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A Programming Analysis of Interregional

Competition and Surplus Capacity of

American Agriculture!

by Earl O. Heady and Norman K. Whittlesey

This study is the third in a series dealing with inter-
regional adjustments of agricultural production and
land use.? While prior studies dealt mainly with bench-
mark situations in 1954, the current study emphasizes
interregional competition and surplus agricultural
capacity estimated to exist in 1965. The emphasis is on
interregional allocations of production for wheat, feed
grains, cotton and soybeans and on the flow of products
among consuming regions in a manner (a) to provide
an optimal United States use of resources and (b) to
mesh production exactly with consumption and export
requirements. The analysis is made by several linear-
programming models and solutions which include up
to 962 equations and 2,682 real variables.

Studies dealing with the interregional adjustment of
agricultural production are needed for several reasons.
An important need is a better assessment of the nation’s
surplus producing capacity in order that long-run solu-
tions might be provided for output, price and income
problems. Long-run solutions generally would require
adjustment of agriculture in line with the comparative
advantage of the many individual producing regions.
Some regions would remain in production of cotton,
wheat, feed grains and soybeans (the crops included in
this study); other regions would need to shift to less
intensive uses, such as grazing and forestry. Research is
needed to identify regions that might be expected to
orient their resources in each of these directions. Educa-
tional, capital and income policies might then be di-
rected accordingly.

The acreage-control programs in effect over the
1 Project 1406 of the Iowa Agricultural and Home Economics Experiment

Station, in cooperation with the Center for Agricultural and Economic
Devclopment and the United States Department of Agriculture.

2 Earl O. Heady and Alvin C. Egbert. Spatial programming models to
specify surplus grain-producing areas. In: Studies in Process Analysis.
Monograph 18. John Wiley and Sons, New York. 1963. pp. 161-214;
Alvin C. Egbert, Earl O. Heady and Ray F. Brokken. Regional changes
in grain productlon an application of spatial linear programming. Iowa
Agr. and Home Econ. Exp. Sta. Res. Bul. 521. 1964;

Alvin C. Egbert and Earl O. Heady. Regional adjustmems in grain pro-
duction; a linear programming analysis. U.S. Dept. Agr. Tech. Bul. 1241
(with supplement). 1961.

EARL O. HEADY is professor of economics at lowa State Univer-
sity, and NORMAN WHITTLESEY currently is with the Farm Pro-
duction Economics Division, Economic Research Service of the
United States Department of Agriculture as an agricultural econ-
omist but was with the Agricultural Adjustments Branch, Farm
Production Economics Division, Economic Research Service, United
States Department of Agriculture, at the fime this study was made.

past 30 years have tended to restrain and modify the
extent to which production can be shifted among re-
gions in response to relative changes in technology and
demand. Emphasis has been on the withdrawal of land
over all producing regions, rather than to let land re-
tirement concentrate in regions of least advantage. Con-
sequently, it is likely that the current allocation of pro-
duction among producing regions of the nation and
the corresponding flow of products to consuming re-
gions differs considerably from the pattern which,
through market or other mechanisms, might be reflected
in current tcehnology, population density and commod-
ity demand in the various sections of the country. Exist-
ing quantitative tools permit the determination of op-
timal regional production patterns, obtained either
through simulated market equilibrium or through gov-
ernment programs oriented toward market equilibrium.
This study has been made to examine these different
conditions.

Objectives of the Study

The major purpose of this study is to define efficient
interregional allocations of food and fiber production
over the United States and to designate the possible
effect of alternative market equilibriums or farm pol-
icies in attaining or restraining these patterns. Inter-
regional shifts in food production have been restrained
over most of the past 3 decades by government policies
tied to historic acreages and aimed at curtailing produc-
tion. Important changes have taken place in popula-
tion location, technology, factor prices and other vari-
ables which otherwise alter the comparative advantage
of producing regions. Institutional factors, however,
have impeded the shifts that would otherwise take
place under these changes, and the pattern of land use
under an efficient production pattern is not well known.
Therefore, the specific objectives of this study are:

1. To indicate the amount and location of land that
should be withdrawn from wheat, feed grains and cot-
ton production if surplus production were eliminated in

1965.
2. To reflect an efficient allocation of production
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and land use under a minimum cost objective function
for alternative adjustment or supply-control programs.

3. To specify the impact of programs aimed directly
at wheat or feed grains upon the production allocation
of nonprogram crops.

4. To analyze the effect of changes in final demand
upon the allocation of production and land disposal.

5. To formulate optimal land-use patterns when
marginal land within, as well as between, regions is re-
moved from production.

Other objectives of the study are:

6. To estimate the regional and national derived
equilibrium product prices under each of the program
alternatives.

7. To estimate the regional rental value of cropland
and acreage quotas under optimal land-use patterns.

8. To determine the net interregional flows of final
products under the production patterns of each pro-
gram alternative.

PROGRAMMING MODELS

The objectives of this study are achieved by use of
three linear-programming models. Several solutions,
providing information about specific variations in re-
straints, demand and farm programs, were derived for
each model. The models each include 144 spatially
separated producing regions. About 96 percent of the
national output of wheat, feed grains, cotton and soy-
beans is produced in the 144 regions. Regional bound-
aries are county lines. The individual regions are con-
sidered sufficiently homogeneous with respect to soil
types, climate, historic yields and production costs to
serve as a producing entity. Each region has a potential
of four production possibilities: wheat, feed grains, soy-
beans and cotton.

The models also contain 31 spatially separated con-
suming regions, defined by state boundaries of 48 states,
to reflect the projected demand requirements of wheat,
feed grains and oilmeals (a single national demand was
specified for cotton lint). The discrete demand quanti-
ties are composites of industrial (for both food and non-
food uses), livestock and export needs for each region.
The 1,400 transportation activities provide for the
movement of wheat, feed grains and oilmeals among
the consuming regions. Transportation activities are
defined only between groups of producing regions ag-
gregated to the level of consuming regions, rather than
from individual producing regions to consuming regions.
A transfer activity in each consuming region allows
wheat to be used for livestock feed at a “transforma-
tion” cost varying upward from zero. This activity and
the “transformation” costs attached to it provide the
possibility of considering single- or multiple-price plans
for wheat.

Acreage restraints, provided individually for wheat,
feed grains and cotton in each producing region, are
based upon the historical acreage of each crop within
the region. Acreage restraints for individual crops are
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varied, however, for models representing different as-
sumptions regarding agricultural programs. The upper
limit on soybean production is set at 40 percent of total
cropland acreage dn each producing region. Minimum
production was not required of any crop in any region.

Basic Model

Since construction of the three models was similar,
we include a mathematical summary of a “basic model”
whose characteristics are common to all programming
models used. The objective function, indicated in equa-
tion 1, relates to minimizing national costs of produc-
tion and interregional transportation of the bill of goods
represented by demand of the 31 consuming regions for
wheat, feed grains, cotton and oilmeal,

Min f(X) = C'’X (1)

In equation 1, C is an (nk + t) row vector including
production, transfer and transportation costs corre-
sponding to k crops, n producing regions and t transfer
and transportation activities; X is an (nk + t) vector
representing levels of crop production, transfer and
transportation activities. Equation 1 is minimized sub-
ject to the conventional restraints AX =b and X =0
where A is a coefficient matrix of (pn + md) (nk + t)
order (conforming to the p land restraints for each pro-
ducing region, m demand regions and d regional de-
mand restraints) and b is a (pn + md) column vector
reflecting maximum acreage restraints in each pro-
ducing region and minimum demand requirements in
each consuming region. More specifically, the objective
function is

144 4

fiie Je="Sir >
j=17 k=1

31
T X
s=1

30 303
Cjk Xjk + 2 2 2 Cmrmex'p
m=1 r=1 p:l

csR¢ = Minimum

(r#m), (2)

c;x = the cost of producing one unit of the
kth crop in the jth producing region,

Cmrp — the cost of transporting one unit of the
pth commodity to (from) the rth de-
mand region from (to) the mth demand
region (r = 30 is the maximum number
of such activities that may occur for
any crop, since there are 31 demand
regions),

cs = the cost (artificial price differential) of
using one unit of wheat as a feed grain
in the sth demand region (s=m),

Ry = the level of the activity transferring
wheat into a feed grain in the sth de-
mand region (m =s),

Ty = the level of transportation of the pth

commodity to (from) the mth con-

suming region from (to) the rth con-

suming region (p equals 1, 2, 3 for



wheat, feed grains and oilmeal, respec-
tively), and
Xjx = the level of the kth producing activity

in the jth producing region (k equals
1, 2, 3 and 4 for wheat, feed grains, soy-
beans and cotton, respectively).

Total production in the ith region is restrained by the

total cropland equation,

4
3 A (=] = 1325, 1440 2 ()
k=1

by =

and by the intraregional upper bounds on acreage for
each crop as in,

bie = a;nXix (i=j=12,..,144;
k = 1,2,34).(4)

Other variables of equations 3 and 4 are defined as:

a;jx = the amount of land used by one unit of
the kth producing activity of the i = jth
producing region (k equals 1, 2, 3 and
4 for wheat, feed grains, soybeans and
cotton, respectively),

by, = the amount of land available for use by
the kth crop in the ith producing re-
gion, and

bi, = the total cropland available for produc-

tion within the ith producing region.

Minimum requirements for wheat, feed grains and oil-
meals in each consuming region are reflected in equa-
tions 5, 6 and 7, respectively. These demands must be
satisfied by producing regions within the consuming
region or by shipments from other consuming regions.

n 30
dml == 2 XjIle + E emrlerl + emsRs (5)
=1 r=1
(mi=s=12..31r L),
n 30
dm:’ = 2 ijsz + 2 emr'szrz + emsRs (6)
1= r=1
(m = s =12,...31; r=%=m).
n n 30
dm.’} = 2 XjBPjS + EXj4P’j4’_‘2
eu11'3Tm r3 ( 7 )
i= j=1 r=1

(m=12:..31; r==-m).

The single national demand for cotton lint is,

144
dc — S, Xj4Pj4 2 (8)
It
The variables of the demand equations are:
d. = the national demand for cotton lint ex-
pressed in pounds,
dyp = the demand for the pth commodity, ex-

pressed in feed units,® in the mth de-
mand region where p is defined as
above,
the amount of the pth commodity trans-
ported to (from) the rth consuming re-
gion from (to) the mth consuming re-
gion by the mrpth transportation ac-
tivity (p equals 1, 2 and 3, respectively,
for wheat, feed grains and oilmeals),
ems — the amount of wheat transferred from
the mth wheat demand restraint to the
mth feed-grain demand restraint by one

€mrp

unit of the sth transfer activity,
(m = s),
P;x = the per unit output of the kth activity

in the jth producing region, expressed
in feed units for all products except cot-
ton lint, which is expressed in pounds
(k is defined as above), and

P’;s = the oilmeal output, in feed units, of the
cotton activity in the jth producing re-
gion.

The “basic model” just summarized is the same as
models I and II applied later. The basic models form
a matrix of the order 674 x 1,814 without slack vectors;
this is shown in tabular form in table 1. Model III dif-
fers slightly and will be explained later. It has 962 re-
straints and 2,682 real activities.

Specific Models

Potentially, four individual producing activities were
available in each of the 144 producing regions. How-
ever, activities were included in an individual region
only if it had a historical record in producing the crop.
There were 144, 134, 99 and 58 regions having pre-
viously produced feed grains, wheat, soybeans and cot-
ton, respectively. Although cotton contributes lint for
the single national demand, oilmeal from cottonseed
contributes to individual regional demands. The output
of each crop activity is considered to contribute directly
to demand at zero transport cost in the consuming re-
gion where it is produced (fig. 1).*

All models have regional acreage restraints for each
of the major crop activities. Regional restraints also
exist for acreage of total cropland. Individual regional
crop-acreage restraints need not sum to total cropland
acreage in each region, since the former reflects the
maximum allowable production of each crop in the re-
gion, to simulate various supply-control programs.

Regional production requirements were estimated
for wheat, feed grains and oilmeals and include quanti-
3 All crop-activity outputs, except cotton lint, were converted to equiva-
lent feed units for use in computations and for comparing the output
of various activities with final demands. Since each consuming region
had feed-grain demands for which all feed-grain activities and wheat
activities competed, the output of the four feed grains and the wheat

were most conveniently expressed in similar units. Soybeans and cotton-
seed were similarly expressed in equivalent feed units.

* Figures 3 and 4, showing the physical location of each producing and
consuming region, may aid the reader in grasping this point.
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Table I. Tabular illustration of models | and Il without the identity matrix.

Activities
Type of Producing® Wheat Transportation Number
Fe- Feed Soy- feed arain Feed Qil- of
Row names straint Wheat grain beans Cotton  transfer® Wheat grain meals rows
Land
CHEIL s s 7 e e cam i = | | | 144
Wiheatn 5.8 S0l e = | 134
Feed grainlii. oo = | |44
Soybeani | ) S8 e siis = 99
CTOH N b do mvwii = | 58
Demand®
WhHeaTi T et o w s = p? —-a® —-a° 31
Feed graini............ = p¢ a —5° 31
OilmeBlse At 25 4 5o s = p? 5 31
Wheah ................ = a*
Feed graing .. «es s = a®
Qilmealsz, .weme s s L = a®
Cotton lint . oie o s s nais = P |
[T i e e BN R S = & c & @ € C (2] |
Number of activities 134 144 58 31 459 459 430
2 All producing activities shown are assumed to be contained in the first demand region.
®The amount of wheat transferred into feed grain in the region.
<Demand restraints for two regions (indicated by subscripts | and 2) are shown to demonstrate the effect of the transportation

activities.

9The output of each activity. It is expressed in feed units for all activities except cotton lint which is expressed in pounds.

¢The amount of each commodity transferred within a region or between regions by one unit of the transportation activities.

"The per-acre cost of each activity.

ties for human food, livestock feed and foreign export.
A single national demand was specified for cotton lint.
Except for two solutions of Model I, demand constraints
were similar for all solutions in the sense that they re-
quire the same total production and the same final prod-
uct distribution. The two exceptions are solutions of
Model I to examine the effects of different levels of
demand and price on interregional production patterns.

Transportation activities (459, 459 and 430 activities
for wheat, feed grains and oilmeals, respectively) were
included for all rational possibilities of commodity
movements among consuming regions. Movement was
assumed to originate and terminate at the geographic
center of consumption regions. A transfer activity in
each consuming region allowed the use of wheat for
feed in cases where the farm crop serves as an efficient
source of livestock feed.

Model |

Model I is basically the one previously outlined in
mathematical form. Its solutions serve as the basis for
comparison with those from other models.

Model I has cost coefficients of the wheat—feed-
grain transfer activities equal to zero, implying a mul-
tiple-price plan for wheat. Wheat can be used for live-
stock, at a price equal to its equilibrium feed value, as
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long as wheat requirements used for food and export
purposes are first attained (at a price level correspond-
ing to these uses).

Model Il

Model II is the same as Model I except that wheat
—feed-grain transfer activities have nonzero costs. The
cost is assumed equivalent to the differential between a
supported price of wheat at $1.95 per bushel and the
price of corn at $1.10 per bushel. The cost differential
varies, however, depending upon the actual historical
ratio of wheat and corn prices in each consuming re-
gion. Hence, this solution examines the regional pro-
duction distribution when all wheat is priced at a higher
support level, but with the possibility that it can be
used as feed grain if this “excess price” is considered
for its usage as feed grain. This cost is assumed rep-
resentative of the difference between the equilibrium
value and the supported price of wheat. In this model,
wheat and feed-grain production patterns are analyzed
under the assumption of a single-price level (supported
at its historic “food” level) for wheat.

Model 11

Model III differs from Model I with respect to the
structure of cropland restraints. Cropland in each pro-



ducing region is divided into three production or soil
categories on the basis of the estimated differences in
crop yield and permissible cropping intensity. This
change has the effect of multiplying total cropland con-
straints and producing activities by three, resulting in
a coefficient matrix with 962 constraints and 2,682 real
activities. This condition adds realism in the sense that
it is no longer necessary to have complete retirement
of a region from production of a particular crop activity.

