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SUMMARY

The objective of the linear programing analysis reported here is to
determine the location, in 1975, of production of wheat, corn, onts,
barley, grain sorghum, soybeans, and cotton that would maximize
profits to farmers under specified assumptions. The anslysis covers
144 crop production regions in the United States, which in the past.
have ncecounted for most of the production of the crops considered.
For purposes of the analysis, the contiguous United States is divided
into 31 consumption regions, each possessing a stated requirement
for wheat, feed grains, and oilmeals.  T'hese demunds can be satisfied
by production within the consumption regions or by interregional
transfers.  There is nlso o stated national requirentent for cotton liné.

Solutions that would bring the highest net returns to [armers are
computed at 10 different price levels. At low product prices the
supply potential is not very great, as erop production eosts exceed
revenues obtained from crop production. Demands are largest at the
low product prices. As product prices inerease, more and more pro-
ducing regions become potential suppliers; at the same time, require-
ments decrease, as o function of the price elasticity of demand.

The profit-maximizing eropping pattern derived in the analysis
concentrates production in known aress of specialization. [n this
pattern, wheat 1s grown primarily in the Pluins States and the Pacifie
Norvhwest. Feed grains are concentrsted in the Corn Belt afong
with soybesn production. Most of the cotton is grown in Texas,
Arizons, and Californis; very little is grown in the deep South and the
Southenst,

From these geographic concentrations of production it appears
that comparative advantage in crop production is more a result of
product specialization than of proximity to demand centers. If
the demand centers exercised the dominant pull, & more diversified
pettern ol crop production would result.

In the solutions, none of the seven crops would be grown in many
production regions. Under the conditions of the analysis, production
of these crops in such regions would reduce total profits. The assump-
tion of & single production function for esch crop and region tends
to cause a regiou either to use all of its resources in crop production
or to use none. Land productivity does vary within these broad
reginns, however, and & more sophisticated pattern of adjustment
would recoenize these differences.

Because of the heavy concenteation of production in the aress of
specialization, sizable amounts of the products are shipped between
States, The Northenst receives wheat from Nebraska and Ilansas,
and the South imports wheat {rom Kansas and Oklahoma. Colorado
and Montana ship their wheat west. Wheat is used for feed in all
of the 17 western States except South Dakota, Nebraska, and Texas.

Hhnots, Indiana, Ohio, and Missouri are the main feed gruin
exporters from the Corn Belt. Feed grains from these Stales flow
to the South and the East. Kansas, Oklnhoma, and 1linois ship leed

it




grains to Arkanswns. Nebrasks, Arizons, New Mexico, and Utah
ship feed grains to the west coast.

’fbere is also much interstate shipment of oilmeals. The States
exporting oilmeals are Ohio, Minnesota, Iowa, Illinois, Texas,
Nebraska, New Mexico, and Arizona.

Our projections show a continuing increase of potential agricultural
productivity over demand. In the profit-maximizing patters, 71
million acres of land in the production regions are not needed for the
production of wheat, feed grains, and oilseed crops.

The cropping pattern that maximizes profits includes about 55
million acres of wheat, an amount equivalent to the national allot-
ments in recent years. A sizable amount of this wheat would be
used as feed, however. The wheat fed in this profit-maximizing
solution greatly exceeds the quantities fed in recent years. Most
of the half-billion bushels are fed in the West. As a consequence,
the West does not impert any feed grains from the Corn Belt. In
fact, no feed grains are transported from east to west across the
Missouri River.

The cropping pattern for feed grains, even counting feed wheat,
includes sbout 20 million acres less than was used for feed grains in
recent years. Soybean and cotton acreages in the solution are much
lower than recent acreage of these crops.




“Regional Location of Production of Major Field
Crops at Alternative Demand and Price Levels,

1975
A Linear Programing Analysis

Meivin D, Skold and Ear] Q. Heady !

INTRODUCTION

Econemists have long been concerned with the importance of
geographic location in economic activity, Generally, howes ar, anal-
yses have deslt with static situations and a single unseparated market,.
Only recently have economists become acquainted with the toole
needed to test empirically some of the more basic economic theories
involving the temporal und spatial aspects of economic activity.

This report is one in & group by Towa State University of Science
and Technology and the %}conomic Research Service, U.8. Depart-
ment of Agriculture, analyzing interregional competition in American
agriculture. The studies are based on the premise that there is
overcapacity in egriculture. They focus on two questions: (1) How
would iand and other resources need to be allocated among regions of
the Upited States to meet the demands for major crops at the least
possible cost (or with the highest returns to farmers), and (2) how
muck land and other resources would be needed to meet demands for
these crops under different conditions,

The Problem

In the study reported here, the demand for wheat, feed grains, and
oilmeals at different price levels was projected to 1975, and the
geographic production paitern which would bring the highest net
returns to farmers under each of the demand-price relationships was
determined by use of linear programing.

Technical innovations and changes In demand affect different geo-
graphic areas in different ways. Projection analysis may indicate
that one or more of the products now of major importance in an aresa
may be in excess supply in the future, so that resources would need
to be withdrawn from their production in that area, and possibly more
resources devoted to these products in another area. Divergence
among geographic areas may arise for the following reasons:

1. Technologies affect certain areas uniquely because (a) the re-
sponse to technology varies from area to aren, and (b) a technology
may be applicable only to the products of a particular area.

! Mr. Skold transferrod to the Kansas Agricultursl Experiment Station, Man-
hattan, Ians., January 1965,




2. Effeets of shilis i demand vary because of (a) divergent trends
in demand for products special to certain areas, and (b) changes in
dhe'mmzd from one aren to another resulting primarily from population
shifts.

.

3. There may be a chavge in the structure of transportalion facil-
ities or transporlalion rates.

Previous Research

The literniure coniains many examples of empivical testings of
variously designed models of interregional competition and spatial
equilibrium (4, 4, 8,10, 11).* 'The analyses discussed below (4, 3,5, 7)
are part of & group on interregional competition; the present study is
a conlinuation,

A focus on the future hus ceriain advantages. (1) A compargon
can be made belween the optimal production loeations and product
flows indicuted by the analysis for a future point in time and (s) current
patterns of production or {b) optimal patterns of production indicated
by solutions bused on present economic data. (2} The adjustments
suggested by the normative linear programing solutions may indicate
major shifts in resource use, and thus indicate the inelliciencies associ-
ated with continuing present patterns of resource use into the future.
(3} The effect on resource use of temporal changes in some of the vari-
ables, such ns technology, demand, and local factor and product prices,
that wre postulated by location theorists as being important to pro-
duction loention, can be examined.

Projections are always sprinkled generously with judgments and
condisional assumptions, vet if one is to arrive at a realistic approach
to the selution of the surplus production problem and associated in-
come and resvurce problems, one must look carefully at the prosbecis
for the future. Just as an entrepreneur allocates his resources on the
basis of exnectations, society ean gain by making plans about its future
course of action. Society needs to know of the prospective demand
lor agricultural products and the potential for producing these prod-
ucts, and to attempt Lo bring the two in balance. Inlormation aboud
the regional sources of prospective demand, and the geographic location
of the potentinl supply, is essential in this conuection.

The hrst veport, by Egbert and Heady (4), presented a model related
to the feed geain and wheat sectors. "Phis model included 104 major
grnin produciug regions. Each region had the potential of producing
whent [or lood, wheat for [eed, feed grains, or some combination of the
three. ‘The amount of produclion within any given region was limited
only by the amount of cropland aveilable. A national requirement for
wheat and Veed grains was specified. Production costs, production
techiniques, and product requirements related to the yenr 1354, The
objective of the model was to determine the means of meeting the
prespecified product requirements af least cost.  The cost-minimizing
soluiion to the spatial lineur programing problem indicated the opt-inuﬁ
loention of production of wheat nod feed grains.  In addition, the duad
solulion Lo the problem provided information aboud the marginal value
ol innd, or location rent, in the various production regions. It also
indicated equilibrium prices for wheat snd lor feed grains.

The inalysis was later expanded to include cotton and soybeans and

? ftalic numbers in parcatheses refer to items in Literature Cited, p. 58.
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& profit-maximizing model was added (5}. The inclusion of these crops
required 38 more production regions, making a total of 122. Both
cost-minimizing and profit-maximizing solutions were obtained. The
cost-mipimizing solution determined the location of production of
wheet, feed grains, oilmeals, and cotton lint to meet the stated national
requirements at lenst cost. The profit-maximizing solution indicated
the location of produciion that would maximize the profit to the wheat-
feed grain-oilmeal sectors, within the restriction that production could
net exceed the stated requirements for the products.

In a further revision of the initial model, the 48 contigucus States
were divided into 10 consumption regions (8). Whereas previous
ansalyses had assumed a single national demand for the produets 1n
question, the requirements for these products were now estirnated for
each of the 10 consumption regions.  The object of this model was to
determine the Jocation of production that would minimize production
and distribution of wheat and feed grains subject to the lund svaila-
bility restraints of the production reglons and the product requirements
of the consumption regions.

Methods and Procedures

In the present report, the Heady-Egbert model hes been further
extended. Thirty-one spatially separated consumption regions are
delineated. The number of production regions has been expanded to
144, by splitting in two those production regions that crossed the
bounds of consumption regions. The consumpiion regions are con-
nected by s set of transportation activities that enable the interregional
transfer of products.

Each production region has the potential for producing wheat, feed
grains in rotation, feed grains and soyhbeans in rotation, soybeans,
cotton, or any combinstion of these. (See “Rotations,”” p. 10.)
The feed grains are corn, oats, barley, and grain sorghum. Each
consumption region has s specified demand for wheat, feed oruins,
and oilineals. In addition, o npational demand for cotton lint is
specified.

Production in a crop production region is first used to help fulfill
the requirements of the consumption region in which it is located.
Once the requirements of a consumption region are met the product
can be shipped, if it is profitable to do so, to ancther consumption
region to help [ulfill its demands.

Wheat can be used to meet demands for feed grain in a consumption
region if it is & cheaper source of livestock feed than other grains
produced in that region or imported from another region.

A price-dependent demand curve is estimated tor each final product
{wwheat, feed grains, and oilmeals) in each consumption region. Each
curve has 10 points, and ot each point the price and guantity data
are specified. The demand curves arve of the traditional shape, so
that low prices call for larger guantities. For each set of prices
corresponding o one of the 10 points on the demand eurve, a vector
of net revenues is created. Net revenues are determined by multi-
plying the appropriste price by the regional crop yield and subtracting
the estimated production expenses.

The results consist of a series of 10 selutions——one for each price
level. As prices increase, a stepped supply function is gencrafed
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Figure 1.—Location of production regions.




by more and more production regions becoming profitable producers.
The market-clearing equilibrium prices are found where the require-
ments within ench consumption region are just met.

At the equilibrating solution the optimul (most profitable) location
of crop production is found. Also, the optimal interregional flow of
products s determined.

THE PROGRAMING MODEL

The analyses in this report are based upon o single mathematical
model. By changing the assumptions regarding certain economic .
parnmeters we have applied different sets of data to this mathematical
model to obtain the profit-maximizing solutions.

Assumptions About the Model and the Data

Congumption and production regions.—As explained earlier, 144
production regions and 31 consumption regions are defined (figs. 1
and 2). Historically, the production regions account for 85 percent
of the wheat, 97 percent of the corn, 93 percent of the oats, 84 percent
of the barley, and 99 percent each of the grain sorghum, soybeans,
and cotton preduced in the United States. The consumption regions
eaclt comprise either one State or one or more adjoining States.
A list showing the production regions in each consumption region
appewrs on the inside of the back cover,

Production activities.—The existence of any of the five potential
production aetivities in a production region 1s dependent upon the
region’s historical produetion of the crops involved.

Transfer activities.—The model contains 31 wheat-to-feed grain
transfer activities—1 for each consumption region. These activities
allow for the use of wheat as a feed if it is o less expensive source of
livestock nutrients than feed grains. No limit is imposed on the
amount of whent that can be used as feed.

—

Figure 9.—Location of consumption regions.
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Transportation activities.—Ior each of the three commodity groups,
movement bebween consumption regions is allowed. Some of the
theoretically possible activities are excluded because of the physical
potentials of the consumption regions. For example, the possibility
of shipping oilmeals from consumption region 30 {Oregon) to con-
sumption region 26 {(Colorudo) was eliminated because Oregon has po
historieal production of soybeans or cotton, the two activities that
produce ottmeals in the model.  The study of the regional movements
of grain was helpful in defining activities; however, interregional grein
movements were not held sirictly to past patterns. The model in-
cludes 459 wheat transporfation sciivities, 459 feed grain aclivities,
and 428 oilmeal activities.

Production requirements.—There 1s a demand restraint in each of
the 31 consumption regions {or whesat, feed grains, and oilmesls, and
an sggregate demand restraing for cotton lint.  The demand for cotéon
lint is satisfied by cotton activities broght into the solution. No
transportation of cotton lint is required; that is, trnnsportation costs
are assumed to be zero to a central market. The demands for feed
greins and oilmeals are expressed in terms of feed units. This enables
the aggregation of feed crops inte a single “rotation” activity. It
also makes it possible to consider soybean oilineal and cottonseed oil-
megl ns a homogenous product, and to use a single transportetion
activity for both. Wheat demand is expressed in bushels; & bushel
of wheat can be transformed into feed units vis the whest-to-feed
grain transfer activity.

