I3 femmeo .
306 .. 4l 4 8172 1,370. 3 68. 2 | . ..
. S 185. 0 4, 006. 9 2,604 6 13.3 |- -
38 o 677. 8| 3 176.3 936. 4 - B N
B89 . 30G. 9 T, 52. 5 803 feaao_o.
11 T 461, 1 450. 6 93. 9 B3 o

See footnote at end of tahle,
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Tsrue 1.—Estimated acreages of lond available for production of wheat
and feed grains, by regions, 1958 '—Continued

Wheat Corn Oats Barley | Sorghum

1,000 1,060 1,000 1,000
acres UCTES acres acres
252, 233, 9y, .
500. 492, 7.

o, 853. 759. .
2, 834. 1, 304,
6, 800. 4, 002,

2, 453, 1,613
1, 120. 1, 483.
1, 290. 983,
339 767.
192, 836.

119. 721.

20. 161.
293. 453,
134, a7l
23w 237.

338

[==R g SN er R )

W0 Uk SRS LD

RO =

T47.
449,
410,
834.
3345.

8L
233.
i, 157,
939.
2, 476,

584,

WSt ~1@mosci— Gl b=
O g tS W MNWED MRS oo~ e]

. 3
.4
.1
. 2
3. 1

e o s
L= =

R S 0= 1200 -
DGR = OO -

b =1

N0 WS OSSR OOl
BN gD

[=J=F-U %3
[ B I ST
o G Ga S

—
-]

b —
oo,

k, ]
[ R S N Y =Y T X

. u'u - - - - » -
ST T R RO e

O SELn =] SO 00— 00

o
2

-

See footnote at end of table,
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TasLe 1.—FEstimaled acreeges of land available for production of wheat
and feed grains, by regions, 1953 *—Continued

Region Whent Corn Oats Barley Sorghum
1,006 1,000 1,000 1,000
acres acres acres acres

7 43. 3 26, 4 2.2 13. 8

2 280, 2 || e e 35. 6

2 BOL 0 | e em 312, 3
L1 103. ¢ 147.5 140, 8 |ocmomeem

9 1.2 7. 4 s I I
.2 52,9 44. 8 389 |oomme
L1 1.2 25,2 36,0 Jameooeeeo
.8 30. 2 TL 8 42 2 1
.4 155. 6 40. 0 95, 7 118. 0
. 0 32,90 10. 8 2.5 52.1
.2 1.8 2,7 0.3 42, [
] 4, 5 .4 1.7 124 9
.3 .2 40. 0 | I T T T
L1 1.2 4,7 23 8 |ncceiceea
.2 .8 89.1 260, T V-
.1 2.7 13.0 13.2 |
.0 9.5 16, 4 1201 e
L 12,0 35. 6 388. 8 13.9
, B 28. 5 11,8 770. 8 37. 8
., 01 G7,084. 5 | 34, 163, & 7,273, 0 6, 378. 7

! Acreages include cultivated summmer fallow.

REcIONAL YIELDS

Normal regional yvields, as defined previously, were estimated in
two steps. Hirst, the 1945-54 average yields were computed. These
yields were then adjusted by o factor representing the average increase
in yield between the midpoint of the period 1945-54 and the year 1954.
Trends were computed from datn for the period 1937-54.

‘When annual dute were available, 1954 average yields were com-
puted by this method. The sources of the data are those listed for
acreages. When annual data were not available for the period 1945—
54, harvested yields per acre were estimated from State data (23)and
census economic aren and county data (29). These yiclds per har-
vested acre were then adjusted by a fuctor representing the average
percentage of the otal nereage harvested, with total acreage equaling
harvested acreage plus abandonment plus fallow.

The estimated yields for cach grain by regions arve shown in table 2.
These are net yields—per acre sced requirements were subfracted.
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TaBLE 2.—Ilsttmaled net yields per acre for wheat and feed grains, by
refions, 19541

Whent Corn Barley | Sorghum

Bushels Bushels Bushels Bushels
26 43, 39 30.0

a0.
43.
1),
39,

30.
249,
3L
29,
21

&l

i
2

L it = LR 2D

LELS b O OAD OO
DO RN eD

G =18 L9 b

18.
14.
18.
18.
15.

— S I
(oo mell S Ol

ot =l R PO PR S L |

IS—=OOm CWEOS MGt SRS Cmitnhes SOSOolNS

2, 8
Lt
. 6
.7
9
. 0
. 1
]
. 8
L
.0
5 0
41
|
L1
.3
.0
. G
LG
. G
i
.2
.1
. 8
3
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See footnote rt end of table,
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Tasue 2.—Estimated net yiclds per acre for wheat and feed grains, by
regions, 1964 *—Continued

Wheat Corn Barley Sorghum

Bushels Bushels Bushels
17. 37. .

17.

13.

14,

9.

[ &R R R Y
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See footnote at end of table,
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TaBLE 2.—EBstimated met yields per acre for wheat and Jeed grains, by
regions, 1954 *—Continued

Wheat Corn Oats Barley Sorghum

Buahels Bushels Bushels Bushels
[iN 13. 0 16,

10. 25. 30.

24 22,
18. 12,
14,

10.
10.
30,
47.
3L

30.
33,
23..
27.

KS-Ioen

106

b |
Febr=10n DR O=1 Ooetad
SESe ORI Do ch e

oI O oLn

! Iistimated yield icss seed.

Probucrion Costs

The methods used in estimating per acre costs of grain production
are described here. In the section that follows, the methods used in
transforming these costs into the programing coefficients are de-
scribed. It is hoped that this method of presentation will better
llustrate the formulation of the programing coeffcients.

The basic items that make up the per acre cost are land, labor,
machinery and power, seed, chemicals, and miscellanecus inputs,
Howover, a charge for annual land services was considered for model
B only. Indirect or overhead costs, such as management, purchasing,
selling, housing, and so on, were not estimated because a sabisfactory
method and data for estimation were lacking. Some detailed unit
cost studies have used 10 percent of the direct cost as an estimamte
of the indireet cost, but use of this method would not change the
relative values of the activity costs. Hence, the inclusion of a
proportional indirect cost would not affect the programing solutions
to the problems considered in this study.

Composite Acre

Because uniform and complete data on average production costs
for wheat and feed grains in each programing region were lackin )
these costs had to be synthesized by some consistent method. To
get some realistic estimate of per acre cost, a composite acre was
devised for each region. This composite acre was made up of 12
possible elemments, each of which represents s unique production
operation. These 12 acre-elements, or types of production situations,
used for production-cost estimates are:

G80140—G1——4
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(1} Mechanical, planted and harvested, not irrigated;

{2) Mechnnieal, plunted and harvested, irrigated;

(3) Mechanical, planted but not harvested (abandoned);

(4) Mechanieal, cultivated summer fallow;

(5) Semimechanical, planted and harvested, not wrigated,;

(63 Scmimechanical, planted but not havvested, irrigated;

{7) Semimechanical, planted but not harvested (abandoned);

(8) Scraimechanical, cultivated sununer [nliow;

{9} Nonmecheauica!, planted and harvested, not irrigated;

(10) Nonmechanieal, planted and harvested, irrigate?l;

(11) Nonmechanical, planted but not barvested (abandoned);

(12} Nonmechanicnl, cultivated summer {allow.

Ixcept for the wcchanical items, these acre-clements are self-
explanatory. They nare defined as follows: Mechanical—fractor
power is uscd for all tilage operations and harvesting Is done by
combine or cornpicker; seminechanical—tractor power 1s used for all
tillage operations and harvesting is doue by haund {for corn) or with
hinder and thre.her {{or small grain}; and nonmechanieal—a produc-
Lion techuique in which animal power is used for all tillage operations
and harvesling is done by hand {(as for corn) or with binder and
threshier (as for small grain}.  Also, acre-elements 2, 6, and 10 imply
that no abundonment is assumed on wrigaled acres.

The list of 12 nore-clements is not exbaustive. On the basis of
regional data, however, they scemed to be complete enough to provide
ressonable estimates of avernge production costs, and at ihe same
time to [acililate compulations for planned [urther investigations.

An exaniple will belp to explain the method used in denving costs
for cach crop and cach region. Data for corn in region 1 indicated:
(1) All production by mechanieal techiniques, (2) no irrigation, (3) no
harvesting from lund in cultivated summer (allow the preceding year,
and (4) an average ol 1-percent abandonment of the planted acres.
Atlached Lo each corn acre in region 1, therefore, were two types of
acre-clement  costs—inechanical, planted and harvested but not
irrigated; and mechanical, planted but not harvested, The weights,
which are computed elsewhers on an acreage basis, arc 0.99 for
mechanienl, pluited and harvested but not irrigated; and 0.01 for
meehnoienl, plunted but ool harvested. Turthermore, given per
wore costs of $42.20 for the mechanical, planted and harvested acre
and $34.50 for the mechanical, planted but not harvested acre, the
estimated avernge per acre production cost for corn in region 1 is
$42.12 (42.20;'40.99-{-34.50';(0.01).

Lstimntes of costs of labor, machinery, aud power provided the
greatest conceptual and empirienl difficulites. Aggregate esbimates of
machinery and labor inputs exist for United Stales fnrms, but they
are not broken down between individual (arm enterprises. Ilence,
these costs were derived by estimating the average physical inpuls
per acre by type of operntion (plowmg, disking, harrowing, and so on)
and then weighting physical Inputs by the estunated per unit eost
of the inputs involved, Because many of the published datu on labor
and machinery costs were cither incomplete or out of date, supplemen-
tary datn on these inputs were obinined from 25 agricultural ex-
periment stations.

Methods used in estimaling the basic cost ilems are now described.
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Land

The annual value of land for grain production was used only in
model B. The per core value of land on cash-grain farms (29,
economic area iable 4} wes assumed to be the best availeble basis
for estimating the annual value of land services for grain produetion
The sum of the interest rate and tax rate (56) was multiplied by the
per acre value to obtain the annual input value of land (24). In
region 1, for example, the interest and tax rates were 0.048 and 0.0184,
respectively, per dollar of value, and the land value was $111 per
scre. Henes, the estimated annual value of land was $6.37. The
estimated annual per acre cost for land by regions is shown in table
3. No attempt was made to differentinte between values when land
was used for the different grains.

Labor

. Inputs of physical labor were estimated for each production opara-
tion. The method is Wustrated in the tabulation below for wheat

TavLe 3.—Lstimated onnual regional lund costs (rents) per acre for
grain production, by regions, 1954

Region | Cost Region Cost Region Cost Region Cost

37. 37T 30, $1.
. 81 12,
5. 09 4
L03 || i
. 91 1L

997 T
CE R
242G, . .
351 712 | 5 \ 72 : 11 6
% .. 38 0 6 7.6

¢ This value also includes an estimate of the value of farm buildings on a per
acre bagis.  Chus, an upwurd bins is introduced into the estimated vulues; howgver,
the resulting bins s probably negligible for ensh-praiu furins,
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production in region 1, which is based on the mechanical, planted and
harvested, not, irrigated acre-element.

Hours

required
Operution: per acre
PO N o o e e e 1. 46
Dk - o o e m 1.15
AT N o o e e e e . 69
DN o o e e e - §2
Horvesbing o e m e 1.54
IHauling o oo mm e e 1. 03
Total o oo e e cmmm e m e G. 69

The date on labor hours required for harvesting and hauling omit
the portion of an “average’ acre not harvested.

