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SUMMARY AND CONCLUSIONS

The results of this investigation suggest hypothetical land retirament
programs which might aid in controlling agricultural production and in
maintaining adequale incomes for farmers of the wheat-feed grain-oilmeal-
cotton economy. Relative costs are estimated in several simulated land re-
tirement programs. The several alternatives considered are directed toward
indicating regional preduction patterns for wheat, feed grains, soybeans, and
cotion. The study is designed to preside insights into the resource adjust-
menls needed to meet the production requirements of these comnedities tn
1965, and to estimate costs of land retiremenl programs, with different re-
strictious on regional adjustments. which would maintain farm output and
prices al specified levels,

Three linear programming models were designed 1o indicate the optimum
spatial allocation ol agricultural production, subject to assumed prices and
cosls and restraining conditions of demands for agricultural products, crop-
land availability, and Covernment programs. The supply of land was fixed,
but ail other factors were variable. Uniform costs within each production
region were assumed. Each model minimized the total national cost of
preduction and distribution.

A total of 144 producing regions, each having 4 potential producing ac-
tivities {wheat. feed grains, soybeans, and cotton), reflect the variations in
technology, soil productivity. and climate across the United States. These
regions account for 95 pereent of the Nations production capacity for the
specified crops.

The products were distributed among 31 demand regions which encompass
the 48 coterminous States. Quantities of wheat, {eed grains, and oilmeals
were specified to mect the demands of each consuming region. A single na-
tional demand was assumed {for cotton lint.

Farm programs considered ranged {rom unrestricted allocation of pro-
duction among regions to rather restrictive programs for wheat and feed
arain production.  Other programs tested the effects of {a) different pricing
schemes for wheat and (5) retiremenl of submarginal rather than average
land within preducing areas.

Several solutions, each individually designed to explore separate facets
of the overall problem of supply control in agriculture, were obtained from
the programming models. Moedels I and I1 consider land within producing
regions to be homogeneous. The two models differ in the pricing scheme
employed for wheat. Model 1 applies a multiple price plan, with demand for
food wheat satisfied at a price above the equilibrium valee of wheat, while

feed wheat is utilized al its value as livestock feed. Model 11 employs a
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single price for both food wheat and feed wheat. Model 11l assumes three
classes of cropland within each producing region.

The models are similar in all respects except those outlined above. All
solutions have the same farm policy constraints. Thus, by comparing the
results from Models 11 and 111 with those from Model |, the effects of alter-
native wheat price plans on the regional distribution ef crop production are
isolated.

In the models, 223.9 million acres of cropland are available for the produc-
tion of the four major feed grains {corn, oats, barley, and grain serghumj,
wheat, cotton, and soybeans. Soume excess production capacity is indicated
in all solutions. Excess cropland varies from 36.1 million acres, for a pro-
gram requiring the retirement of some feed grain land in all areas, to 52.3
million acres, for a program in which optimal inlerregional allocation of
production is allowed.

Although each model and solution results in different amounts of land
diversion and dillerent patterns of land use, some States have large acreages
of land diversion indicated under all programs considered. These States are
Sputh Carelina, Georgia. Alabama, Mississippi. and Arkansas. Under one
solution, more than 75 percent of cropland in these States is indicated for
diversion; more than 50 percent of cropland is suggested for diversion under
most solutions. Portions of Creat Plains States such as Kansas, North
Dakota, and South Dakota zlso are indicated for diversion from crops under
most solutions.  Yields in these States are limited by moistare, and technical
input-output cocfficients are generally higher for them than for other wheat
and feed grain areas. However, the competitive position of these States is
improved under Modef 111 when intraregional land quality differences are
recognized.

Very little land diversion is indicated in the major feed aud livestock
regions east of the Missouri River, the central winter wheat regions of the
Creat Plains, and the field crop areas of the Pacific States.

The South Atlanlic States become more competitive and self-sufficient when
regional wheat acreage quotas are eliminated and local feed wheat substitutes
for previously imported feed grains, When feed grain acreage quotas are
applied in all regions, only a small amount of cropland is indicated for
diversion in North Dakota and South Dakota. Procuction of wheat and feed
grains in the Dakotas is required to offset reduced {eed grain production in
the Corn Belt.

Feed grain acreages required lo meet regional and national demands vary
widely as different amounts of wheal are used for feed under the alternative
land retirement programs. Only 78 million acres of feed grains are required
when wheat production is not limited by acreage quotas. When wheat is
supported at a price above Hs equilibrium or feed vaiue, even a2 mildly re-
slrictive acreage program for wheat increases feed grain acreage to 110.2
million acres.