Land restraints.—A land restraint was established for each of the 144
production regions, to reflect the total amount of land available for
nse in the five possible netivities. Al of the land available within a
region can be used for wheat, feed grain rotation, or feed grain-soybean
roiation. The sovbean activity is limited to 50 percent of the total
iand available. This prevenis continuous production of soybeans,
which may be very costly in terms of soil loss, from entering the solu-
tions. Cotton cannot occupy o larger percentage of the total land
available than iis past maximum percentage.

The Mathematical Model

Mathematically, the profit maximization model is:
.. 445 . JE 3 3l
Maximize ‘f’:}:l\l = Ti:tm.l:i”"mzi dmym-‘z A Brramt Ztmms {1)
= &= =

=1 m—

subject to the side-conditions that:

o &
szg a’lix;‘:'—'kmym:t zi timm’zlmm’: (2)
i=1 mi=
P ' 2 [ !
Dﬁmz E.:; a‘L‘IT'.’!-i_Zl‘ aSIx:.’i—rhm’ym:E 21 t2mm’22w'rﬁs (3)
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The symbols in equation 1 are defined as:

rye=net returns for the kth crop sactivity in the ith production
region,

zw=level of production of the kth activity in the ith production
region,

dn=cost per unit of transferring wheat into feed grains in the mth
consumption region,

yn=level of the whent-to-feed grains activity transfer in the mth
consumption region,

bimm=c0st of transporting & unit of the Ith product from (to) the
mth consurmption region to (from) the m’th consumption
region, and

2imm=level of the activity transferring the Ith product from (to)
the mth consumption region to {{rom) the m’th consumption
region.

In equations 2-5 the new syimbols mean:

D, =demand for the ith product in the mth consumption region in
which {=1=wheat; {=2=feed grain and [(=3=oilmeal
demand,

api=yield per ncre of the kth production activity in the 4th pro-
duction region for which L=1=wheat; £==2=[eed grain
rotation; k==3={eed grain-soybean rotation; k=4 =soybeans,
and k=5=cotton,
p=number of production regions in the mth consumption region,
he=amount of wheat iransferred into feed grains per unit of the
wheat-to-feed grain transfer activity in the mth consumption
region,
trame =uitount of the Ith product transported from the mth consump-
tion region to the m’th consumption region or the amount of
the /th product transported to the mth consumption region
from the m’th consumption region per unit of the relevant
transportetion activity, and
D.=national demand requirement for cotton lint,

In addition, equation 1 must be maximized within the restrictions
on land availability:

5

Lr> g Ti (6}
Loy xl ()
Lgi> 2y (8)

where—

Ly~=total amount of land available for the k=5 production activi-
ties in the 4th production region,
Le=amount of land svailable for eotton production in the ith
productlion region,
Ls=amount of land uvaileble for soybean production in the ith
production region,
and the other symbols are as defined sbove. Finally, we have the
condition that:

7> 0, yn2 0, and Zpum =0, (%)
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That is, the level of the producticn, transfer, and transportation
activities must be positive.

METHOD OF ANALYSIS

The optimal location of production of the seven crops included in
the analysis, together with the pattern of distribution of the crops to the
respective consumption regions, was considered at 10 sets of product
price levels. The price levels used in the programing operations
were derived from statistieal relationships between quantities de-
manded and product prices.

Demand Schedules

By making certain sssumptions about the structural parameters
affecting demand, such as population, income, and per capita con-
surnption, a set of requirements was generated for each of the 3
demand entities in each of the 31 consumption regions. It wus as-
sumed that the averages of the 1957-61 prices for the products in

uestion were the base prices. Using the gquantities that would be

emanded at these prices under the specified assumptions, a single
price-quantity point for each product in each consumption region was
obtained. Regional quantities demanded were then set at nine al-
ternative levels, and the prices nssociated with different quantities
were derived by use of price-flexibility coefficients.® Resulting from
these operntions, a demand “curve’” was derived for each product in
each consumption region. The demand schedules synthesized in
this manner have the typical negative slope, as illustrated in figure 3.

Estimation of Production Potential

Land available.—The acreage of land available in each production
region for the seven crops is the acreage devoted to these crops in 1953.
In most cases, the 1953 acreage was the largest of record, as that year
wes the last in which there were no acresge controls or marketing
quotas for wheat and feed grains. As stated earlier, each production
activity bhas the potential to use all of the land available within any
production region, except that soybeans are limited to 50 percent of
the land available and cotion to the proportion of land used for
cotton in 1950-80.

Crop yields,—It was assumed that the ratio of production region
average yields to State average yields will be the same in 1975 as it
has been in the past. The 1940-62 trends in yields per harvested
acre were projected linearly to 1975 for ench State. Then, for each
crop in each production region, the 11-year average yield for1950-60
was determined. A similar average was caleulated for each State.
By indexing each production region to the State within which it lies,
a coefficicnt was derived for adjusting the 1975 State yield estimates
to yield estimates for production regions. Where data were not

? The price-flesibility cocflicient is the P=[Q) relationship, as opposed to
the Q=I{) relationship in which the vesultant eoofficiont is the price elasticity,
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avgilable to establish the 1950-80 average vield, ap average was
established by using agricultural census data for 1949, 1954, and 1959,

BRotations.—JFor the activities in which more than one crop is
involved, the average rotation in & production region during the 11
yews 19530-60 was used in specifying the 1975 rotational weights for
that region. Thus, in the feed graia rotation activity, the proportion
of total feed grain acreage that is in corn, oats, barley, or grain
sorghum is the same as the average in 1950-60. Similarly, in the
feed grain-soybean activity, the weights given to the respective crops
are based on the 1950-60 period.

Crop production costs.—Per acre costs of production in 1975 were
obtained for the crops in the model by updating Egbert’s cost estimates
for 1954 {5} to take account of experienced and expected trends.
This is the most precise and uniform set of estimates of per acre
production costs available. In making them, Egbert synthesized the
production practices for each crop within each production region in
great detail. Degree of mechanization, size of power equipment used,
and the amount of labor, power, and machine time required for each
operation were taken info consideration. Fuel and maintenance
expense for equipment was allocated to each enterprise.

Indexes of operating expenses per unit of production were derived
by dividing estimated operating expenses, expressed as relatives, by
the index of gross farm production for the years 1949-61. A series
was constructed for the cropping sector of agriculture by States, and
the State series was then adjusted to take cognizance of different
rates of change in operating expenses per unit of production for the
seven crops. Projecting the trends in the series to 1975, we obtained
estimates of operating expenses in 1975 relative to operating expenses
in 1954. Egbert’s per acre crop production expenses for 1954 were
then adjusted by the appropriate index to reflect production costs
in 1975. For a given crop, all production regions within a given
State were adjusted by the same index. Our estimates of per acre
production expenses for the seven crops in 1973 are presented in
appendix table 10.

Net returns.—Using the 1957-61 average prices as the base prices
corresponding to the base quantities demanded, the net returns were
calculated as follows:

Rf-—';?:"r.?s?:— =r 75 (10)
where

R!=the net return for the ith crop in the rth production region,

i} % s=estimated per acre yield for the fth crop in the rth production
region in 1975,
Pt=price of the ith crop in the sth State in which the rth produc-
tion region lies, and
t s=estimated per acre cost of producing the ith crop in the rth
production region in 1875.

To obtain the base prices (1957-61 average), the product prices for
esch region were indexed to the U.S. average prices. This index was
used to compute the regional prices at the alternative price levels.
The Ptin equation 10 wasreplaced by therelevaniprice in each instance,

10




The procedure for estimating crop yields by production region can
be summarized as:

Pt =Tt so_pr- 248! (11)

A —
nr.7.-::(Ytr.so—au/?:.su—ao)?i.?s (12)
In the above,

A
Y! y=estimated yield per acre for the ith crop in the sth State
for 1975,

A
¥i _m=average per acre yield of the ¢th crop in the sth State in
1940-62,

i=pverage rate of increase per year in the yield of the ith crop
in the sth State, 1940-62.

A . . . . .
Y ,=estimated yield of the ith crop in the rth production region
in 1975,

e s—so—=average yield of the ith crop in the rth production region
in 1950-60, r=s, and

V1 o-w=nverage yield of the ith crop in the sth State in 1850-60.

The yield estimates for each crep by preduction region are pre-
sented in appendix table 11.

Calculation of Basic Demand Estimates

Per capita consumption.—Data from the 1955 Household Con-
sumption Survey (I) were used in estimating per capita consumption
rates of wheat and livestock products in 1975. The technique. used
in projecting the 1975 comsumption rates was that suggested by
Levell and Burk (8), which assumes that the rate of consumption
of & given food in a given urbanization category in a geographic area
will be the same in 1975 as in 1953, but that the income-urbanization-
geographic distribution of the population will have changed. Esti-
mates of the income distribution of the U.S. population by urbaniza-
tion category and geographic area were supplied by Lavell.*

The method can best be seen in the following equations:

™
b =33l ol (13)
- 3 - -
o =25 ekl U, (14}
and
4
C"'5=§G§;?sgf. (15)

In ths above,

ciy*=the per capita consumption of the ith food in the kth urbaniza-
tion eategory and the hth geographical area in 1975,

¢ Lavell, Robert. Economie Researeh. Service, U,S, Department of Agriculture.
Private communieation. 1664,
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¢ls¥=the per capita consumption of the 4th food within the 7th income
class in the 4th urbanization category and the kth geograph-
ical area in 1955,

plhi,—=the percentege of the population conteined in the jth income
class in the kth urbanization category and the Ath geograph-
ical area in 1975,

¢k =the per capite consuraption of the ith food in the Ath geographic
area in 1973,

up==the percentage of the population living in the kth urbanization
category in the Ath geographic ares in 1975,

¢t =1, capita consumption of the 1th food in 1975, and

gii=the percentage of the population Living in the Ath geographical

aren in 1973.

Food consumption in any group is influenced by masany factors.
The consumption estimntes used here take cognizance only of income,
the degree of urbanization, end geographic location. The 1975 per
capita consumption estimates are based on the assumption that real
per capite disposable income will be 30 percent higher in 1875 than
1t was in 1935.

Simple conversion of the retail weights of foods consumed to farm
weights gives the per capita consumption requirements ab the farm
level. Multiplication of the farm level requirements per capita by
the apgropriate population figure gives the ageregate demand for a
porticular product.

Population.—Population is, singly the most Important wvariable
affecting the aggregate demand for farm products. The lower the
price and income elasticities are, the more apparent this becomes.

The 1975 U.S. population was assumed to be 230 million people.
This estimate was adapted from projections made by the Bureau of the
gensus, as were the estimates of population distribution among the

tates.

Livestock feeding efficiency.——Feed conversion rates are relevant
to the demand for both feed grains and oilmeals. The 1940-58 trends
in livestock feeding efficiency were projected linearly to 1975. Live-
stock product requirements derived from the per capita consumption
and population data were {ranslated into feed grain requirements by
using these estimated levels of feeding efficiency.

Exports—Foreign demand provides an important ocutlet for U.8.
agricultural products. Percentage of wheat exported in 1875 is as-
sumed to be equal to the average in 1956-61, o period in which exports
were relatively hizh.  Exports of feed grains and oilmeals are assumed
to be 25 percent greater than the 1956-81 average.

Allocation of Demands Among Consumption Regions

In specifying the regional demands, only the point of primary dis-
tribution was considered. That is, the demand for the products was
not distributed in accordance with regional population, but sceording
to a region's share of total primary distribution.

For wheat, the point of primary distribution selected was the flour-
milling industry.  About 97 percent of all wheat consumed is a product
of flour. All flour was allocated among consumption regions on the
hrsts of the 1956-61 average volume of flour milled by States.

12
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The demand for feed grains was distributed among regions in pro-
portion to the estimated livestock feeding within each region. For
this purpose, trends in the relocation of the livestock indusiry during
193060 sere projected to 1975. 'The processed cereal and industrial
demands for feed grains were allocated among States in accordance
with value of shipments of these products reported in the 1958 Census
of Manufactures (12).

The nllocation of demand for cilmeals Inllows the distribution
paitern reported by Jennings (9). The percentage of the total fed
within each consumption region was adjusted in accordance with the
rate of change per year in the amount of livestock fed in each consump-
tion region. Kxpo:ts were nllocated among regions in proportion to
1956-61 exports.

The base quantity of cotton lint required was estimated on the basis
of projected per capita consumption. ‘The demand for cotton lint
was not allocated among the 31 consumption regions.

Table 1 contains the basic demand estimates for the study. These
are the quantities from which the demand schedules are derived.