Data on the number of man-hours of labor required for each pro-
duction operation were obtained [rom several publications (17, 18, 26)
and from the survey data noted previously. When possible, modal
cocfficients were used. 'When a modal production operation was not
evident in the datn, simple averages or single estimates were used.
The per acre labor cost [or each acre-element was obtrined by multi-
1lying the estimated number of man-hours required per acre by an
estimate of the hourly wage rates on cash-grain farms. The per acre
Inbor costs for each grain and each region were computed by weighting
ench acre~clement labor cost by the proper coefficient,

Power and Machinery

The method used in estimating the power and machinery cost was
similar to thab used in estimating labor. The estimating problem was
more complex, however, because of the multitude of items that com-
pose muchinery costs. Instead of one coefficient—hours per acre—
and one price—wages—coefficients and prices for each implement
required to produce cach grain in each region were estimated. The
tabulation thut follows illustrates the procedure used in estimating
this cost [or an acre of corn in region 28 in Ohio. The example is for
thie mechanical, planted nnd harvested but not irrigated acre—element.

Tiours

Iimplement Size of use Cost Cost for
reguired per  implement

per acre X hour = per acre
TraetOreee oo oo 19 P 10. 45 80, 81 8. 40
Plow_ e LI P S 1. 30 L7l .2
J 1T SR B Al iR ou 1. 0¢ T .67
Harrow e L .59 .22 L
D] SR O e memem .35 .26 .09
Cultipaetor. - o voeema—n L0 e o .40 . GO .24
Plunferoe oo oo oo AR e . 6Y . G5 .39
Cultivator. ...~ b B £ R 1. 50 . 80 L. 20
Picker. oo cuaoaoo-. =R 1. 80 171 3. 08
WO e o aams o] U 1. 00 08 08
Total oo e e e e |t am e i5. 24
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The mechinery sizes and number of hours required per acre used in
estimating machinery cost were modal velues when these values could
be determined. Wﬁen a modal value was not appareat, simple
averages or single observations were used.  Machinery sizes and hours
of use required per acre were obtained from F.M. 92 (26) and [rom
survey data. Rixtensive searching and many computations were
necessary in order to estimate the per hour cost of each implement.
Information was obtnined or estimated for Lhis purpose as to size,
price; annual use; total life; interest, tax, and insurance rates; grease
and repair rates; end fuel and oil consumption rates. With these
basic data, the items that make up the per hour cost of each imple-
went—depreciation, insurance, interest, taxes, fuel, oil, grease, nnd
repuirs—could be computed.

Seed

The cosk of seed was not included as o part of the total per acro
production cost. Instend, the estimated quantity of seod required
per ncre was subtracted from the estimated yield.  This method was
used because total demand for seed is a function of the acreage grown -
in cach region. But these acreages are variables to be determined
within the system (that is, the wodel). Hence, the simplest way of
allowing seed cost and demand for seed to be variables determined by
the system is to deduct the seeding rate from the yield. To use this
metbod, it is necessary that grain sced be planted in the region in
which it is produced; and that planted acreages within ench region
be constants between years. Only State secding rates were avail-
able (30, 7954). Therefore, adjustments were made in Stale rates
Lo compensate for varintions within the States,

Chemicals

Regional fertilizor costs for each of the five grains were caleulated
mainly from the US. Census of Agriculture (29, county table 6 and
cconomic area lables 4 end 5). Specific data for only the “more
unportant’” crops are rocorded in the census.  When fertilizer applica-
lions were not tabulated for a grain crop in the census, this cost was
estimeted with the aid of unpublished data of the Farm Eeonomics
Reaearch Division, ARS.

The per acre cost of lime for ench grain was estimated by dividing
tho lotal cost of lime applicd in a region in 1954 by the total croplnuﬁ
(29, economic area fables 1 end 2 and counly tables I and 6).

Duta weore not available to show expendibures for insecticides,
fungicides, and herbicides for wheat and feed grains by regions,
Hence, these costs were first estimated for each State. The State
estimates were then used o estimate chemical costs for regions within
States. The busic data uscd for inseet, pest, and chemieal weed-
control expendilures were those compiled by Brodell and others (7,
tables 9-12}.

Miscellaneous

Miscellancous costs include those involved in the spreading of
manure, fertilizer, and lime, und those of waler for acreages produced
by rrigation. No albtempt was made to eskimate the value of manure
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agp}ied to wheat and feed grains. The spreading cost alone was
charged to crop enterprises. Cosats of spreading manure were esti-
mated only for the programing regions in the Northesst,
Appalachian, Corn Belt, and Lake States regions and the corn-
producing areas of the Northern Plains. For some of the fertilizer
applied to grains, the cost of application was accounted for in the
method used to compute machinery and labor cost. This accounting
method was used for fertilizer applied by attachments on planters,
drills, and eultivators. For fertilizer spread by other methods (21),
an additiongl application cost, which included charges for labor,
power and machinery, was computed. Costs of lime spreading by
custom operators were assumed to have been included in the lime
expenditures rexgrted by furmers (29, couniy table 6 and economic
area table 2). additional spreading cost was computed for lime
sproad by farmers (27). In areas in which less than 0.5 percent of
the graios were produced by irrigation methods (29, county table 1a),
irripation costs were not estimated.

stimates of the production costs (except land) outlined above are
summarized in table 4. These costs are based on the composite acre
described earlier.

TasLe 4.—Estimated production costs per aecre, excluding land, for
specified crops, by regions

Region Wheat Corn Ouats Barley | Sorghum
Dollurs Dollars Dollars Dollars
34 TH 28, 34 28.64 |-~
33.08 26, 40 26,14 | e
20, 29 28. 28 30,61 |- -
32. 306 27. 58 27.8Bl |-
30. 59 24, 31 24,3 |oecmaee oo
25. 25 32.12 20, 87 24,92 | ._.__
32. 30 35. 01 32, 31 32.38 |ocome -
30, 17 32, 57 29. 4 80,316 | .o
28. 35 35 48 28, 22 SR B0 Yoo
22 7 30. B 23. 62 24,08 |ooaaan -
) 27. 24 31. 93 24, 53 2543 oo -
B S 23, 37 25, 49 23. 39 2349 |ocmaeaaeo s
bY: TR e ————— 22,79 27. 56 21,90 22,80 | ..
BT 26. 46 30. (8 24, 57 25,91 |ccmmenaam
- O UUUSRE [P 26. 53 AT 1t B DR P
1 . 23. 36 36 09
A e e 23,73 20, 61
- S 23. 42 20. 17
L 22, 87 28. 65
() I, 35, 84 28, 61
3 O, 22,60 24, 12 19. RG
4 S 24. 25 80. G4 23, 2
25 S 20. b8 28, 35 25. 84
R 28. 04 30. 33 27. 07
b T 25. 03 a3. 07 27. 16

See footpnote ot end of table.
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TapLe 4.-—Hstimated production costs per acre, excluding land, for
specified crops, by regions '—Continued

Wheat

Oats

Barley

Borghum

Dallars
L B4
, 28
.72
. 25
, 68

il
, 45
. 11
. 45
. 85

—

Pk

6.
5.
7.
8.
6.
7.
0.
7.
0.
1.
7.
7

—_
oo

o I bk et
L=Recgeg ]

See foothote at end of table.

Dollars
24. 03
26. 02
21. 16
22 81
18. 82

20.75
18
23,

.~
PMRE NDDw®

—
e

etk et
il SR =20t

Dollars
24. 16
. 49

Dollars




.

26 TECHENICAL BULLETIN 124 1, U.E. DEPT. OF AGRICULTURE

TanLe 4.—Fstimated production costs per acre, excluding land, for
specified crops, by regions ' —Continued

Region Wheat Corn Oats Barley | Sorghum
Dollars Doliars Dollars Doliars Doltars
T e 1. 21 18. 53 12. 28 10. 42 16. 82
T e 9, 19 19, 28 10. €2 9. 19 15. 57
i T 5. 80 11, 22 8 85 7.52 10. 05
T e 3. 88 17. 20 6. 45 6. 05 8. 54
[ I 15. 40 19, 97 I6. 70 13. 29 17. 85
e . 0, 41 21. 89 9. 67 879 17. 16
T e 6. 08 13. 30 7.75 6. 65 9. 06
i T 10. 93 19. 36 12. 03 11, 20 17, 23
i 7. 55 16. 89 8. 43 741 10, 65
B0 oL 4, 90 22, 62 b. B8 5. 39 13. 78
Bl e . 54 11. 35 7.49 6. 69 8.04
Bl . 5. 13 21, 25 6. b6 6. 06 9. 10
- S 7. 06 12. 79 8. 54 7.02 8 68
Bebo e 5. 19 9. 52 7.77 7.09 8. 55
B . 715 14 07 ool mea o 13. 47
86 . 4, 77 14. 47 9 24 8. 06 13. 48
B7 e 7.73 1 { 1 Y U 13. 66
L S G. 30 S I A ) F 10. 54
B0 e 5. 07 32. 38 G, 42 Q11 |
90 G. 83 3b. 84 I8. 46 1410 |oooooo ol
L 6. 76 34. 48 13.71 1256 )L . o_..
| oL 8. 88 44, 92 24, 44 2009 oo __.
L S 8. 61 23, 57 15, 53 16.59 |ooe
1 5. 50 12, 35 9. 60 9, 07 10. 92
L) T 7. 63 22.71 15. 21 15. 94 19. 98
00 o 3. 61 14, 32 10, 40 9. 21 12. 90
97 em 4, (4 10. 46 15. 59 15. 21 16. 28
S T 10. 56 3. 40 26. 60 20,80 |-
4 10. 36 50, 30 3119 BL3BL oo
100 oo 10, 95 51,48 17. 28 16. 66 |- ceao._o
B 6. 76 57. 58 13. 18 14,90 (________._
102 ___ .. 8 65 73,17 27. 77 2309 |oaoo_o_o
1) SN 10. 11 40, 25 13. 28 14, 25 32, 90
104 . 9. 21 31. 36 9 33 14, 17 16. 11

! These estimales are based on a composite acre; see previous section in text.

DEMAND RESTRAINTS

Separate demand restraints (restrictions) were eonsidered for food
wheat and feed grain in aggregate for 1954. Hence, the caleulations
provided later show regional production patterns designed to meet
aggregate demand at the 1954 level. Techniques of production also
represent 1954 as a point in time. The year 1954 was used because
dota for it weve available. These demand restraints, which are
assumed to be fixed or constant, were based on the normal per unit
requirements of the human or livestock populations, or both, and the
actual net exports in the base year 1954.
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Because it was believed that grain stocks “put an abnormal pres-
sure’”’ on lgra.in disappearance in 1954, an atiempt was made to estimate
2 normal domestic disappearance for each grain. Np attempt was
made, however, to estimate normal net exports, because of the many
unmeasurable factors in the world market.

The total {(domestic and foreign) estimated demand levels were
approximately 757 millien bushels of wheat and 3,887 million corn-
equivalent bushels of feed grain. Although these estimates were
derived by simple techniques, they seem quite reasonable and do not
differ greatly from actual disappearances of wheat and feed grains
in 1954 (22). Seed requirements and grain for forage were not
included in the estimates, as seed requirements were subtracted from
ﬁdds and the study reported is concerned with grain production

one.