The location and amount of wheat production are quite sensitive to changes
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in prices or acreage quota programs for either wheat or feed grains. The
lowest wheat acreage, 39.1 million acres, is indicated under solutions which
assume -l crops to be restricted to their historical Lase acreage and all wheat
to he priced artificially high. Wheat acreage increases to 73.7 million acres
when guotas are removed and wheat can be used freely for livestock feed.

Government programs aflecting the geographic location and quantity of
production of either wheat or feed gralus also affect the competition: for land
use and substitution in consumption, of wheat and feed grains. Therefore,
compliance with Government programs affecting both commodities is neces-
sary to obtain optimum efficiency from the program.

The geographic distribution of grain and cotton production appreciably
affects the amount ard kind of transportation needed for these preducts. On
the other hand, transportation charges have little effect on the igeation of
production.

The equilibrium prices differ considerably under the different solutions
and the land diversion programs they represent. Programs which are not
restricted by intraregional adjustment of cropland use result in the lowest
equilibrium prices; those which limit acreage adjustments both within and
between regions result in the ta} highest cost of production control and (b}
highest programmed equilibrium prices,

Under the stated assumplions, the types of control or land diversion pro-
arams have great influence on the efficiency of agricultural production and
the costs of supply control. However, the type of program does not ap-
preciably affect the total national cost of tremspcrtation. Land retirement
is assumed to be induced through incentive payments to farmers and farmers
are assumed to respond fully to economic incentives. The most expensive

land retirement program results when feed-grain quotas are applied uni-

formly in ail regions. But, if land diversion is concentrated in submarginal
production areas, program costs for production control to aitain specified
price and income levels are lower than under programs which require some
land to be withdrawn from crop production in all producing regions.




Aggregate Economic Effects of
Alternative Land
Retirement Programs: A Linear
Programming Analysis

Ey Norman K. WriTTLESEY, Agricultvral Economist, Farm Production
Economics Division, Fconomic Research Service, and EarL 0. Heabpy,
Projessor of Economics, lowa State University

INTRODUCTION

An analysis of the cost. effectiveness, and locational impacts of selected
alternative production control programs for agriculture is presented in this
report. The major emphasis is on land retirement programs. Inter-
regional linear prograinming models based on spatially separated producing
and consuming regions are the methodological basis of the analysis. Crops
incloded are wheat, feed grains (corn, oats, barley, and grain sorghumj,
cotton and soybeans. The study refers to techuclogy and population data
for 1965,

Seme form of production ¢entrol program has been in efect for the study
crops over the last dozen years. However, these programs have not resulted
in & long-run solution to the Nation's basic problem of surplus capacity.
This study was designed to measure the extent of this surplus capacity -and
to estimate the acreage adjustment necessary tn solve problems of excess
supply. The programs included in the analysis emphasize z long-run ap-
proach to these supply problems by allowing a more complete interregional
shift of production to conform with changes which have occurred over the
last two decades in technology, demand, and relative prices. Other items
of information presented in this study include equilibrium product prices
for various commoditles, land rental values, the values of production quotas,
and commedity transportation patterns under each alternative land retire-
ment program examined.

The interregional competition models employed in this study are exten-
sions of earlier models constructed by Heady and Eghert (2).) The models
of this study feature an expanded number of producing regions and of
spatially separated consuming regions. One model is designed to recog-

! [talic numbhers in patentheses refer to items in the Literature Cited, p. 53.




nize the differences in land gualities that exist within producing regions.
The models, specifically outlined in & later section, also include single and
multiple price plans for wheat, and transpertation facilities for optimum
production aliocation.

Objectives of the Study

The major purposes of this study are to define efficient interregiounal allo-
cations of food production for the entire United States and to explor: the
effectiveness of alternative farm policies in attaining these patterns. Idany
changes have taken place in population iocation, technology, factar prices,
and other variables which alter the comparative advantage of producing
regions, However, institutional factors have impeded shifts in land use
which might have accompanied these changes, and the pattern of land use
in a theoretically efliclemt produetion pattern is not well known. Inter-
regional shifts in food production also have been restrained by Government
policies tied to historic acreages and aimed at curtailing production. There-
fore, the specific objectives of this study are:

1. Te indicate the amount and location of land that would need to be
withdrawn from wheat, feed grains, and cotton if surplus preduction is to be
eliminated, given specified price and demand levels.

2. Te¢ estimate an efficient allocation of crop production and land use
under 2 minimum-cost objective function for aiternative supply control
programs.