Product prices

Equilibrium prices for the final products, in the
programming sense analyzed here and not in a market
equilibrium context, are valuable by-products of least-
cost, linear-programming models. These prices, in-
cluding equilibrium land rental values, reflect (a) the
relative scarcity of factors of production and (b) the
per-unit costs in the least efficient producing region
used to satisfy the final product demand in a given con-
suming region. If inshipments of products are not in-
volved, the construction of shadow or equilibrium prices
for crops, P, is

ot (&l C 2 ) (9)
b
where C,, is the per-acre cost of production, L is land
rent per acre, Q is the value of production quotas (if
any) per acre and Y is yield per acre. In this case, the
cost and yield are those of the highest cost producing
region employed within the particular consuming region.
Both the land rent and the quota value of this pro-

ducing region may be greater than zero, since more
than one crop competes for the cropland. If inshipments
are necessary or desirable to satisfy the demand in ques-
tion, the price construction becomes more complicated.
The transportation cost, G, must be included in equa-
tion 9. The equation then becomes
p :Cp-i-L-I-Q—FCL ;
Y.
where C,, L, Q and Y now refer to the highest cost
producing region supplying the demand in question.
This producing region will seldom be within the con-
suming region whose product price is being determined,
and the prices for different products and regions will be
determined simultaneously in the model.

(10)

PRODUCTION DATA

This study is a continuation of a series initiated in
1955 by Iowa State University and the United States
Department of Agriculture.” Data for the earlier studies
served as the initial base from which certain coefficients
for the current study were projected. The early models
were representative of the year 1954, except that acre-
ages serving as maximum production constraints were
for 1953. The year 1953 was the last one in which

5 For reports of earlier work, see: Earl O. Heady and A. C. Egbert;
ibid: Alvin C. Egbert and Earl O. Heady. Regional adjustments in grain
production: a linear programming analysis. Dept. Agr. Tech. Bul.
1241, 1961; and Alvin C. Egbert, Earl O. Heady and Ray F. Brokken.
Regional adjustments in grain production; an application of spatial linear
programming. Iowa Agr. and Home Econ. Exp. Sta. Res. Bul. 521. 1964
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Fig. |. Spatial location of preducing regions.
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major farm programs did not restrict acreages of wheat,
feed grains or cotton. In general, the methods of the
earlier studies were used with yields and costs by re-
gions projected to 1965, the year to which this study
refers. However, modifications were made, where pos-
sible or necessary, to improve coefficients and provide
data unique to particular models.

Producing Regions

The producing regions from the earlier studies
formed the basis for those used in this analysis. The
programming regions, circumscribed by political bound-
aries, are based primarily on state economic areas or
groups of counties. These areas are assumed internally
homogeneous with respect to type of farming and re-
source productivity. However, they are used mainly be-
cause most production information is reported only on
the basis of counties or economic areas. In cases where
four classes of economic areas or groups of counties
were defined, the programming regions for crop pro-
duction were demarcated by the following procedure:

1. Those with grain production uniformly distrib-
uted (i.e., the concentration of grain acreage within
each county was approximately the same for all coun-
ties in the economic area). a. Total harvested acreage
of crops used in the study was 25 percent or more of
total cropland. b. Total harvested acreage of study
crops was less than 25 percent of total cropland.

2. Those with grain production not uniformly dis-
tributed. a. Same as la. b. Same as 1b.

By using this breakdown, economic areas or coun-
ties were aggregated into producing regions if they (a)
were contiguous and (b) had similar yields and produc-
tion practices. Some producing regions consist of only
one state economic area; others represent an economic
area and a group of counties, or are made up of coun-
ties only. The 144 producing regions shown in fig. 1
resulted. The numbered regions are those used for pro-
gramming purposes in the study. Regions without num-
bers were not incorporated into the analysis; they rep-
resent only about 4 percent of national production of
the crops in question. Production in these nonpro-
grammed regions is subtracted from the appropriate
demand requirements in defining regional demand re-
straints for the models.

All production cost and yield coefficients used are
for the 144 programming regions and are those expected
for 1965 under normal production practices. A single
cost and yield is used for each crop over all relevant
acreage in a given region.

Production Constraints
Cropland: Models | and I

Models I and II have a single upper restraint to
limit acreage of each crop in each region. In general,
1953 acreages are used for these regional cropland re-
straints, because acreage controls were not used to limit
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the production of crops in that year.® Both intraregional
and interregional adjustments in crop production are
thus allowed within the boundaries of the regional pro-
duction capacity reflected by 1953 acreages. In addi-
tion, a total crof)land restraint, b;,, in each producing
region is defined as

7

3 A (=12 n i i COTEL)
k=1 k=12,.,7)

where A, is the harvested acreage of the kth crop
(wheat, corn, oats, barley, grain sorghums, soybeans or
cotton) in the ith region in 1953. Where 1953 data
were not available, 1954 census data were used to estab-
lish this restraint. Also, in any case where 1954 acreage
was greater than 1953 acreage, the larger of the two
totals was used. In equation 11, the A;; for wheat in-
cludes summer fallow acreage for regions where this
practice is used.

bio =

Il

Acreage quotas

The individual restraints indicated in equation 4
were used to simulate production-control programs in
models testing various policies. They are referred to as
acreage quotas at later points in this bulletin. As a basis
for these individual crop restraints, it was necessary to
establish a regional base acreage for each crop activity.
These base acreages, consistent with procedures used in
administering production-control programs, represent
historical production patterns for each producing region
computed as 1951-60 average acreages. The 10-year
average acreage, by, first was computed for each crop
as

10
N 3 b
b = t=1 (i=12,...,144; (12)
10 k=121 %

where by, is the acreage of the kth crop in the ith re-
gion during year t. The base acres for the several crops
were summed. The proportion of each then was com-
puted as

7 =]
Pix = bix [ 3 bu ] (i=1,2,..,144; (13)
k=1 k=12 o fy iy

where Pjy is the 10-year average proportion of acreage
devoted to the kth crop in the ith region. This propor-
tion then is used to establish the base acreage of the
kth crop in the ith region. For example, the base acre-
age of wheat, by, in the ith region is
bia = Pisbio. & (i =1,2:.144)0 - (14)

where b;, is the total acreage restraint for the ith re-
gion and pj; is the 10-year average proportion of the
acreage devoted to wheat. A similar base acreage was
established for feed grains, wheat and cotton in each
region. The upper limit on soybean acreage in each
region is set at

% Nationally, the total acreage of wheat, feed grains, cotton and soy-
beans was greater in 1953 than in any previous or subsequent year.



bis = b, (0.4) [i==1.2;..,144) = 4(15)
Hence, for many regions, we assume that soybeans can-
not be grown on more than 40 percent of the existing
cropland without a significant effect on yield or soil
erosion. However, in regions where the historic per-
centage of soybeans, pis, was greater than 40, the
larger actual percentage is used. In instances where
pik = 0, the kth crop was assumed not adaptable in
the ith region.

The base acreages of each crop were used in five
solutions of the programming models. The remaining
solutions were derived while using variations of the
wheat, feed-grain and cotton base acreages to simulate
various government-control programs. Hence, if we set
bi: =bi,, while feed grains and cotton are held at their
base acreage, a policy of no acreage restriction on wheat
production is simulated. Likewise, if regional acreage
restrictions of wheat are set at b;; =0.9b;,, the wheat
program of 1961 is simulated, since it allowed wheat
acreage to be only 90 percent of the base acreage.

Cropland: Model Il

Model IIT allows three qualities of land in each re-
gion. Basic assumptions used in this model were (a)
that land of one quality can be farmed independently
of land of a different quality, (b) that the over-all costs
of producing a crop are equal for the three land qual-
ities, and (c¢) that land of different qualities differs in
the yield per acre and in possible cropping intensity.
For example, the best quality of land may be used for
continuous corn, while erosion problems allow corn in
only 3 out of 5 years on land of another quality. Hence-
forth, the three qualities or groups of land will be re-
ferred to as: Class 1 (the best land), Class 2 and Class
3 (the poorest land).

Model III requires a uniform method of classifying
soils among regions. Shrader and Landgren’ indicate
that the Conservation Needs Inventory (CNI) of the
U.S. Department of Agriculture® is the only consistent
set of soil groupings throughout the United States. Al-
though this classification scheme was designed to in-
dicate erosion susceptibility and to guide intensiveness
of land use, it is the best available method for classifying
soil according to productivity and is used in the current
study.

The CNI study defined eight (I-VIII) classes of
land, and subdivided these into subclasses (a-h) ac-
cording to particular problems regarding erosion and
cropping intensity. The risks of soil damage or limita-
tions in use become increasingly greater from Class I
to Class VIII. Soils in the first four classes are capable,
under good management, of producing adapted cul-
tivated field crops. Classes V-VII are capable of pro-
ducing some crops under highly intensive management

7 William D. Shrader and Norman E. Landgren, Land use implications
of agricultural production potentials. Department of Economics and Socio-
logy. Ames, Iowa. Unpublished paper. 1962.

8 United States Department of Agriculture. .Basic statistics of the na-
tional inventory of soil and water conservation needs. Needs Inventory

Committee. U.S. Dept. Agr. Bul. 317. 1962.

practices but are better left in their natural vegetation.
Class VIII soils do not return on-site benefits for inputs
of management of crops, grasses or trees. However,
areas classified as cropland in nearly every county of
the United States include land of one or more of the
soil classes V-VIII.

For the current study, a sample of counties was
drawn from records of the CNI study for each of the
144 producing regions.” Three soil classes were deter-
mined accordingly. For purposes of the current study,
identification of soil groups by regions is this:

(1) Class 1 of this study equals the CNI classes I
and IIT,

(2) Class 2 of this study equals CNI class III, and

(3) Class 3 of this study equals CNI classes IV-

VIIL.

A cropland restraint was established for each of the
regional soil classes of this study. Since all crops of
this study are fairly intensive, it was deemed necessary
to adjust the sample distributions of cropland in the
various classes for the potential erosion hazard involved.
This adjustment made the sample distribution of soil
classes consistent with the total cropland restraints used
in each region. To clarify this requirement: Assume
that a region has only two classes of cropland, Class I
and Class IVe, in equal proportions of 100 acres each,
and that corn is the only grain crop grown in the re-
gion.** Class I land could be in continuous corn and
Class IVe land could be in corn only 3 out of 5 years.
This structure would need to be reflected in the regional
historical acreage of corn in the region. The base acre-
age of corn for this region would be 100 + 100 (0.6) =
160 acres, and this figure would be used as the cropland
restraint in the context of this study. Notice, however,
that only 37.5 percent of this acreage would be on
Class IVe land, as compared with 50 percent of Class
IVe land in all cropland of the region.

To make the adjustment just described, it was
necessary to use state totals for the complete break-
down of cropland by class and subclass. The estimated
acres of cropland, available after considering the inten-
sity with which land could be used, in each of the three
productivity classes by region were substituted for the
total cropland used for models I and II. Crop yields
also had to be estimated for each of these three soil
classes. The process used in making these yield estimates
is explained for equations 16 and 17.

Crop Yields

All input-output coefficients, including crop yields,
were estimated for 1965. Crop yields and per-acre costs
were estimated for each of the 144 producing regions.

% The county data from the Conservation Needs Inventory was acquired
from records at Iowa State University and various state Soil Conservation
Service offices.

10 The subclassification ‘‘e’” denotes a potential erosion hazard in the
CNI classification. United States Department of Agriculture. Basic sta-
tistics of the national inventory of soil and water conservation needs.
Needs Inventory Committee. U.S. Dept. Agr. Stat. Bul. 317. 1962.
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Yield data: Models | and

Crop yields first were projected to 1965 for each
state. Average state yields per harvested acre for the
years 1944-62 formed the basis for the projections. The
state yield for each crop was estimated by the linear
regression

Yie = a + bt, (16)
where Yy, refers to the 1965 estimated yield of the kth
crop in the gth state and t refers to the year. (Where
b was negative, the mean for the series was used as Yi..)
These projected figures were used for the 1965 state
yields, except for certain “boundary conditions” used
to insure against unreasonable or unattainable yields.
In no case was a state yield projected beyond the high-
est level attained during the base period.

To complete the estimation process, it was necessary

to compute relative mean yields for each state, Yy,

and regions within states, yi.i. These estimates were
made from data for the period 1950-60. Some cases
were encountered in which regional data for the 11-
year period were not available. In these instances, cen-
sus data for the years 1949, 1954 and 1959 were used
to compute the mean estimates.

These mean yields were assumed comparable to one
another and were used in predicting regional crop yields
for 1965. The following relationship was assumed in
estimating the 1965 yields by producing regions:

LS }_’kg i Yk 55
RS e A SR 17
Yie Y. (17)

In equation 17, yi; refers to the 1965 projected yield
of the kth crop in the ith region and gth state.

Model |1l crop yields

As described, the cropland restraints of each region
were divided into three production categories in Model
ITI. It was necessary to estimate crop yields for each
of the three land classes in each programming region.
(Total variable costs of production were assumed gen-
erally the same for all classes of land within a region,
an assumption substantiated by budget studies for the
various CNI land classes in Texas and Oklahoma.)™
The only differences assumed in crop production on the
three land classes within a region were reflected by
crop yields.

The procedure for estimating crop yields by land
class incorporated the concepts discussed in the previous

1 Larry J. Connor, William F. Lagrone and James S. Plaxico. Resource
requirements, costs and expected returns; alternative crop and livestock
enterprises; loam soils of the rolling plams of southwestern Oklahoma.
Okla. Agr. Exp Sta. Processed Series P-368. 1961.

J. W win, J. S. Plaxico and William F. Lagrone. Resource re-
quircments, costs and expected returns; alternative crop and livestock
enterprises; clay soils of the rolling plains of southwestern Oklahoma.
Okla. Agr. Exp. Sta. Processed Series P-357. 1960.

William F. Lagrone, P. L. Strickland and J. S. Plaxico. Resource re-
quirements, costs and expected returns: alternative cropland and live-
stock enterprises, sandy soils of the rolling plains of southwestern Okla-
homa. Okla. Agr. Exp. Sta. Processed Series P-369.

DS oore, K. R. Tefertiller, F. Hughes and R. H. Rogers. Pro-
duction costs and expected returns; alternative crop and livestock enter-
prises; clay soils in the northern portion of the rolling plains of Texas.
Tex, Agr, Exp. Sta. Misc. Publ. MP-445, 1960.
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paragraph. Yield data based upon the CNI soil class
were scarce, but some observations were available and
useful for establishing estimational methods.'> These
crop-yield estimates by soil class were assumed repre-
sentative of the relative within- region yield responses
for all regions. It was recognized that class 2 land in
Towa is not the same as class 2 land in New Mexico.
However, the land classes were established by soil
scientists such that class 2 land relative to class 1 land
in Towa is about the same as class 2 land relative to
class 1 land in New Mexico. It was possible, by using
the above-mentioned data, to construct yield response
equations, relative to the regional mean yield, that gave
consistent estimates by land class for all regions. The
estimated yields were weighted by the CNI soil-class
acreages to provide yield estimates for the soil classes
used in this study.

Production Costs

Cost coefficients, estimated for each crop in each
region, were brought up to date from the 1954 data'®
by use of indexes of costs and technological trends. The
cost figures estimated for 1965 include expenditures for
labor, machinery and power, chemicals and miscella-
neous inputs. Charges for land and overhead costs, in-
cluding management, housing, purchasing and selling
were not included. These costs usually represent 10 per-
cent or more of total production costs but, for lack of
data, were not included in estimates.

Individual feed-grain crops were not included as
distinct activities in the programming models. Instead,
the corn, oats, barley and grain-sorchum crops were
aggregated into a single producing activity for each re-
gion. The output of this activity, and therefore the
costs, consisted of a weighted average of each of the
regional feed-grain crops. The weights used were the
same as those employed in computing regional acreage
restraints for individual crops. In other words, the
weight of each crop included in the feed-grain activity
was based upon the historical acreage of that crop.

Demand Data and Restraints

The consuming regions, with separate discrete de-
mand restraints for food wheat, feed grains and oil-
meals, are shown in fig. 2. Usually, each consuming re-
gion is a single state. Coastal states were used as single
consuming regions so that as few ports of export or
import as possible would be included in each. In the less
populated areas of the West and in the smaller states
of the East, regions sometimes include more than one
state.