As shown in figure 2, not all the land ares in the United States
was included in the programing regions. Hence, it was Necessary
to estimate the normai production of wheat and feed grains in these
nonprogramed areas in order to determine how much of the estimated
total demand or requirements would need to be produced in the pro-
graming regions. Production from the nonprogramed areas was
subtracted from the total demand requirements mentioned above.
This remeinder formed the demand restraints that had to be met
from production in the programed regions.

The normal production 1n the nonprogramed areas was estimated
by a residual method.” First, for each State and each grain, the total
planted acreage in the programing regions within a State was sub-
tracted from the 1953 acreage planted for grain in the State. When
these residual acreages were multiplied by the estimated 1954 normal
viclds for the Statc, the total preduction in the nonprogramed areas
was obtained® With corn, oats, barley, and grain sorghums con-
verted to corn-equivalents, these quantities were 80 and 338 million
bushels of wheat and feed grain, respectively. Subtracting these
quantities [rom total requirements gave 677 million and 3,549 million
bushels ol wheat and reed grain, respectively, as the demand or
reguirement quantities to be provided from the programed regions.

The estimated ncreages and total attainable production in both the
programed and the nonprogramed regions are summarized in table 5.
That the attainable production in the programing regions accounts
for most of the graie produced in the United States is evident. In
fact, if the feed grains are converted to corn-equivalent bushels, the
percentage of [eed grains in the programed areas accounts for about
91 pereent of the total U.S. production. The similar percentage for
wheat produetion in the programed regions is 93.1.

Grain Prices

As model E is based on the criterivn ol maximum profit, it was
necessary for this model to estimate the regional grain prices received
by farmers. Estimating grain prices that were consistent with the

* A residual method was used beeause 1953 county data were not available for
many States. ] .
8 The yields were estiinated by the same method used in estimating nocrmal
yields for programing regicons.
58046 01 - §
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Tarrne 5.—Lstimated available acreages and attainable total net produc-
tHon of wheat und feed grains in the United Siates, programed ond
nonprogramed areas, 1954 1

Programed areas Nonprogramed
’reas ?
Crop United
States
Amount | Percent- | Amount | Pereent-
age age

1,000 1,000 1,000

Avaiinble screage: acres Percent acres Percent acres
Wheat____._.. . _. 04, 716 g4 9 5, 080 51 94, 796
Cortne . - oe .- 67, 084 89, i 8 173 10.9 75, 257
Oats...._ .. .. ... 34, 164 85. 6 5, 70D i4. 4 39, 919
Barley ... ..... .-. 7,272 77.81 2,056 22 2 9, 328
Sorghum. . . .... 6, 379 93. 7 431 6.3 6, 810

1,000 1,000 1,060

Net producti-n: bushels bushels bushels
Wheat__ ... 11, 670, 354 93.1 | 80,334 6.9 | 1,159, 710
Corn.. ... . ‘? 732, 492 93. 4 | 195, 280 6.6 ] 2,047,772
Outs_.. . .. i 09 ’ 407 BO. O | 164, 340 13.1 | 1, 256, 837
Barley. ... .. ... 169, 063 72,71 63,0521 27. 3 232, 584
Borghum_... ... ... 115, 937 GL.O | 11,472 9.0 127, 409

1 Beed requircments were subtracted from per acre yields.
2 A residual, see Eext,

fundamental concepts underlying model & was not simple. First,
the differences in regional prices should be a measure of the relevant
transportation cost between regions. Second, the regional priees
should represent the relative values of each grain in a competitive
market.

Briefly, regional gruin prices were estimated as follows: The average
whest-corn price relative for the period 193241 provided the basis
for estimating the price of wheat® First, the 1945-54 United States
wverage price of corn was multiplied by the 1932-41 United States
wheat-corn price relative. This product was then subtracted from
the nctunl United States average price of wheat for the period 1945-54.
Next, this difference was subtracted from each average State wheat
price 'for the period 1945-54 (30, 1956). Finally, regional whent prices
were estimated by adjusting the calculated State average prices by
thie price gradients indicated on & wheat iso-price map. Tt was
assumed thas prices within each State were s linear function of
distance. Regional cor: prices were estimated with the aid of a
corn iso-price map, by adjusting 1945-54 average Stefe corn prices in
& way similar to that used in adjusting State wheot prices. Individual
prices for oals, barley, nnd sorghum were not estimated-—these grains
arc converted to corn-equivalents for programing. Thus, in essence,

¢ Data indicate that for more recent pericds the market wheat price has been
maintained above the Lompetihne ievel; for example, the price of wheat relative
to eorn has incrensed from 122 for the pertod 193142 (30, 1944) to 131 for the
period 194534 (30, 1956).

[
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the prices used for these three grains were the corn prices weighted by
their respective feed values in terms of corn.

The estimated regional wheat and corn prices used for programing
are presented in table 6.

TaE ProcraMine COEFFICIENTS

. 'The previous sections described the methods and problems involved
In estimating for each region maximum acreages, normal yields, pro-
duction costs, demand restraints, and corn and wheat prices. The

Tapre 6.—Estimated normal prices per bushel for wheat and corn, by
regions, 1954

Wheat| Corn Region that[ Cornn || Region | Wheat! Corn

Dot- | 1 Dol-
{arg larg
. 88 i ]

. 86
.91
. 60
. 92

.92
. 96
. 96

. 93

L
1,
1
1,
L
1.
IN
1
18
1
16
1
1.
1.
i

e b [l nliaall ol ol
el e o

[l el S S S S
[N S Y

Bt bk ek Bt

0 bt e bt ot
:'-‘I-'I-b-"b-
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methods used in converting these date into coefficients used in the
five analytical models are described here. The order of presentation
used follows: First, the conversion of basic data into the matrix
coefficients required for model A is described In some detail. The
necessary modification in the coefficients or parameters to meet the
conditions of the other four models is then set forth.

Model A

The acreage restraints—the meximum number of aeres of land
that can be used for all grain production in each region—are the sums
of the individunl grain acreages given in table 1. The demand
restraints for the programed aress, that is, the quuantities of foed
wheat and feed grain that must be produced within the system, are
677.5 million bushels of food wheat and 3,548.9 million bushels of feed
grﬁ'in. These acreage and production restraints are presented in
table 7.

TasLe 7—Acreage restraints, by regions, and lotal production restrainis

(stmplexr Ao)

Region |Acteagell Region jAcrengeli Region jAcreagell Region |Acresge
1,600 1,060 1,600 1,000
gcres acres acres acres

603 || 27— - 1,067 | 83 __..__ 5016 [ 79..o___. 2, 025

2, 480 4,036 1 b4 ______ 1,076 ) 80_____._ 2, 881

4435 A | T T 2,101 3| 81__.____ 1, 858

298 1,002 % 6B _.o_ 4,155 || 82.__ .. 1,176

208 |} 31.______ 4,760 7| 67..._ .. 1,404 || 83.__-__. 369

561 .| 986 N B8 ______ 1,013 98

325 1, 648 439

370 2, 317 1068

S 1,421 994 326
W . 260 || 36.__.___ 2, 297 610
1. 81 0 37 ____ 7,754 || 63 ... 1, 9840 6, 493
12 . 100l 38 ______ 4,841 f| 64____.__ 2, 509 3, 833
18 .o 434 Il 30 ... _. 1,133 t 66_______ 4, 718 811
4 __ 107 || 40 . L,013 N 66 ____ 1, 220 602
L T 542 [ 41_______ 683 L 67_..___.. 788 830
16 . . g1\l 42 _ . ____ L, 68 . __._ 758 b 94 . 4, 283
) i SR 727 4 43 __. 4,795 § 69_______ 1,119 7 96 . _._ 608
18 230 Bdd. L 4,263 ¢ 70 ____._ 1,792 1 96 _..__. a6l
19 ... 1,228 ) 45 ___ 10,878 || 71— 1,371 || 87 ______ 544
20. ... 969 & 46_______ 4,107 § 72 ... 2,736 § 98 _____ 1, 760
21 - 853 f 4T_ .- 2,78 5 T3.o_a. 7,604 3 89_.____. 619
2. . 1,089 ) 48 __.___ 2,661 I 74 . _.__ 5,114 |} 100_...__ 4, 685
23 - 261 f 40 ___ 1,804 || THooo--- 421 Wi ___. 2, 785
24 . 320 )| 80 ... 4,827 || 76 ___._ 2,738 || 102.____. 544
25 e 574 )| Bl 7,898 [ TT.._____ 2,912 3 103______ 654
26 ... 412 4 52 .- 2,780 | 78 --- 504 )i 104______ 1,015
1,000 bushels

Wheab o e e e e emiaem s 677, 509

Feed gram-_._--;- T Ll 3,548, 01I
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As stated 'previously, three’grain-produciag activities—food wheat,
feed wheat, and o feed-grain rotation—were considered for each region
in model A. The outputs or yields for food wheat are the yields showu
in table 2. The outputs of feed wheat and feed grain are obtained by
converting the yields to corn-equivalent bushels. The output of each
feed-whent activity was the corn-equivalent yield. But the output of
each feed-grain activity, which consisted of corn, oats, barley, and
sorghum, 1s obtained by summing the weighted corn-equivalent
yields; the weights are rabios of the ncrenges of each grain shown in
table 1 to the total acreage of the four feed Tgra.ins v the region, The
example below uses the data of region 1. No sorghum is preduced in
this region.

Yicid Cotn Rotation Weighted
Cirain per X conversion ¥ weight = yield
acre (nctor

45, G 1. 000 {. 386
.. 30. & . 495 . dbb
Bartey. ... . ... .. 35, 0 il

Per nere ouiput, feed-grain activity, region t

The sctivity ecost coeflicients used for food wheat and feed
wheat were the per acre wheat costs shown in tuble 4. However,
the feed-grain activity cost was o weighted cost derived from the
data in tables 1 and 4. Again, region 1 data were used to show
the required steps.

CGrain Total per Rotuation Weighted
acre cost X weight = cost

COPT L e e 34 76 (. 336 13. 42
28, 34 . 565 14, 01
28 64 L 40

The activity costs and outputs derived for model A are shown in
table 8.

Model B

The structure of model B is the sume as that for model A, except
for the modilication ol cost coellicients to include land rent. The
catimubed regional land renis shown in table 2 were added to each
respective activity cost presented in table 8.