TABLE 1.—Base estimates of demand for feed grains, oilmeals,
and wheat, by consumption region, 1975

j
Consumptlon tegion Feed prains E Otimeals Wheat
{ferd units) : {foed unics)

LG tons b 1,060 fpax 1,000 burhels

LoNewEnolamloo .o i neaes 4, 129.0 2 9, 0333
2 New Yark, Peansylvania, New Jersey, Maryland, Dela-

WHIE. . L L i miiame . aeeemmree s 11, 502. 6 3, 408.7 141, 640, 2
A Vieginbp, West Virginin, North Carolinn. . §,854. 5 1,479.6 18, 864. &
4 gouth Caraling, Geergis - ool L2 ... @, 180, 1 a7, 5 1,595, 8
S Admbmmiu e ———————— 3,305, 7 1,020.2 i, 552. 8
G Florlda oo oo il —— 1,190, 5 279.6 —43.0
7 Kentueky, Tepsessee.. .o o T 3, 601, 8 785.8 12, 685, 2
B Indinoe.e e e B, 7241 1,061} 8,310.7
9 Q.. - 5, 52,9 1,203, 2 31,858, 7
1 Michig: 2,491.4 1244 12, 050. 8
11 Nnmesota. o e e 4,211, 6 LYra 70,208, 1
1 Wiseonsin., 83008 7M. 21,252.9
13 InWs. e i aiam——n. - 501 1,388.7 10,080, 8
L T 6,072, 7 1,058. 7 47,055.9
15 IEmels e e e ———— 14,800, 7 1,672.4 36, 640, 1
1% Arkansas.._ ... ... - 1, 4%, 0 452.6 —152.4
17 Loulsiuna, Misslssippf. .. | £, 6050 3, 613.9 57, 059, &
18 Texns... oiieei s . 4,000, 8 1,505.0 188,674.0
19 Oklohoma. . .coeaaann . 128.9 5.3 22 872,46
43 Kansas ... 954, 2 5437 2, M. 5
21 Nehrnsiod - £, 0002 M. 15,812.3
&2 North Lakot _ 83,2 0.7 7, 4408
21 South Dakota. 3,116.7 105.2 1,007.7
M Montunn, Il 550, 1 128.9 —7, 2. 8
25 Wyaning... .. . L. 39,1 57,0 —530. 4
24 Colerada.. . . ... .. 4497, 7 30, 7 6,077 4
27 New Mexlen, Arizona... 31.9 420.4 —537.1
B (Ctah, Nevads 464, 4 anl.o 10,377, 8
) Woshinglan,__ 1,400, 4 ardd 100, 3116

A Oregon. oL g LI 30, 054,
31 Calilornia__. 5AIA T Ha0. 3 { 12,80, 1
TUnited Stotes. ... 146, 162.0 a6, 183. 4 i w2 2712

 Nepotlve entries indieate the amount by which productlon outside the programed areas exceeds demand
in the consumplion region,

Deriving the Demand Schedules

The above discussion relates to the methods used to ealeulate the
basic demand estimates presented in table 1. These estimates relate
to 195761 average product prices.

13
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Feed grains and oilmeals.—Feed grai and oilmeal demands are
assumed fo be derived primarily from the deinand for livestock and
livestock products. The quantities of feed grains and oilmeals
demanded vary in proportion to the quantity of livestock demanded.
On the basis of this structural relationship, the equiibrium guantities
and prices of both the feed crops and Iivestock products were esti-
wmated. The avernge quantity of livestock 1n 19537-61 is assumed to
be the quantity of livestock that would be supported by the buse
quantities of feed grains and oilmeals presented in table 1. The base
livestocle prices associated with these gquantities would be the 1957-61
avernge ilvestock prices. Thus, we use the quantities of Iivestock
supported by our base feed quantities to be our base livestock
quuntities.

The nmount of livestock product required within each consumption
region ks assumed to change by a fixed percentage. Assuming no
difference in feed conversion efhetency in going from one set of Tive-
stock requirements to anether, the amounts of feed grain and oilmeals
required to produce the quantities of livestock needed to meet each
specified set of livestack requirements were obtuined.  In other words,
A 10-percent increass in the quantity of livestock products demanded
would mean o 10-percent inerease in the demand for leed.

We assumed the 1957-01 average prices for feed gruin, oilmeal, and
livesiock to correspond o the quantities demanded of each from the
duata in table 1. Given this set of price-quantity data for feed grains,
oilmeals, nnd livestock produets, and appropriate flexibility coeffi-
cients, ofher prices were derived by assuming alternative guantities
{table 2}. The livestock prices were generated by Inserting assumed
quantities into the price flexilility matrix reported by Brandow (2).
Thus, & demand schedule for each livestoek praduct in esch consump-
tion region was formed. From this was developed a set of derived
demands for feed grains and oilmeals. The Brandow study alsc gives
the information that was used Lo derive the new feed grain and otlmeak
prices,

Wheat.—Starting with the prices and quantities in table 1, the
whent demand schedule was ealeulated on the assumption that the
price elasticity ol demand for wheat at furm level was —0.025, and
that the price elastictty for exports was —0.75. The demand schedule
was obtained by varying prices in $0.15 intervals and estimating the
associnted guantities.

Cotton lint.—The demand schedule for eotton lint was derived by
varying cotton ling prices in the snme propertions us soybean oilmenl
and cottonseed oilmenl prices. A price elasticity of demand of
—1.27 was assumed,

Supply Scheduies

While the demand schedules were predetermined, as explained
above, the supply schedules are determined in Lhe nnalysis, At the
low product prices, demands are greater and supplies may be relatively
short, A solution is generated with these demand and price conditions,
and if all requirements are not met, the process is repeated with lower
demand requirements nnd higher prices {(an increased supply poten-
tial).  Conceivably, al each price level a slightly larger portion of
total requirements would be met and the supply schedule would appear
as the step function in figure 3. The programing operations are

14




TABLE 2,—Aggregate quantities of feed grains, oilmeals, and
wheat demanded at various price levels, 1975

' Feed grains , Oltmenls ! Wheat l Cotton lint

. Q
Price v thy Prige

Solutlon ] Quan- ; Priceper! Quan- ] Sov- | Cotton- |
itk s bushel j o tity ¢ beads, | oseed,
1

ileetl | aeoen {feed - priee per ! price per ! Qusaority por 1 (300-b, pet
unitg) | equiva- | units)  bushet ton 1 bushel © bales) | pound
: i

i II leny)

i
[ { E
; ;

]
?I,W)J !ow‘l Ligllary :’J,M}Jawf :{Jr:f.’ara') folfars I.*?:'{Mudﬁefa‘: Dottar
P L

flulex Cents

3

oo 1S, 039 LTI L T L2 kA 1,705,650 1 O.da ! a1 165 | 0. ag

: BN 830 A0S Lad L9 Leseag! a0 10| 2o

163, 601 ] SB0E BGMT|  ngs| B39 103 boolmal| o omm | oy

180, 775 | Wiy LE M LNy | (% 17081 .49

153, 933 25, g L8] aEel] B0 ros! 1m0 | o7 eg

150,955 1 o7, iy Lesl s viaNaal oo 1mT | 500

148, 142 fog ds ) 204 MLO3T LI00ISL| 10350 1137768 | 130,04

348, 454 25, 168 2 4e 0 L0631 50| 1w | g

ce- .. IELAE 33, v 240° 51T, Lol 65| 100853 | 3
0. v 11, 93D 1 M50 AT
H ] H

.50 veen JLSU[ 846 480

1 The nitlal guantiy and price assuinption from wilch the demand sehedules were gstinmated,

repeated with continuously higher prices until a solution is reached
in which all requirements are met. ‘The product prices at which slt
requirements are met are the product equilibrivn prices,

PROGRAMED RESULTS

In discussing the progvaming operations, we refer to the results
for a given set of prices as a “solution.” There are 10 solutions in all,
one for each sel of assumed product prices. They are numbered in
ascending order according to product prices. That is, Solution 1 has
the lowest set of prices (and consequently the greatest product
demands). Solution 2 has the next highest prices, and so on through
Solution 10, which has the highest prices and the [owest demends,

Solutions

The results of the 10 solutions are presented in tables 3, 4, and 5
for wheat, feed grains, and ovilmeals, respectively. Aggregate pro-
duction of cotton linl at the prices used in the various solutions is
presented in table 6.

In tuble 3, the first column identifies the solution number. Column
2 gives the regionul price of wheat for the solution in question, nnd
column 3 gives the estimated wheat requirements at each price level.
In column 4 are the estimated amounts of production within the
consumption region at each price level, and in column 5 are the pro-
duction regions in which this production occurs.  Column 6 shows the
amount of wheal led iu the consumption regions at each price. The
final four columns deal with interregional trade. Columns 7 and &
show the quantity of whest exported from the consumption region
and the consumption regions to which it is shipped. Columns 9 and
10 show the amount of wheat imported and the consumption regions
in which the imports originate. Table 4, on feed grains, has the same
formut. In table 5, the format is similar but a distinction is made
between soybean and cottonseed production.
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TABLE 3.—Wheat requirements and production, wheat-to-feed
grain transfer, and transportarion at various price levels, by

consumption region, 1975

Solu- Regine-
tion {Price| ments

n & (3

Taiperts

Frport-

Quantity] fog can-

surnptivn
roglons

)

EW ENGLAND

H
furs buatels
17,4328
15, 248 5

14 B0 S

0.
15, 20,

20,21,

CONSUMPTION REGION 2Z—=NEW YORK, NEW JERSEY, PENNSYLVANIA, MARYLAND,

151, 814.2
146, 380 4
11, 40,2

SERHER

45| 256,917.8
CED | f28, 0601
R T L
oo | s save .
175,560.2 ...
. B, 0740 {.

158, 3140 ..

8

B, 30,21,
820,21,
8, 15.

B, 28,

VIR(NIA, NORTH CAROLINA

lowe... A6 T
) 52 9, 8446
) 27,0564

S B I
g 7] 55| I0,=0.0
9. L3001 15,4955

i, . 1.85i 18,864. 9

CONSUMIMTION

13,8518
10, 366.0
B, 467, 9
B, 605, ¥
B 121.8
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TABLE 3.—Wheat requirements and production, wheat-to-feed
grain transfer, and transportation at various price levels, by
consumption region, 1975—Continued

Productlon Exports Tinports
Wheat-
Bolu- | Price| Require- toefeed Importiog uxport-
tion ments graln CONSUMP- lrg con-
Quantity| Production | trapsfer | Quontily tion Quantity] sumplion
regions reglons reglons
ay 1@ 3 4) {8} (6} (7 8 (8} [42]

CONSUMPTION REGION i—ALABAMA—Contlnued

1,000 F o) 1,000 4,000
bizhkels bushels | bumhels bicakels o0

7.
20,

CONSUMPTION RRCION 7—KENTUCKY, TENNESSEE

22 019.4
20, 035, 8
19, 16,4

33!
=
o=

A7
13, 574, 8 | 13, 574.5
13, 080.8 1 10,802, 1 -
BN T YO R S S, g,

15, H3. 1
I3, 150, 3

, 2, 180, 30
90008 ¢ 633310 1 38,30,
30

8,501, 4 {116,564, 0 | a8, 39..000000
83127 | w2 19900 | wal L. 00T

... . .M ‘' 57,655
2, - 50, 3y 2

"1 20,26,
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TABLE 3,—Wheat requirements and production, wheat-to-feed
grain transfer, and transportation at various price leveis, by
consumption region, 1975—Continued

[ !
l Iroduet!an ‘ 1 Exprorts Lnporks
. Wheat- i
Holu- 4 Irlee | Regoire- i temlvr Lepartin Exporl-
timy menis H proin consnmp- ing can-
Qunnl.lb}'- Produetion | eansler [ Quantity tion Quinticy] sumption
rEions regions regions
@ 3 ) t: I ® | @ () ) (10)
CONSUMPTION REQION 10—MICHIGAN
o0 i Lo | rom b ono 1,000
frashels 1 bushels 1 Brsthels hitahels hushels
BLBOTE L e
AN 1 B
17,985.5 | .
15,0987, 1| - 8.
14 gt | 8.

R
14,1200 1 4L,
13,470,241,
;.5:1*.4]41 ..
F12,458,8 0 41 ..

=
e
5
=
(-]

Lo | 57,0040 .i_num 0
LTy mu,om s NUDAVISOER TH ] R I
i i
'oas.458.0
€3, 620, 2
|
L
)
CONSUMPLTON REGLON 13—10WA
i e
IO - S T (% SRS SOOI IRV DR Jpp
DI T R T 1 R
CORESUEIG 1 ST V00 (R
aloben b wmeg 1T 1, 7420 | 20,
Soo 0 LDSE LLETALR Y Ll f 1sre.a | 20,
Bl L0 | 120700 Ll RN RTR RN
TR T S S F U7 N RN SO SO AN A LG8 | 21
[N O B T M S, 1872 ) 21
Bl nGa s d DTy I I 10,730.2 | 20,
[T [ en oo e s LTIy e 10,300, § | 21
]
CONSUMPTION R
1
loooee TR 1 901 I (R
U T IS YO O
) L) 88 Toes 100 700
4000 CB DEeXLT | 36,6708
bl 03 50,430 4 [ 59, 440, 4
[ s 561547 | 0, 1.7
7. 1.32 ] G606 | 55, 6. G
B 147 | 51,4008 | 51,400.6
a sl une | dmetup | 49 803§
LTI L3G | 47,0950 | 47,055.0
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. TABLE 3.—Wheat requirements and production, wheat-to-feed
grain transfer, and transportation at various price levels, by
consumption region, 1975—Continued

Production Exports Iinports
Whent-
Sotu- | Price! Require- Le-lead Linnorting Bxport-
tion HHHE Eruin CONSUI- iy con-
Quantity| Productlon § transfer | Guamlty tion Guantity] suption
regicns regiony reglons
Ly { & {3} {4} (3) ) {7 {8) {0 (1)
CONSUMTTION REGION 15—ILLINOIS
000 14048 1,060 1,000 1,060
ficahets Grtahety bushels | hushels bushels

L B
.56 301

6, 40,1

0.