Demand restraints for wheat, feed grains and oil-
meals were computed for each of the 31 consuming
12T, E. Corely, C. M. Stokes and F. A. Kummer. Mechanized cotton
production in Alabama. Ala. Agr. Exp. Sta. Circular 127. 1959: Good-
win, Plaxico and Lagrone, op. cit.; Lagrone, Strickland and Plaxico, op.
cit.; S. Moore, K. R. chertiller &J F. Hughes and R. H. Rogcrs
Ploductmn requirements, costs and C\peclod returns for crop enterprises,
Harland soils—high plains of Texas. Tex. Agr. Exp. Sta. Misc. Publ.
MP-601. 1962; Moore, Tefertiller, Hughes and Rogers, op. cit.

18 Heady and Egbert, op. cit.




Fig. 2. Spatial location of consuming regions.
regions. The regional demand restraints, reflecting ex-
pected consumption patterns for 1965, are based on
projected livestock production patterns, historical in-
dustrial uses, average patterns of export, population,
per-capita consumption and normal price levels. The
1965 United States population was estimated to be 193.6
million persons.™*

Exports

Exports for commodities were assumed equal to
average levels of the years 1957-61. Data'® for every
major port were used to compute the normal export
levels, which then became a portion of the total demand
for the respective consuming regions.

Wheat

The total demand for wheat was computed to in-
clude both domestic and export requirements. Wheat for
domestic purposes was broken into five categories: (1)
flour and cereal consumption, (2) industrial uses, (3)
military procurements, (4) net exports of flour and
(5) wheat commonly used for feed. The average per-
centage of United States flour production by states
was used to distribute the estimated total domestic
wheat demand among consuming regions. Regional
flour production during the 1950-60 decade was ex-
1 United States Bureau of Census. Current population reportisqs

tion estimates. U.S. Dept. Commerce. Series P-25, No. 180. g

United States Bureau of Census. C nt population reports, population
187. 1958.

estimates. U.S. Dept. Commerce. Series P-25, No. T
15 .S, Dept. Agr. Grain Market News. 1956-61.

popula-
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pressed as a percentage of total flour production. These
percentages were then multiplied by the aggregate
domestic wheat demand to make the regional alloca-
tions. This procedure accurately accounts for about 97
percent of wheat consumption at the level of domestic
processing.

Feed grains

Regional feed-grain demands are a composite of re-
quirements for corn, oats, barley, grain sorghums and
wheat used for feed. The total regional demand for feed
grains also includes exports and domestic consumption.
Domestic consumption of feed grains, while dominated
by livestock needs, also includes some disappearance for
processed cereals and industrial uses.

The 1965 total food-demand restraint of each feed
grain was estimated by projecting per-capita consump-
tion rates and multiplying them by the estimated 1965
population. Demand restraints were then distributed to
consuming regions by Census of Manufacturers records
of processing and value of shipments for these grains.'®
Aggregate 1965 livestock needs for feed grains were
estimated by projecting the 1956-62 trend in total feed-
unit consumption of the four major crops. The distribu-
tion over consuming regions was accomplished on the
basis of estimated grain consumption in each region.

Oilmeals
The domestic soybean consumption has increased

16 U.S. Dept. Agr. Cotton Situation. C:S-202. 1962.
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steadily for many years. Therefore, the 1951-61 trend
in consumption of soybean meal was linearly projected
for the 1965 consumption. A similar procedure was used
for projecting annual domestic consumption of cotton-
meal. The distribution of domestic oilmeal demand
among consuming regions was accomplished on the
basis of estimated regional livestock consumption. Jen-
nings’ estimates of cottonseed and soybean meal con-
sumption by states for 1949 were used to compute the
percentage of United States total consumption for each
consuming region.'” The percentages were then adjusted
for the trend in grain-consuming animal units within
each region.

Cotton

The 1950-61 trend in per-capita consumption of
cotton fibers was projected to 1965. Regional demand
restraints for cotton lint were not used, since transpor-
tation costs of fiber are low relative to the specific
value of the fiber and are unimportant in determining
the regional allocation of production.

Price and Demand Levels

The domestic demand restraints were based on
domestic demand at the “normal” price level (table 2).
To test the effect of various domestic demands at other
price levels upon resource use, prices were assumed to
change to the other levels. The effect of the price
changes upon the total demand quantity of each prod-
uct was then evaluated, and the various demand levels
were used as restraints, under a constant set of acreage
constraints, for indication of optimum regional produc-
tion patterns.

In computing the demand restraints associated with
each price level, a constant price elasticity of demand
was assumed for each major commodity, based upon
Brandow’s estimates of demand and supply relation-
ships.*® These were -0.23 for feed grains and oilmeals,
-0.02 for wheat and -0.40 for cotton lint. (Exports were
considered constant, because the over-all level of exports
depends more upon government policies and other non-
quantitative factors than upon price.) The various total
demands (table 2) were allocated to regions in the
manner described for the “normal” demands. The sev-
eral demand levels were used only in Model I, to com-
pare the effects of changes in the relative level of farm
prices upon patterns of production and cropland re-
quirements.

Wheat—Feed-Grain Transfer Costs
Models I and III have zero costs on the intraregional

transfer of wheat into feed grain. In these models, the

17 R. D. Jennings. Animal units of livestock fed annually, 1909 to 1955.
U.S. Dept. Agr. Stat. Bul. 194. 1956.

8 G. E. Brandow. Interrelations among demands for farm products and
lll!%)lhcaﬁon for control of market supply. Pa. Agr. Exp. Sta. Bul. 680.
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Table 2. Domestic demands for commodities at three price levels.

Price level
Crop | 3 5
L
(normal)
Wheat (food)
[t s, T 602.31 598.25 B95.7
Feed grains
(Milibu; coml) iz e 5.817.12 5418.30 5,124.52
Oilmeals
(mil. bu. soybeans) ...... 573.61 534.28 505.31
Cotton
(10 P | T W S T 4,470.38 3,953.31 3,581.36

only criterion to determine the use of the transfer ac-
tivities was the relative production costs of wheat and
feed grains. The assumpion in these models is that a
two-price plan for wheat is in effect (ie., if the food
demand for wheat is met, other wheat can be used for
feed grains if its production costs are sufficiently low).
However, a one-price plan for wheat is assumed in
effect for Model II. In this model, wheat would be sup-
ported at a price above its normal equilibrium level.
Wheat could still be used as a feed grain, but only if
its value of food wheat were paid in its transfer to feed
grain. The support price creates an artificial opportu-
nity cost for wheat used for feed. The transfer activities
thus are charged a ‘“cost,” in general equal to the dif-
ference between the projected prices of wheat and corn
within the respective consuming regions. To estimate
the prices of corn and wheat in each consuming region
(table 3) the average product price in each state, based
on the national average for 1965 ($1.10 and $1.95 per
bushel for corn and wheat, respectively), was converted
to a regional basis.

Transportation Data

Approximately 1,400 transportation activities are
included in the programming model to allow commod-
ity distribution possibilities and an optimum spatial
allocation of production processes while satisfying re-
gional demands for each major commodity. Transporta-
tion costs are involved only if commodities move be-
tween consuming regions. Transportation activities
were specified for each of the regional demand aggre-
gates (wheat, feed grains and oilmeals).

Rail rates were assumed to accurately reflect the
costs of transporting wheat, feed grains and oilmeals
among the various consuming regions. The lack of
data for truck transportation and the difficulty of in-
cluding combinations of rail and barge rates or barge
and truck rates excluded the use of these rates. For this
study, actual flat rail rates were computed from the
1962 Interstate Commerce Commission tariff schedule.
Transportation rates were the only items included in
the programming models not projected to 1965. The
construction of these rates is complex and is dependent
upon government policies. All rates used in this study



Table 3. Estimated prices of corn and wheat for price level num- Table 4. Points selected within consuming regions for determining
ber 3, by consuming region. transportation rates among all consuming regions.
Region Corn Wheat Difference Region .Cify State
(dollars per bushel) b it e et Boston Massachusetts
[0-o5" (S e, 1.58 247 0.59 P T e Binghampton New York
T e DA N A 1.32 1.89 0.57 Bt ot f Tt Richmond Virginia
S i R T i 132 1.95 0.63 ST oy Sl - Bl RS, N8 Augusta Georgia
o 1.28 1.96 0.68 Bl den s e A Montgomery Alabama
LT IR .21 1.9 0.70 Bl R R DR L Tallahassee Florida
(oo ST, ST 1.17 2.0l 0.84 Foreene, (L s D AR i Nashville Tennessee
TS e L 1.21 [.92 0.71 (e s S O PN T. Indianapolis Indiana
e R e 1.07 1.87 0.80 S e SRRy Columbus Ohio
Qs ot 1.08 19} 0.83 R e T Lansing Michigan
10 v, .08 L3 0.84 P TS e W S i P e Minneapolis Minnesota
[ Ao R S ! 0.98 2.11 }E3 250t < Nene e BEA e & 5 T8 Madison Wisconsin
o ey s e 1.09 1.93 0.84 ([l Mot At e I o T Des Moines lowa
[ s Tt 1.07 1.95 0.88 T R s i R Jefferson City Missouri
il N PR R e .12 1.90 0.78 R 2 b &« v e e Peoria [llinois
15 o .10 .94 0.84 JGr s, Bk Sk, Wl S i, Little Rock Arkansas
o e A I.18 1.88 0.70 17 R SR I O S Jackson Mississippi
B Pl A 1225 1.90 0.65 18.cc 5w voshsfas ammin s Austin Texas
S e T 1.22 | .94 0.72 e e, W Oklahoma City Oklahoma
(SR Gretsa d o .16 |.94 0.78 b E T g e O v B v Abilene Kansas
20 I.10 1.94 0.84 72] e S L . e Ao N Kearney Nebraska
o b G A SR e 1.09 1.93 0.84 RN i S 5 s o el e Bismark North Dakota
AE) LT A N el 1.00 2.19 119 285 s inns 4,5 A e Pierre South Dakota
DR e 0.99 2.07 1.08 2o bt i tpte S X8 Helena Montana
DRI Wi e, 1.33 |.88 0.55 I s el g A o ¢ Casper Wyoming
25 l.14 .84 0.70 2655 e i s o B Denver Colorado
S e e & (7 |.85 0.68 P e ] el e Phoenix Arizona
e I et | .54 1.95 041 S e ey Salt Lake City Utah
DB, b et T 1.63 1.86 0.23 T R et e L e AN Yakima Washington
P P el 8 136 1.97 0.61 o i S ol A S Bend Oregon
SO T T e S 1.49 2.00 0.51 Lt A g T Freshio California
S r s |.46 2.03 0.57
Ui s AN ort 1.10 .95 0.85

were for transportation of grains and oilmeals for do-
mestic consumption.?

A city was designated within each consuming region
to act as the location for export (import) from (to)
that region to (from) all other regions. These points
were selected with the objective of having them ap-
proximately centered with respect to the consumption
distribution of the region. Since rail rates were used as
transportation costs, it was necessary that each of these
selected cities have access to railroad transportation. In
most regions, these cities coincided approximately with
the geographical center of the region. Several compro-

19 For use in the programming models, transportation rates were ex-
pressed in costs per hundred feed units. This procedure offered no dif-
ficulty in the transportation of wheat and oilmeals. However, the costs
of transporting corn, oats, barley or grain sorghums were not necessarily
the same either in weight or in feed units. Adjustments for the compo-
site of the feed grains being transported were thus required. Since it was
difficult to predict which producing regions within a consuming region
would produce feed grains, it was equally difficult to predict the actual
mix of feed grains being transported from a consuming region. As a
compromise, the 1950-59 average production, by weight of the four feed
grains, was used to estimate the feed units per pound of feed grains
produced in each state. Likewise, if different rates existed for each
of the crops, it was possible to weight the rates by the percentage of
each crop grown.

mises among these criteria were necessary in making
the final selection of cities shown in table 4.

Transportation activities were included in the
models only if there was opportunity for them to be
used. It was reasonable to include activities for the
movement of feed grains from the Corn Belt into the
New England states, but the opposite would not be
reasonable. Likewise, we would not expect wheat to be
shipped into Kansas or Montana from the Corn Belt
or the Southeast. Hence, the final number of transporta-
tion activities was 459 each for wheat and feed grains
and 430 for oilmeals, giving a total of 1,348 transporta-
tion activities.

EMPIRICAL RESULTS

The three linear-programming models were used to
generate 17 solutions. Code numbers (table 5) were
used to identify each of the solutions. Solution 43 was
considered a benchmark solution, since normal prices
were used and no crop-control program was assumed.
It was used as a comparison for most other solutions of
Model I and for several solutions of models II and III.

477



Table 5. Percentages of base acreages and total cropland and
assumed price level of each solution.”
Solution Feed
code  Total Cotton Wheat grain Price
number land base  base base level
Modal ) - soriemisswus 40 100 100 unl.© 100 3
43 100 100 100 100 3
47 100 100 90 100 3
41 100 100 100 100 |
45 100 100 100 100 5
51 100 100 100 unl. 3
52 100 100 100 9.5 3
53 100 100 100 95.0 3
54 100 100 100 92.5 3
36 100 200 unl. unl. 3
Model =1E% 25 s 402 100 100 unl. 100 3
432 100 100 100 100 3
Model M- Giveniis 403 100 100 unl. 100 3
433 100 100 100 100 3
473 100 100 90 100 3
513 100 100 100 unl. 3
543 100 100 100 92.5 3

2 Soybean production was limited to 40 percent of total cropland
in each region where grown, except as noted earlier in the text.

®These are the same price levels explained for table 2.

¢ Unlimited implies that no restrictions, other than total cropland,
were used to limit production of that crop.

Solutions 40 and 47 were a study of the possibilities of
land retirement programs for wheat. Solutions 51 to 54
were designed to observe methods of controlling feed-
grain supplies. The effects of changes in the price level
of farm products are evident in the results of solutions
41 (low price level and large demand quantity), 43
(normal price level and demand quantity) and 45 (high
price level and small demand quantity). A simulated
two-price plan for wheat was used throughout the solu-
tions of Model I.

Solution 36, from Model I, was aimed at no partic-
ular crop. Production restraints for this solution were
assumed to be physical rather than institutional. Soy-
beans, again, were limited to 40 percent of total crop-
land, and cotton was limited to 200 percent of its base
acreage. Wheat and feed grains were limited only by
cropland availability. The results of this solution es-
timate the expected long-run equilibrium effects of
having a minimum of government influence in agricul-
tural production decisions (i.e., the production result if
free markets were used as a policy).

Model II simulated a one-price plan for wheat, as
compared with a two-price plan for Model I. The acre-
age restraints for solutions 402 and 432 under Model
IT were the same as for their counterpart solutions 40
and 43 under Model I. Thus, the effects of the price
assumption for wheat can be isolated by comparing
these two sets of results.

Model IIT emphasized different land qualities with-
in a producing region. The total land restraint for each
region was divided into three parts, depicting the three
land qualities. The demand and resource constraints of
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solutions in this model correspond exactly to solutions
of Model I. (Solution 403 corresponds to solution 40 in
Model I, while solution 513 corresponds to 51, etc.)

A specific price level and the resulting demand have
been specified in every model solution. Each solution is
a simulated expression of a particular land-retirement
program (except solution 36 as just explained). Both
mandatory and voluntary land-retirement methods,
sometimes in combination, are considered in the sim-
ulated program. For example, solution 47 forces the
retirement of 10 percent of the wheat base in every
region. Further restriction of wheat production was
necessary in some producing regions to cause aggregate
production to equal aggregate demand. This additional
retirement of wheat land can be termed voluntary. It
could be brought about by incentive payments to farm-
ers in the short run or by normal adjustments to equilib-
rium prices in the long run.

The discussion that follows explains and interprets
the results of the various programming solutions in-
dicated in table 5. Only the more relevant and impor-
tant aspects of each solution and their implications are
discussed in this report.?® The discussion relates espe-
cially to regional patterns of land use, programmed
equilibrium prices of products and factors, and inter-
regional product flows resulting from each major pro-
gram alternative. Some of the basic solutions are pre-
sented and discussed in detail. Others are described only
as they differ from the basic solutions.