Model C

Tor model C, the jand restrainis were modified, but the input-output
coefficients were the same g8 in model A. In model C, cach region
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TasLe 8.—Activity costs and yields (oubpuis) per acre, by regions,

model A
Cost Yield
Region
Wheat Feed Food Feed Feed
grain wheat wheab grain
Dollars Bushels Bushels Bushels
30. 83 26. 9 30.1 29,7
30. 45 21. 3 23.9 393
29. 34 i8. 1 20. 3 43. 2
31. 47 18. 4 20,6 43. 8
28, 31 212 23. 8 35 7
31. 40 16. 2 18. 2 35. 7
37. 67 19. 3 21. 6 26. 8
30. 97 18. 3 20. 5 24, 5
34. 90 177 1.9 281
20, 96 17. 8 18,9 20. 4
31 42 16. 5 18. 5 18. 1
25,12 16. 6 18. G 15. 7
25, 01 i6. 5 I8 5 6. 7
26, 23 16,1 18. 1 17. 6
26. 40 o feemeans 14. 8
A4, 59 22,8 25. 6 20, 2
28, 57 20, 4 22.9 15. 2
26,09 19. 6 21. 9 210
28, 22 15.7 17. 6 18. G
28, 04 14. 9 16, 7 25 4
23. 84 18. 0 20,2 24. 8
29, 88 17. 1 0.2 34. 0
28 27 16. 6 18. 6 32. 0
20. 93 15. 8 17.7 33.7
32. 62 17. 4 18. 5 48, 5
32, 07 23.0 25 8 43. 2
31. 32 26, 0 201 38 6
29, 90 24 1 27.1 47. 3
29, 66 19. 0 213 40. ¢
24. 69 19.1 21.5 38. 3
25. 561 24,3 27. 3 4. 8
23.79 27.0 30. 2 43. 6
27. 24 26. 6 29. 9 33.8
29, 97 27. 6 30. 9 30.7
25, 43 20. 6 23.1 24. 2
24, 58 27.3 30. 6 38. 3
22. 08 25. 2 28 2 46, €
17. 49 27.1 30 3 47. 8
19, 80 18. 8 2.9 34 4
21, 20 19, 4 2L 7 31.1
L 20. 06 21, B8 2.8 23. 4 3¢ 2
L 20, 79 20. b5 1. 7 22. 0 20. 0
L 3 16, 86 20. 73 22.7 25, 4L 36. 6
L T S 16. 85 19. 21 1. 8 17. 4 36. 0
[ 1 T 1 T4 16. 43 14 7 16. b 371
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Tavue 8.—dctivity costs and yields (outputs) per acre, by regions,
model A—Coutinued

Cost Yield

Wheat Feed Feed Feed
grain wheat grain

Doliars Dollars Bushels
15 38.

15. 90 18, 07
17. 67 21. 30
14,71 15, 14
i3
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TasLe 8.—Activity costs end yields (outpuls) per acre, by regqions,
model A—Continued

Cost, Yield
Region
Wheat, Feed Food TIreed Feed
grain whenat whent grain
Dellars Dotlurs Bushels Bushels Bushels
6. 76 17. 73 6. 5 73 12.5
8 88 22. 77 10. 2 1L. 5 22 4
8 61 17. 52 87 9,7 15. 9
5. 50 10. 40 7.0 7.8 11. 8
7. 63 14, 57 3.2 5 8 222
3. G! 12, 22 25 2.8 86
4 16, 28 1.6 1.8 1G. 5
98 el . 10. 56 21, 67 i2. 9 4. 5 23. 4
11 10. 36 32. 03 9.8 111 35.3
00 ool ema 10. 95 16. 88 16. 9 i8. 9 23. 4
111 QTN §. 76 18. 14 12.6 14 2 24. 4
1) N 8. G5 37. 68 LG 13. 0 37. 3
103 . 10. 11 15. 43 124 Id ¢ I8. 6
b4 13 S g 21 19. 83 9 8 1. ¢ 30. 2

has two acresge restraints, a wheal and a [eed—grain restraint. Thus,
for programing, the size of the matrix was nearly double that of model
A, but the demand restraints were those of model A. The wheat
restraint of model C is that shown under wheat in table 1, while the
feed—grain restraint is the sum of the four feed-grain acreages shown
in the table.

Model D

For model ', the number of activities per region was left unchanged,
and the number of acreage restrainls was doubled. Xor model D,
the number of activities was doubled and the ncreage restraints
remeined the same as those in model A. Bach feed grain was con-
stidered as & separate activity in model D, and thus the possible
aclivities in each region were food wheat, feed wheat, corn, oats,
barley, and serghum.

Tuable 2 provided the basic yield data for deriving the outputs for
bhe six regional activities of model D. Outputs for [ced wheat, oats,
barley, and sorghum were obtained by weighting the yields presented
in table 2 by their respective corn—equivelent conversion factors, that
is, wheat=1.121, onts=0.495, barley=0.791, and sorghum=0.985.
Activity outipuis for food wheat and corn were the same as the yields
given in table 2. Activity costs for model D ure those presented in
table 4. The same cost was used for the food wheat and leed wheat
activities of each region.

Model E

The only difference between models B and A is in the objeetive
(unction. The objective of model E is maximumn total net returns




REGIONAL ADJUSTMENTS IN GRAIN PRODUCTION 35

while that of model A is minimum total cost. FHence, the structure
and input—output coeflicients are the same for the two models.

To obtain the net returns needed for model E, two steps were
necessary: Activity gross returns were calculated by multiplying
activity yields of table 8 by the relevant wheat and corn prices listed
w table 8. The food wheat activities were multiplied by the eor-
responding regional wheat prices and the other two feed activities by
the corresponding regional corn prices. Net returns were then ob-
tained by subtracting the corresponding costs in table 8 from the
computed gross returns.

Although the price levels for this profit-maximizing model are at
1954 lcveTs, the resulting optimum program would be the same for
other absclute price levels, so long as the relative differentials between
regions remain the sare as those used here.

LissraTions oF THE DaTa

The objective in basic caleulations was to derive normal inputs and
outputs to reflect the relalive competitive positions of the programing
regions. Whether or not this objective was achieved is the chief
Limitation of the data. Necessarily, arbitrary methods were used in
meaking some estimates. But many methods of estimation were
exantined bLefore o specific method was decided upon. Also, when
possible, the results of estimating methods were checked ngainst
available data. This check was made when particular data were
available for some regions but not for others. The magnitude of the
study necessitabed that frequent compromise be made between using
o parbiculur estimator or spending excessive time searching for a
“better’” one. As no specific samipling method was used, it was not
possible to clicose between estimators by any known statistical
criterin. It was necessary, therefore, to rely on judgment conditioned
by time and budget,

Wide variation in input-outpus coefficients between farms within the
programing regions are known to exisb. The results of the study
reported are conditioned accordingly. Certainly, some farmers in
each region would produce under competitive market prices, even
though the empirical results indicate that production of grains would be
eluninated from s particular region. But emphasis in the study was
on defining “broad’ aress for resource adjustments in grain production,
given certain demand requirements. Followup studies will examine
the problem of within-region resource adjustments.

EMPIRICAL RESULTS

The solutions for the five economic models outlined earlier are
presented in shis section.  The results are then compared on the basis
of production patterns, acrenges, snd costs.

MobEeL A

The produring regions, the acreages required for grain production,
and the number of bushels of wheat and feed grain produced in each
region specified by the model A solution are shown in table 9. Figure
3 shows the geographic locations of these regions.
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TaBLE 9.—Producing regions, acreages ultlized and production, model

A solution

Acreage

Wheat

Feed grain t

See footnotes at end of table.

1,000 aeres
2

1,000 bushels

1,000 bushels
3, 500

19, 189

13, 075

27, 833

17, 770

233, 287
30, 303
72, 903

222, 916
43, 444

45,623
356, 616
231, 170
39, 025
31,522

20, 970
175, 338
153, 258
403, 933
167, 062

84, 314
73, 085
30, 795
89, 054
111, 446
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TanLe 9-—Producing regions, acreages utilized and production, model
A solution—Continued

Acrenge Wheat Feed grain !

1,000 acres | 1,000 bushels | 1,000 bushela
5,114
2 739
2, 912
2 023
2, 881

1, 955
1,176
369
I8
610

6, 493
3,833

692
4, 293
1, 750

4, 685
2 785
54
554
1,015

177, 66d 677, 511 3, 548, 915

! Bxpressed in corn—equivalent bushels.
1 Part of maximum acreuage; see table 7,

Production of corn is specified primarily in the Corn Belt, and pro-
duction of wheat is designated mainly in the Grest Plains and the
Pacific Northwest.”® The regions in North Dakota, South Dakota,
Kansas, and Texas, which are shown in the solution as producing feed
grains, currently produce large quantities of wheat. But the produe-
tion of feed grains specified by the model solution consists mainly of
barley and oats in North Dakota and sorghum in Kansas and Texas.
(See table 2, regions 50, 51, 52, 54, 74, and 80.) If wheat prices were
to [all below their current levels, feed grains might replace wheat in
these regions.

Subtracting the 65 producing regions shown in table 9 from the
original total of 104 indicates that 39 regions are not required to fulfill
the demand requirements specified for wheat and feed grains {757
million bushels of wheat and 3,877 million corn-equivalent bushels of
feed grain) under model A. Figure 3 shows that a majority of these
regions are in the South. The remaining regions not required for
produetion are in northwestern New York, northeastern Ohio, southern
Michigan, central Wisconsin, central Texus, south-central Montana,
eastern Wyoming, southeastern Colorado, eastern New Mexico, north-
central Utah, western Missouri, and eastern Kansas.

10 In the discussions that follow, the term “wheat’ is used to refer to food wheat.
When production of feed wheat i3 discussed, it is so noted.
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MODEL A SOLUTION

Specified Locations for Wheat and Feed-Grain Production

Foud oo
Whast loy lood

ct) Wrhawt iov lood b fend sroine
M 7 ead grasind port of mosimum avesoge
BT No production of wheat or heed geoing needwd

ke (ANTR T OF LA TLNE L IR Rl SEGCULTURLL AT SETACT

Ficore 3

The number of acres invoived in grain production within the 39
regions plus the unused acreages in region 2 (fig. 3) would be
31,471,000. OF greater interest than these acreages, perhaps, is their
production potentisl. Given the production patterns of 1953 and
the normal yields of 1954 (tables 1 and 2), these regions represent a
production potential as follows:

Aillior. bushels

Whent e ;e 142
TN e e - -. 453
O b8 e e e 165
Barley e 18
Sorghum e 10

These figures indicate the size of resource adjustments in grain produc-
tion i]eeded to balance production and consumption in terms of
mode]l A.

High production costs resulting from small farm units and relatively
high per acre machinery inventories are the apparent reasons why
grain production in northwestern New York, northeastern Ghio, ard
southern Michigan is not prescribed by the model A solution. In
these areas, the high costs more thanr offset the high wheat yields as
comgare_d with the Great Plains. High costs also prevent the areas
of the South from having a place in the solution. Even though in -
meny instances, yields in the South are not as high as those in the
Northeast, they are higher than yields in the Great Plains. While
large per acre investment in farm machinery is a partial explanation
for high production costs in the Northeast, the converse seems to be
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true for the Southeast, where considerable nonmechanical production
methods are still used. In such southwestern areas as southern Colo-
rado and eastern New Mexico, high yield variability and low average
yields resulting from frequent crop failures apparently account for
the sbsence of these areas in the solution to monFeI A,

The grain price obtained by the dual solution to the production
{minimum-cost) problem is the cost of producing a bushel of grain in
the highest cost region in the golution set. If the highest cost region
is margingl, the cost is “real.” If the highest cost region iz not
marginal, the cost is an “opportunity cost.” Specifically for model
A, the price of feed grain, $0.77, is due to region 2. Region 2 is &
marginal region, in which $0.77 is the cost of producing feed grain.
But the price of wheat, $0.97, is an opportunity cost and is due to
wheat production in region 36. To explain: Given the $0.77 price
of feed grain and with the price of wheat at $0.97, production of
wheat and production of grain give the same net return (rent) per
acre in region 36. These net returns can be calculated by multiplying
the difference between price and cost per bushel by the yield; for
example, 27.6 ($0.97 —$0.79)=54.97 for wheat and 38.3 {$0.77—$0.64)
=$4.98 for corn.M

A similar computation shows that for marginal region 2 the imputed
rent?? is zero for feed grains and negative for whesat.