:.I ¥ P
=

—2i8.5
—201.5
=184 0
—178.6
—170.34
~ 153
—157. 5
~ 150, 4

75,7
241.0
M85
2015

CONSUMPTION REGION

17-LOVISIANA, MISSISSIPP

!.03. 257.3

a0, 265, 9
Si 5.0
7h A4

58,0728 |
57,050.6 |
1
CONSUMPTION REGION I5—TREXAS
R 711 3 SN U S IS P S
B0 298 47H8 | U, 7L T | 05, 67, 10t [ Ll
STS [ 27O 600, € 11392765 fm‘g:s, 140,
M.,
foeeand 0T 240 5257 172,004 5 es,guo.s?.es, .......... FRPUEN T, R S
100, 101,
Buven-. 105 [ 23%,857.7 (172,004 5 95,33,9?.93, - aeea| M, 702,810,
100, 191,
Bumeeon 1201 220,088.2 [172,004. 3 ss.g,w,os, ________________________________ 40,083.7 | 20.
108, 101,
Freemen 1.35 | 210,867, ¢ (135, 554.9 us.gg.a;.es, - 75,343.0 | 16, 20,
190, 101,
B[ L&D 202278 5 1155, 085.9 95,33.9;.93, 46, 140, 6 | 1.
100, 301,
B.ooood 1651 1950003 1004, 534, 7 | 95, 06, 07, 98, eeann
100, 101,
10.....| 1,86 § 188,674 {188,078, | 05, 08, 57,
w00, 10

19


http:95,96,117.98
http:95,96,97.98

TABLE 3.—Wheat requirements and production, wheat-to-feed
grain transfer, and transportation at various price levels, by
consumption region, 1975—Continued

Production Exports Linporis
Wheat-
Saotu- { Brive| NRequire- L-fened Linporting Expart-
Hon nents frrain COUSHITILE- ity can-
Quantity] Productlon | tronsfer | Quantity thon Quautity| sumption
reginns roplons regions
0y | @) (1) ) {5} 1] (7 (%) <) (10}
CONSUMPTION REGION 19-0KLAIOMA
Dul- 1,000 1,600 1000 1,000 1.000
hira biu.‘aah brahels birshels | bushels buahiels
ATl 4, &5 1
G4 TS B 4, 500. 1
LORTI MV 4,105, 1
W01, -180.8 | w2, 84, T LT
FIO1, 486, 5 § 82, 84 4, (1.
101, 446, 8 § 00, . W, S0,
: ,lls' AMGY |02, L BT,
} 50,0080 ) 92 . 4,85,
1}
CO\'S{’MI"I‘[O\' If.?(-lO\' 20— ANSAS
i 1 I
| I— S48 ) 140, 384.8 HIAN, 5T0. 6 | RS, 8. L) 97,4007 f
b . W Iiﬂ, il I[i? D551 F B8, B0 L I Jl'i HHLT .
o S LTE O NS e 1!1'_’, TALG S&, -1/ SR | J5 duH. 4 ] 38,083, 2
L DU .M Iﬂi} 1734 .’.‘l!-,?.‘!‘-U,I] P58, B ...!]ﬂl‘.’-‘.’?’..’i 18, D55, 4
Sn o s [ e g s 95,388, 1 | 443a8.4
[ LOL} BTG 0,240, 5 35, 23, T 2, 235.0 [ 92,9774
Frman Lt g wdd 0o29), M3 5 1 85,89, 80 L. ] 92 480.8 I(:Ili £E0. 7
B 1.5'..’} g, 47D, 0 1352, DL D 3.: S7, 88, B0} 90, 200.7 (233,326, 3
0. LT BAET. O NAD 00U |85, BT, 88, 8Y.20S, 4025 | 41,3562
.. 52 i B2, 540, 5 "4{ 155,05 33 39__.. . "’4 P04 6 {136,624, 5
CONSUMPTION REGION 21 -NEBRASKA
) R ! - U3, 614.6 ) 28 6146 | TH. . e e tcmmans
L .54 25 014 4 fLH,605.2 | 75,70, 70 ___| 7! . R,
3. L) TABIR.Y (104, 6052 | 75, V6, 7Y L. . e me e
4 ... .40 2,002 1 104 86 L ] TA, TR, TO. L. L. -
. [ 10, 5000 VI, 850, L | T8, 70, T B R D | P8, 3407 ]2.,_..“
| L 18, 58, 0 160, 020.4 ‘5, T, 78, TU. H" 367,45 R PSR,
[ 1.4 17,676 B (BB B0 1 78, 70, 7. L)« L LT IR L1, 14,
- SN L 40 16, 005 1 {11, 5.0 | 75, Th, 7O ... 7, WMy | 2, l!. 15...
F .. 1B 16,3425 li-l S0 F G TR 0. B, 0588 | 2GR 1L
b1+ — 1.7 15,8124 JI.N- MW 0L TS TG, TU. .. G2437.8 ) 50, 6825.9 | 1,3, 12, B4
CONSUMPFTION REGION 22—NOLTH DAKOTA
i
... AR '.3.-1?'5.0' . . . [
I R ,78LE | —.iam
4. LB II] 630, 3 B P
1]. 45, 5 - S
9, 2301 20,030, 3
-, (Mie . '.“2, s |
8, 3289 . .
70817 . "0 T &
7,6 5 2 5.8
74408 | 2 17, 454.9
i

B9, 72l

B TTL G
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TABLE 3.--Wheat requirements and production, wheat-to-feed
grain transfer, and transportation at various price levels, by
consumption region, 1975~Continued

i 1
! i ? Produetion Exports Fneprorts
| ! [ | Wheat- ' -
Solu- | ibrlee Roeoguoire- to-fued Latprarting Brporl-
tion nels E prain CONSUE- ng con-
Quantity] Produetion | transfer | Guantity tion Quuantity] sunipkion
roghong i regions Fogions
w @ ) ) s 1 6 ey’ ® ® )
CONSUMPTION REGLON Z-30UTH DAKOTA—Cenbinued
I Lol F 000 1,006 1,950 1,000 {.060
bitafiels brighels bitahels | bushely buakels
1,727.0 P B Y
1,178 PTG T2 L
BA34,5 { 54,088.2 § 66, TH....
1,007, 1,867 [ -1 N F JERUU e a -

104, 105, 115
iﬁ-l, L1

15, 488

14, 4207

g, 2
830, 4
LG

MPTMON REGION 25—COLORATIO

Y, 5142
87143
8,375
7, 5408
T 5
B, T3,
L, 51489

HIRL AR U"J?:.

HITHRE F I
10, 111

W09, L

FrA LIS
7oL 00 R

R Lt Y T

l e N v

T, ML

77, 109, 111_.) 45,

5,435 3

TOL G723t

21
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TABLE 3.—Wheat requirements and production, wheat-to-feed
grain transfer, and transportation at various price levels, by
consumption region, 1975—Continued

‘ Production Exports Inports
Wiheat-
Solu- | Prive| Require- to-feesd Trugrgribng Expart-
tion menis grain ConsHnp- ing con-
GQuantily] Produelion | transier | Quuntily than Quaniity|sumption
regions ragions regions
[ 0 oM 3} {1} £5) 03 {n &) £ (1

CONBUMPTION REUION 2B—UTAH, NEVADA

1,600 1,000 1000 1000 1,000
ineakely 0 bicahiely freskets | fieshefy buxhefs

[ r-:L 1 AN mmrmnm—a——

EEE SN

5, 145.0 .
5 14540 S, 000,08
5, 145, 0 B, 3HL8
5 045.8 31,230, 8
5 135,89 1), 7454

CONSUMPTION REGION 99—WASHINGPON

TET- S
117, 18, 110
117, 118, K19,
117,118, 119
117, 1R, 1.
117, 118, 119
U7 8, 10
U7, 118 T
117, 118, 19| 37,
T, 18, 120,

L1 T
31 .

wmrmmcmne| 38, 708 7 | 24,
_____________ 91,2404 § 24,

CONBUMPPION REGION N—CALIFORNIA

| J— 47 03,936.0 | 63,4379 b 990,123 __.__ LIS 1 T F . .
I L2 A S o | THEIG | 120,101, 0430 T 88

- S— 78 I8, 415, 8 1 40,050, 4 } 120, 120, 143__) 40, 850, ¢

4.y oM 19,8813 | 49,850, 4 ) 12, 121, 143} 32, 675.0

| — 1.0 13,805, 1 1 46, 360.0  220, 19 (43| 45,468, 9

| S £25 15,0481 | 46, 368.9 | 120,127, 143_ | 38,998, 2

Toee| L40 P4, 050, 0 ¢ 46, 385.7 } 120,09), 148 32,0181 |

|- S— 156 13,702.8 | 40,657,341 {20,201, 143 ¢ 35,804.8

Boewa | 72 B DT00F D AU NST S | TR0, 00 M43 S JRE 6

1. LO7 | IZB40.1 ) 61,2003 | 190,321, 143 .| 18, 368.4
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TABLE 4.—Feed grain requirements, production, wheat-to-feed
grain transfer, and transportation at various price levels, by
consumption region, in feed units, 1975,

Fraduciion Exports Liiporis
Whent-
Solu- A Regqitire- Lo-feed i
tion § [rice Il grain : Importiog Exjprort-
Quantityl Prodociion | transier Qucmllty- constimp- | Quantity | ing con-
regions Hue supkion
repions TCEIGHS
i {2 & ) 5} {6} (7} 3] ) (i
CONSUMUPTION REGION 1—NEW ENGQLAND
1 00 1,066 1,060 1,000 H
tons foay tons tony tuns
Rt~ -3 S [N NP P KRR M,
L2 1 F. ) I S R -
TR 2L ) SRR PR,
R 3 PR (RSUURRUURUTN NN SRR R
4408, 7 [ e e | e e -
4, 203, 3 R -
L 1 S [N R NSRS D M
3,022 68 3,820.06 -
2 T 3,781 ——— PO
TE D I 3,03, 2 i _| 8,303,2| 8.
CONSUMPTION REGION 2—NEW YORK, NEW JERSEY, PENNMNSYLVANIA,
MAWYLAND, DELAWARE
| SR R 1 13,603, % |._--. ——— -
S .
I R .- , 52
L IR .90
Heao—a| 101
[ T 1.
Tauean 1.28 8,
B 144 B9
Yoo | 16T 8,8
o] 208 8.
CONSUMPTION REGION 3 —VIRQINIA, WEST VIROINLA, NORTH CAROLINA
lo. ] .34 8,235 4 . J
S I ) 5110 o (R JEURRR IR [RRUIN RSSO F
... B 7,760,2 1.
oo s T, 040.0 LOMES | G e e e[ e e
5. | Lu T30 B ‘2. T 9154
Booool L12 TG T | 61904 ] 5,868,890, 18 oo e e e
T 138 B85k 5 35 5] 506,7,8,0, 13 |, - 218.8 | 8.
| 1. 50 B, 5158 O, 51LB 150,781,113, R
9__._.] LT0 I, 151 69,1 | 5,6, 7,80 -
Wo..| 208 5, 483.8 | 0,184 | 50,8, 8 1) aeee s k2108131 I TR F——
CONSUMETION RECGION 4-30UTH CAROLINA, OEJQRGIA
T .48 1 70 5 3N NN FEUR AR SR, - wlmm e ———
b JE S 4 LS I ——— R
L ) 7,08 JRREDS PRSI PR (S,
| R B4 11351150 B (RO R R R
S.aa] W4 0,603, 8 (RO IV RS S [
.l e 0, 399, 4 -
P 1. 20 0801 I8L L | 20 e m i e | e e
Bo__.o| L38 5,830, 7 1,247.3 4,401, 2 | 8.
Y ._..| 168 5,570, 2 I 75X 2% (R AR 3,300.5 | 8,
W] Lg2 4,861, 3 4,2.550 DA 1 7157 | 3, 7.
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TABLE 4.—Feed grain requirements, production, whezat-to-feed
grain transfer, and transportation at various price levels, by
consumption region, in feed units, 1975—Continued

Production Exports Imports
. Whent-
Selu- | Pries| Reroire- to-feed Importing Export-
tion ments grain CORSLIME- g con-
Quentity; Production | transfer [ Quantity tlon Quuntity|sumption
Iegions regions regtons
(| @ & ) (5} {8 {7 (8 ¢ (10}
CONSUMPTION RECQION —ALABAMA
4900 1,906 1,000 1,008 1,000
2ma Lons tony tons {ons
It T N SR
3,B57.8 |-
4, 745.4 |, ..
3,638.4 |- ——
3,527.2
34148 |aeea -
3,305.7 2,532,080 | 17,18 || e - TR 14
3,148,587 2,842.01 17, 18 JRSRE FRY P, G03.4 | 14,
2 BTE 2 3 o542 4] 17,19, - 3, 1| 14
26446 | 2,532.0| 17,18 112.5 | 14.
CONSUMPTION RECION —FLOCRIDA
1,428.8 b N PN YRR F R,
1,380.3 -2 N PN R
1,348.8 1,9
1,300. 5 1.8
1,370,3 1.7
0.t - R P D 2N O S
1,18 5 _— 1.5
1, 1310 L] 126,51 14,
1,071, 4 1.4 1,078.0 | 14
e T D R, I.4 . 951.¢ | 14,
CONSUMPTION REGION 1—EENTUCKY, TENNESSEE
.40 4,322, 1 | el
.67 4,203.8 eee  e e]e eee e
.75 4,030, 8 238.5 | 35
L83 3.062.0 SIS 3. arcarmafemm i ——————e——————
.03 3841 8125 | 34
o2 3.720.8 DA A N [NRINN JRUPRVUNETN VR I -
118 3,601 8 | 2,886.3 | 27,20,35.._. -|-- T15.5 | 8.
1.37 3.421.7 28863 | 2r20,35_ _ | | |mmaaees 535.4 | 15,
.| L& 3241, 6| 2,888,327, 29,35 —— 355.3 | 15,
1.80 2,881, 4 2,888.3)27,28,35 |- || e 4.9 | 4.
CONSUMPTION REGION B—INDIANA
10, 474. 2
10,180,861 7,607.0
, B0 | 4,800, 1
9. 002.0 ] 4,287
§,314.0 | 5,340
0,017.2 | 11,550.8
8,731 14,0154
8,202 7 | 15,6750
7.858,2 | 13,2532
4,082.3 | 13,138.2
OONSUMPTION
1 §,628.8
2 8,446, 4 |..
3 6, 258.5
4 BO76.3 | 11,1447
5 583.0| 58546
& £ 706.2) 5, 700.2
7 5523.81 5 5%3.0
8 59477 6. 843.7
k] 4,471.5] 6,875.0
1 4, 4161 | 4 4101
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TABLE 4.—Feed grain requirements, production, wheat-to-feed
grain transfer, and transportation at various price levels, by
consumption region, in feed units, 1975-—Continued