Results of Model |
Model |:

Solution 43 has been designated as a benchmark
situation and will be used as a basis for comparison with
results of several other simulated production programs
or policies. The results under solution 43 simulate those
that might be approximated under the long-run equilib-
rium adjustment of agriculture to a competitive mar-
ket, or to a voluntary farm program resulting in land
withdrawal at lowest public cost (with production just
equal to national requirements at the “normal” price
level in both cases). No crop of the study in any region
could exceed 100 percent of its historic maximum
(base) acreage. Soybeans, as in all model solutions,
were restricted to not more than 40 percent of available
cropland in each region, except as noted earlier.

Model I, as well as others, assumes that demand is
exactly satisfied from current production, although nor-
mal stocks also could be carried at the price level spec-
ified in table 5. The regional crop acreages indicated,
including the land withdrawn from production, could
result from market equilibrium forces or voluntary re-
ductions in crop production through incentive payments
in the most efficient national pattern. However, the
model also could be consistent with other assumptions:
It could be assumed that total demand is greater than

Benchmark solution 43

2 The detailed results of all solutions are available from Earl O. Heady,
Pepartmont of Economics and Sociology, Iowa State University. Ames,
owa.



production generated within the model and that the
difference is supplied by changes in stocks of farm prod-
ucts. Similarly, it might be assumed that the regional
production quotas are restraints on actual units of pro-
duction rather than on acreage. (Since fixed coefficients
of production were used in the programming model,
this assumption would not affect producing patterns.)

Wheat, beyond that required for food and exports,
can be used for livestock feed at no expense above the
normal production costs.

Allocation of production and surplus land. The re-
gional pattern of land use under solution 43 is shown in
fig. 3. Most producing regions produce at least one
crop under this benchmark solution. Although crops
were limited to 100 percent of their base acreages, ad-
justment of crop production within and among pro-
ducing regions could still occur. Only 80 percent of the
total base acreages of wheat and feed grains was neces-
sary to meet the specified demand requirements, given
the “normal” level of prices, for 1965. About 76 per-
cent of the total cotton base was required. Soybeans,
with an upward trend in demand over recent years, re-
quired more than the historical base acreage for 1965.
Approximately 82 percent of the 223.9-million base
acres of cropland for wheat, feed grains, cotton and soy-
beans was needed to satisfy all demands.

In comparison with the base acreage, 40.5 million

Wheat ®
Feed grains A

Soybeans [ © 19.9

acres are not needed to meet the projected national
demands for 1965. Hence, 40.5-million acres of surplus
land can be considered as surplus, for the stated price
level, and could be shifted to other uses. This amount
of land is surplus for the specified crops if crops were
allocated among regions—with production to “just
match demand.” The allocation would be most efficient
in terms of the objective function used in the study. Of
course, the amount of surplus land does not exceed by
40.5 million acres the acreage used for production at
the time of the study. Some land had already been di-
verted through the feed-grain program, the Conserva-
tion Reserve and wheat and cotton allotment programs.
However, the 40.5-million acres is one expression or
measurement of the extent of excess capacity in the
United States field-crop economy for 1965.

A comparison of actual crop production in 1962
with the pattern of crop production suggested by bench-
mark solution 43 is provided in table 6. Where differ-
ences between derived production patterns and the ac-
tual 1962 production patterns occur, the time trend
mainly is toward the location of production suggested
by the model. Given time and the removal of artificial
barriers to shifts of production, such as quotas on wheat
and feed grains holding them to their historic locations,
the actual production patterns will approach those of
solution 43.

The largest discrepencies between the model solution

o

e

Solid symbols = 500,000 A.
Half-shaded symbols = less than 500,000 A.

Cotton X X 14.1 Totals in millions of acres
183.4
Fig. 3. Model |—Regional location and acreage of crop production for solution 43.
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Table 6. Acreage® (thousands) of wheat, feed grains, cotton and soybeans in 1962 compared with solution 43, by consuming region.

Region Wheat Feed grains Soybeans Cotton Unused land
solution 43 1962 solution 43 1962 solution 43 1962 solution 43 1962 solution 43
(thousands of acres) 5
EE St s [ b > b 68 b 1 b ¥
A e o W 936.3 832 2,608.5 3,161 a7r.8 555 o o et
JENL e Tt SR T ! 193.0 401 27165 2,479 - o3 84.7 417.0 1,246.0
I A T N 2517 103 7523 2,567 2232 947 178.9 1,267.0 5,969.9
B e s e .4 35 1,185.1 1,322 94.6 720 767.4 900.0 1,776.6
e AR : 3 o; 289 e 39 59.% 20.6 558.1
B e U N sy 196.1 238 2,880.4 2,323 304.0 682 785.9 546.7 287.4
O il (PG B o e oo 997.0 1,096 6,029.3 4,951 2,356.2 2,761 Yoe
L LRSI S B o L e 907.7 1,209 4,945.7 3,541 1.422.3 1,808 748.3
e U e e 5103 922 2,706.2 2,224 351 3314
Bl P s s ey 1,760.8 731 10,210.0 8,624 775.0 2,294 787.8
178 SR SRR L i L I 55.3 48 4,528.0 3.792 S A1 101 30.1
VBTG b S b i 87.8 88 16,240.4 12,818 2,106.4 3,405 8 o ok
143 L fvsleteia s et 1505112 976 4,966.7 3,632 L7742 2,784 396.3 383.0 185.7
Bl St 1,045.6 1,522 12,144.7 9.852 4,724.5 5575 2.0 81.8
[ e AR s st anhs 49.7 112 oA 353 388.2 2,707 1,315.3 1,355.0 1,721.2
78 PR SR e L R 45.4 70 165.0 1,166 234 1,347 Z12.9 2,150.0 3,833.4
[iBi e r=p e e o 2,550.6 2,731 6,446.6 7,174 169.9 60 7,021.9 6,473.0 738.9
oA o et e L 5,673.8 3,787 1,284.2 |,647 161.6 171 880.3 625.0 1,066.4
LI ol g dialiile 9.561.5 8,986 4,677.9 5298 2095 914 2,930:3
o f SN BT ] et 22502 2,760 7.191.4 7,808 3.919.7 310 1,095.9
ZILTVE ity d 3 S mme, = o e 5460.2 5519 1,850.9 4,894 s 56 672289
. g AL AN T 1,416.3 1,721 6376.7 5,773 1373 121 3,746.7
AT e I o Bl 5422.8 4,422 i 2,881 3,530.6
25 S v s 125.1 213 e 214 405.9
D5 Tk R S S 2,519.0 1,899 337.7 1,040 & o 1,015.9
S o N R e A 111.4 234 2717 486 47.2 661.6 982.3
28k T s 184.7 206 3 200 35 99.0
Ll L e e 2,627.6 1,697 508.8 752 75.4
gUAT T BT e e 750.9 680 217.8 581
R 257.3 307 1,189.7 1,924 863.1 809.6
Total s sk 47,006.7 43,545 102,432.2 103,766 19,890.2 27,857 14,113.8 15614.2 40,512.4

2 Harvested acres for 1962 are shown. Taken from: Crop Production, 1962 Annual Summary. U.S. Dept. Agr. 1956-62. 1957-63.

b Recall that some production was included in the unmarked areas of fig. | and, thus, is not shown here.

¢ Wheat is indicated to be used extensively for a feed grain in these areas.

and the actual 1962 acreage occur for soybeans. This
difference may have occurred because the demand spec-
ified for soybeans in the model was relatively low and
because soybeans are responsive in yield to acreage
changes within an area (a fact not sufficiently recog-
nized by the fixed regional coefficients). However, the
time trend is toward movement of soybeans to the re-
gions that have model solutions exceeding the 1962 acre-
age by the greatest amount. (In Model III, with soil
quality differences recognized, the soybean acreage is
greater than in Model I.)

Solution 43, with crop production located in con-
formity with greatest comparative advantage of each
region, has feed-grain acreages which shift towards the
Corn Belt, with smaller acreages elsewhere when com-
pared with the 1962 actual figures. Areas of the north-
earn Great Plains (North Dakota and Montana) are
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indicated to have the greatest reduction in feed-grain
acreage.

Wheat-production patterns from solution 43, while
showing no drastic changes from the current location,
indicate a smaller acreage in the Corn Belt and the
South, with an increased acreage in the major areas of
the Great Plains and the West. In addition to the 50
million bushels of wheat normally used for feed and
included in the total demand restraint for wheat, an
additional 310 million bushels are specified for feed use
in solution 43. The bulk of this increment would be
grown in Wisconsin, Kansas, Colorado and the four
northwestern states of Montana, Idaho, Oregon and
Washington.

The location of cotton production, in solution 43,
would shift slightly from the Southeast into Texas and
Oklahoma. South Carolina and Georgia would have the



greatest loss in acreage. Little cotton acreage was lo-
cated in New Mexico and Arizona under solution 43.%!

Interregional product flows. For solution 43, wheat
is generally in surplus in the Great Plains states and
Montana and in deficit supply elsewhere, fig. 4. North
and South Dakota, Nebraska, Kansas and Oklahoma
supply most of the excess demand for the eastern half
of the United States. Likewise, Montana exports wheat
to the Pacific coast regions. The general movement of
feed grains (fig. 5) is from the Corn Belt into the
southern and eastern states, with Illinois and Indiana
being the largest exporters. Kansas and Montana ex-
port wheat for livestock feed.

Model I is sensitive with respect to the locational
pattern of potential soybean production. Nebraska, be-
cause of combined advantages in production and loca-
tion, serves as a main producer (fig. 3) and the main
exporter (fig. 6) of oilmeals to the Pacific states. Ne-
braska regions also are indicated to export some oil-
meals to the Southeast. Otherwise, the central Corn
Belt serves as the main source of oilmeal imports by
other regions, with Illinois as the largest producer and
exporter of soybeans. Cottonseed meal, when available,
is specified to satisfy oilmeal demands. However, none
of the cotton-producing states exports oilmeals, and
only soybean meal is indicated to move among con-
suming regions.

Figure 7 indicates the amount and location, given
the price level specified, of surplus land under bench-
mark solution 43. It is highly concentrated in the South-
east and in the Great Plains regions. Concentration also
is fairly great in the Lake States and along the Atlantic
Seaboard. Under the demand and technology conditions
used in the study, some far-reaching impacts would be
forthcoming from a market equilibrium or government
program that resulted in an optimal interregional al-
location of production in the context of solution 43 and
its specified restraints. Alternative land uses implied
are grazing, forestry and recreation. Obviously, the
magnitude of regional adjustments implied would cause
some sharp reductions in farm incomes and resource
values. Too, a large amount of capital would be re-
quired to facilitate the shift from existing production
patterns to less intensive land use. Finally, entire com-
munities would bear the impact of the adjustments,
since the less intensive agriculture so resulting would
mean smaller farm populations and a reduced demand
for nonfarm goods and services in the specified regions.

It is not the purpose of this study to explore these
second-round effects or to suggest policies that would
alleviate them. However, the consequences of the shifts
suggested are both obvious and important.

Land and quota prices. The “shadow prices” of a
cost-minimizing linear-programming model indicate the

2 The linear-programming model did not recognize the quality advantage
for western-grown cotton. Also, a review of the coefficients of produc-
tion used for cotton in Model I indicated that perhaps a slight revision
of cotton yields was needed. Thus, the cotton yields for producing re-
gions 121, 141, 142 and 143 were raised slightly, and the yield for re-
gion 140 was lowered slightly in models II and III.

marginal value of the limiting resources, against the
uses specified in this study but not against other uses
such as grazing and forestry.?? Those shadow prices of
land and crop quotas, shown in table 7, are termed
“rental values” in the discussion that follows

The rental values of cropland provide an estimate
of the relative worth, given the objective function out-
lined earlier, of an additional unit of cropland in each
producing region. If the imputed rental value is zero,
cropland for the uses considered in this study was not
a limiting factor, and an additional amount of cropland
in the region would have no value for the uses specified.
On the other hand, if the imputed value is greater than
zero, an additional unit of cropland would have an an-
nual rental price for the crops considered.

When restricting, the production quotas or base
acreages (table 7) for wheat, feed grains, cotton and
soybeans also have nonzero prices. These quota, or base
acreage, prices are an estimate of the marginal value of
each region’s crop quota or base acreage for the in-
dividual crop. Programmed equilibrium, or derived
product, prices are a reflection of the costs of produc-
tion and transportation and, under a competitive-mar-
ket model covering costs of production, would approx-
imate the regional equilibrium price of products. (A
small portion of costs, representing taxes and other
fixed costs, is not included in the models. Hence, mar-
ket equilibrium prices would be slightly higher than
the levels shown. But this increment also would be off-
set, over the long run under competitive conditions, by
larger farm units and, thus, by somewhat lower unit
costs.) Derived product prices also are an indication of
the relative efficiency of alternative governmental pro-
grams, because they indicate the level of programmed
equilibrium prices (the cost of the “bill of goods”) under
varying assumptions with respect to government
policies. Programmed equilibrium of derived prices in
one region are determined as the cost, plus transporta-
tion, of the highest-cost region that supplies the demand
quantity of the first region.

Derived prices for wheat are highest in the eastern
states because of their relatively large demand con-
straints and the locational disadvantage in meeting
them. The derived prices of wheat generally diminish
westward and are lowest in the large wheat-producing
areas of the Great Plains. Location and transportation
charges mainly account for differences in wheat price
between areas of the West and the highly populated
areas of the East.

Derived feed-grain prices also diminish from east
to west. However, the lowest derived feed-grain prices
of the West are determined by wheat, and not by feed
grains, where wheat is used as a feed grain. The derived
or programmed equilibrium price of feed grains, ex-
pressed as corn equivalent, is about 80 cents per bushel
in the large producing states of Iowa and Illinois. (As
mentioned previously, a few fixed costs are excluded in
these derivations.)

2 In general, it can be supposed that rental values are greater than
zero (those shown in table 7) for the crops considered,
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Origin Amount —¥ Destination

QWheat used for feed)

Fig. 4. Model |—Interregional flows of wheat under the conditions of solution 43( million bushels).

Amount——§ Destination

Origin

st

Fig. 5 Model I—Interregional flows of feed grains under the conditions of solution 43 (million bushels of corn).
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Origin Amount ———» Destination

Fig. 6.

Rk

Model I—Interregional flows of oilmeals under the conditions of solution 43 (million bushels of soybeans).
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Fig. 7. Model [—Amount and location of surplus land under the conditions of solution 43.



Table 7. Imputed rental values of cropland and acreage quotas

for solution 43, by producing region.

Table 7 (continued).