The imputed rents for each activity can be obtained by performing
similar computations. The resulis of these computations show that
only the regions in the final program have pcsitive rents within the
framework of the model, which includes no crops other then feed
grains and wheat. Only imputed rents for the activities in the
optimum set of model A are presented in table 10. The rents of the
unused activities, which are due to either a wheat or a feed-grain
activity in each region except region 36, are not shown. Table 9
indieates the specific nctivities that produce the rents listed in table
10. Estimated regional rents for grainland, as shown by table 3, are
shown also in table 10 to permit comparisons. A region-by-region
comparison of these rents shows that approximately three-fourths of
the imputed rents are below the estimated rents.

Several reasons may account for these differences: {1) Some indirect
costs, such as those of management, buildings, and general farm
operation, were not included in the activity costs. If these costs had
been included, the equilibrium grain prices would have been higher,
which would cause the imputed rents to be higher. (2) Transporte-
tion costs were not included in the activity costs. The inclusion of
transportation costs would reduce the imputed rents for regions
shipping to distant markets. (3} BEquilibrium grain prices are below
the recent average prices of wheat and corn (30). Hence, in general,
the estimated land rents are expected to be higher than the imputed
rents. (4) Other factors, such as residential demand, productive
activities other than grain crops, and institutions, are also & part of
the total complex that influences land values.

it Phege small differences are due to rounding. .
12 Hereafter, renis obfained by the dual solution are referred to as imputed
rents to avoid confusion with the compuied land renfs given in table 3.
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TasrLe 10.—Estimated and imputed rents per acre of grainland, by
regions, model 4 solulion

Region Estimated | Imputed Region Estimated | Imoputed
rent t rent? rent ! rent ?
Dollars Doliars Dollars Dollars
- SN 8 81 0 [ 1, 7. 65 9, 62
b S, b. 59 3.8 61 __________ 2 656 5. 30
[ S 7.03 2. 19
A7 TN 7.12 4 85| 62_ . ____.__ 3.71 2.62
P < T 5. 38 1.29 || 83 .. 4. 20 2. 70
64 .o 3.95 4. 40
2B e ma 12. 50 6.61 || 65__ ... -_ 7.41 7.88
29 e 4. 60 1,20 || 66 - oo _ 5. 62 2. 54
30 e 7. 14 8. 81
[ SN 11. 9% 10. 77 | 69 oo 507 .22
3 10. 62 G5 || O e 3. 55 1,32
[ P 5. 22 1,76
1 T 10. 30 498 || 72 e 7.07 3. 88
. ¥ (N 14. 70 13.33 || 730 coeeeea - 4. 21 R 32
38 . 18. 70 19. 10
39 - 4 97 6.80 || T4 .. ... 3.81 3. 88
40 5. 31 2280 )| T6_aoe 5. 16 3. 14
Y S 3.75 .35
;3 7.03 LEL)| 79 ... 4, 43 2. 50
43 o= 6. 66 7.31 Y| B0, . ... 4. 08 6, 80
44 . 8 03 8. 63
45 13. 01 1225 ) 8l _. 3.68 1. 73
46 o 9. 55 11, 47 )| 82, .. _.___ 4 07 1. 68
| S 3. 32 1. 02
47 . 8. 69 A<t | T S 5. 00 L1
48 . 6. 46 6.85 (| 88, _._._._ 5. 40 3.85
49 . 2.62 1. 18
60 . 4 06 1.47 || 89 ___._ 1. 60 2 74
Blu oo 2. 13 LGG || 90,0 oo 2. 76 1. 80
92 .. 1. 51 L.05
7 S 1. 69 LOT[F Ode oo 2. 88 1,27
B3 o 1. 59 G O8 . .. __ 4. 08 1. 97
L. S 2.12 .47
%5 S 1. 28 208 | 100 _....__.. 6. 14 5. 44
|11 S 2.23 3.30 ) 10y ____..___ 4. 20 5. 46
102 .. 2. 73 2. 58
Y 3. 68 L23 || 108 oo 11.61 2. 02
58 e .. 2. 14 282 1 104, o 7. 60 3. 32
B9 . 4, 08 7.06

1 Estimates based on land values ard interest and tax rates.
* (Given by the dual solztion to the mirimum-cost problem.

The r? {the simple coellicient of determination) for the estimated
rents and the imputed rents is 0.57. This fact indicates that, to &
significant degree, land values in the programing regions are related

to land productivity (yield) and the cost of producing grain.

MobpeL B

The land charges added fo other sctivity costs for model B are
those shown in table 3. The level of land prices in the Great Plains
and possibly in the Corn Belt is due largely to the demand for grain.
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Hence, it is reasonable to consider the price of land as an endogenous
variable in these areas. But in regions of the East, the South, and
the west coast, such enterpriscs as cotton, dairy, fruits, and tobaceo
“compete” for the use of land. Given these two possibilities, how-
ever, the results of models A and B together might give a better indi-
cation of the grain-resource-adjustment problem than the resuits of
either ulone.

The preducing regions, the acreages utilized, and the regional grain
production specified by the model B solution are presented in table 11.
The geographic locations ol these regiens are shown in figure 4. A
comparison of figures 3 and 4 shows that inclusion of a land cost in
the nebivity cost coellicients resulted in the following: Production of
feed grains in regions 2, 36, 82, and 84 under model A is displiced by
production of feed grains in regions 53 and 73 under model B, Wheat
production in regions 53 and 73, together with wheat production in
regions 77 and 103, under model A, 1s replaced by wheat production
in regions 35, 36, 42, 91, and 93 under model B.  No simple expiana-
tion cun be given for these changes except that the changes provide
for & minimum Lotal produclion cost in terms of model 3 and the
estimated lund cost per bushel is relatively higher in the exeluded
regions 2, 41, 77, 82, 84, and 103.

Wheu ligures 3 and 4 are compared, it becomes obvious that the
optimum regional pattern of grain production ior model B differs
only slightly from that for model A. The regions that go out of
production -2, 41, 77, 42, 84, amd 103—lie, respectively, in eastern
Pennsylvania, northern New Jersey, southeastern Missouri, the pan-
handle of Okinhoma, western Texas, west-central Texas, and north-

MODEL B SOLUTION

Specified Locations for Whaat and Feed-Grain Preduction

=3 fawd g

B Whaat lor food

) Whaat tor lood & fewd graene

TEEE) Whaal For food part af g mumiam ogeage
1] Ma pinduction of nhaol or lad pains reeded

WA EA P T O ama o WEA MG IPI=FETY Ao nimaL s alin ML

Fioors 4
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TasLe 11 —Producing regions, acreages utilized and production, model

B solution

Acreage

Wheat

Feed grain t

Hee tootnotes it end of table.

1,060 geres
415
2908
5T
412

1,000 bushels

G4, 187

1,600 bushels
19, 189
13,075
27, B33
17, 770

233, 287

30, 303
72, 903
222, 916

356, 616
231, 170
34, 025

175, 339
153, 258
403, 933
157, 062

84, 314
73, 085
30, 795
89, 054
111, 446

37, 225
73, 438
17,072
31, 183
68, 643

28, 884
17, 430
94, 735
118, 009
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TasLe 11.—Producing regions, acreages wiilized and production, model
B solution—Continued

Acreage Wheat Feed grain !

1,000 acres | 1,000 bushels | 1,000 bushels
82, 6435
35, 469

20, 808
1, 955

369
610
6, 493
3,833
611

692
830
4,993
1, 750
4, (85
2,785
5ebek
1,015 30, 643

0 171 IR 174, 065 677, 5t0 3, 548, 912

! Bxpressed in corn-equivalent boshels.
? Part of maximum grain acresge; see table 7.

central California. The regions that come into production—36, 42,
91, and 93—Ilic, respeciively, in central Wisconsin, southwestern
Missouri, southeastern Montana, and eastern Wyoming.

The total grainlund in 41 entire regions and part of the grainland in
region 42 are nob needed to fullill the requirements for food wheat
and [eed graius in the model B solution. In terms of 1954 yields and
1953 pmauction patterns (tables 1 and 2), these regions represent

a production potentinl as follows:
Miition bushels

Barley.__
Sorgihwm

In these 42 regions, 34,651,000 acres would be unneeded. Thus, the
grain preduction required would he concentrated on {ewer acres than
for model A. The use in the solution of regions of rclatively higher
wheat yiclds, especially regions 35, 36, and 42, explains this fact.

The model B dunl (price} solution shows that thie equilibrium prices
for wheat and feed grrin ave $1.25 and $0.93, respectively. Compared
with madel A, the inciusion of land rent in the netivity costs, therefors,
has incrensed the prices ol wheat and [eed grain by $0.28 and $0.16 a
bushel, respectively.
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Imputed reats obtained by the dual solution are presented in table
12.  No exact interpretation of these values can be given as estimated
land rents were included in the aetivity costs. Buf the values might
be interpreted as residuals or royalties aceruing to the limited factor,
land. The veriance of the imputed vents, bowever, was reduced with
the tnclusion of & land charge. The respective variances of the im-
puted rents are 14.0 and 6.2 for models A and B. The reduction in
variance wyuld be expected, ns in regions with yvields high relative to
cost, the higher net returns tend to be capitalized into higher land
values. Hence, adding laud costs to other production costs tends to
meake per bushel costs more nearly equal between regions.

Mober C

For model C, the total acreage of grain in each region was divided
into two parts or restraints. Separate restraints were used for wheat
and feed grains. Because of the structure of the model, the acreage
of land used to produce food wheat cannot exceed the 1953 wheat
acreage in o region, However, land used to produce feed grains can
equal the total gesinland in a region, if feed wheat is designated for
the wheatinnd and feed gruin is specified for the feed-grain acreage.

The producing regions, the sereages utilized, and the production
of food wheat, feed wheat, and feed grain specified by the moedel C
solution arc presented in table 13. The geographic locations of the
producing regions arc shown in figure 5. A comparison of tables 9
and 13 shows thatb more regions «re specified for grain production for

TanLe 2—Impuled rents per acre af graintand, by regions, model B
solulion

Region Rent ! ” Region Rent ¢

Deoltars Dollars
54l 5
1T
60
\‘3 r
68
2
88
3 i
34
a7 37
[E S
23
38
G2

86

78
30
40
24
10

e PR
e WE

MO RGN NGO,
. O R L RN, W,
]

' Given by the dual solution to the minimum-cost problem.
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MODEL C SOLUTION

Spacified Locations for Wheot and Feed-Grain Production

L vieor (2 foad

3] Wehaat for Tood & Jeed arcies

B ived wans pont ol muimin gosose

Whveat for lund & fed proine

H Whet lor lend

Wiheeo! For fnod, whaot for leed, and ined grains
51 e preductinn of whaal or [red gains aveded

L WSl OF M T LN I UTREE EL LetuiiAy. mETESACH SavTE

Ficunre 5

meodel C than for model A. These additionnl regions are 1, 5, 6, 16,
21, 22, 23, 24, 33, 34, 35, 42, 78, 85, 87, 91, and 97. But utilizing the
additional regions does not mean that the total acreage needed to
meet demand requirements is increased by the acreages available in
these rezions. The increase in acreage is less than this total becnuse:
(1) Only acrenge of wheat or acreage of feed grain is used in 16 of
the 17 regions listed above. (2} In 16 of the regions that were
apecified also by model A, either the wheat acreage or the feed-grain
acreage is left idle; whereas for model A, totnl acreage was used in
all excopt one region. Model C requires 9 million more acres than
model A,

That ndditional acres are necessary to produce the wheat and feed
grains needed is an expected result. In most regions, the wheat ac-
tivity produces fewer bushels than the feed-grain activity. Fewer
bushels of all grains can be produced in any one region when part of
the grainlond is resiricted to wheat and part to feed grains. Conse-
guently, a larger acrenge is nceded to meet the total demand or
requirements restraints.