Production Exporis T ports
} W heust-
Selu- | Pricef Regoire- o-feel Imporking Export-
tion mepts Erain 3 consuinp- ing cati-
Quanlilty] Production | transfer | Quantity tinn Quantily sumption
regions regions régions
{1y |2 (3} {4) (%) (8) &} (8 G (10)
CONSUMPTION REQION 1—MICHIGAN
1,000 1,900 1,000
loits {ona tons
200, 4 | 6, 491.9 | 58 00,01, .. . -
| B9, 7,360.3 JION
CONSUMPTION REGION 12—WISCONSIN
9,063.4 |
1,689.4 | 1,087.3
94071} 1,087.3 - .
91331 &, ] At
8830 11 59531 ceee| 2,B80.0 | 13
8. 576.8 [ A 0641 _ 2,618.7 | 15
83,3028 [ 50681 | 43,44, 59__ e VH0.7 | IS
T,B37.7 | 508317 43, 4,50 - ——- 1,924.6 | 16,
THELB ) 50831 ) 43 44,59 - aeaa| L5094 15
B, 642, 3 5,863, 1 § 45,44, 59 R S (N, 670, 2 | 15
CONBUMPTION REGION 13—10WaA
27,118.9 I

26,3781 | 4,008.3
25, G04.7 1 24,484,
24,850,0 | 24,8500

a1 460 [ 21 480, 1
20,330.1 | 20, 438.1
1B, 0782 | 18,0702

A8, 55, 87 ___

46, 55,57 .

CONSUMPTION R

83672 ...
E 1371 77860
T.000.11 7, 000.1
TELG | T.6T0.0
7.430,9 | 7, 439.9
08| 7o g
80757 | V.TAG 1
ozl l ] B 2000
B 275, 4 | 7.786.5
5,67%.2 ) % 195.4
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TABLE 4.—Feed grain requirements, production, wheat-to-feed
grain transfer, and transportation at various price levels, by
consumption region, in feed units, 1975—Continued
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TABLE 4.—Feed grain requirements, production, wheat-to-feed
grain transfer, and transportation at various price levels, by
consumption region, in feed units, 1975—Continued
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TABLE 4.—Feed grain requirements, production, wheat-to-feed
grain transfer, and transportation at various price levels, by
consumption region, in feed units, 1975—Continued

Prodovilon Exporls Emporis

Wheat-
Hequire- to-fecd Tmporting Export-
ments grain consn - ng con-
Quantity] Production | transfer { Quantluy tlon Quantity]sumpiion
regions repions reglons

(3) o} 5 [GH L & @ {1c)

CONSUMPTION REGIGN R2-NORTH DAKOTA—Coatinued

1,060 1,000 1000
fons {ons fons
7.2 | 83 65,1 .
. TG s

e bl
7104 |

:
19 p 1 B e 13

00~ G BT

=N

TION REGION H—MONTANA, IDAHO

416,72

goskveRpeny

CONSUMPTION REGION 25—WYGOMIN

3.2
4
H.0
21
2.7
it
38,
34.
3.
30.4

1
2
3

MPTION REGION 26—COLORADO
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TABLE 4—Feed grain requirements, production, wheat-to-feed
grain transfer, andtransportation at various price levels, by

comsumption region, in feed units, 1975—Continued

1
i Prodaction Erports fmports
Wheat-
Holu- | Price | Recuire- to-feed Impoerting Expart-
tion ments gmin CONSUMD- |l!-I,’ con.
Quantity] Produerion | trnafer | Quuanilty, than Quantity} sumptlon
Tegicms reglons reEiong
| @ @) CH (5) 8} M 8} ()] (L]
CONSUMPTION REGLON 2T—NEW MEXICY, AHIZONA

Toe b o 1,571 5
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ORI | 1, 483.8
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TABLE 5.—O0il meal requirements, production, and transportation at various price levels, by consump-
tion region, in feed units, 1975

Prico Production Exports Imports
Solution Requlre- Soybeans Cottonseed Exporting
Cotton- ments consump-
Soybenan seed Quantity | Importing con- | Quantity tion
Quantity Prodtixction Quantity Production reglons sumption regions regions
regions
(1 &) 3 4 5) ©) @] ®) ()] (10) an (12)

CONSUMPTION REGION 1-NEW ENGLAND

I
Dollars | Dollars 1,000 tons 1.000 tons 1,000 tons
143 . N PO U USRI FUNRRPEPRPP PR 1,105,9 § 8,14.
1.56 P, 1,075.5 | 815.
LG8 1,044.2 1 15,
1.81 1,013.8 ] 15,
104 083.4 | 8,15.
2,07 052.0. 8.
2,20 921.6 | 18,21
2,40 878.8 ] 13,21,
2, 50 820.4 | 21,
2,98 79781 .

CoN
4,108.4 | 8.
4,080/ 8
3,964.0 | 8,15
3,848.6 | 8
3,733.1 | &
3614.2 | 8,9,11,15
3,487 | 9,15
3,323.8| 9,15
41488 | 911,15,
2,799.0 | 8,15.
CONSUMPTION REGION 3—VIRGINIA, WEST VIRGINIA, NORTH CAROLINA

Voooieeneenl . T.32{ 0 923G 17155 1,713.0 501.9 | 15

S, 3.4 29,63 1,608.3 1,213.6 454.7 | 15.

....... Lset 3wl new7io ose 406.1 1 15
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TABLE 5.—Oil meal requirernents, production, and transportation at various price levels, by consump-
oo tion region, in feed units, 1975—Continued

Price Production Exporls _Imporfs

Solutton Require- Soyheans Cottonseed Exporting

Cotton- ments ) consump-

Soybenn seed i Quantity | Importing con- [ Quantity tion
Quantity | I’rodt]lcnon Quantily Production regions stumption reglons reglons

] regions

@ 6] (8) © o ® ©) (10) ) a2)
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TABLE 5.—0il meal requirements, production, and {ransportation at various price levels, by consump-
tion region, in feed units, 1975—Continued

Price Production Exports Twports

Solution Require- Soybeans Cottonseed Exporting
Cotton- ments consump-

Soybean seadd Quantity | Importing con- | Quantity tion

Quantity Production Quantity Produetion regions sumption regions regious
regions
® (ed] 3) “) (5) ) @ (8 ® Qo) (1m (12)
CONSUMPTION REGION 13—~10WA
Dollars | Dollars. | 1 000 tons | 1,000 tan.y 1,000 lomx 1,000 tony 1,000 tons
1.32 1, 042, 2 21103 [ I, Mucmmanimsmana) v .
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TABLE 5.—Oil meal requireme

tion region, in feed units, 1975—Continued

nts, production, and transportation at various price levels, by consump-

Solution

Price

Soybean

@

Cotton-
seed

@

| Require-
ments

4

Production

Exports

Imports

Soybeans

Cottonseed

Quantity

(8)

Production
regions

(©

Quantity

@

Production regions

@®

Quantity

9

Tmporting con-
sumption regions

am

Quantity

an

Exporting
consump-
tion
reglons

(12)

CONSUMPTION REGION 18~TEXAS

Dollars
28.30

1,000 tons
1,915.1
1,862, 5
1,808.2
1,755.5
1,702, 9
1,048, 6

1,596.0

1,000 tons
403.9
250, 0
259, 0
259.0
259, 0
259..0

1,000 tons
1,511.2

1,897.5
1,837. 4
1,743.0

1, 508, 6
1,501.2

05-97, 102, 103, 137, 149, 146

95-07° 102, 103, 137, 130,140 .__.
95-9(7), 100, 102, 103, 133, 137, 138,

140,

05-07, 100, 102, 108, 133, 137, 139,
140,

95-97, 100, 102, 103, 133, 137, 130,
140

40.
05-97, 100, 102, 103, 132, 143, 136,
137, 139, 140.
95-97, 100, 102, 103, 132, 133, 136,
137, 139, 140,
05-97, 102, 103, 133, 137, 139, 140 ...
95-97, 102, 103, 133,137,139, 140...
05-98, 103, 137, 130, 140, e e mvamn

1,000 ton

334.2
386.8
447.9
500.6

1,000 tons

CONSUMPTION REGION 19—-0OKLAHOMA

134,135




CONSUMPTION REGION 20—-KANSAS
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TABLE 5.—0il meal requirements, production, and transportation at various price levels, by consump-
tion region, in feed units, 1975—Continued

Price Production Exports Imports

Solution Require- Soybeans Cottonseed ‘Exporting

Cotton- ments consump-
seed Quantity | Importing con- | Quantity tion

Quantity Prodlilction Quantity Production regions sumption regions regions
regions

®) ) (&) ) @ ®) ©) (10) (1) 12)

CONSUMPTION REGION 23—S0UTH DAKOTA

Dollars | 1,000 tons { 1,000 tons 1,000 tons 1,000 tons 1,000 tons
126.2 126,2

122.8




CONSUMPTION REGION 25—WYOMING

1422
142 .
112, 141, 143
112, 141, 142_2
112, 141, 142. 7
112, 141, 142
112 142
14
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TABLE 5. Oil meal requirements, production,

region, in feed units, 1975—Continued

and transportation at various price levels, by consumption

Price Production Exports Imports
Solution TRequire- Soybeans Cottonseed ‘Exporting
Cotton- ments consump-
Soybean soed : Quantity | Importingcon- | Quantity tion
Quantity Prodtlxction Quantity Production regions | sumption regions regions
regions
(0} @ @) O] (8) (6) ) 8 (@ (10) (1) (12)
CONSUMPTION REGION 28—~UTAH, NEVADA
Dollars | Dollars | 1,000 tans | 1,000 lons 1,000 tons 1,000tons 1,000 tons
241, 2 2412 | 21
234.0
2797
221.1
214.6
207.6
201, 0
101.0
180.9
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TABLE 6.—Cotton lint requirements and production at various
price levels, United States, 1975

t Require- Price per | Produetion
Solution tments (500-15. pound (500-113.
E bales) hrstes)
13
Bales Centz Bules

I 2. 164. 8 2,08 #1118
=N 19, 6%, al84 UL
4. 18,3738 o, T i, 565, 8
4.. 17,0807 25 4% 13,59G.3
3., 15,008. 8 u g 12, :70.3
.. 14, BIT. 4 2468 13, 628, 1
T 13,763, 2 30 04 13,768.2
5. 13,2120 S 68 12,212, 0
8. 0, B2, 7 3. 34 10, 8627
E11 - - B, 448, & 41,80 5, 448.5

Solution 1

The first solution nssumes national average prices of $0.45 a bushel
for wheat, $0.39 & corn-equivalent bushel for feed grain, $1.32 a
bushel for soybeans, and $28.59 a ton for cottonseed. Only a few
producing regions have costs such that production is profitable at
these prices. ('onsequently, only a few production regions are brought
Into production and mueh of the demand for these products is left
nusatisfied.

At these prices Kansas, Nebraska, and Colorade produce enough
wheat o meet their own requirementsS Some wheat, but not enough
to meet reqguirements, is produced in Washington, Oregon, and
Crlifornia (table 3).  In Kansas, Washington, and Oregon, wheat is
transferred into leed grains in amounts sufficient to satisfy regional
leed grain requirements. In Florida, Arkansas, Montana-Idaho,
Wyoning, and New Mexico-Arizong, all of which are consumption
regions whose initial position is one of “surplus” wheat from non-
programed areas, wheat requirements are met from the nonprogramed
arens and no production regions are brought into production.

Direct production expenses for feed grains are high enough to
prohibit the growing of feed erains in all production regions at Solu-
tion 1 prices (table 4). TIn Kansas, Washington, and Oregon, how-
ever, wheat sutisfies the feed grain demand. Part of the demand is
alse met by wheat in Florida, Arkansas, Montana-Idaho, Wyoming,
New Mexico-Arizonn, and California.

In this solution, oilmeal requirements are met in all consumption
regions (table 5).  Soybeans are produced in Indisne, Iows, Illinois,
Minnesola, Nebraska, Kentucky, North Carolina, Ohio, Texns, Okla-
homa, and Kansas. The first five States are exporters of oilmeal,
and supply the oilmeal requirements of consumption regions pro-
ducing no oilmeals. Only Texas produces cottonseed for oilmeal,
and none Is transferred to other regions.