3. To specify the impact of alternative wheat or {eed grain programs upon
the allocation of production of nonprogram crops.

4. To formulate optimal land-use patterns when marginal land within, as
well as betwzen, regions is removed from production.

5. To estimate the national costs of alternalive supply control programs
which allow diflerent degrees of land diversion within regions.

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

7. To determine the pet interregional Aows of final products under the
production patterns of each program alternative.

PROGRAMMING MODELS
Basic Model

Three similar programming models were used in the analysis of Jand-use
patterns under various farm program possibilities. A mathematical sum-
mary of a “hasic inodel” fallows, with features comman to all of the program-
ming models.

The objective of the basic model is to minimize national costs of production
and interregional transportation costs. The objective function is

Min f(X)=CX (1)




where C is an nk+t row vector including production and transfer and
trans.ortation costs conforming to k crops, n producing regions, and ¢
transier and transportation activities; X is an rk+¢ vecior representing
levels of crop production, transfer, and transport activities. The conven-
tional restraints

AX'=b (2)
X=0 (3)

are included, where 4 is a coefficient matrix of (nk+¢) (nk+mp) order
{conforming with the n regions and k& land restraints per region, the m
demand regions, and p demand restraints per demand regior) and b is an
ni:+mp column vector of maxirium acreage restraints within each pro-
ducing region and minimum demand requirements in each consuming region,

More specifically, this model can be summarized as follows, where equation
{4} is the cost function to be minimized:

44 4 . 31 3 2
j(f.') =Z 4 ci*‘:k}t'!"z E cm\rPTmrp
j=1 k=1 =1 r=1 p=1

31
+Z“'1 ¢, B =Minimum (r#£m). (4)

Total production in the ith region is restrained by the total cropland
equation (5): '
. .
b{uzgﬂ”xz{_ﬂ; (‘i.zj:l, 2, e ey 144), (5)
and by the intraregional upper bounds on acreage for each crop in equa-
tion (6):
bezapuXy  (G=j=1,2, ... 144;k=1,23,4). (6)

Minimum requirements Jor wheat, feed grains, and oilmeals in each con-
suming region are reflected in equations (7, (8), and (9), respectively:

i) 41
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=1 r=l
i A

dnmgzX}ﬁfJJQ'JE_ZTer_;"Rs ('m‘: T=1J 2r L ] 31; T#?n); (8)
i=l r=1

k] 1] £
dm:i S }__?I ‘Xﬁpﬂ-i"zxrﬂpﬂ"'{_zl :Pmr.! (m1 "”:] 3 2} LIS | 31 ; r?é m) . (g)
i= =1 r=

The single national demand for cotton lint is specified as:

144

d. < El Xl (10}
jr=




I'ie symbols used in equations (4) through (10} are defined as follows:
a1="Thie amount of lund used by one unit of the kth producing activity
of the i=jth producing region; k equals 1 for wheat, 2 for feed
grains, 3 for soybeans, and 4 for cotton.
by="The amount of land available for use by the kth crop in the ith
producing region.
h.=The total cropland available for production in the ith producing

reyion.
=]
cpp=The cost of p-oducing one unit of the kth crop in the jth producing
region,

Cury="1he cost of transporting vne unit of the pth crop o {from) the
mth demand regien from (10) the rth dvinand region; r=30 is
the maximum number of such activities that may oceur for any
ceop since there are 31 demand regions.

ce="The cost of using one unit of wheat as a feed grain in the sth
demand region (s=m). This cost is an artificial price differential
in addition to the normal production costs.

de="The national demand for cotton lint expressed in pounds.

d,="The demand for the pth commodity, expressed in feed units, in the
mth demand region; p equais 1 for wheat, 2 for feed grains, and
3 lor oilmeals.

?w=The per unit output of the £th activity in the fth producing region,
expressed in feed units for all except cotton lint, which is ex-
pressed in pounds; k is defined as above.

Pye="The oilmeal output, in feed units, of the cotton activity in the jth
producing region.

R.="The level of the activity translerring wheat into a feed grain in the
sth demand region (m=s),

Tor,="Fhe level of transportation of the pth commodity to (from) the
mih consuming region {rom (to} the rth consuming region; p is
delined us above.

Xu=="The level of the kih producing activity in the jth producing region;
I is delinad as above.

Assumptions of the Study

To reduce the problems of duta cellection and machine computation to
a managezble size, it was necessary to make several simplifying assumptions
in this study. These assumplions, in the opinion of the authors, did not
detract greatly [rom the realism of the investigation, and allowed the construe-
tion of suflliciently detailed models for achieving the study ebjectives.