Wheat Feed-grain Soybean  Cotton Wheat  Feed-grain Soybean  Cotton
Region Cropland  quota quota quota quota Region CropJand  quota quota quota quota
T SRS e 6.60 11.09 B3 R 3.92
2 i, 0l 4.60 24.66 L T e AR ibn
B e Baiea s 2.45 s 37.51 0.33 BE L o
S p 0.55 - 32.86 0.56 I ) 3.00 i
Biscmrsrvs E 4.71 21.88 FOSS e 0.29
B 555 o e 5.78 23.80 4 o o S . " s
e I g - 1.56 7 L | o 3.54 0.04
B R i 3.31 AR A - 3.38
. 3.90 16.81 " L o o 7.67 o
£ o FED 1.17 5.88 E 5.06 TS5 s atamsion it 8.77
[ ) TSR 9.53 O 2 v s 10.27 2
[ P, 423 o o T N A ih 10.35 7.39 %
15 e et s 4.63 3.93 3.81 786 B eaacas 4.33 0 0.03
[ o e 2.52 5.02 10.14 9.73 Wi i 9:25 & 7.47
ey 1] 3.08 3.28 0.89 BOE Tkt o b 4.45 299 s
| iy e o A 23.11 Ol R 637
I edaritra 7 0.50 4.67 B2 Tl o
18 5o, wis e e (5 e o L ~
It s sgane i 0.20 . B D . o o 0.74
2 5 S e g e 1.20 x 14,28 88 A 0.65 4.41 0.06 a2
511 g S . i 'z 10.32 85 s 0.80 0.86 =1
7Y AL RS P b 5.51 4.81 87 Saaec e o 2.96 5.07
23 5 . 4.10 2.1 6.28 45.74 A O 2.86 7 6.08
' A 0.67 6.73 0.72 e 25.67 Bkt 3 gis R 11.22 13.38
25 s e ‘ 2.83 31.73 RO s 2.67 o
207 e < s 6.87 5 15.63 1.68 20.45 Ol s 2 9.30 =
DT = i 12 4.00 12.91 e - AR S . 9.67 0.83
DBl 2.38 19.38 8.51 N L 5 5.85 3 e
O e N e 24.22 > o e R e : 10.36 251 56.32
210 e 18.17 L S TR e, 2495 20.29 14.82 147.51
< IR s 13.21 D et 16.18 1.91 53.05
32 - 10.67 b P 18.71 6.00 121.44
33w a e mais 2.74 19.76 R R e 12.40 L5 7§77 25.78
K A 2:33 i 19.07 0 Doy, P 13.47 4.13 11.20
R Ao o 2.52 .18 29.50 [Q0i s 20.31 1.29 40.52
Slrand, - ke P o 16.96 2.07 0] e e o 19.75 0.47 30.71
7 S 4.98 o 23.78 0.97 025 2 8 sl Ui 4.20 55.58
BB e 4.74 4.11 22.77 - 103 o S a 9.93 9.40 78.71
3 ls e 5.80 9.73 18.32 D04 s s o5 e 4.12 o
A0 ok o5 0.50 12.82 HEE% 5 o et 3.24
Al ivain o ‘ 1.58 DB A
. A T : % 1.44 (017 B L 0.38
o IR et 8.16 16.45 188 sl 3
A B s 3 5.49 26.09 {10 ELE S8 9.28
A8 e 5.27 (274, 15.12 [ o T S g 3.28
46050 v im 2.14 18.99 A 8.55 e
B rdatiers setie 12.23 18.68 o (DAL SRR 8.09 28.30
48 s isias : - 10.68 1.04 LS o e I ¥
D e Pt 1.48 3.34 10.48 5t [ e 14.95
- A 7.08 1.76 17.44 33.37 I1E, e o £33
.55 P 1 4.73 A el T8GR 555 50 {121 15.40 o
R 9.93 o 16.47 X (N[5 SR 15.93 6.03
B v e 7.54 . 16.89 .42 S e 18.58 5.62
. s s 2.85 2.53 I1.50 e TS s o s o 13.03 =
B, e 4.85 6.24 17,79 lofmLt” v i 35.11 5.94
< il e s 8.03 13.76 D2l tonts: = 23.46 10.24 73.60
BTt e, S 0.07 5.00 20.11 1228 5T 3.06 5 o
B8 o ed S 2.05 5.88 18.34 11 23% . oo 5.10
B9 s st ¢ 5as 3.44 2.15 fis7 V2 R . 524 Vs
605 o s s 1.47 e 2.83 252 5. 5 % 19.68
o [ 10 12.45 26508 .5 e 4.52 ol
[ S PR 3.32 0.78 1275 oo 4 5.55 61.95
(o R e 15.58 3.45 (288 . s 5:15 20.64
AN i 4,25 174 O 0.93 s
(o} PR e 3.60 (R SR B 39.03



Table 7 (continued).

Wheat  Feed-grain Soybean  Cotton
Region Cropland  quota quota quota quota
fiairh - e o o - o
IR i ot X o 5. 32.36
e T Lo e A L 45.42
Rl e e 599 0.27 20.26 -
IS i S 6.17 * 3.1 e
BT mas b 2 6.29 s o 15.45
1B s sl 3 . B.67 e 89.20
B h ) LA I1.68 2,32 A 29.53
A LA .. 491 221 e 51.70
17 T Rt 2 Al 5.80 166.88
{17 R R e ¥ . o o)
A2 st 50T L ! 18.05 3292 o s
435 s iy 39.42 759 o 66.51
(s D O i 3.80 & 29.47
Table 8. Programmed equilibrium prices of wheat, feed grains
and soybeans for solution 43, by consuming region.
Region Wheat Feed grains® Soybeans®
(dollars per bushel)
[0 et s s supbonte |.44 1.2 1.21
<A AR 1.39 1.22 1.26
Al SRR R R 1.41 1.24 27
2 T N | 47 1.30 E.15
et L E A S 1.48 1.28 b2
[ g S SOl 1.47 1.30 b6
Vi e s S 1.34 I.14 1.04
Al eI ] 1.06 0.92 1.00
T e I.10 0.95 1.03
e e i 1.09 0.90 .12
L bl 1.08 0.73 0.87
D P s 1.10 0.98 1.02
S R e 1.08 0.78 0.86
Bty B o il et e 1.09 0.94 0.91
[T . SO 1207 0.80 0.91
U6 i te s o s [l 0.80 0.96
i P s o ey 1.38 1.08 1.08
S AN e 1.24 0.63 0.85
S ey et A e 0.81 0.65 1.01
205 i it ks 0.73 0.65 0.91
o et R S S 0.72 0.62 0.83
7L AT T 0.64 0.51 .10
P S e e 0.66 0.58 0.8l
L e 0.51 0.45 1.35
A S AN L 0.57 0.50 1.05
B AT Tl 0.67 0.60 0.97
3T g X R 0.%7 0.86 133
BB C s 1.03 0.85 1.35
s AR e 0.87 0.77 1.35
SO e R s 0.96 0.85 1.35
B et N 1.31 .10 1.35

° Feed-grain prices are expressed in corn-equivalent prices.

b Portion due to oilmeal uses only; value from oil extracted would
need to be added to these amounts. (If soybeans were produced
only for feed, these would be their only values.)

Derived oilmeal prices are expressed as soybean-
equivalent prices in table 8 and include only the oilmeal
values of soybeans, with the oil value excluded. These
prices are lowest in Corn Belt areas where production
of soybeans mainly is concentrated (fig. 3). West Coast
states, supplied by Nebraska, all have about the same

derived prices of soybeans. The programmed prices
vary among states, mainly according to transportation
costs from the Corn Belt source.

The national derived equilibrium price of cotton
lint is $31.99 per hundredweight for solution 43. Cotton-
seed prices, when computed on a feed-unit equivalent
basis, averaged about $28 per ton. These prices ap-
proach the present price structure. (The price of soy-
beans is low when compared with existing market prices
because only the oilmeal value is included. )

Since the costs of production used in programming
did not include items for marketing, housing, manage-
ment and other overhead items, the derived prices may
be around 10 percent lower than they would otherwise
be. Nevertheless, their relative magnitudes among re-
gions still reflect programmed equilibrium conditions
and the relative advantage of different regions.

The estimated United States average ‘“farm” prices
(ie., prices in producer regions) for wheat, feed grains
and soybeans are 83, 83 and 93 cents per bushel, respec-
tively, for solution 43. These figures were estimated by
multiplying the programmed price in each region by
the proportion of United States total production in each
region. The average “consumer” prices (i.e., prices for
demand regions) are $1.11, $0.92 and $1.07 per bushel
for wheat, feed grains and soybeans, respectively. These
figures are derived by multiplying the programmed
equilibrium price in each region by the proportion of
total product consumed in that region. The price of
wheat increases approximately 34 percent between the
“farm” level (i.e., from the point of production) and
the “consumer” price (i.e., the point of consumption)
because of the transportation costs. Similarly, feed-grain
and soybean prices increase 11 and 15 percent, respec-
tively, as a result of transportation costs.

Model |:  Wheat programs reflected in solutions
40 and 47

Two solutions from Model I can be used to simulate
production-control programs directed at wheat.??
Among others, two departures might be made from
the mildly restrictive program simulated by solution
43: (a) A mandatory program might be selected which
is even more restrictive. It would force the retirement
of a fixed portion of the base acreage in every area,
leaving the remaining surplus wheat land to be retired
voluntarily through monetary incentives from the gov-
ernment. (b) A voluntary program might be selected
with no quotas for wheat and with government pay-
ments used to enlist participation. These two alterna-
tives are simulated by solutions 47 and 40, respectively.

Mandatory retirement of wheat quotas. Ten per-
cent of the wheat base acreage, uniformly over all
producing regions, is forced out of production in solu-
tion 47. It is assumed that additional surplus-producing
capacity will be voluntarily restricted so that produc-

2 In discussion of solutions 40 and 47, output comparisons will be made
with solution 43 unless otherwise stated.
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tion will exactly meet demand at the assumed price
level (level three or normal prices). The voluntary por-
tion of the wheat-land retirement would be brought
about by incentive payments from the government.

Under the plan suggested by solution 47, 44.3 mil-
lion acres are used for wheat production, 105.1 million
acres for feed grains and 19.9 million acres for soy-
beans (table 9). Cotton acreage is unchanged from
solution 43. The production patterns suggested by this
solution are illustrated in fig. 8. (Figures for interre-
gional movements of products are not shown, since
the patterns are changed only slightly as compared with
solution 43.)

Since solution 47 requires that all regions reduce
wheat acreage by 10 percent from their base, with a
national wheat base acreage of 58.5 million acres,
wheat must be reduced by at least the mandatory re-
quirement of 5.9 million acres. But since the remain-
ing 52.6 acres would, if planted to wheat, exceed the
demands for domestic and export constraints, additional
land must be withheld from wheat. The model allows
the additional acreage to be withdrawn at the most
efficient locations; namely, in regions distributed such
that the national costs of producing the indicated bill
of goods is at a minimum-—subject to the requirement
that all regions reduce wheat acreage by a minimum
of 10 percent.

Since 10 percent of wheat land in every region is
forcibly retired by solution 47, national production
costs are minimized by use of 2.7 million fewer total
acres for wheat production than under solution 43
(compare table 9 with table 6). This is a 5.7-percent
reduction in the acres of wheat grown, or a 6.4-percent
reduction in amount of wheat produced. The same
amount of wheat is used for food, but less is used for
feed. Feed-grain acreage increases by exactly 2.7 mil-
lion acres under solution 47. Most of the increased feed-
grain acreage occurs in Nebraska, Kansas and North
Dakota.

Soybean production is not greatly affected by the
regionally-forced reduction plan for wheat. While
about 28.5 thousand fewer acres are needed for soy-
bean production, Nebraska has a substantial decrease
in soybean production. A decline is required in Nebras-
ka so that feed grains can be produced most efficiently
within the context of a 10-percent wheat acreage re-
duction in all regions. The total surplus land indi-
cated by solution 47—40.6 million acres—is practically
the same as that indicated by solution 43. The distri-
bution of unused land for solution 47 also is quite simi-
lar to that for solution 43. However, as fig. 9 shows,
unused land would decline in such regions as northeast
Colorado and southern Nebraska but would increase
in Washington, Oregon, northern Montana, northern
Oklahoma, western Missouri and other scattered re-
gions.

Derived product prices are not greatly changed by
the regional wheat quotas used as restraints in solu-
tion 47. Derived wheat prices are increased, compared
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Table 9. Acreage (thousands) of wheat, feed grains, cotton and
soybeans in 1962 compared with solution 47, by con-
suming region.

Feed Total Total
Region  Wheat grains Soybeans Cotton used unused

Do 8443  2,608.5 371.8 <o 38240 29.5

Bian 23714 27165 o 847 3,038.6 1,201.6
4 232.0 753.5 23(1.1 1789 13955~ 59865

5.. 13 °, [L185: 94.6 7674 20484 17767
(- - e “o 59.9 52,9 558.1
P 1765 2,880.4 308.1 7859  4,150.9 302.9

3 899.1 60293 2,454.] o 193825 i
T2 907.8 4,945.7 14222 e AT 748.3
10:.. . BOF4A - 217062 os sl 132036 834.3
Il.«..1,584.8 [10,210.0 778.3 <z A2:573.0 960.5
I2:.0 49.7 45280 32: .o 46098 347
L3y, 790 162404 12,1152 .. 184346 Xor
4....1,010.8- 49667 1,773.2 3963  8,147.0 224.|
15....1.046.7 12,1447 -4,7604 oo NT95148 44.8
16 44.8 i 3882 « 13153  |.7483 . | 726
[T 0.9 165.0 244 - 1, 712:9 19432  3,8372
18:....2295.6 64466 298.7 -7,021.9 160628 865.1
1922501063 - 11,2842 161.6 880.3 74324 1,633.9
20..:.8,605.5 - 57322 845.4 e 18283015 2796
20 0 20269 79210 .3564.7 ey 12,50 946.2
22....5,9633 | 27602 AL cu A BIR3EE  53NTD
2312746 63767 137.3 . 17,7886 3,8884
24.,.:52624 5 e v 52624 3:6%1.0
25t 269.1 s A 0 269.1 261.9
26. .. .2,267.2 337.7 2 o v 2,604:90 2677
27 100.3 288.3 oy 472 435.8 976.8
2845 000 1667 s o s 166.2 1975
29....2:3649 508.8 & e 2 BT 338.1
304.. . .675:8 218.0 ol 32 893.8 74.9
Bl s e 23160 1 LB 578 863.1 2,2844 25.7

Total ..44,270.4 105,143.5 19.861.5 14,113.8 183,389.2 40,566.1

with solution 43, by 1 or 2 cents per bushel in the
eastern half of the United States and by about 6 cents
in the western states. Feed-grain prices, expressed in
corn-equivalent prices, are changed even less—2 cents
per bushel being the maximum change in any region.
Derived regional soybean prices are increased by
about the same amount as feed-grain prices. Derived
soybean prices decrease, however, in Kansas, Oklahoma,
New Mexico and Arizona because of the forced shift
in wheat acreages. Kansas, substituting soybeans for
wheat, is able to export oilmeals to the states just men-
tioned and to lower the programmed equilibrium price
for soybeans in these consuming regions.

Unlimited wheat acreage under solution 40. Solu-
tion 43, the benchmark situation, requires all regions
to restrain wheat acreage to the 1953 base level. Solu-
tion 47 requires that all 144 regions reduce their wheat
acreage by 10 percent or more, relative to solution 43.
In contrast, solution 40 allows all acreage restrictions
to be lifted on wheat in all regions. This crop can be
extended to the limit of all cropland in any region, al-
though other feed grains and cotton cannot exceed the
1953, or base, level and soybean acreage cannot ex-
ceed 40 percent of the land in any region. Total na-
tional wheat production in solution 40 is limited to the
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same domestic and export demand levels as solutions
43 and 47. Hence, wheat is produced, in competition
with other crops for solution 40, so that national crop
requirements are met at the lowest possible produc-
tion and transportation costs.

Considerable changes in crop production patterns
and unused land result with relaxation of wheat acre-
age restraints in solution 40 (fig. 10). Compared with
benchmark solution 43, the use of wheat for feed in-
creases greatly, and the interregional flows of products
are altered accordingly as evidenced in comparison of
figs. 11, 12 and 13 with figs. 4, 5 and 6.

Total acreage of wheat increases to 73.7 million—
26.7 million acres more than for solution 43. Feed-
grain acreage decreases to 78.0 million acres—24.5
million acres less than for solution 43. Lifting the
restraints on wheat acreage has little effect on soybean
production. Cotton production is left unchanged.

Of eastern states, South Carolina and Georgia have
the largest increase in wheat acreage as land is shifted
to wheat for feed. A substantial increase in wheat acre-
age, also for feed purposes, occurs in all Great Plains
and western states except Wyoming and Montana.
Nearly a billion bushels of wheat are used for feed un-
der solution 40, an increase of 700,000 bushels over
solution 43.

The large increase in wheat production is offset by
an equivalent decrease in feed-grain production (fig.
10). The Great Plains states, from North Dakota
through Texas, have the largest reductions in feed-

B i
o

grain production. Although these states generally have
an offsetting increase in wheat acreage, South Dakota
and Kansas have net losses in total land used for crops.
Areas of the Lake States and the Southeast also suffer
decreases in feed-grain production, but the major pro-
ducing areas of the Corn Belt maintain feed grain at
the same level as in solution 43. Wheat mainly is sub-
stituted for barley and grain sorghums under solution
40, while corn production remains relatively constant.

Total soybean acreage is relatively unaffected by the
change in wheat acreage. Missouri and Nebraska, how-
ever, have substantial increases in acres of soybeans
(mainly at the expense of Ohio, Illinois and Kansas)
as land is released from feed grains in Nebraska and
from wheat in Missouri.

Under solution 40, with no specific regional restric-
tions on wheat acreage, surplus land for crops is indi-
cated to be 38.2 million acres. Surplus acreage drops
slightly from solution 43 because more wheat land is
used to produce feed. While the land so used has a
locational advantage in transportation costs, its lower
yields cause more land to be absorbed in meeting the
nation’s requirements.