Solution 2

Wheat increases to & national average price of $0.60 per bushel
in Solution 2. At this price, wheat becomes a profitable enterprise
in two additiona] production regions in Nebraska, two in Washington,
and one in California.  Also, production becomes profitable in some

¢ Consumnption regions are identified in this section by States. See g 2 and

tables 3-5 for number designations.  Also, consumption regions and production
Tegions within their boundaries are listed on the inside of the hack cover.
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production regions in Texas and Montana-Idaho. These wheat
prices still do not induce any interregional transportation of wheat,

Wheat requirements are saiisfied in Florida, Arkansas, Kansas,
Nebraska, Montana-Idaho, Wyoming, Colorado, New Mexico-
Arizona, and California.

The national average price of feed grains increases to $0.53 per
bushel in Solution 2. Feed grains are produced at these prices in
Indians, Wisconsin, .\‘hssoun Iowa, Illinois, and Texas. Require-
ments ure satisfied in Tlinois by feed grain roduction, and in Kansas,
Washiagton, und Oregon by wheat for feecF No feed grein or wheat
for feed is transpor ted between regions in Solution 2.

National average prices of soybe:\ns and cotionseed in Solution 2
are $1.44. per bushel and $21.94 per ton. Witk the higher prices and
lower requirements in this solution, Indiana and Texus decrense their
soybean produetion. Cotton pmductlon is profitable in the one pro-
diiction region in Florida. As wruld be expected, all of the oilmeal
demand requirements are again met. The exporting States are the
same s in Solution 1.

Solution 3

Production prices in Solution 3 are based on national average prices
of %0.60, $1.56, and %0.73 per bushel for wheat, feed gmms and
aoybenna, and $23.79 a Lon {or cotionseed.

The higher wheat prices bring Indiana, Missouri, Minnesota, and
Oklahoma into wheat production. One production region in Texas
drops out and two are added. With these changes, Indiana and
Oklnhoma awre added to the consumption regions in which wheat
requirements are satisfied.

The higher feed grain prices in Solution 3 add Maryland, Kentucky,
\hnne::um and Nebrasku to the States where feed grain production
is prohtnble New areas are brought into ploductmn in Indiana,
Towa, Missour, and Texas. Indmml Missouri, Wyoming, and Colo-
rado arve ndded to the consumplion regions w hose Teed grain require-
ments are met.

With Solution 3 prieces, one production region in Minnesota drops
out of soybean preduction,  Arkansas, Ok'laﬁoum, and New Mexico-
Arizona join the econgumption regions preducing cotton.

Solution 4

In Solution 4, nationsl average prices are increased to $0.80 per
bushel for wheut, $0.67 per bushel for feed grains, $1.63 per bushel
for soybenns, and $36.32 per ton for cottonseed.

In this solution, production regions in Illinois, North Dakota, South
Dakota, and Arizona are brought into wheat production, and new
production regions are added in Misspuri, Minnesota, and Texas.
Wheat demands are now satisfied in Minnesota, Illinois, North
Dakots, and South Dakots, as well as 1n those States whose demands
were satisfied by Solution 3. Some wheat moves between consump-
tion regions in this solution. Missouri and Jowa receive wheat from
Ium::u:, and Washington receives wheat from Mountana-Tdaho.

Feed grains arve added to production in Pennsylvaniu, Maryland,
Virginia, North Carolina, Ohio, Wisconsin, Tows, and Minnesota.
Feed grain production is dropped from one production region in
Missouri antf one in Texas. Wheat production expands in each of
these two regions, forcing feed graius vut. There is some movement
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of feed grains between consumption regions—feed is shipped from
Kansas to Arkansas, and from Colorado to Wyoming.

The lower oilmeal requirements of Solution 4 relative to the previous
solutions enables the oilmeal requirements to be met with two fewer
soybean producing regions. Produetion regions in Kentucky and
Nebraska are dropped from soybean production. A production region
in Arkansas is added to the list of regions producing cotton. Several
adjustments are made in the oilmeal flow patterns among consumption
regions.

Selution 5

‘The nationnl average price of wheat is $1.05 per bushel in Solution 5.
Wheat is introduced inte production regions in Missouri, Colorado,
and Montana.  Wheat requirements are now met in Ohio, Wisconsin,
Alissoun), and Utah-Nevadn. Ohlo imports ils wheat from Kansas
nnd Colorado. Nebraska ships to Wisconsin, and Oklahoma ships
te Texas, Colorado ships enough whent to Utah-Nevada to meet
the whent requirements of that consumption region.

The feed grain price of $0.74 induces production in production
regions of New York, Virginia, Michigan, Minnesota, North Dakota,
South Dakotn, and lexas. The feed grain requirements are newly
satisfied in North Dukots and South Dakota. ‘The North Dakote
requirenments are met in part by production of feed grains and in
part by tbe wheat-to-feed grain transfer. South Dukota produces
some of its own feed grain but also imports feed grain from Colorado.

Proportionately more of the oilmeal requirements are met by
cottonseed oilmenl than in the earlier solutions. This shift occurs
becuse the national demand for cotton lint is not yet satished. As
cotton comes in to fulfill this lint demand, the byproduet of cotton-
seed oilmeal is also produced. In Solution 5, production regions it
Ilinois and Kansas are dropped from soybean production while
regions in New Mexico and California are added to cotton production.

Solution 6

The national nverage prices used in Solution 6 are $1.20, £0.81, and
$1.92 per bushel for wheat, feed grains, and soybeans, and $41.50 per
ton for cottonseed.

With these prices, production regions in Michigan, North Dakota,
South Dakota, Nebraska, [langas, Oklahomua, Wyoming, New Mexico,
and Utalr are added to the regions producing wheat. Wheat require-
ments are metb in two more consumption regions, Michigan and Texas.
Minnesota replaces Colorado as a supplier of wheat to Ohio, and
Wisconsin imports wheat from fllinois rather than Nebraska. Wheat
production increases rather markedly in production regions in Indiana
and Indiana ships wheat to the North Atlantic States.

Three production regions in North Carolina and one production
region in Kentucky are placed in feed grains, while regions in Indiang,
Minnesota, and North Dakota are dropped. Land in Indiana und
Novth Dakotn is shifted to wheat produetion.

Indiana exports feed grains to Kentucky—Tennessee, and Illinois
ships to Wisconsin, Okinhoma and Kansas send feed erains to Texas
to satisly the feed requirements there. Colarado discontinues its
shipments to South Dakota and Wyoming, and ships to Utah-Nevada
and California instead.

Sovbeuns are brought into enc production region in South Caralina.
Oilmeals are imported by South Carolina-Georgia from Minuesota
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and Nebraske, rather than Ilinocis. Tennessee produces soybeans
and Indiana shifts from soybeans and feed grains to wheat. A
production region in Iowa and one in Minnesota are also added to
ithose produeing soybeans. This increased soybeun production is
offset by sizable reductions in soybean production in Indiana and
in another producing region in Towa. Production regions in Arkansas
and Texuas 1nitinte cotton production,

With the set of prices used for Solution 6, the quantities supplied
of the various products nearly equal the stated requirements. The
cilmeal requiveiments are supplied lor every consumption region and
the national reguirement for cotton lint is met. Wheal requirements
remain unsetisfied in New Iingland, the Nocth Atlantic States, the
Middle Atlantic States, South Caroling, Georgia, Alabame, Kentucky-
Tennessee, and Mississippi-Louisiuna.  Amounts of feed greins are
not sulBeient to meet the requirements in these consumplion regions
or in Florids.

Solution 7

Wheat preduction is added in production regions in South Carolina,
Tennessee, Indinny, and Idaho at the $1.35 price per bushel in Solu-
tion 7. Regions in Missouri, Nerth Dakota, and Nebraska are
dropped from wheat production, Wheat demands of the North
Atlantic States, Middle Atlantic States, South Caroline-Georgia, and
Kentucky-"Tennessee are met in Solution 7.

With feed grains priced at $0.95 a bushel, the demands for feed
graing in the North Atlantic States, the Middle Atlantic States,
Kentucky-Tennessee, and Mississippi-Louisiana are filled. Produc-
tion regions in North Crrolina, Alabama, Georgia, Mississippi,
Kentucky, Lllinois, Minnesota, North Dakota, Nebraska, and Texas
are placed in feed grain production.

In this solution, soybeans are priced at $2.04 a bushel, and cotton-
seed at $44.05 & ton. A region in Illinois is dropped from soybean
production while a region in North Dakota is added. In production
regions in Missourl and Arkansas, some land is allocated to cotton
production.

Solution 8

At the eiglith price step, Solution §, all of the demands are satisfied.
The prices used in this solution are $1.50 for wheat, $1.09 for feed
grains, $2.22 lor soybeans, and $47.94 for cotlonseed. They approxi-
maute the market clearing equilibrium prices discussed on p. 13.

Production regions in Indizna are dropped from wheat production,
while regions in Georgia and Louisiana are ndded,

An addilional production region in Missouri produces feed grains.
The requirements in New England, South Carolina-Georgin, and
Florida are met, leaving no leed grain demands unsatisfied.

A production region in Ilinois is added to soybean production and
regions in Indiana, North Dakota, and Texas are dropped. Produc-
tion regions in Arkansas, California, Missouri, and Texas discontinue
producing cotlon,

Solution @

Even though all demands are satisfied in Solution 8, we can go on
and look at the production adjustments that occur as prices increase
and guantities demanded contract, In Solution 9, naticnal average
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prices are $1.65 for wheat, $1.23 lor feed grains, $2.40 for soybeans,
and $51.78 for cottonseed,

With the increased wheast price, production regions in South Caro-
ling, Georgin, North Carvolina, Arkansss, Indiana, IMinois, South
Dekota, and Kunsas are added to wheat production. A producing
region 1n ideho is dropped. The new regions are added despite o
decrense in requirements for wheat, This is largely due to an ex-
panded use of wheat for feed. Inereased transfers of wheat to feed
oceur in Oklahoma, Kunsas, Nebraska, South Dakota, and Colorado.
Relntively more wheat is fed in Solution 9 than in Selution 8.

The shipments of whent to and from consumption regions also
chnanee between Solutions 8 and 9. Shipments lrom Hinois to New
Englud and the North Atlantic States begin, replacing shipments
from Kansas wnd Nebraska,  Kansas is replaced by Kentueky-
Tennessee ns o supplier of wheat to Alabamn, and by Oklahoma as a
supphier to Louvisiana-Misstssippt. lowa now lmports wheat from
Kunsas instead ol Nebraska.

The effect of the incrensed use of wheat for feed is seen in the adjust-
menls made in the production of feed grains.  Production regions
in North Caroling, Tlinois, Minnesoln, nmd Nebruska are dropped
fram leed grain production.  The exporting of feed grains from Illinois
to Arkansas and Louisiana-Mississippl is stopped and the stack is
inken up by Oklzhoma and Kansas.

Sovbeans ure added to production regions in Minnesota and Texas.
Downward adjustments oecur in numerous other soybenn production
regions to anccounl for these added regivns. Towa no longer ships
cilmeals (o South Cnrolina-Georgia and Ohio.  Minnesota ships to
the North Atlantic Stales und Nebraska is added to the consumption
regions shipping oilmeals to Missouri,

Solution 10

Sclution 10 is the last in the series of solutiovus—the situation with
the highest prices and lowest demand requirements. Nattonal
wverage prices are $1.80 a bushel for wheat, $1.51 a bushel for feed
grains, $2.76 & bushel for soybeans, and $5%.51 » ton for cottonseed.
Asthe fead grain price inereases $0.28 a bushel over the price for solu-
tion W and the wheat price increases only $0.15 n bushel, 0 murked
ndjustment oceurs in the amount of whent used for feed.

Whent production regions are dropped in South Caroling, Georgia,
North Carolina, Arkansas, Indiann, Hlineis, South Dakola, Kunsas,
Oklahoma, Texns, und Arizona.  Wheat-to-leed grain teansfers are
reduced in New England, South Carolina-Georgia, Minnesota,
Texus, Oklnhoma, Kansas, Nebraska, und South Dakota.

IFeed grains are added in production regions in South Carolina,
(iegryin, Hinois, und Arizona, and are discontinued in regions in
Nerth Carolina, Missourd, Minnesota, and Kansas.

Soybeans are added in production regions of Indiana and Illinois,
and are dropped from regions in Hiinels, Nebraska, and Texas,  Cot-
ton shifts frum New Mexico and Arkansas to Qalifornia,

Production Location and Product Distribution

Demands of all consumption regions are first satisfied in Selution 8.
At this set of prices and quantity data, the optimal (most profitable}
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regional location of production, snd the sssociated distribution of
products among consumption regions, are determined. The quantities
of each commodity that would be produced in each production
region, and the sources of supply for each consumption region, are
alsv determined,

Figure 4 depicts the optimal location of produclion of each crop in
Solution 8. This production pattern cannot be altered without some
sacrifice in profit. Figure 5 indicates the interregional transfers of
wheuat in the equilibrium situation, and also the transfers of wheat to
feed grains in each consumption vegion. Figures 6 and 7 show lhe
profi-maximizing flows of feed grains and oilmenls, respectively.

Figure 5.~~Optimal interregional Rows of wheat ond intraregional fransfer of wheat o
feed grains (X), Solution 8 {in thousands of bushels}.

Land Rents and Product Net Returns

The linear programing solutions impute values to the limiting
resources, which in this model are land resources. These imputed
vahies are the net rents to lnnd.  Table 7 presents, for each production
region, the acreage allocated in Solution 8§ to whenat, feed grains, feed
grain-soybean roiation, soybeans, and colton, and the land left idle.
Phe last three columns in the table show the equilibrium rents to the
lend alloeated to each use.