The basic assumptions used in the models are:

1. The special characteristies can be represented by n spatially separated
and independent producing regions, each of which js internally homogeneous.

2. Land within a region is a homogeneous factor and all craps may compete




equally for it, except in Model IfI, in which three distinct classes of land
exist within each region.

3. Cropland area is the limiting factor of production for each region.
Other resources are in adequate supply within a region or are sufficiently
mobile between regions to have no restricting effect upon production.

4. Potential cropping activities for a producing region are determined by
the region’s cropping history. Resourses required by crops not considered
in the v ady were set aside and were not included in the analysis.

5. Different processes may exist for the same product in each agricultural
region, but constant returns are assumed for each; thus single-vajusd co-
efficients are used regardless of the output level.

6. The four major feed grains are always produced in the same proportions
within a region,

7. There are no differences among regions with respect to crop quality.

#. Farmers maximize profits in choosing among the crops under
consideration,

9. There are m spatially separated demand regions. each having a
demand for food wheat, feed grains, and oilmeals.

10. Costs of transportalion for products between points of consumption
can be adequately reflected by flat raii rates,

11. Regional demand relations for wheat, feed grains, and oilmeals, in-
cluding demand for domestic uses and foreign export, are exogenously
determined and known.

12. Natienal cost minimization is an appropriate objective function for
the analysis of this study.

13. Production equals consumption at specified prices.

In addition to those above, the usual assumptions of linear programming
apply.

Cropland avaifability is considered to be the limiting resource for all
production processes of the models. Other acreage restraints are applied
to specific crops to simulale certain agricultural programs. It is assumed
that the program screage restraints for any grain crop or cotton in a pro-
ducing region will be proportional to the historical production of that crop.

Specifie Models

Small variations in the basic model allowed the exploration of specifie
facets of the farm problems of overpreduction and resource allocation.
To add fexibility to the models and realism to the results, it w.s necessary
to consider different combinations of restraints and input-output data. The
apecific differesices are small in most cases, but they do allow a better view
of the intraregional and interregional effects of programs direcled toward
individual crops. Each model employed 144 producing regions and 31
consuming regions (figs. 1 and 2}.

The distinguishing characteristics of each model are described below.
For purposes of this study, changes in resource availability or program

b
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vonstraints are considered variations of the same model.  Changes in tnput.
output data or resource struclures result in different models. These distine-
tions are emphasized at this point because of their wide use throughout the
remainder of this publication,

Model 1

Model 1 is basically the model outlined previously in mathemnatical form.
Wheat cun be used for livestock feed, through a transfer activity, at a price
equal to its equilibrium value for this purpose.  This transfer activity implies
a two-price plan for wheat.  Simultancously, wheat vsed for food and export
cun be supporled al a price above its equilibrium value, which has been the
cuse for the past several years. This model results in a matrix with 674
constraints and 1 814 real variables,

Model H

Modet 1l is similar in every respect to Model 1L with two exeeplions: Costs
equal 1o the differential between the supported price of wheat at 81.95 per
bushe) and the price of corn at 3110 per hushel are applied to the wheal-feed-
grain transfer activities, and wheat production is restricted to the quantity
that can be sold er utilized at the higher price. The cost differential varies,
however, depending upon the actual histerical ratio of wheat and corn prices
in cach conswring region.  This cost is assumed to represent the difference
between the equilibrium value and the supported price of wheat, Thus,
production control programs for wheal and feed grains are analyzed under
the assumption of a one-price plan for wheat. Table 1 summarizes the con-
struction of Model [ and Model [,

Model III

Madel 1T differs from Models | and 11 in that it recognizes intraregional
cropland variabitity.  Three eropland categories are used and cropland s
no longer assumed to be completely homogeneous within any production
region, Crops may be produced on the more productive land in a region
while less produetive land may be retired partially or entirely.

To allow these possibilities, eropland in each producing region is divided
into three production categories on the basis of the estimated variation in
crop productivity and perinissible cropping inteasity.  The addition of this
feature to the progranining model causes a threefold increase in the total
cropland vonstraints and the producing avtivities.  The result is « program-
ming matrix with 962 constrainls and 2,682 real activities.