Surplus or unused land would decline (fig. 14)
considerably in the Southeast under solution 40 (as
compared with solution 43 in fig. 7). It also would
be eliminated in Arizona, eastern Colorado and most
of Oklahoma and Texas.

Compared with solution 43, the programmed equi-
librium prices change considerably under solution 40.

Wheat. ® ) 73.7
Feed grains A 2 78.0
Soybeans . ° 19.9 Solid symbols = 500,000 A. 54
Half-shaded symbols = less than 500,000 A.
Cotton I X 14.1. Totals in millions of acres d
185.7
Fig. 10. Model |—Regional location and acreage of crop production for solution 40.
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Origin Amount — Destination

(U sheat used for feed )

Fig. 11. Model |—Interregional flows of wheat under the conditions of solution 40 (million bushels).

Fig. 12. Model |—Interregional flows of feed grains under the conditions of solution 40 (million bushels of corn).
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i
Fig. 13. Model |—Interregional flows of oilmeals under the conditions of solution 40 (million bushels of soybeans).
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Derived wheat prices decrease by an average of about
15 cents per bushel, thus suggesting a more efficient
pattern of production under solution 40. Imputed feed-
grain prices also decrease, but relatively less so than
for wheat. Derived feed-grain prices decline because
wheat for feed can be produced more efficiently than
other grains. Feed-grain prices drop by about 10 cents
per bushel of corn-equivalent grain in most producing
regions.

Model |: Feed-grain programs reflected in solutions
51-54

Solutions 51-54 involve various simulated produc-
tion controls for feed grains. Benchmark solution 43
required that no crop exceed its base acreage. Solu-
tions 52, 53 and 54 allow other crops to remain at this
level but cause feed grains to be restrained below this
base acreage of benchmark solution 43. Solution 51,
similar to solution 40 of the wheat series, allows feed-
grain acreage restraints to be abolished. (Feed-grain
acreage cannot, of course, exceed total cropland acre-
age.) In all solutions emphasizing feed grains, the
quotas or acreage restraints of wheat and cotton are
constant at 100 percent (see table 5) of their base
level. Likewise, soybeans were restricted to 40 percent
of total cropland in each region.

Feed-grain quotas reduced. Solutions 52-54, will be
analyzed as a group because of their similarity. The
feed-grain base was reduced by increments of 2.5 per-
cent in going from solution 43 to solution 54 (i.e., from
100 in solution 43 to 92.5 percent in solution 54). A
2.5-percent reduction of the feed-grain base in each
region represents a total reduction of about 3.2 mil-
lion acres. Thus, in solution 54, approximately 9.6
million acres of feed grains are considered to be re-
tired by mandatory means.

As compared with solution 43; the major change
under solution 52 is a 2.2-million acre increase in
wheat, to serve as a means of meeting national feed
requirements. North Dakota increases wheat acreage
by 1.5 million acres. The changes are progressive, up
to those represented by solution 54 (see table 10 and
fig. 15) where wheat acreage also is expanded greatly
in the eastern Corn Belt and throughout the Great
Plains. Soybeans shift towards the Corn Belt as an
efficient replacement for feed grains. Approximately
470 million bushels of wheat are used as feed under
solution 54, an increase of 160 million over solution
43. Typically, the derived equilibrium prices for wheat
and feed grains increase by 6-7 cents as feed-grain
production is restrained in more efficient producing
regions and as wheat on lower yielding lands is sub-
stituted for livestock feed. The total acreage of sur-
plus or unused land is 36.1 million acres under solution

5

Feed-grain quotas absent as represented in solu-
tion 51. Solution 51 simulates conditions in which no
production restraints apply to feed grains, and their

Table 10. Change in acreage and programmed equilibrium prices
of wheat, feed grains and soybeans from solution 43 to
solution 54, by consuming region.

Acres (thoysands) Programmed prices ($/bu.)

Feed Soy- Feed Soy-

Region Wheat grains bean Total Wheat grains bean
|, " o sl e 0.07 0.07 -0.06
2o 164.5 —195.6 —182.1 -213.2 0.06 0.07 -0.06
<l 70.7 -203.9 G —-133.2 0.06 007 -005
4. . pon 35.8 36.2 720 0.07 0.07 -0.05
LY -0.9 -88.9 -94.6 -1844 0.06 0.05 -0.06
6. . 491.1 .. 491.1 0.07 0.07 -0.06
. g -216.1 41.0 -211.2 006 007 -0.05
8. 402.1 —452.2 50.1 o 0.06 0.07 -0.05
% 350.9 -370.9 —86.7 —136.8 0.06 0.06 -0.05
T 695.0 -202.9 o 492.1 0.03 0.07 -0.05
HATs. & 29.8 —765.8 214.4 -521.6 0.06 0.07 -0.04
1. S o, -339.6 53.8 -285.8 0.06 0.05 -0.05
1B, 1.9 -1218.0 853.7 -362.4 0.07 0.07 -0.05
|4 0s. o 2673 -372.5 127 -925 006 0.05 -0.06
I5...., =222 -910.9 262 -876.7 -0.04 0.06 -0.06
;TR s o - we - 0.06" 0i06 =0:03
ld s ik 330.1 -23.7 3425 0.06 0.06 -0.03
1844 . g, —434.2 107.0 -327.2 0.06 0.05 -0.03
2 5 3224 .. 3224 0.06 0.05 -0.03

W 193.2 624.4 -360.0 457.6 0.06 0.06 0.0l

2l nine, 1332 1,140.9 -986.9 287.1 0.06 0.05 -0.03

22.... 25256 1,687.6 o 42132 007 005 0.0

23.... 11,5944 —478.2 1162 ©.06 0.05 i

24,... 1812 e 181.2 QL 0.0l -0.03

28 i T & a1 0,03

At 2, -25.3 i, -253 0.06 0.05 -0.03

AR Az =I.1 £ I.1 0.02 0.02 -0.01I

28 .o 5 - i T 0.01 0.02 -0.03

29 s = -38.1 32 -38.1 0.01 0.0l -0.03

30 e s —16.1 e —16.1 0.0l 0.01 -0.03

= - -89.2 p -89.2 0.0l 0.06 -0.03

Total 6,556.7 -1,787.2  -338.9 4,430

acreage is restrained only by available cropland. Wheat
and cotton production are held at their respective base
acreages in each region, and soybeans are restricted
to no more than 40 percent of total cropland (see
table 5). Wheat production, after meeting food demand
and where competitive, can be raised up to limits of
the base wheat acreage in each region. Feed grains
then are produced in competition with feed wheat, in
sufficient quantity to satisfy the feed-grain demand.

Removing the base acreage restriction allows feed
grains to be distributed more efficiently among re-
gions (fig. 16 and table 11) than in the benchmark solu-
tion (fig. 3). Consequently, only 176.0 million acres
of cropland are required to produce the national re-
quirements of wheat, feed grains, cotton and oilmeals,
leaving 47.9 million acres of cropland unused. Hence,
the total surplus acreage represented by solution 51
is 7.4 million acres more than for solution 43.

Wheat acreage is reduced by 5.4 million acres from
solution 43. With only 41.6 million acres of wheat
grown, wheat used for feed declines to 141 million
bushels. Eastern and Corn Belt states have the big-
gest losses in wheat production. Kansas has a sub-
stantial drop in wheat production, but feed grains and
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Table 11. Change in acreage and programmed equilibrium prices
of wheat, feed grains and soybeans from solution 43 to
solution 51, by consuuming region.

Acreage (thousands) Programmed prices ($/bu.)
Feed Soy- Feed Soy-
Region Wheat grains bean Total Wheat grains bean
| & b B Is 0.0l -020 0.12
2 —665.1 1,074.4 -371.8 37.5 - —0:20:5 (002
3w =582 425.6 - 3574 0.0l -0.20 0.2
4.... —1845 -527.3 387.3 -3245 -0.18 -0.20 0.1
5 vo —1185:] -1,177.1 -0.03 -0.19 0.05
6 g o 2 .. =022 -0.19 0.05
Foevwe =192 -801.0 178.5 -808.9 -0.03 -0.20 0.I3
B.... =1949 2,655, =1,860.2 = .. =020 0.18
9 —618.5 13356 -376.6 3405 0.07 -0.21 0.2l
10 -29.2 —1,114.8 139.8 —1,004.2 wn =0.08. . 0,13
liles i =977 D=, 2307 776 -2,139.8 0.02 -0.20 0.I3
= ] 7 —920.9 =31.1 -963.7 o =0.18 0.3
13550 =120 337.8 -325.7 — 0.0l -0.19 0.14
14.... —667.2 861.5 -8.6 185.7 -0.03 -0.23 9.1l
[i5 51.9 109.4 -79.4 8l.9 0.08 -0.21 0.12
kb . .. e = 799.6 799.6 -0.04 -0.09 0.06
s s i —-165.0 101.1 -639 -0.03 -0.09 0.05
I8t el -361.5 351.1 -10.4 -0.04 -0.05 0.05
[95r o -237.0 oot -237.0 -0.03 -0.04

20....-1,130.5 869.2 645.6 3843 -0.03 -0.09

21.... 3146 -1,2085 893.9 .. =0.05 0.05

2 il o .. 5 0.0l v 0.12

R .. —2,968.6 -2968.6 0.02 -0.09 ke

24.... —409.3 o -409.3 -0.02 -0.01 0.05

25, b o o sw . 006

25: . s g . b .. =0.05 -0.05 0.05

e =239 551.6 5. 527.7 -0.01 -0.14 it

28505, e s s .. =0.02 -0.02 0.05

ISRE 3 o - .. =0.02 -0.01 0.05

3025 o i T .. =0.02 -0.0I 0.05

CHliRsC ¥ o i .. =0.01 -0.04 0.05

Total -5405.5 -2509.2 521.1 =7.392.8

soybeans increase by an even greater acreage in this
state. Illinois and Nebraska are the only states with
an increase in wheat acreage.

Feed-grain acreage, though unrestricted, actually
decreases by 2.5 million acres. A smaller acreage is
possible because the improved interregional distribu-
tion of feed grains allows the national per-acre yield to
rise. Feed grains become specialized in regions having
an advantage in their production.

The increase in feed-grain acreage in the Corn
Belt, forces soybeans into regions of lower per-acre
yields. Hence, solution 51 requires about 0.5 million
more soybean acres than does solution 43. Producing
regions in Nebraska, Kansas and Arkansas have the
greatest increase in soybean acreage. Indiana has the
largest loss.

Cotton acreage shifts slightly in solution 51 com-
pared with benchmark solution 43. A slight increase
in acreage occurs in Alabama, and a slight decrease
takes place in Kentucky.

Programmed equilibrium prices for feed grains are
lowered substantially by the relaxation of base-acreage
restraints on feed grains. The reduction ranges (table

11) from 9 to 20 cents per bushel in the eastern half
of the United States because of the greater concentra-
tion of production in these regions. Derived feed-grain
prices were changed by smaller amounts in western
states since regions here continue to use substantial
amounts of wheat for feed. Changes in derived wheat
prices range from a decrease of 22 cents in Florida to
an increase of 8 cents in Illinois. The derived prices
also relate to the interregional flows shown in figs. 17,

18 and 19.

Model I:  Market equilibrium of quotas or optimal inter-
regional patterns under solution 36

Solution 36 was designed to approximate the long-
run conditions approached under a competitive mar-
ket (but with production restrained to the given de-
mand levels and the prices indicated in table 5) or
under government programs that result in an optimal
interregional allocation of crop production and land
use.

Negotiable marketing quotas are another possible
means of deriving a production pattern corresponding
to solution 36. Production quotas, equaling the pre-
viously specified total national demand for each pro-
duct, would be issued to farmers of the nation. Initially,
these quotas would be allocated on the basis of his-
torical crop production on each farm. Quotas would
then be traded among farmers until they were held by
the most efficient producers. The farmers capable of
getting the highest net return per unit of production
would eventually bid the production quotas from less
efficient producers.

To simulate the conditions of markets or govern-
ment programs just outlined for solution 36, separate
acreage restrictions for wheat and feed grains were
removed. Physical characteristics of the producing regions
were assumed to limit soybean production to 40 per-
cent of available cropland. Total cropland restrictions
by regions were retained.

Production patterns. Compared with solution 43,
very large changes in crop production prevail under
the conditions of solution 36. Total acreage for the
crops declines to 176.9 million acres. Surplus acreage,
land not needed to satisfy 1965 demands at price level
3, increases to 47.1 million acres. Considering all mod-
els and solutions analyzed, we consider this quantity
to best characterize surplus capacity (for wheat, feed
grains, cotton and soybeans) in 1965, given the “nor-
mal” level of prices.

Wheat production is increased to 55.0 million acres
(table 12). Approximately 487 million bushels of
wheat are used for feed, an increase of 177 million
bushels over solution 43. Wheat production shifts from
the Corn Belt into the Great Plains and western states
(fig. 20). Kansas is the only Great Plains state with
a decrease in wheat acreage, but the decrease is off-
set by an increase in feed-grain production. Producing
regions in North Dakota, Colorado and South Dakota
have the largest increases in wheat acreage.
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Origin Amount = ——pDestination d
(  Wheat used for.feed o) 7 >

Fig. 17. Model |—Interregional flows of wheat under the conditions of solution 51 (million bushels).

Amount ~—Destination,

Fig. 18. Model I—Interregional flows of feed grains under the conditions of solution 51 (million bushels of corn).
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Table 12. Acreage (thousands) of wheat, feed grains, cotton and
soybeans in 1962 compared with solution 36, by con-
suming region.

Feed Soy- Total Total
Region  Wheat grains beans Cotton  used unused
o 602.6 33515 3,954.1 3
3 3322 3,142.1 ai 34743 765.9
4.. 336.8 347.0 475.8 ar 15159.6" 62224
5.. 236.0 .. 94.6 s 330.6 34945
5., - o i LB 618.0
P 486.9  2,260.8 482.5 3,230.2 1,223:6
8.. 199.2 - 8,687.3 496.0 23825 .
2 . 577115 1,140.7 69122 I8
flox 481.1 1,591.4 139.8 22123 1,835.6
Ihens 28591 7,534.7 852.6 10,946.4  2,587.2
[P . 3,650.7 o 3,650.7 993.8
- s 16:653.9 1,780.7 18,434.6 S
14.... ne 60456 2,3255 83 71%] 1}
5o IS8, VB8] 5226.6 I7911.5 85.1
[{/-F e -~ i 1,187.8 1,187.8  2,286.6
[ F s 5528 o X e 5528 [5227.6
18 . 3,589.2  4424.0 . 8,914.7 16927.9 o
19 57 67801 B 77.8 1,760.6 8,618.5 447.8
20.....78203 - 67635 962.7 = 14,7465  3,332.7
21.... 33462 5,.200.1 4.813.6 13,359.9 1,097.3
22.... 9,7542 53 e 9.754.2 4,286.8
23 5n o 2T |:592.7 1373 i 4,447.1 72299
24. ... 53468 ol s o 5346.8 3,606.6
250 0 2125 3 ol o 125.1 405.9
26.... 3.872.6 i 3,872.6 i
AT o e e | 823.3 1,189.4 223.2
28w o 2837 %) 283.7 b
295 s, 320128 S % .. 3211.8
30.5 .5 968,/ - s i 968.7
] e e ) 1,599.6 2310
Total 54,9829 89421.2 20,194.0 12,2749 176873.0 47,0823

Feed-grain acreage, because of increased efficiency
arising from an improved interregional allocation of
production and the use of more feed wheat, is sharp-
ly reduced under solution 36. The 89.4 million acres
used for feed grains is 13 million fewer than under
solution 43. Feed-grain production is nearly eliminated
in producing regions from Colorado on west (fig. 20)
where both food and feed wheat becomes concentrated.
Feed-grain production is concentrated in the Corn Belt,
Texas, Kansas, Nebraska and South Dakota. However,
a substantial amount is produced in Pennsylvania and
North Carolina, mainly because of locational advan-
tages. The patterns of wheat and feed-grain transfers
under solution 30 are those shown in figs. 21 and 22.