Under model C, 22,967,000 acres are not needed for grain produc-
tion. In terms of 1953 procduction patterns and 1954 normal yields,
this ncreage represents a production potential of:

Afillion bushels

Barley
Sorghum
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TanLe 13.—Producing regions, acreages utilized, and regional wheat
and feed grain production, model O solution

Aercage Food wheat | Feed wheat ! | Feed grain t

1,000 1,000 1,000
ucres bushels
316G

1, 622
355

104

149

548

28, 480
17, 174

132, 509

148, 863
403, 164
156, 025
82, 381
70, 343

28, 357
39, 100
26, 291
4, 841
14, 301

9, 425
8, 052
31, 024
24, 431
13, 185

See footnoties at end of table,
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Tasue 13.—Producing regions, acreages utilized, aund regional wheat
and feed grain production, model O solution—Countinued

Acreage

Food wheat

Feed wheat !

Teed grain !

1,000
{CTEes

3, 624

2, 874

441

4, 282

1, 990

364
49
402

325
605
G, 463
3, 833
505

620
686
4, 293
117
1, 750

519
4, 685
2,785

506

551

1,015

1,000
bushels

1,000
bushels

1,000
bushels
90, 987

Total 186, 615

3, 220, 984

! Exprossed in corn-equivaient bushels.

? Less than 500 neres,

* Part of maximum feed grain acreage; see table 1.
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These figures may well understate the zrain potential that exists in
United States agriculture.

The mode! G dual solution shows that the “equilibrium’ prices of
wheat and fred grains nre $1.10 and $0.98, respectively. Compared
with model A, the equilibriwm price of wheat was increased by $0.13
and that of leed grains by $0.21, when whent and feed grains were
restricted to their respective 1953 base acreage. The imputed rents
for land arc presented in table 14. But instead of one rent for each
region as was the cuse for model A, two rents for some regions ave
derived by the model C dual solution, one for land used to produce
wheat and one for feed-grain land. Two rents for one region means
that ull nerenges of wheat and feed grain are utilized, Underutilized
land restraints have no rent under the empirical method used.

The duta in table 14 show that in many regions the imputed rent
[rom production of ferd grains is higher thun the estimated rent.
But the imputed veuts far wheat production are usually less than the
estimated renls in the Corn Belt and other regions east of the Mis-
sissippi River. Csually, imputed rents are bigher than estimated
rents even when the lormer are weighted by their respective acreages.
The average imputed rent, when weighted, is $6.42; the average
estimnted rent is 85.57. The * for weighted imputed rents and
estunated rents is 0.49, a smaller value than that lor model A.

More specific analysis of land-use potlerns and soil-productivity
classes is needed in deciding whether model A or model C provides
mere meaningful results. But an inventory of regional land resources
would probably reveal that the land-use pattern specified by model A
is at lenst leasible in terms of individual farms. Furthermore, if the
price of wheat were lowered relulive to the price of [eed grains, wheat
production east of the Mississippi might decline greatly and barley
might replace whent in some parts of the Northern Plains.

MopeL D

The produeing vegions, the acrenges utilized, and the regional grain
production obtained ks 2 model D solution are presented in table 15.
Figure 6 shows the geosgraphic loealions of these regions and the
grains produced in each. This model supposes o techinical develop-
ment that may prove possible but which is not vet in widespread use.
As all grains are “independent™ in this problem, it is not surprising
that, in generel, the solution indientes that corn should be concen-
trated in the western purt of the Corn Belt and wheat in the Great
Plains and the Pneilic Northwesi. Also, production ol sorghum is
specilied in the panhandle of Texns, southeastern Texas, and south-
central Californin.  But it is surprising that no grain production is
tlesignated for the Red River Valley or lov southern and southwestern
North Dakota. XNo grnin produetion in the panbandle of Oklahoma
was specified in the model B solution also.  Apparent lLigh yield
voariability and relatively low aveeage yvields resulting from [frequent
crop failures explain the Intter phenomenon. Production of corn in
Ohio, the castern part of Penonsylvanin. and the programing arveas of
New Jerser, Delaware, and AMaryvland is not specified in this medel
Lecause of the relalively high cost of production in these areas.
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TanLe 14.—Estimated and tmputed rents per acre of wheat and feed-
grain land, by regions, model O solution

Estimated
rent !

Imputed rent for—?2

Whentland | Feed-grain
land

See fpotnotes at end of table,

Dollars

RN DO@NE SN o

1 PR 1

Dollars
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TasLe 14.—Fstimated and imputed rents per acre of wheat end feed-
grawn land, by regions, model G solution—Continued

Imputed rent for— 2

Estimated
Region rent !
Wheatland | Feed-grain
land
Dallars Dollars Dollars
i3 S 4 08 0. 43 12. 66
80 . e 7. 68 5. 97 15. 75
3 2. 66 6. 92 5. 06
B e 371 3. 88 2. 95
13, S 4 20 1. 37 8 39
B e 3. 95 5. 90 b. 58
B e e e 7. 41 6. 68 14. 51
1 5 62 1. 94 7.90
L U 3. 84 CTO L
6 e b 07 242 ..
T e ————— 3. 55 2. 70 3. 80
B O o 22 3. 44 . 66
T e e e .07 5. 63 . 89
L T 4 21 4 53 6 77
U 3. 81 4. 19 7.27
T e 5. 16 A T8 |
N 373 1. 19 277
i 4. 63 B 5 I I
T e 4 43 a. §2 1. 28
B0 e 4 98 177 12 45
Bl e mm 3. 68 2 68 1. 65
B e 4. 07 .34 4 62
L 3. 32 207 .10
L 500 | .. _. 2. 45
L1 T i ——— 822 3. 59
BT e e————mmmm 5.36 Joo.l 1. 06
- TV 6. 40 | ___________ 8 11
BO, 1 60 3. 76 1. 93
00 e emmemn 276 2. 92 4 37
.82 N ¥ ) P
1. 51 285 |
1. 96 D8 |
2 88 218 .7
240 (. 2 22
4. 08 3. 60 117
377 .44 2 47
6. 14 7. 857 6. 09
4. 26 7. 06 b 86
2.73 3 o
1l 61 5. 60 2.78
7. 60 1 54 8. 66

' Eatimates based on land values and interest and tax ratc&.
1 Given by the dual solution to the minimumn-cost problem.
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MODEL D SOLUTION

Specified Locations for Whaat, Corn, Batley, ond Sorghum Produchion

R Wit lne foad

Corn aod whea!

TR Corn part ol reacimam cu e

E Sarler

TS Geawt sorghnan

S Mo rombection of mhel of faed mains nesabed

BE MARATINGT o MMRCULTUAT ELE LR TR M s L

TFiguers 6

TasLE 15 —Producing regions, acreages utilized and production, model
D solution

Rezion Acreage Wheat Corn Borley ' | Sorghum *

1,600 1,000 1,000 1,000 1,000
acres bushels bushels bushels bughels
1, 902 75, 600
4, 760 264, 562
966 - 53, 820
2,297 , 88, 528
7,704 464, 324

4, 841 275, 705
I, 133 450, 005
1 795 203, 113
4 963 106, 652
10, 879 545, 036

4, 107 210, 991
2 711 129, 180
2 561 101, 049
7, 808
2, 790

2, 101
5 155 82 116
1,013 21, 897
3, 424 132 390
3, 874 150, 826

Hee footnotes at end of table,
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TaBLB 15.—Producing regions, acreages utilized and production, model
I solution—Continued

Repion Acreage Wheat Corn Barley ! | Sorghum !

1,000 1,000 1,000 1,000 1,000

acres busghels bushels bushels bushels
441 5,867 |||
4,982 42,692 | _________{________fTTmmmmmm
2,509 28,104 . ______|oooo |
4, 718 | 174,700 | ...
TO23 | 29115 fo e
1, 792 19,394 ||| ...
1,371 18,212 | | ITTTTTTmm T
2,735 | 37,017 . __ S U S
7, 664 T2, 320 | il e
5114 37,486 || T
2,780 | 85,¢60 | ______ | | ______.
2, 025 20,898 (ool ___
SN 1- ) N R KU S 78, 148
1,985 | 14,861 | T_CT[CTTTTTITTOL o T
369 8,063 | | ITTITTT|LoTiTm
BB 610 | e oo 14,176
8 . 6,493 |L__ | _ 151,806 [ _._o____...
90 . 3,833 3 035 || o
L1 602 0BG |||
R 4, 203 99,964 [.._______| oL CTTT\TTTTTTT
1 S 1,750 | 22,569 | ___ |l | ...
100 4, 685 A2 LC ) S, I
i S 2, 785 LT A IO A I
102 . .. S 6, 316 | oo |
103 ___TTITTTIO 554 6,806 | ___ | Tt
104 - U V) B R S S 49, 954
Total oo 147, 226 677,512 |3, 254, 745 151, 80G 142, 278

! Nixpressed in corn-equivalent bushels.
2 Pnrt of maximum grain sercage; see table 7.

Fifty-eight entire regions and part of region 66 are not needed for
grain p.rocfuction under model D. These 59 regions would “‘release”
62,392,000 acres of grainland. Furthermore, these 59 regions repre-
sent a possible grain production as follows:

Million

bushels
Whento o o e 308
O e 780
OB o e e 306
Burley o o e e 62
Borghum . e 35

These figures are based on acreages and yields given in tebles 1 and 2.

The significance of model D is that the quantity of resources used
for production of wheat and feed grains could be reduced considerably
if techniques could be devised to reduce the need for including low-
yielding small grains in corn rotations.
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The price solution for model D shows that the equilibrium prices for
feed grain and wheat are $0.53 and $0.90, respectively. The regional
imputed rents are shown in table 16. The estimated land rents
shown in table 3 are presented also in table 16 to permit comparisons.
For only five regions—=59, 60, 61, 89, and 101—are the imputed rents
higher than the estimated rents. The fundamental cause of the low
imputed vents is the small difference in the production costs of activi-
ties in the model D solution. The r? for these estimated rents and the
imputed rents is 0.59.

MonEeL E

Only the results that show the relative competitive positions of the
programing regions in terms of production cost, given various
technical assumptions, have been presented so far. Nothing was
incorporated in the other four models to show how the production
location relative to the market affects the competitive positions of
the regions. Therefore, model E, for which estimated regional prices
for grains and the objective of maximum profit were used, was formu-
lated to determine how regional price differentials affect production
location when demands are fixed. If prices of wheat and those of
feed grains differ only in transportation costs, it can be shown that
the model E solution will be identieal with & total production and
transportation cost model.

Tanut 16.—Estimated and vmputed rents per acre of grainland by
regions, model D soluiton

Estimated | Imputed Estimated | Imputed
rent ! rent 2 rent ? rent ?

Dollars Dollars Dollars Dollars
7. 14 1. 99 7. 41

11. 99 \ 5 62 0
10. 62 X 3. 55
10. 30 5 22
14 70

[ ol o o

0900 B ST JO O N DA SO S

3. 60

1 Bstimates bazed on Iand values and interest and tax rates.
2 (fiven by the dual solution to the minimum-cost problem.
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The producing regions, the acreages used, and the regional produe-
tion of wheat and feed grains specified by the model B solution are
shown in table 17. The geographic locations of these producing
regions are shown in figurs 7.