Nonzere rents occur only if land is a limiting resource. In pro-
duction region 1, for example, all land is allocated to feed grains, and
anolLher acre of and would, if allocated to feed grains, increase revenue
by $15.47. The value imputed to the marginul unit of land in pro-
duction regron 75 is $6.29. In production region 14, total land has
an imputed value of $0,95 and soybean land has an imputed value of
$0.07 per acre. These values are often referred fo as location rent.
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Also forthcoming from the linear programing solutions are equilib-
rium net returns per unit of each of the commodities considered
(table 8). The net return per unit was determined in each consump-
tion region for each of the products—whert, feed grains, sovbeans,
and cottonseed.

Fizure 7.—Optimaf intenregionaf Aows of oilmeals, Solvtion 8 {in thovsands of tons).
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TABLE 7.—Summary of land use, by production region,
Solution 8

Fead Equilibrium land rent per acre
Produe- Feed grajn- ) -
tion Whenat grain | gaybean | Sovbennsf Cofton Idle
reglon rotation | rotation Tatal Cotton | Soybean
land Jand jand
1,000 1.003 1,600 1,000 1.000 1,000
acred gcrer acrea acrex acres acres Bollars | Dollars | Dollars
) 62, G P 15,47
SRR . 2,422.0 24, 65
3. BOR. 0 - 42,93 §
4. 335 —— 35. 00
[ RIS ORI N ) b: - TN [PPSR [P R R
a_.
PR, RPN .- 3 PO § [ [P PR S

1,53

1 T

Mo

b L

b1 X SR

b & I
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TABLE 7.—-Summary of land use, by production region,

Solution 8—Continued

Feeil Equilibrium lpnd rent peracrg
Produe- Feed grain-
tlon Wheat graln | soybean | Soybeans| Cofton Idle
reglon rotation | rotation Totnl Cotton | Soybean
land land Jnnd
1,600 1000 1,600 1,008 1060 1,000
aeres acrey zeres acrea atres acres Bgllara | Doliara | Dollara
THecammamn 46,2 RSV SR 6,24
[ P—— - AR RV RV IR —— TR
TT v i 131 [ irs
3. | ISRV S | & N [OOSRpeevainy ) € N I R ——
1,040.7 .11

1,5720

.......... 527.7

55, 2416

64,600.5 | 7,420.9 | 15,851.8 | 0,831.3 | 71,000.4
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The net return in an importing consumption region is the difference
between the value of the product per unit in that region and the cost.
of producing a unit in the consumption region from which the com-
modity is imported. Consider the equilibrivm net return per bushel
of whent in Kansas, which is $0.868. Production regions 35, 87, 88,
and 89 in Kensas all produce wheat. Region 87 has the highest pro-
duction costs (or lowest net return) of these four regions, Gross
returns per acre of wheat in region 87 are equal to the estimated yield
of 27.4 bushels times the wheat price of $1.52 assumed for Kansas in
Sclution 8, which is $41.65. Per acre production costs of $17.84
are deducted from gross returns, giving a net return of $23.81 per
acre. Dividing net return per acre by per acre yield ($23.81-+-27.4)
gives $0.87, the net return per bushel of wEeat in this production region.
This is zlso the net rent per bushel of wheat in Kansas.

Alternatively, the net rent can be thought of as the difference
between selling price and production cost. The production cost of
whent in region 87 is $17.84 divided by 27.4, or $0.651 per bushel.
The selling price is $1.52 minus $0.65, or $0.87,

In Soelution 8§, New England imports its wheat from Kansas. The
net rent per bushel in New England is the difference between the net
return of $0.87 on o bushel of wheat in the lowest producing regicn in
Kansas and the cost of (ransporting a bushel of wheat from Kansas
to New England. Transportation nosts are not presented in this
report, but the cost in this case is $0.75 per bushel. Thus we have
$0.87 minus $0.75, which equals $0.12, the bushel rent for wheat in
New England.

TABLE 8.—Net returns, by consumption region, Solution 8

i N Fead grains,
Consumption region Wheat, per | per bushel | Soybenns, |Cottonseed,
bushe!  [{curn equiv-l per boshel per ton
olent)

Dellara Duoltars Dollary

1 NewBngland_.. .. . . ae ol mmas o124 0. 146t 0. 937
42 New York, Peansylvania, New Jersey, Maryland - 178 . 187 )
4 Virginia, West Virginia, North Carolina. .. ... 154 7 BET
4 Soutl Caroting, Georgin.. .- M7 B TK] 1.073
5 Alsbama. L L121 . 148 1.130
6 TFiorfda.., - . . 230 . anz 1,076
7 Kentucky, Tennessee. . 208 L4B 1.185
4 Indlzpa._._.._.. A . 408 1,181
b Ohie. .. .- e e e .45 462 1. 196
1 MiehiEan . .o ieimmeaaaaa - 404 412 1103 |
11 Minneseta. . ... .. - 09 , 402 1.387
12 Wiseensin.eear. coeeon - 460 357 1.248
13 Towa. 383 By 1.8
14 Missouri &1 L5l 1.339
15 [liinols BI5 .56 1,320
18 Arkans 438 416 1. 192

1¢  Louistana, Mlssissippi._. .

13 TRARS ooeooee meneee : -333 -306 1,393
19 OLlahomD. . ..o . . e - LG5 -a7d 1.230
20 Kahsas. . ... ... ) YT 1.173
21 NebrnskR. ..o oo e e BT . 5038 1.420
3 North Dakota, e T2 . AB§ 1,169
23 Sounth Dakets o 668 30 1181

24 Mongapsa, Ideho. e e LTTL LT . B99
25 Wyoming....... : . 628 .488 1,192
24 Colerndo ... ..., LT . 500 1273
27 New Mexieq, Arfzonn . 307 451 1.130
28 Utnh, Nevadu_ ... o oo oo aemmea 249 434 ]
22 Waoshingten.. ... .. 441 L 360
30 Orepotie.. ... .o.. kal . 356
31 Calfornis .. .._.. L1l
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Values are imputed to the land in regions which are not marginal
Pproducing regions, that is, which bave no idle land. These land rents
are funetions of the difference between production costs of producing
regions within & consumption region. The land rents for Kansas
production Tegions 85, 88, and 89 are $2.12, $8.20, and $9.39, Te5pec-
tively (tabls 7). Dividing the per acre rents by yields gives per bushel
rents of $0.07, $0.28, and $0.37, respectively. These are the per
bushel opportunity costs of not being able to produce more wheat in
each of the regions mentioned. Thus, the net return of $0.87 per
bushel in the least profitable production region in Kansas, region 87,
plus 80,07, the opportunity costs of not producing snother bushel of
wheat in region 85, is $0.94. This is the net return per bushel in
region 85. Himilar operations show the net returns per bushel in
production regions 88 and 89 to be $1.15 and $1.24.  Production region
87 also has a small land rent, but this rent when translated into bushel
rent is insignificant; hence, opportunity costs are negligible.

The above method of calculating net return per bushel by looking
2% opportunity costs illustrates the rent imputation process. Net
return per bushel is best found, however, by taking the difference
between the selling price and production costs. For region 85, this
is §$1.52 minus $0.58, or $0.94,

The examples here deal with wheat. The procedures for establish-
ing the relationships between production costs, yields, laund rents, and
bushel rents are the same for the other crops.

Price Steps and Surplus Value

In this analysis, the price increases from one solution to the next
were fixed in advance. In Solution 7, some demand requirements
‘were not meb and we proceeded to Solution 8. The price increases
in Solution 8 were more than sufficient to satisfy all demand require-
ments. If the price step from Solution 7 to¢ Solution § had been just
sufficient to satisfy all demands, the bushel rent in the marginal con-
sumption regions would have been zerc. For each commodity, the
margingl consumption region is the one thab requires the bighest price
before production within the region or shipments from outside the
region will meet its needs. In Solution 8, California has the lowest
bushel rent for wheat. For feed grains, the marginal region is Florida.
Four regions have the marginal bushel rent for soybeans—>Montana-
Tdaho, Ceah-N evada, Oregon, snd California. California is the mar-
ginal region for cottonseed.

The national average wheat price in Solution 8 is $1.30 per bushel.
All wheat demands could have been satisfied had the whest price been
abou$ $0.09 lower than in Solution §—then the marginal region would
have bad a zero bushel rent. For feed grains, the national average
price in Solution § is $1.09 bub conld have been $1.00. At soybean
and cottonseed prices of $1.30 per bushel and $23.92 per ton, respec-
tively, oilmeal requirements would bave been met. Thus, the equilib-
rium market cleaving prices determined in this analysis are $1.41 for
wheat, $1.00 for {eed grains, $1.30 for soybeans, and $23.92 for cotton-
seed. The inflexibility of our analysis did not allow us to resch this
poin initislly, The returns per bushel in the marginal consumption
regions reflect the surplus values in the solution.




Supply Functions

The price and demand data in tables 3, 4, and 5 indicate the regtonal
demsand curves for each product. The quantity of each product
supplied to each region at the prices assumed in each of the solutions
is also obtainable from tables 3, 4, and 5. Thus, with the exoge-
nously determined demand curves and the endogenously generated
stepped supply functions one can draw a graph tracing the approach
toward equilibrinm of the quentity supplied and the quantity de-
manded of each product in each consumption region, Figure 8 is such
a graph for feed grains in California.

% PER BU.
250
2.00F
1.50 |- '
—_—
i
—_—
1.00 - (-
E—
l_.—l
_
0.50
0 i 1 I 1 I 1 ot
0 1 2 3 4 5 [ 7

MILLION TONS OF FEED UNITS

Figure 8.—Supply-demand relalionship for feed grains, Califomia, 1975.

The supply schedule is somewhat irregular. By referring to tables
3 and 4 we can gain insights into its nature. Feed requirements in
California are met by the wheat-to-feed grain transfer activity. In
table 3 we see that at the first step, with wheat priced at $0.47, pro-
ducing regions 120 and 121 produce feed grains via the wheat-to-feed
grain transfer. With $0.62 wheat, region 143 is added. At $0.78
a bushel the amount of transfer is decreased; consequently, the hack-
ward slope of the supply schedule. A further reduction in wheat-to-
feed grain transfers occurs at $0.94 a bushel as some wheat is used to
meet the wheat requirements,

Many of the supply functions would not reveal any steps because
of the lumpiness of the producing region outputs. This is especially
true of cilmeals, for which all demands were met in the initial solution.
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Livestock Production and Prices

Our programing analysis enabled us to determine the equilibrium
prices of the erops included in the study. The equilibrium prices of
livestock associated with the estimated amounts of livestock required
were calculated exogenously to the linear programing analysis.

The demand curves were generated by assuming certain quantities
of livestock and celeulating how much feed grain and oilmeal would be
needed to support these quantities. The base quantities from which
the other quantity and price data are derived are the quantities of
Solution 7. In Solution 8 the quantities demanded are lower and
prices slightly higher than those used in the base estimates (Solu-
tion 7).

From the data used to calculate the crop requirements for Solution
8, that is, the feed-livestock conversion coefficients, the livestock
quantities underlying these demand estimates were found. Using
statistical Hvestock price-quantity relationships, the lvestock prices
associated with these quantities of livestock were determined (2).
The livestock price and quantity data associated with the feed
requirements of the equilibrium solution are presented in table 9.

TABLE 9.—Estimated prices of livestock, and quantities produced,
at equilibrium prices of wheat, feed grains, and oilmieals, by
consumption region, Solution 8

Cattla Calves Hogs
Consumptlon region

Price Price Price

Quantity ner Quantity per Quontity per

! CWE. cwt, cwt.