Soybean production shifts slightly among regions,
although total acreage is not greatly changed under
solution 36 which approximates long-run adjustments
to certain market conditions or to government programs
aimed at retaining interregional equilibrium. Soybean
production is decreased in Nebraska, Arkansas and Mis-
souri. Soybeans remain concentrated in the Corn Belt,
with Illinois having the greatest production. Nebraska,
with an advantage in production and location, supplies
most western states with oilmeals (fig. 23).
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Under the interregional equilibrium conditions sug-
gested by solution 36, cotton is eliminated from all
states except Texas, Oklahoma and California. Arizona
has no cotton, jbecause its cropland is completely util-
ized for feed grains. (Later solutions result in cotton
production in consuming region 27.)

The interregional allocation of crop production un-
der solution 36 has the greatest effect on producing
regions in the South. As evident in table 12, consuming
regions 4, 5, 6, 7, 16 and 17 have a sharp reduction in
agricultural production. About 20 percent of the crop-
land in these regions, compared with solution 43, is
shifted from crop production (fig. 24). Only 30 per-
cent of the total cropland in these regions remains in
production of the specified crops, as compared with
79 percent for the United States. Of the 47.1 million
acres of cropland indicated as surplus for the study
crops under solution 36, approximately 38 percent is
located in these six regions. Other producing regions
indicated to have land not used for the grains or cot-
ton under the equilibrium conditions are concentrated
in Nebraska, the Dakotas, Kansas, Oklahoma, Wyo-
ming, Montana and Idaho.

Equilibrium prices. Derived equilibrium prices for
wheat and feed grains are reduced considerably under
solution 36, as compared with solution 43. Derived soy-
bean prices increase in most regions (table 13). The
decline comes about since the model represented by
solution 36 allows an improved interregional alloca-
tion of the nation’s bill of goods represented by wheat,
feed grains, cotton and soybeans. Crops are unre-
strained in being produced where they have the great-
est comparative advantage.

In contrast to the pattern for solution 40 in fig. 14,
surplus land would still be concentrated in Georgia,
South Carolina and North Carolina under solution 36
(fig. 24). However, similar to solution 40, surplus land
is fairly well eliminated in the Southwest under solu-
tion 36. These quotas or regional restrictions are now
imputed to the regional total cropland restraint; thus,
causing a widespread increase in the value of cropland.

Cotton quota values are reduced to zero in all re-
gions except Texas, Oklahoma and California. Even
in these states, the price of cotton quotas is reduced
because of the lower equilibrium price of cotton lint

($19.32 per hundredweight).

Model |I: Demand changes under solutions 41 and 45

The level of prices is an essential consideration in
establishing the amount of land which must be diverted
from production by public programs. If the price level
is raised, the demand quantity of farm products should
be lowered, and less total production will be required.
If the price level is lowered, the opposite should occur.

In considering the effect of price changes on crop-
land requirements, all variables except demand were
held constant. Regional total cropland, and acreage
or quota restraints for individual crops were held at
the same level as for solution 43 (table 14). Demand



Origin Amount n —— Destination
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Fig. 2. Model |—Interregional flows of wheat under the conditions of solution 36 (million bushels).

(wheat used for feed

Amount ——PDestination

s

Fig. 22. Model |—lInterregional flows of feed grains under the conditions of solution 36 (million bushels of corn).
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o
Fig. 23. Model |—Interregional flows of ocilmeals under the conditions of solution 36 (million bushels of soybeans).
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Fig. 24. Model |—Amount and location of surplus land under the conditions of solution 36.
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Table 13. Change in programmed equilibrium prices of wheat,
feed grains and soybeans from solution 43 to solution
36, by consuming region.
Region Wheat Feed grains Soybeans
(dollars per bushel)

| o R o -0.22 0.09
e SO 0 -0.15 -0.22 0.09
B i vty o R R —-0.15 -0.21 0.09
At s W A e st eI 25 -0.22 0.08
A S ST S -0.20 -0.21 0.02
O Lo o scon Mcositases -0.24 -0.20 0.03
T -0.15 -0.22 0.10
B il ek bt S —0.12 -0.22 0.5
S SR ...—0.05 -0.22 0.17
16 O, SRR . -0.19 0.10
il snss s o e -0.15 -0.21 0.10
R S -0.15 -0.20 0.10
25Tl A Bt -0.15 -0.20 0.1
AR o .—0.15 -0.25 0.08
s P -0.02 -0.22 0.09
[ ot o e« B = AL -0.12 0.03
NARES e 3 g s =0.17 -0.13 0.02
I/ s S -0.18 0.25 0.02
[ L gy s 5 sty -0.17 -0.08 -0.08
e T e -0.14 -0.13 -0.01
7 o ST RS A ot -0.15 =0.11 0.02
P2 s win o & iy -0.15 -0.07 0.10
R e 0 M) -0.09 =
70 S el o g AR —-0.13 =0.11 0.02
CAS T P i Sl S el . o 0.03
4 R S -0.12 =0.11 0.02
R e A G -0.19 =0.21 -0.01
Vel N A R ) SN -0.13 =0.11 0.02
T e AR L -0.13 =0.11 0.02
210 SR, b R -0.13 =0.11 0.02
RPN Sedlieiy Mg -0.19 —0.11 -0.31

Table 14. Acres of wheat, feed grains, soybeans and cotton for
the three demand levels.®

Feed Cropland

Solution  Wheat grains Soybeans Cotton unused
4. .. .b3,066:2 109,496.7 21,205.4 15,538.2 24,602.6
43....47,006.7 102,432.2 19,890.1 14,113.8 40,512.6
45....46,365.0 94,137.4 18,984.0 13, 111.3 51,3577

* The only difference between the restraints of solutions 41, 43
and 45 were the differences in demand level.

quantities were then increased, and prices were de-
creased, for solution 41 relative to solution 43 (tables
2 and 5). For solution 45, demand quantities were de-
creased, and prices were increased, relative to solution
43. The assumed corn price was 80 cents per bushel
for solution 41 and $1.40 per bushel for solution 43,
with the prices of all other products varied proportion-
ately from the levels of solution 43. (For solution 43
and all other solutions, the price level is that corres-
ponding to a corn price of $1.10 in tables 2 and 5.)
Domestic demand levels alone were assumed to be af-
fected by the change in prices. (Some regions have
a greater portion of export demand than others. Hence,
regional demands are not all affected equally by the
demand and price changes.)

Higher demand quantities and lower prices, solu-
tion 41. While areas of specialization are not changed
greatly for any one crop under the different solutions,
the residual effecty expressed in unused cropland are
quite important. Under the lower set of prices and
larger demand quantities, surplus capacity as repre-
sented by unused land declines to 24.6 million acres.
Under the higher prices and smaller quantities of solu-
tion 45, surplus capacity increases to 51.4 million
acres.

Under solution 41 (lower prices and larger quanti-
ties), wheat acreage would expand mainly (over solu-
tion 43) in the Dakotas, Ohio, Michigan, North Caro-
lina and Montana. Feed-grain acreage would expand
most (table 15) in Nebraska, North Dakota, Missis-
sippi, Kansas, Florida and Oklahoma. Soybean acre-
age would decrease in Nebraska in response to the
greater feed-grain acreage but would expand in most
other states where soybeans are grown. Cotton, with
a total increase of 1.4 million acres, would expand large-
ly in South Carolina, North Carolina, Georgia and
Alabama.

With the 10.8-million-acre decline in cropland re-
quirements under solution 45, the greatest change would
be in feed grains and cotton. Large reductions in feed-
grain production, as compared with the price level un-
der solution 43, would occur in South Dakota, Michi-
gan, Minnesota and Alabama. The central Corn Belt
would have little change in feed grains (table 16).

Because of the very low price elasticities of demand
for the commodities in question, the quantities involved
in solutions 41 and 45 (low and high prices, respective-
ly) change from those of solution 43 by a smaller per-
centage than price. With the lower prices under solu-
tion 41, for example, prices average about 27 percent
lower than under solution 43, but increases in quanti-
ties are only 7.2 percent for feed grains, 8.0 percent
for cotton, 5.9 percent for oilmeals and 0.4 percent for
wheat. Under solution 45, changes in quantities were
only 5.3, 4.3, 5.8 and 0.4 percent, respectively, for feed
grains, oilmeals, cotton and wheat. Of course, solu-
tion 41 requires an increase in crop acreage to supply
the greater demand quantities at the lower prices, while
the opposite is true for the higher prices of solution 45.

Table 14 summarizes land use at the national level
for solutions 41, 43 and 45 corresponding to the low,
medium and high price levels, respectively, of tables 2
and 5. Illinois and Iowa both would have relatively
large reductions in soybean production. For cotton,
the large reduction in acreage and production would
be in Alabama, Kentucky and Tennessee.

Model Il:  One-Price Plan for Wheat

In contrast to Model I, Model IT implies a one-
price plan for wheat. All wheat produced under Model
IT would receive a relative price representing its historic
food value. However, wheat also could be used for
feed. As feed wheat, it would need to be priced in
terms of its relative nutritive value as a feed grain.

499



Table 15. Change in acreage (thousands) of wheat, feed grains,
soybeans and cotton from solution 43 to solution 4,
by consuming region.

Table 16. Change in acreage (thousands) of wheat, feed grains,
cotton and soybeans from solution 43 to solution 45, by
consuming region.

Feed Total ’ Feed Total
Region Wheat grains Soybeans  Cotton used Region Wheat grains Soybeans  Cotton used
1% Pt I i x 5 %
B b e 5 o - Vo LS -1.6 vy —132.6 " —134.2
- (SR, 166.8 - 609.1 49.4 825.3 Bl kvl s . -253.0 e -84.7 -337.7
. R 5 269.1 114.7 1,309.9 169.4 D e -5.2 -270.2 " 7% -275.4
' s o " 50.5 50.5 B, fe —1,106.4 -94.6 —767.4 —1,968.4
B0 i 530.9 > 530.9 B s 3 >
74— 125.1 1251 T s - —134.5 —134.5
- 5ih o e Baiiivas o i i o
O e 640.2 -203.1 e 437.1 e o P -3.9 e 3.9 o,
Vs 5 was 695.0 R 83.1 ol 778.1 [0 . -2.7 —1,160.9 —1,163.6
[0 e Rl 29.8 o 360.1 - 389.9 [ P o -1,178.8 vl o% —1,178.8
BTy S 9.9 Y % 2 9.9 W25 oy o —180.5 = ~ —180.5
3k s - = " o - I isaads i Y -169.9 4 —169.9
[ g —134.7 £ 134.7 T o I S 99.3 2 -99.3 v i
B0 ety 24.1 S 57.8 o 82.0 Ess -30.9 D -582.0 N -612.9
I8 s o e 799.6 ok 799.6 16:s s v e o s o2 o
| S - 1,369.1 e 14,6 1,383.7 7 e -2.2 -85.3 -23.7 -15.9 -127.2
185 et o 53.2 360.4 e 413.6 o .o =924 ue o -92.4
[ . 452.8 > . 452.8 [ PR i -87.9 i s -87.9
24 (SO 64.6 895.1 70.7 - 1,030.4 ZIEl s .. =597.2 -49.7 s -646.9
L oL i 14942 —1207.1 X 287.1 4 PR e s -249.3 2493 = .
¥ 7 25256 1,974.5 o .. 4,500.1 220 e .- —-100.3 $s = —-100.3
23 s 1,594.4 it 10.1 . 1,604.5 230 5 i ~2.932.6 —7.5 s -2,940.1
s i 4244 o e s 4244 24, s ~680.2 i o, + —680.2
280 S 19.5 4% 5 T 19.5 T -14.4 45 =k Es -14.4
260 /s » 3, £ e ) 25
F AR o 25.7 i i1 25.7 2 s s en
2802 s . e e i 28, ...,
270500 ... R
30 o k. < IR
e x 0% ) RPN
Total .... 6,059.5 7,064.6 1,315.3 1,424 .4 15,863.8 Total .... —641.7 82947 —906.1 1,002.6  —10,845.1

Thus, there would be a transfer cost involved in shift-
ing wheat to feed. This transfer cost would be equal
to the differences in prices for wheat in food and feed
uses. This cost, added to the production costs of wheat
in its use as feed, would also be included in the ob-
jective function. Hence, under Model I as compared
with other models, wheat must bear a penalty in the
transfer cost attaching to its feed use. The charge
placed on the use of feed wheat was different for each
region and was based upon historic regional differences
between prices received for wheat and prices received
for corn (see table 3). The charge averaged 85 cents
per bushel for the United States.

Two solution from Model II assess the effect of
a one-price plan for wheat. The production and de-
mand constraints for these two solutions, 402 and 432,
are identical to solutions 40 and 43, respectively, under
Model I and allow comparison of parallel outcomes
under a one-price and a two-price plan for wheat.

A summary of the aggregate effects of applying the
one-price wheat plan is given in table 17. Wheat acre-
age and production are considerably smaller under the
two one-price plans for wheat where a transfer cost,
perhaps paid through treasury outlays, is involved in
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using wheat for feed. Both solution 40 (a two-price
plan) and solution 402 (a one-price plan) leave wheat
unrestricted in its competition for cropland, although
other crops are restrained to their historic maximum
acreage. The one-price plan (solution 402) would
cause wheat acreage to decrease by 32.5 million acres.
Simultaneously, acreage would be increased by 29.4
million for feed grains, 1.4 million for soybeans and
4.9 million for unused or surplus land. Indicated feed
use of wheat declines by more than 0.8 million bushels.
Under solution 43 (a two-price plan) and solution 432

Table 17. Production of wheat, feed grains, cilmeals and cotton
compared under one- and two-price plans for wheat.

Feed Cropland Wheat
Solution  Wheat grains  Soybeans Cotton unused for feed

(thousands of acres) (mil. bu.)

40w 713.714.6 77,9812 -19.9104 14,113.8 38,2352 .1,024.0
402 ... 5 s 41,2272 107,317.7 21,3824 10,882.9 43,(45.I 146.8
43 47,006.7 102,432.2 19,890. 14,113.8 40,512.6 3103
432..... 39,085.0 110214.1 19,750.8 12,607.0 42,298.4 76.4

2 Solutions 402 and 432 were identical in every way to solutions
40 and 43, respectively, except for the difference in the price
assumption for wheat.



(a one-price plan), wheat is restricted to its historic
maximum acreage in each of the 144 producing regions.
Again, however, the acreages of wheat and cotton are
less under the one-price plan, and the acreages of
feed grains and soybeans are greater, than under the
two-price plan. The penalty represented by the trans-
fer cost of wheat to feed under the one-price plan
causes the national pattern of production to be less
efficient in a cost sense, but it reduces acreage required
for crops, because land used for feed grain has a higher
yield per acre than that otherwise used for wheat.
Most of the change in wheat production, under
solution 432 as compared with 43, comes about in the
eastern half of the United States where nearly every
state shows a loss in wheat production (fig. 25). Kan-
sas is the only western state showing a significant drop
in wheat production under solution 432, although it
continues to be the greatest wheat-producing state. Pro-
ducing regions in Montana, Oklahoma and Colorado
have reductions in wheat production but show increases
in feed-grain production. Feed grains also are sub-
stituted for wheat in Louisiana and Mississippi. Most
of the Corn Belt and eastern states are indicated to
produce to the limit of their feed-grain quota or acre-
age restraints under solution 43 and cannot expand
acreage under solution 432. However, Mississippi and
Louisiana increase feed-grain production by about 1.4
million acres. The remainder of the change in feed-
grain production occurs in the Great Plains and west-

ern states where nearly every producing region has
more feed grains under solution 432 than under 43.
The spatial location of soybean production is appreci-
ably affected by thg application of the one-price plan
on wheat. However, the total acreage of soybeans is
affected very little. A general shift of soybean produc-
tion from Kansas and Nebraska into Missouri and the
eastern part of the Corn Belt is indicated in fig. 25.
The shift eastward results partly from a decrease in
cotton production over the Southeast. Mainly, how-
ever, the increased need for feed grains in the West
caused soybeans to shift out of these areas and into
the regions of the East.

Results of Model llI

The major objective of Model III is to analyze the
realism and usefulness of programming models that in-
corporate intraregional soil-quality differences. Even
regions of least productive soils have some good crop-
land, and the most productive regions have some poor
cropland. Model III allows the intraregional selection
and use of cropland, based on potential soil productivity
as well as interregional allocations of production for
optimal attainment of the national objective.