Comparison of tables 9 and 17, or figures 3 and 7, reveals that the
maximurn-profit solution differs significantly from the minimum-cost
solution in terms of regionsl production patterns.® The major differ-
ences are: (1) Feed grains are specified in regions 5, 23, and 99
in the model K solution. No feed grains are specified in these regiuns
by the model A solution. (2) Wheat replaces feed grains in regions
36, 47, 49, 50, 51, 52, 54, 55, and 56. {(3) Wheat is replaced by
feed grains in regions 77 and 90. (4) Wheat produced 1s earmarked
for feed rather than for food in regions 61, 62, 89, 92, 98, 100, 101,
102, and 103. (5) Feed wheat is specified for parts of Nebraska,
Montana, Idaho, Washington, Qregon, and California.

High wheat prices relative to corn prices in regions 36, 47, 49, 50,
51, 52, 54, and 55 account for the shifts to wheat in these regions.
Apparently, the high wheat prices in these regions, which are in
Wisconsin, Minnesota, North Dakote, and South Dakots, are due to
the nearness of the regions to the points of effective demand—the
milling centers and the Great Lakes. Also, these prices refleet the

8 The sole dilference between tnodels A and B is in the objective criterin of
the madels.  The objective for model A is minimum total eost, while the objective
for model E is mavimum total profit, given regional prices. This is the reason
for making the compnrisons that follow,

MODEL £ SOLUTION

Specified Locations for Wheat and Feed-Grain Praduction

TR Fand pioine
M Whaot for lood
W wheat lor fead
EZ2R Wheat fov fwad & wheat foe fond
S Fred ot port of mosimem averone

£2) Ha production of whaot or fead seaiet nesded

W DEMAETACRT OF SMCLLTISE -l - HT Al EATLNL, FEELLECH TEMACE

Fioone 7
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TasLe 17.—Producing regions, acreages utilized and production, model
E solubion

Acreage

Food wheat

Feed wheat !

Feed graing |

1,000 acres
3, 480

445

298

208

91

See footnotes at end of table,

1,000 bushels

19, 394

1,000 bushels

1,000 bushels
97, 567
19, 189
13, 075

30, 303
72, 603
222, 916

356, 616
231, 170
30, 026
31, 522
20, 970

175, 339
153, 258
403, 933
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TasLe 17 —Producing regions, acreages utilized and production, model
E solution—Continued

Region- Acrenge Food wheat | Feed whent ! | Feed grains*

1,000 acres | 1,000 bushels | 1,000 bushels | 1,000 bushels
1,371 18, 212
2, 736 37, 617
7, 604 72,121
5,004 {___________.
2 739

2,912
2, 025

38, 405

7, 083
354
015

Total_________. 180, 764 5 - 3, 284, 179

t Bxpressed in corn-equivadent bushels.
: Part of maxiimum grain aereage; sec table 7.

premiums paid for hard red spring and durum wheats, which are
produced in several of these States. The specified wheat for feed
tn the western regions—61, 62, 89, 92, 98, 100, 101, 102, and 103—
can be explained by the relatively high corn prices in these regions.
The estimated novmal price of corn is highest in Idaho, where it is
higher than the price of wheat.

Although the locationsal patiern of wheat and feed grain production
specified by the model I8 solution differs {rom that of model A, com-
pavison of figures 2 and 7 shows that most of the same regions are
specified in both soluilons, Only five regions specified by the model
E solution are not designated under model A. Conversely, only
one region in the model E solution is not in the model A solution.
Heunce, four more regions are required to fulfill the requirements for
whent and feed grains. Aside from the degree of similavity of the
models A and I solubtions, the number of regions specified by the
solutions is incidental to the study. The tmportant thing is the lo-
cation of the regions in relation to the adjustment problem.




REGIONAL ADJUSTMENTS IN GRAIN PRODUCTION 57

Because of the similarity between the model A and the model E
sotutions, only the “new” producing regions arc pointed out. The
five “additional” regions required for production by the model £
solution are in eastern Virginig, northeasterts Ohio, western Kentucky,
southern Alabama, aund north-central Utah. The one region in the
model A solution thut is not specilied by the model E solution is in
novtheastern South Dalkota.

Thirty-five entire regions and part of region 28 are not required to
fulfill the wheat and leed-grain requircments in terms of model E.
Figure 7 shows the geographic locations ol these regions, which
represent about 20 million grain acres. Aloreover, in terms ol 1953
acreages and 1954 normal yiclds (sce tables 1 and 2}, these acres
represent grain potentials as follows:

Million

bughels
Whent

LS - oo et mmmmmm s mmemmmmmmA e m e —————
Barley
Sorghum

The equilibrium or shadow prices also were obtained by the dual
solution to the maximum-profit problem; however, the interpretation
of these prices differs from that for the minimum-cost problem.
Specifically, the model B dual sohution shows that the prices for wheat
and feed grain are $0.86 and $0.74 per bushel, respectively. If from
the estimated regional prices, $0.86 is subtracted from [those for
wheat and $0.74 from these for corn (table 6), the per acre net returns
computed for each activity in the model B solution {in which net
return equals the price minus the cost per bushel multiplied by the
vield) are cqual to the imputed rents derived by the dual solution.

Within the structure of model 1, these shadow prices for wheat and
feed grains can be interpreted as per bushel royslties. Speeifieally,
if the price levels for wheat and feed grain were reduced by $0.86
nad $0.74, respectively, we would expect the specified outputs to be
produced in a competitive situation. Why is this so? It is because
the margingl cost would not exceed the price in any producing regton.

The [eed-erain price of 50,74 is enual to the per bushel net return
for feed gram in region 23. Thus, 1f $§0.74 is subtracted from $1.62
(the price of corn in region 23), the difference is equal to the production
cost per bushel, which in this region is $0.88. Hencee, in region 23,
the imputed rent is zero. This zero rent is ananlogous to the zero
imputed rent for region 2 in the model A solution. Bub thic price of
$0.86 for wheat is an opportunity-cost price. This price results
becnuse both food wheat und feed wheat are specilied for region 62.
1f $0.80 is subtracted [rom the estimated wheat price, $1.79, for region
82, and $0.74 is subtracted from the estimated corn price, $1.57, for
this region, and if these net prices wre used to compute net returns,
these net returns—imputed rents—per ncre for the actbivities are
equal. This equal rent for two activities in region 62 is analogous
to the situation for region 36 in the moedel A solution,

A regional comparison of the two types of rents given in table 18
shows that the imputed rents are higher than the estimated rents for
more thun & fourth ol the regions. 7The coeflicient of determination
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Tasue 18.—Estimated and imputed rents per acre of grainland, by
regions, model F solulion

Region Estimated | Imputed Region Estimated | Imputed
rent rent 2 rent; ! rent ?
Dollars Dollars Dollara Daoliars
2 . 8. 81 6.69 4 59 ... 4 08 5. 75
H: S 5. a0 10.36 3 60._,________ 7.65 9,33
L SR 7.03 8235 Lol __ 2. 66 4. 80
[ SN 0.0t 428 W62 .. 3.71 2,23
16, _____ 0. 18 B8 | B3 . 4. 20 . 36
2 . +. 60 O {1 S, 3.05 +. 75
25 . 712 G.79 || 65 _______ 7. 4L 7. 57
L T 5. 38 b 18 3 66 - .. _.__ 5. 62 2, 54
b S G id L6 80 L 5. 07 N
28 . 12. 50 6.62 1 T0__ .- 355 1. 67
L2+ F 4, 60 2. 80 5. 22 2, 45
30 oo 7. 14 9. 97 7. 07 4 I8
K3 i1, 99 . 83 4. 21 3. 52
32 10, 62 9. 5% 3. 81 4. 36
L { i N 16, 30 5. 57 4. 16 3. 42
14, 70 13. 34 3. 75 .43
18. 70 18. 62 4, 143 2.62
€. 97 5. 8% 4. 08 7. 68
5 31 2. 80 3. 68 1. 89
7.03 1. 81 4. 07 1. 26
43 . . 66 8.41 )| 83___________ 3. 32 1.20
BT S 8 03 809 84 ... 5, 00 L 1D
¥ J 13. 0L 1088 §) 88, . __ooo.. 5. 40 3. 65
A6 . .. 0. 55 Q.56 1 80 . __.____ 1. 60 2. 68
Y S 4. 60 AR N0 . 2,76 2.08
4B 6. 16 AT I ) SR 1. 51 1. 49
P 3 2.92 253 | O oo 2. 88 1. 22
50, e 4. 06 1.0 | 98 . ____ 4. 08 4. 77
Gl s 2,13 A B | I 3.77 8 12
i o 1. 69 178 100 . 6. 14 8. 90
B3 .. 1. 59 3N 10Tl 4. 26 8. 63
5 2.12 19l o2 2,73 5. 86
85 e 1. 28 2,22 0 103 __ 11 61 6. 00
B0 ... .. 223 235 4| 104 7. 60 14. 70
- T 2 14 1. 73

! Estimates based on land values and inferest and tax rates.
? Given by the dusl solution fo the minimum-cost problem.

(r*) between these rents is 0.49. Aside from errors of measurement
and transportation costs, the possible reasons why the relationship is
closer to one (1.0) outlined in the discussion of model A apply here

slso.

As noted above, model I represents an attempt to specify the

minimum-cost location of wheat and feed-grain

toduction when

trapsportation costs are added to the activity productior costs. It
wasg assumed that regional price dillerentials wore adequete to cover
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the transportation costs existing in the market, and that the pro-
gramed quantitics would be absorbed in the regionsal markets at the
estimated prices. Further analysis is needed to determine whether
these assumptions are realistic.

Sosme Comranrisons oF Moper RESULTS

That there is & high degree of similarity between the results of the
five models is evident when figures 3 through 7 are compared. More-
over, the evident differences are less when comparisons are made for
the regions than when comparisens are made to denote differences in
purticular griains specified for each region. This former comparison
indlicntes thatb the simiarity is even greater for models A, B, and E
than for all five models. These three models con be taken as the
move realistic of the live. It is reasonable, therefore, to lock more
closely at their results.

Producteon Regions

There is unaninous agreement in the solutions of the three models
that grain production of 58 specified regions would be needed. The
solutions wlso agree that grain production of 33 specified regions would
not be needed. There is disagreement for only 16 regions. Two
solutions agree in showing that grain production of 7 of the 16 is
necded, and bwo that production of the remaining § regions is not
needed.  The geographic locations of the regions for which there is
sgreement or disagreement, together with the nature of the agree-
ment, are shown in figure 8.

Given the assumptions of this study, it can be said with some
certeinty that the 33 regions as shown in figure 8 sre at & comparative
disadvanlage in grain production. It mig%.\t. be possible, however, to
improve the competitive position of a number of thesc regions if farms
were reorganized and new techniques followed. TFurther study is
needed to ascertain the potentiniilies of {rrm reorganization ari
improved techniques in these higher cost regions.