Taons Dollara Tonk BDollars Tonx Dollars
1 NewEngland_ ... . ..., 270 400 | 16,66 TI,TR2 L 91,40 43, 302 19,16

2 New York, New Jersey, Pennsyl-

vanle, Maryland, Delaware_ .. . 127,700 | 18,12 100 | 2675 364, 600 20. 68
3 Virginla, West Virginia, North Carclino_ 683,300 | 1942 121,750 | 2B.53 48, 460 18,81
4 South Carcline, Georgin. ... ooomonua. 4 19.88 LI 248 70,492 18, 57
5 Alnbuma.. .. A 19,64 TLITT 43,83 358, 170 1415
6 Florlda _. . ... .. 10,34 B0, 474 2T 125, 880 18. 88
7 Rentuck 20, 54 , 26. B4 955, 000 15. 67
8§ Indlana.. 24,45 24,350 7. 55 2, 405, 300 19. 03
2 Chie.. e 47,630 | 28.10 | 1,308,700 20.33
10 Michigan.. . 20 14 54, 855 18, 31 354, 720 19. 6
11 Minnesets ool 3382 B5, 84t 26.30 7 2,048, M0 149. 25
12 Wisconsin.. . 1753 270, 800 5. (4 1,085, 700 18. 91
13 lewe..... 2583 42 082 ¢ 3,32 ) 6,516, 6 19. 33
14 Missouri. - 031,69 93, 654 25. M4 I, 967, 300 16.72
15 Ilinois.. - 54, B0 27,828 ¢ 2587 | 4,953, 500 19. 57
18 ATRansas... .. .. aemiliaiiaaal i8. 72 51,708 4.7 138, 770 1B. 80
17 Laouish , Missi=zsippt 17. 52 190, 520 | T304 277, 540 18, 50
18 TEINS. . —cmeeeecromimmamamm————— 2,13 2 24, 07 370, (10 14. 16
19 Oklshoms .83 B8, 302 25. 68 1594, 180 19.24
0 Kansis | 23,15 18 323 | 26,08 402, 480 19.43
21 Nebrnska 25,728 30,%7 [ 29.71 1,224, 500 19. 38
22 Norgh Dakota. . . 1. &4 51,644 | 27.48 206, 700 18. 20
23 Bouth Dakown. .o ieiiamaaan 23. 66 28.44 895, 180 18, 80
24 Montann, Idnho.__.._. ... ..., 22,36 93,3687 ) 2838 108, 540 19. 63
25 Wyoming ... .. - 33.05 gL 3126 13, 005 19. 54
2 Colordlo..._ .. o . 2519 23,515 | 20.68 74, 404 20, 18
27 New Mexico, Arizona. .. oo ommeean 24.75 56,9455 | 25.00 4, 488 19.71
28 Utuh, Nevadooo ooy ool ciia o 200 37,184 .07 32, 652 20. 2
20 Woashington .. oo rn e erm - 31.02 20, 06 2. 89 59, 864 21,50
3 Qregotl oo .. femme s 21,05 35, 850 e 73, 464 2472
3! Califoroia___._____._______ 20,41 131, 220 7.7 149, 850 42,53
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TaBLE 9.—Estimated prices of livestock, and quantities produced,
at equilibrium prices of wheat, feed grains, and oilmeals, by
consumption region, Solution §&—Continued

Sheep Chlckoens Turkeys
Censumption region
Quantity | Price { Quantity | Price | Quantity | Price
perewt. perewt. perowlk.
Tons Dollurs Tona Lioliars T'onx Daotlare
i New Eugland. ... 6,47 | 18.91 604,300 (0 20.70 25,034 35.02
2 New York, Naw Jersey, Pponsyiva-
nia, Marylnnd DWWt oo ae o meme 37,706 | 17.72 1,489,800 21,28 78, 200 34, 58
3 Virginia, West ﬁrginia, Worth Coaro-
T, 61,810 1 20.83 | 1,143,600 | 19,72 143, 180 28. 36
i Soul.h Caorelina, Geergla, | 4,837 1 1492 1 5&9 900 | 10.14 35, 310 0. 61
5 AJMDBMA . o e 5,495 | 18,29 :06, 400 | 1882 1§, DR2 28.74
0 Florlda, 68 1B. &2 07, 038 19. 46 5, 584 35,07
7 Kentucky, Tenmesste. . cocoomceccceoan 85,1201 18,22 202, 160 | 18.01 14, 563 2520
§ I[ndiana G4, 2 1360 387,170 18. 80 76,405 28, 70
9 Ohlo, ce e - 08,230 | 18,44 157,090 | 18,39 22,453 o7, 4
10 Michigan . .. L 02T 18. 67 79,045 18.6L 31120 96, 24
11 Mlunesota 141,420 1271 138, {80 12,74 264,930 4. 81
12 Wiseonsin 7, 200 18.65 171,100 17, 74, 600 7. 06
13 LOWH e e m e e 249,800 | 15,85 195,110 | 1L 84 179, 40 29, 47
t4 Mlssourf, 103, 640 19,20 933, 130 16. B0 , a0 6. 13
15 Dlnods. . e eeae 104,500 | 18,84 122,070 | 1525 31, 918 27.83
16 Arkanasa_ | 3,408 16. 40 476, 380 1448 68, 251 27
17 Loufsluna, hMississipp. 8,808 | 12,28 558,420 | 19,13 8, 783 20,98
1§ Texns 300, 190 16,73 352, 310 19.21 101, 740 25. 70
19 Qklahoma O, 26,124 [ 18,43 53, 16. 00 , 02 28,13
20 Kansns__ 101,080 | 22.08 68, 037 11. 51 21,346 35. 45
21 Nubrasks. - -- 135 170 | 21,21 7542 | 1158 28,328 26,92
22 North Dokota . _______ 70‘ 423 17. 64 28, 016 14.28 18, 940 28.13
23 South Dakota, . 145,100 | 19.18 48 027 | 14,28 18, 757 27, 4
24 Montana, Idaho. . __________ — 173,500 | 19.26 37,022 | 18.57 3 20, 08
25 Wyemlog..oooo..o 151,910 | 18.18 2,001 | 19,43 200 28, 84
M Colorado__ . ___________ - 231,430 19,93 16, 008 17.00 37,105 27.83
37 New Mexleo, Arfzonu. .. - 91,138 | 18, 44 o, 19,02 4, 24, 78
28 Utoh, Navada________ - 134, 420 18. 51 10 016 18.13 T4, 800 35.79
20 Woahington.. .. g, 532 18.51 DE, 052 2,05 18, 8457 24, 28
M Oregon. ... . 83,484 20,16 g7, 038 ¢ ju.62 40, 098 2591
n .:]IIomia ............................. I 205, M0, 20,80 JE!J ) ; ! 10.82 1 47d, 840 2. 52
! i |
Eggs Milk
Consumptlon reglon
Quantity | Priee per | Quantlty | DIrice per
dozen cwt,
Thousonds Cenls 1,000 ths. Doilars
1 Mew Englentl .. 41,243 63,28 A6, 07 5.85
2 New York, New Jersey, Pennsylvonla, Maryland,
DolaWhmre . . oo mmmee 12,470 50, 58 235,220 5. 58
3 Virginis, West ¥irginig, North Corolina. 47,454 51.15 o2, 789 5,08
4 South Cnrollna, Georgis. . e 33, B3 54, 26 20, 002 1l
5 Alabomao 14, 633 52.19 12, 332 6,74
B Florldo. el 11,4930 51,70 14, 438 B.O7
7 Kantueky, Tannessse, .- %, 400 42,15 58, (54 4. 68
8 [odians. oo es — 33, 726 30. 30 40, 757 4.47
@ Ohio 35, 635 41.00 (3, 018 4.91
0 Michigna. .. 3, 697 39,91 63, 166 4,59
11 Minnesota P 56, W7 Je a7 120, 470 .51
12 WisconsIn, oo eaan 33,817 38, &b 217, 470 3.50
13 Iowna 73, 260 3B[M 4, 807 3.51
14 Missovrd. ... 28, 309 2t 50 46, 322 4.4
15 Illinots 42, 448 35. 52 55, 646 4,19
16 ArKRnSas. . oo eeeea 10, 582 47. 33 12, 332 4.00
17 Louisiana, Mssissippi. .o oo 17, 365 aL 1§ 26, 620 5.88
18 Tuxas. H, 731 4136 36, 540 6.5
10 ORI ARG e e ecmmaman 11,034 {4 18, 348 4, 81
o Kansng. 93,7587 32,60 24, 515 411
2l Nebrsska e e 27, 5B 375 25,417 3.31
22 North Dakot. oo oo oo 7,417 0. 08 21, 350 . 2,80
23 South Dokotn.aeeeaaae - W TH ALt 17,446 3.06
2} Montann, [dahe T8 43. 87 o5, 11 4, i2
By Wyemlng . e — Bf-2 45,75 2,406 4.20
26 Colorado ! 4,01 41. 60 10, 528 5.00
27 Nuw Mexleo, Arlzons. e E 3,63 5188 8,121 .23
28 {Jiah, Nevadn____..___. B : 5,517 4134 10, 377 4. 80
G Washington., _ rmmmmmmmmum——- _— 15, 104 46. 11 23,011 3.28
30 Oregen__.__ . 9,225 43, 42 13, 837 5. 40
B2+ T U 75, 06D 43,31 05, 800 5. 50

56




Land Use

Table 7 shows the total acreage devoted to each crop activity in
Solution ¥ The wheat requirement is 1,064 million bushels, requiring
about 55.2 million acres of land. A little more than half a billion
bushels of wheat are fed to livestock. This is about one-third of all
wheat. About 37.3 million acres of wheat sre needed for the food
}vhgab requirements; the remaining 18.0 million acres are for livestock
eed,

There e 64.6 million aeres in the feed grain rotation and 7.4
million aecres in the feed grain-soybenn rotation. Of the 7.4 million
acres, about 6.5 million ere in feed grains and 0.9 million are in
soybeans. Thus, in the equilibrium solution there are 71.1 million
acres of feed grains, Addeﬁ to the wheat-for-feed acreage, this makes
89.1 million acres in feed crops.

‘The 0.9 million acres in soybeans in the feed grain-soybean rotation
and the 15.9 million acres in soybeans total 16.8 million acres. Finally,
about 9.8 million acres of cotfon are required to meet the cotton lint
requirements of the solution.

evenfy-one million acres of the 224 million acres available are
not needed to meet the stated requirements. This idle land would
be availnble for allocation to other uses under the conditions of
Solution 8.

COMPARISONS WITH PREVIOUS RESEARCH

In an earlier publication, we reported results obtained with cost-
minimizing models and discussed the use of these models (7). These
cost-minimizing models employed the same set of basic production
and demand data as the model discussed here.

In the earlier study, the cost-minimizing solution was found with
the set of product requirements used here in Solution 7. In the present
study, a profit-maximizing selution was not attained for the require-
ments In Solution 7. Several factors account for this apparent
inconsistency. (1) The cost-minimizing model gives & more efficient
pattern of production than does the profit-maximizing model, es
pecially when used in copnjunction with a transportetion matrix.
In the profit-maximizing model, regional prices are set; their relation-
ships to one another are predetermined. In the cost-minimizing
model, regional price differentisls are functions of the imposed
transportation rates. (2) Regional price differentials in the profit-
maximizing models are different from transportation costs between
regions. In most cases, transportation costs are greater than pre-
specified price differences. (3} Our profit-maximizing model does not
afford the flexibility of allowing the prices of the different products
to change independeatly of one another. A more flexible approsch
would be to obtain the results to one solution, compare shadow prices
on unfulfilled demands, and increase product prices sccordingly.

The cost-minimizing solution to the set of demands represented
by Solution 7 gives national average prices of $0.98 a bushel for wheat,
80.85 a bushel for feed grains, $1.13 a bushel for soybeans, $27.86
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s ton for cottonseed, and 31 cents a pound for cotton lint. These
prices are derived by weighting the regional product prices by the
production within each region. Equi]j%rium prices in certain con-
sumption regions (especially the importing regions) may be consid-
erably bigher than the nationul average. The prices 1n importing
consumption regions will be greater by the magnitude of per unit
transportation rates. For example, the equilibrium wheat price in
New England in the cost-minimizing solution is $1.41. New Kngland
receives 1ts wheat from Ilinois, where the wheat price is $0.81. In
the profit-maximizing model, the price difference is only 18 cents.
Before prices are high enough to satisfy all the requirements in the
maximizing model the equilibrium price from the minimizing solution
must be at least equaled. '
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APPENDIX TABLES

“TABLE 16.—Estimated production costs per acre, by crop and
production region, 1975

Production reglon

Wheat

Corn

Qats

Barley

Graln
serghom

So¥-
binns

Cotlon

Doltars
.75

Dollurs

Dollars
50, 19

Dallars

59



TABLE 10.—Estimarted preduc:ion costs per acre,
production region, 1975—Continued

by crop and

Productlog reglon i Whest Corn Qats , Barley i Grealn Soy- i Cotton
: : s sorghum | beans E

Deldlars | Dellara | Dollers | Dollars Daollers | Dollurs

611 21. 65 230 .
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TABLE 11.—Estimated yields per acre, by crop and product
region, 1975
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STATE IDENTIFICATION OF CONSUMPTION REGIONS
AND PRODUCTION REGIONS CONTAINED WITHIN
CONSUMPTION REGIONS

Consumption Regions Production Regiong

1, New Bngland . _ oo ___.. None

2. New York, New Jersey, Pennsylvania, Maryland, 1-5

Delaware

3. Virginia, West Virginia, North Carclina__._____ 6-9, 13

4. South Carolina, Georgin___.__ ... ____________ 10-12, 14, 15, 2p, 123
8. Alabama__ 17-19, 123, 124

8. Florida_ . e 16

7. Kentucky, Tennessee . ... __._____ 22, 23, 27-29

8, Indisna e 34, 35, 37-39

B OBIO o e oo e 30-33

10. Miehigan. i 40, 41

11, Minnesoba . oo i 36, b8, 60-63

12, Wiseonsin. e 42-44, 39

18, Towme o o e 46, 54, 33, 57

14, MiSSOUTi. o L e 26, 50-52

15, IO, o o o o o e 36, 45, 47-49, 53

16, ATKAOSNS oo e oo e 25, 127, 128, 130, 144
17. T.ouisiuna, Miesissippt. o o oo 21, 24, 125, 126, 129, 131
18, TEXAS o e 95-103, 132, 183, 135-140
19. Chlabhomn. o eo.. 90-94, 134, 135
20. Kansns . . o mimm o a_. 31-89

21, Nebraska o e eeeeam 74-76, 78-80
22, North Dakota. . §1-68
23, South Dakota_____ ... 69-73
24. Wontans, Tdaho. oo 194107, 113, 115
23, Wyoming o e 108
26, ColornedO o e 77, 104-111
27, New Mexico, Avizons o ..-- 112, 141, 142
28, Utah, Nevadn oo oo 114
23, Washington . . e 117-11%
30 Oregon_ .o —ae iis

3L, CrlformiB . o o o e e e m e ———— 120, 121, 143
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