Solution 403 of Model III is the counterpart of solu-
tion 40 for Model I where only one class of land is
considered per region. Likewise, solution 433 is the
counterpart of solution 43 under Model I. A corres-

Wheat
Feed grains A
Solid symbols = 500,000 A.
i i Half-shaded symbols = less than 500,000 A.
Totals in millions of acres
Cotton b 4 X 12:.6
181.7
Fig. 25. Model |I—Regional location and acreage of crop production for solution 432.
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ponding relationship holds for the remaining solutions
of Model III. (Solution 433 is the counterpart of 43,
473 is the counterpart of 47, etc.) The production and
transportation patterns resulting from solutions of Mod-
el IIT are similar to corresponding solutions of Model
I. The results often must be examined in detail to rec-
ognize broad differences among consuming regions. Most
of the changes brought about by this model were small
for any single region. However, several aggregate
changes were evident among producing regions. Re-
sults from Model IIT and from similar solutions of
Model I are summarized in table 18. Total cropland
used is much less in Model III than in Model I. Wheat,
feed grains and cotton acreages are generally reduced,
while soybean acreage is increased.

Model Ill: Benchmark solution 433

Solution 433 under Model III is the counterpart
of benchmark solution 43 under Model I. In both
solutions, or restraints for acreage quotas of wheat,
feed grains and cotton for this solution are set at 100
percent of their respective base levels or historic max-
ima. Prices and demand quantities are at the “normal”
level. Soybeans are restrained to 40 percent of total
cropland.

Approximately 8.2 million fewer acres are specified
to attain the national bill of goods when intraregional
differences in soil productivity are incorporated in the
programming model (Model III compared with Model
I in table 18). Thus, 48.7 million acres of cropland
could be diverted from wheat, feed grains, soybeans and
cotton under solution 433 of Model III. Most of the
increase in land diversion is indicated for the eastern
half of the United States and in the Great Plains states
(table 19).

Wheat shifts westward under Model III, both in
terms of acres and bushels (compare figs. 26 and 3).
Nearly every state west of the Missouri river has an
increase in wheat production; the opposite is true in
regions east of the Missouri River. Consideration of

Table 18. Results of comparable solutions from Model III and
Model |.*

Cropland

Solution Wheat Feed grains Soybeans  Cotton unused

(thousands of acres)

A 73.714.6 77,982 19.910.4 14,113.8  38235.2
403....... 63,855.1 80,657.3 = 20:918.7 11,421.9 47,1023
B it i 5 47,006.7 102,432.2 19,890.1 14,113.8 40512.6
433 v s s 45,834.0 96,6723 . 21,319.9 11,462.0 48,667.3
4 st sy 442704 105,143.5 19.861.5 14,113.8  40,566.1
473....... 43,9924 98,037.2 21,4663 114625 487997.

L [ I 41,601.2 999229 20411.2 14,114.6  47,905.4
B8l s e ¢ 41,494.8 973442 21.315.6 11,4495 523514
54. ... .:53,6634 100,644.9 195512 14,113.8 36,0820
543 F e 49,525.4 2612318 - 21;193.9 11,463.2 45901.2

Solution 40 from Model | and solution 403 from Model Il were
identical with respect to all restraining conditions except for the
assumption regarding cropland qualities within producing regions.
The other four sets of solutions are similarly comparable.
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land quality differentials allows western states to more
fully exploit their comparative advantage in wheat pro-
duction. In total, however, wheat acreage is reduced
by 1.2 million acres (table 18). Consequently, as a re-
sult of the relocation of wheat production, a somewhat
different pattern of transportation is required to attain
demand for wheat in consuming regions (fig. 27 as
compared with fig. 4).

Wheat used for feed is reduced to 280 million bushels
under Model III. Wisconsin has the largest decrease,
40.8 million bushels, in use of feed wheat. Kansas has a
small decrease while Colorado, Arizona, New Mexico,
Washington and Oregon use greater amounts of wheat
for feed. The construction of Model IIT better reflects
comparative advantage of wheat production relative
to feed-grain production in the West and Great Plains.

Feed-grain production is increased slightly to offset
the lower utilization of feed wheat, under Model III,
even though the acreage of feed grains is decreased by
nearly 5.8 million acres. Corn Belt states, with their
comparative advantage in these crops, replace feed-
grain production in other regions. Feed grains move
onto the more productive soils of the Corn Belt, the
less productive land which otherwise would shift other
crops or be diverted to non-crop use. Higher average

Table 19. Change in acreage (thousands) of wheat, feed grains,
soybeans and cotton from solution 43, Model I, to solu-
tion 433, Model Ill, by consuming region.

Feed Total

Region Wheat grains Soybeans Cotton used

[P s po 2
LN —477.9 5 -9.8 . —488.0
£ RN 5.5 94.7 380.6 —84.7 206.7
s -91.5 271.0 —-178.9 0.6
B 55 imsig -68.7 -29.0 —767 .4 —865.1
6. . T 159 e 5% 5.9
i (e e —196.1 -305.0 50.8 -246.0 -696.3
B -561.6 N -183.6 —745.2
Roisinsy -583.7 nk 895.6 312.0
{3 -71.3 -480.7 o -552.0
Frs 8 101.1 —745.5 -13.2 —859.8
bl s -55.3 -786.6 =31.1 -873.0
135 -87.8 —-1,208.6 . —1,296.4
14.. -575.9 607.6 -65.7 -34.0
il S -57.0 -639.4 i —696.3
16 am e s : 438.4 -170.3 268.1
WP ol 950.6 440.4 1.710.9 3199
Rt o o —948.6 333.1 —104.6 —-720.1
e e . -197.4 o -197.4
208 b s -95.3 —430.8 —156.4 —682.5
Dt 5% 24 -915.3 249.2 -666.0
2 SN 1,183.2 —160.7 40.2 1,062.7
2wt o 3 477.5 -1,038.9 -5.8 -567.2
iz R 18.0 Ly 18.0
255 sk s 16.1 16.1
A . ek B iy ¥,
2 AR -10.1 676.6 666.6
v . -5 2
29, —455.0 —455.0
305 s 0.2 0.2
Total ....-1,172.8 -5,759.8 1,430.8 -2,651.8 -8,154.7
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Fig. 26. Model lll—Regional location and acreage of crop production for solution 433.

Origin ——— Amount — Destination
( Wheat used for feed )

Fig. 27. Model lll—Interregional flows of wheat under the conditions of solution 433 (million bushels).
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yields result, and total feed-grain production is greater
than previously. As in the case of wheat, total inter-
regional shipments of feed grains were increased in
solution 433 of Model III over that of solution 43 of
Model I (fig. 28).

Since feed grains utilize a majority of the best land
in the Corn Belt under Model III, the efficiency of
soybean production is reduced in these regions. Ac-
cordingly, total acreage of soybeans increases to 21.3
million acres—the highest level of any solution in the
study. Soybean acreage in Iowa is indicated to decrease
by 1.2 million acres. Producing regions in Illinois also
experience a decrease in soybeans, while acreage in Ohio
increases by 0.9 million acres. Such southern states as
Arkansas, Missouri, Missisippi, Louisiana and Texas
also have an expanded soybean acreage (fig. 26 as com-
pared with fig. 3).

Cotton acreage is reduced by 2.7 million under
Model III. A portion of this decrease, however, is at-
tributable to the movement of cotton into New Mexico
and Arizona as a result of different technical coeffi-
cients for cotton.** All other states have a reduction
in cotton acreage. Since cotton utilizes the majority
of Class I land wherever cotton is produced, increased
yield and efficiency of cotton production causes a big
drop in cotton acreage.

Under Model III, with land differentiated by classes
within regions, the surplus land is spread much more
24 From the results of Model II, cotton acreage was reduced by 1.5 mil-
lion acres as a result of the new production coefficients. The remaining

1.2-million-acre drop in this solution is attributable to the characteristics

of Model III.

evenly over the nation. For example, solution 433 under
Model IIT (fig. 30) provides a picture that is different
from its counterpart, solution 43 under Model I (fig.
7). Few regions fail to have some land that would be
shifted from cotton, wheat, feed grains or soybeans un-
der the conditions of Model III. Thus, while the im-
pact would not be as deep on some communities as
suggested under the pattern of solution 43 for Model
I in fig. 7, it would touch upon more communities over
the nation.

Derived equilibrium prices for wheat are not greatly
affected by Model IIT (table 20). Since Ohio reduces
wheat production and increases imports by about 21
million bushels, its derived wheat price increases by
9 cents per bushel. Illinois, with wheat pushed onto
lower quality land under Model III, has a 10-cent in-
crease in its derived equilibrium price for wheat.

Since feed grains account for more than 50 per-
cent of total cropland acreage included in the model
and since they utilize the better-quality land at the
expense of wheat and soybeans, their derived equili-
brium prices were significantly reduced under Model
III as compared with Model I. Nearly all Corn Belt
states and states importing feed grains from the Corn
Belt (fig. 28) experience a drop of about 5 cents per
bushel. Texas, Oklahoma, New Mexico and Arizona,
each allowing cotton to utilize Class 1 land, have in-
creases in derived feed-grain prices. North Dakota,
because of a large increase in wheat production, has a
slight increase in derived feed-grain prices.

Derived oilmeal prices (see fig. 29 for the soy-

Origin Amount — > Destination

Fig. 28. Model lll—Interregional flows of feed grains under the conditions of solution 433 (million bushels of corn).
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Amount ——Jp Destination

S
Fig. 29. Model Ill—Interregional flows of oilmeals under the conditions of solution 433 (million bushels of soybeans).
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Table 20. Change in programmed equilibrium prices of wheat, Table 21 (continued).
feed grains and soybeans from solution 43, Model I,
to solution 433, Model Ill, by consuming region.

Feed-
- Wheat grain Cotton  Soybean Crop-
Region Wheat Feed grains Soybeans Region quote quota quota quota land®
(dollars per bushel) (dollars per acre)
[ e At e o -0.01 -0.05 0.1
- AL e LM -0.02 -0.05 0.12 G niigs % ge e e
RN I T -0.01 -0.04 G = ekl = : s == :
i =0 -5.78 . - 8.88
T oy - NN TN -0.06 -0.05 0.11 i Y 372 L Re
ST % S X -0.04 oy R ? y 7 g ¢
: s M S, 41 b ke 2.53
e Ve T 0. ! ]
e iy :8 8;' 8?3 et e 422 —0.61 —10:32°" =07 -3.40
Gl SRRV Sy A 0.0l —0.05 0.12 07 gl —4.00 -8.36 -4.81 -0.97 7.33
S o R VM 0.09 ~0.05 0.12 72 A B -2.38 -8.14 —45.74 2 7.08
O i i i I § —0.02 —0.04 0.12 P R i g -15.21 -25.67 5 12.22
""""""""" 4 F : S0 o ~ —9.12 -31.73 i 7.49
[if sl s e T L o -0.04 0.12
[0S MO L -0.0! -0.03 0.12 2 o A e, . —6.05 —20.45 bl 5.03
BN e, o1y s -0.04 0.22 S S * —4.63 N X 357
[ rr o ol 2 -0.08 0.11 I8ty nl b % ~6.48 -8.51 o 3.43
i S R S 0.10 -0.05 0.11 S R S -9.60 < » 8.10
gel iy LY ~1.18 -4.43 - i 351
LR B e 0.07
17 o - 0.07 B =3 -6.20 2 ! 5.29
18. .o s 0.02 0.07 ST e e —6.13 8 17 -2.75
19 0.01 0.08 0.02 S e —4.11 -5.79 3 o 4.49
200 = . 0.02 I -5.03 ~7.27 Y 4 4.82
aAf) s o -0.50 -7.63 e X 6.06
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Table 21 (continued). Table 21 (continued).
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goods” in required wheat, feed grains, cotton and soy-
beans were produced most efficiently under current
technologies and farming practices. Finally, we at-
tempted to identify individual producing regions that
would need to shift from crop production to less inten-
sive uses of land, such as grazing, forestry or recreation.

Linear-programming models, including 962 equa-
tions and 2,682 real variables and based on 144 spatially
separated producing regions, were constructed to an-
alyze the needed adjustments in resource use. These
regions were defined to recognize the variations in tech-
nology, soil productivity and climatic conditions existing
across the United States. Each producing region has
four potential producing activities (wheat, feed grains,
soybeans and cotton) from which projected demand re-
quirements are met. The inclusion of potential activities
in a region rests solely on the cropping history of the
region. The programming regions used account for
about 95 percent of the United States production of
the four crops.

Also, 31 spatially separated demand regions, en-
compassing 48 states, are delineated and used in the
analysis. Demands for wheat, feed grains and oilmeals
are specified to reflect the projected trend in commod-
ity requirements for each consuming region. A single
national demand is used for cotton lint. Transportation
activities allow the designation of commodity movement
among consuming regions and are used to insure an
optimum allocation of production in meeting the re-
gional demand requirements. The objective function of
each programming model includes minimization of the
total costs of producing and transporting commodities.
A transfer activity in each consuming region allows
wheat to be used for livestock feed at a cost varying
upward from zero. This activity also provides the pos-
sibility of considering single- or multiple-price plans for
wheat, as alternative policy programs.

Cropland is considered the limiting factor of crop
production in each producing region. Regional acreage
quotas (historic maximum acreages) for specific crops
are used to simulate different land-retirement or supply-
control schemes. Soybeans, in all solutions, are limited
to the use of 40 percent of available cropland in each
region.

Models I and II each were constructed under the
assumption of homogeneous land within the program-
ming regions. Regional productivity of each crop thus
is reflected by a fixed coefficient of production. The
two models differ in the pricing scheme employed for
wheat. Model I uses a multiple-price plan for wheat.
The food-wheat demand can be satisfied at a price
above the equilibrium value of wheat, while feed wheat
is utilized at its value as feed. Model II supposes all
wheat to be supported at a price above the equilibrium
value of wheat. Model III relaxes the assumption, used
in Model I and Model II, of cropland homogeneity
within producing regions. Regional cropland constraints
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for Model III are divided into three categories on the
basis of the estimated potential productivity of each.

In the programming models, 223.9 million acres of
cropland are avgilable for the production of feed grains,
wheat, cotton and soybeans. Excess capacity is measured
in terms of unused cropland (i.e., land formerly devoted
to the four crops but not needed to meet 1965 demand
requirements and which could be shifted to other
crops). Surplus capacity so measured ranges from 24.6
million acres, for a mildly restrictive program on all
crops and a very high product-demand level, to 52.3
million acres, for an unrestrictive feed-grain program
and a normal demand level. Typically, the benchmark
solution with single soil classes in each region indicates
a national surplus capacity of 40.5 million acres for
1965. If soil differences within regions are recognized
through use of Model III, this surplus capacity extends
to 48.7 million acres.

If production were restrained to mesh exactly with
demand levels at normal prices for 1965 and if produc-
tion were allocated optimally among producing regions,
many individual regions would need to shift almost en-
tirely from the specified crops. These regions would be
located mainly in the South and marginal areas of the
Great Plains. Some land also would need to be diverted
in fringe areas of the Corn Belt and other scattered
regions of the nation. However, when intraregional soil
differences are recognized, almost every producing re-
gion has some land that would need to be shifted from
field crops. The amount would vary, of course, with
the level of prices and the demand quantities to be
attained. Under three solutions based on corn prices
of 85 cents, $1.10 and $1.40 per bushel, with cor-
responding prices of other commodities, the amount of
surplus land was indicated to be 24.6 million, 40.5 mil-
lion and 51.4 million acres, respectively.

It must be concluded that conditions affecting the
spatial allocation and amount of production of either
wheat or feed grains may also substantially affect the
other crop. There is considerable interaction of the two
major commodities both in their competition for land
use and in their substitution in consumption.

The spatial allocation of production appreciably
affects the needed transportation of products. On the
other hand, transportation charges had little effect on
production allocation. Model III, with the advantage of
using only the best land in each region, allows the
greatest opportunities for adjusting the location of pro-
duction. However, there is very little difference in
transportation requirements of comparable solutions
from Models I and III. Hence, comparative advantages
in production seem to outweigh the influence of trans-
portation costs. Using shadow prices as the criterion,
transportation charges added an average of about 28-31
cents per bushel to derived wheat equilibrium prices,
9-10 cents per bushel to feed-grain prices and 13-15
cents per bushel to soybean prices.