Aereage und Cost Comparisons

Estimales of tolal cost, average cost per bushel, total unused acre-
age, and total acreage needed to produce she specified wheat and feed
grain demand requirements for the live model solutions are presented
in teble 19, The simifarity of the solutions for models A, B, and E
noted above, in specifiention of production loention, is also evident
in the rereage and cost dota presented in table 19,

Specificntion of the number of acres vequired for production of
grain crops was incidental to the study. The main quantitative
objeclive was to determine the relative efficiency of selected regions
in producing grain. Hence, only & brief attempt is*made to oxplain
the differences in acreage (table 19) for the model solutions. The
sinplest explanation for these differences is this. Average grain
yields for the set of activities used in a model solulion are either
higher or lower because of the definilion of crop activities than the
seb used in anothier model. To be more specific, the model B solu-
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AGREEMENT OF MODELS A, B, AND E

in Location of Production of Wheat and Feed Groins

PROCUCTION KEEDED

[ T

1725] Twa opren
FRODIUNTION HOT NEIDED

£ Altapan

] Tao agew

UL DI MATHERT OF SEACITUIE nio 8O (B - 20T A FLUEAL BEMFLS MR

Ficore B

tion requires fewer wheat acres, 58,357 million, than A, 63,661 million,
to produce 677.5 million bushels of food wheat because regions {those
with wheat activilies) with higher avernge yields were “selected” by
model B.

In total, these higher average yields are due mainly to regions 35
and 36 jn Wisconsin, which replace low-yielding acres in region 79,
the panhaodic of Oklahoma, and region 53, North Dunkota. The
general reasou for the subslifution of these producing regions is:
Civen the pddition of estimated annual land rents to the activily costs
for model B, the aclivities and their cost levels selected for production
of wheat and feed grain are the minimum total cost scl for production
of both wheat nod feed grains, not for wheat or [eed grains individually.

Of all possible activiiies, n sct of activities with their maximum
levels that would produce the required quantitics of wheat only at
lower totnl cost than the set specified in the solution for either model
A or model B could be determined without programing. This could
be done, first by arraying the per bushel production costs for the
wheat activities [rom lowest {o highest, then "filling” the wheat re-
quirements [vom the lowest cost set.  But if this procedure were used,
the graiuland in certain regions specified for production of fced grains
in & particular programing solution would be used to produce wheat
instead. Consequently, feed grains would need to be produced in
regions other than those allocated to wheat. If this shift were made,
however, the total cost of producing the required quantities of wheat
and feed grain would be higher than the total cost obtained by pro-
graming. For model B, for instance, the objeetive of maximum profit




TanLe 19.~—Summary of specified data for model solutions

Direet costs

Wheat and feed grain acreage

Model k Total 2 Average per bushel

Food wheat | Teed grain Unused? . | Food wheat | Feed grain [ Food wheat® | Feed grain !
grain | ,

1,000 acres | 1,000 acres | 1,000 acres | 1,000 dollars | 1,000 dollars ( Dollurs
63, 601 114, 003 21,951 | 491, 2 1, 921,483 0.73 0. 54
58, 357 116, 607 34, 651 10, 99 1, 906, 900 £
57, 562 5129, 089 23 964 47, 8 2,037, 064
05, 712 81,511 62, 302 44 1,001,875
67,121 8113, 639 28, 855 A4, T 1,435, 672

¥ The estimated total wrain acreage of all regions is 209,615,000 acres (table 2).

2 These casts include labor, power and machinery, chemicals, and miseetlancous ilems; see text for definitions.
3 Total wheat production is 677.5 million bushiels.

« Potal feed-grain production is 3,538,9 million corn-cquivilent bushels,

8 Teed wheat acrenge is included in this number.

NOIILONA0dd NIVYD NI SLNEINISALAV TVNOIDFEY
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would be substituted for that of minimum cost. This procedure could
be foliowed alse by starting with feed grain, bul again the total cost
would be higher because wheat would need Lo be produced in Ligher
cost regiong,

To summarize the implieation of the foregoing paragraph, whent
and leed grains are interdependent in the  modols, Henee, each
category of crops is selected by the models to minimize costs, or
maximize profits, for all crops considered together, not for n single
cialegory,

As expected when the model was formulated, the tolal direct cost
(tuble 19) of producing the requirements for Tood wheal and feed
graiu s lowest for mode! D.* For this model, the total diceet cost
of producing 677.5 million bushels of food wheat i8;$480 million. The
average per bushel cost, therefore, is 50,71, Also, the total direct
cost [or producing 3,545.9 million busheis of feed grain is $1,602 million
for model D, and the wvernge cost per bushel is $0.45, These lower
costs are due 1o the struelure of the model. To explain: Bach leed
grain is an independent aclivity, that is, it is not part of o rotution,
With this independence, corn makes up the greater parl of the feed
grein specified in the model solution, us it is produeed al lower cost
per unib than either onls, barley, or grain serghums in most regions.
Also, as corn is o bigher yield feed-grain crop in most regions, fowor
acres are needed to fulfill the feed-geain requirement. As tnble 19
shows, more acres of food whent are required under model D than
under models A, B, or C. But the wheat seres denotecd by model D
have lower per unit costs.

The vext lowest total direck cosb of producing 677.5 million bushels
of wheat is indieated for model A, The total cost is §401 willion, and
the nverage per bushel cost is $0.73. DBut the next lowest direct cost
for producing 3,548.9 million bushels of feed gruins is that for model B.
‘The total direct cost of producing requirements for both wheat and
feed grains is bigher for model B than for model A—82,418 milljon
compared with $2,413 million. I'he higher total direct cost for model
B resulls beeause the and rent included in the acbivily cosis for this
model ehanged the “relative cost refationships” between aetivities ns
compnred with model A, The model A solulioa represents an “acre-
age mix” with lower average direet costs but higher avernge indirect
costs (land rent) ns compared with the wodel B soluliot. Ilence, il
hind costs were added to the tolul direct costs given in able 19 on
the busis of the nereages represented by the solutions, the resulting
total cost would be greater for model A than for model B.

Although the total acreage required to produce the whent and leed
grain necded is grealer for model O than for ruy of the other four
models, the acreage needed for food wheat is the smullesl. Ilence,
the acreage of feed erains is grenlest lor model C, Also, the avernge
per bushel costs—$U.81 for whent and $0.57 [or feed graimn——are
bighest for model C.

Model I, using the criterion of maximum prefit, preduees 1 solulion
with cosls nearly us high as those for model €. “Ihe total direct cost

W As used here, the lerm Ydirpet cost'” ireludes Jnbar, power and machinery,
chemivale, amd miscellancous iteme, {See text for definitions.t  Uhe diseussions
that follow nee fur this direet cost,  IL dows not include sueh items as seed, tuxes,
or interest on lnnd und real estate investinesns.
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for model E was made up of $1,936 million for producing 3,548.9
million bushels of feed grain and $545 million for producing 677.5
million bushels of food whent (table 19).2* The per bushel cost of
production was $0.80 for wheat and $0.55 for feed grain.

These higher costs can be explained as {oliows: Given the activity
prices assumed for model E, some relatively high-cost activities
are profitable in regions in which the price of wheat or feed grain is
relatively high. For example, certain regional wheat achivities in
North Dakots, South Dakots, snd Minnesota have relatively high
production eosis, but the price of wheat in these States is also rela-
lively high, Henece, under model B, these activities are relatively
profitable.  Similurly, production of feed grain is specified for the
West because prices are bigh relative to costs.

FURTHER RESEARCH PROBLEMS

The study reported was made {rom data that were assembled with
the equivaient of aboul 4 man-years of prolessienal time. Consider-
able detail went into the construction of basic data. Altor the data
were assembled, the programing computations required only a few
weeks, Hven with this input ol research resources, the study is
considered as o first step in improving empirieal models used, data
employed, and range of problems analyzed. Some additional quan-
titalive steps to be considered in future phases of the research are
diseussod below. Abliainment of some of these steps may require
improved data, greater resenrch tesources, or greater aggregation than
was used in the study reported.

A step now underway is the use of regional demand restraints and
associnted transportalion costs in establishing the objective functions
and restraints of the progriuning models. Freight tariffs are
available for many origins and destinations, but other transpertation
costs, such as handling and commissions, cannot be ascertained
easily. Also, total Lransporiation costs apply to a product that
takes many forms—whent, flour, bread, corn, middlings, cornmeal,
breakfast cercal, and so on—between producer and consumer, But
the difficulties encountered in ascertaining Lransportabion costs
should not be more fermidable Lhan those of establishing production
coeflicients.

Furtbier studies are needed in which known differences in input-
output rocfficiends within grain regions can be considered. Addi-
tional activities and resteaints for Innds of different productivities
might be used in fulwre nnalyses. Bub these refinements arc not
feasible with current digital computers and research budgets.

Future linear progruming needs to be based on models with
verinblo-demand restraints.  Using such o method, optimum solu-
tions could be derived lor an infinite number of demand levels.i®
The variable-demand method has two advaniages. It provides a

B Phe feed-grain negregnle inckndes feed wheat, as well as corn, oals, barley,
and serghun,

# High-speed computer routines have been writien to handie problems of thiy
type at the Stsetistical Leboratory, Towa Stale University. *
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“tatlored” solution to fit most demand projections—as demand
projections are chenged from time to time, a production solution is
availeble for each.'” Also, it reserves the problem of estimation of
demand for consumption econoinists or others who are better qualified
to muaice these estimates.

Analyses planned will consider technical improvements in agri-
culture and growth in popuistion. These projections are to be
used in estimating needed spatial petterns of crop preduction for
future poluts in time. Technological change is more difficult to
estimaie than is incressed demand resulting from growth in population
and income, ‘lechnological advancement is contingent upon many
variables, some of which are not quantifinble.

Eventually, it may be possible to develop n model that will take
iuto sccount all possible or important crop and livestock activities
i each region.  This step is to be considered after colton, soybenans,
and other crops are incorporated into the current model.

Quality is o variable that should be considered in later resenrch.
Soft wheut eannot be substituted for the hard varieties in the manu-
facture of wheut products of & given guality. It was assumed in
the study reported thet the regions in the model solutions would
provide o vauriety mix of whent that would meet the special demands
for ench variety.  Apparently, this assumption was not contradicted
by the results.

Many other aggregative probloms might be considered in linear-
programing annlyses of the grain economy. These include the
determination of optimum-producing regions when crop failures are
assumed in certnin areas, the delermination of the optimum level
and location of grain stocks over time {dynamic programing), and
o combination of the two. A model developed for the two latter
steps could causily excoed computalional fapilities if large number
of production regions and yewrs wore consitlered,

Models that use continuous supply and demand functions might
be used to describe the competitive position of various sgricultural
regions in the wheat and leed grain economy. Spatial equilibrium
models using continuous supply and demand funetions would seert,
however, to be too complex for a detailed analysis of a5 many as 100
regions.  Without the detail of many regions, analysis is general
nnd is of little use in specifying needed adjusbments.

Analyses ol the sgricutural industry of the Lype and detail used
in the study reported arc desirable from the viewpoink of realism
anel complete annlysis,  Experience with the stugy, however, revealed
the true magnitude of such an wnalysis, But i the regional inter-
dependence of the agriculturnl mdustry is to be known or approxi-
mated, & programing type of analysis seems to be Lhe most feasible
of the several empirical methods presently available, Tunelusion of
the steps meutionod is necessury Lefore realism and completeness can
be achieved. Tor sueh analyses, however, sizable research funds
and much time would be required.

Y This stntement applies o n relalively short period in which production
technigues nre nuehanged,
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