Model Constraints for Program Altermatives

Regional acreaze constraints for individual crops are employed to simu-
late alternative programs.  Produecing regions have o maximum acreage
restraint for each relevant producing activity the., wheat, feed grains, soy-
beans, and collon) and an overall constrainl which represents total land

7




TABLE L.—Summary of Models I and I1 iwithout the identity matrix

Activities o

‘Wheat Feed

produc- grain
tion produc-

tion

Constraints (row names) Type of

restraint

Soybean
produc-
tion tion

Number
of rows

‘Wheat- | Wheat
feed trans:
rrain porta-

transfer tion

Cotton

l Feed Oil-
produc-

grain meal
trans- trans-
porta- porta-

tion tion

Land in each producing region:
P
Total, .
Wheat. . ...,
Feed grain.. ..., ..
Soybean
Cotton.. , .....
Regional demand: »
Wheat; .......
Feed grain, ..
Qilmeal, ., ...
Wheat, .. ...
Feed grain, ... .. vl
Oilmeal, .. ....
National demand:
Cotton lint
Cost.............

459

«"The number 1 and the letters in ‘the table represent technical
coeflicients. . Multiplied by the level of the activity, the resulting sum
of products. must })ear the indicated relationship to the restraint.

b Two sets of demand restraints are shown in order to demonstrate
the effect-of the transportation activities.

< p=the output of each activity. It is expressed in feed units for
all except cotton lint which is expressed in pounds.

4 g==the amount of each commodity transferred within a region or
between regions by one unit of the transportation activities.

¢ C=the per unit cost of each activity.




available in the region. The acreage restraint for the individual crop ac-
tivities, termed the base acreage, represents the maximum amount of land
which can be devoted to a particular crop. A 10-year {1951-60) average
was empinyed in estimating base acreages for individual crops in each region.
The average percentage of cropland devoted to each relevant crop in this
period was multiplied by the available regional cropland acreage to estimate
the base acreage of each crop in each region.

Alternative supply control programs are simulated by changing the level
of the constraints for individual crop activities.
gional screage restraints for feed grains and cotton are held at 100 percent
of their base acreage and wheal acreage restraints are reduced by 10 percent,
a program is simulated in which reduction of wheat acreage is mandatory
in all areas {while cotton and feed grains are free to adjust produciion
within the confines of their base acreages}.

For example, if the re-

The programming constraints for each model solution are summarized in
table 2. A code is indicated for each as an aid to the reader. For example,
the solulion of Model 1 in which wheat acreage quotas are removed while
acreage for other crops is at the base acreage level is labeled IWU (1 for
Model I, W for wheat, and U for unlimited acreage of wheat}.
iBN is a benchmark solution since regional crop acreage constraints for

Program

PABLE 2.-~Percentages of total cropland and of base acreages for specific
craps used as limits in simulated land retirement programs *

Model aml program code

Tatal
fand

Cotlon

Wheat

Fecd

grams

Madel [I:

HEN. .. i
Model I11:

Percent

104
144
L3
100
0
100

100
160

100
100G
100
100
168

Purcemt

164
108
100
104
JCHY]
200

160
190

100
100
100
104G
100

Pergent

106

¢ Unlimited
a0

100

100
Unitinited

Unlimited
100

Uniimited
100

90

100

130

Percent

100

100

190
Unlimited
92,5
Unlimited

100
100

100

100

106
Unlitnited
2.5

@ Saybean production is linited to 40 percent of Lotal cropland except in regions
where the historical production of soybeans cxceeded this percentage.

»The letters in the code have these meanings: [=Madel |, [[=Mode! If, IH=
Model 11T, W=wheal, Um=acceage unlimited except for the tolal acreage, L=aucreage
limsited below the base acreape, F=feed grains, BN =benchmark soluticn witl acreage
restiraints set ut the buse acreage level for ecach crop, [n program I1UU, cotton is
limited to 200 percent of its base acreage while other crops are limited only to the total
acreapge in the regian.

¢ Ualimiterd implics that no restrictions, other than total cropland, are used to limit
production of that croj.
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wheat, feed grains, and cotton are held at 100 percent of their respective
hase acreages. The benchmark solution does not focus upon any particular
crop.

The regional soybean acreage restraint was set at a maximum of 40 per-
cent of available cropland {because of possible diminishing soil productivity
or potential erosion hazards}, or at the historical acreage in regions where this
exceeded 40 percent of available cropland. The regional soybean acreage
constraints were the same for ail solutions of each model. The regional
acreage restraints for wheat, feed grains. and cotton are based on historical
production of each crep from 1951 to 1960. The base acreage of each re-
gional crop activity is shown in table 3.

TaBLE 3.—HBase acreage of wheuat, feed prains, cotton, and soybeans, and
total available acreage, 144 producing regions

Liase acreage {1951-G0 average)
Region

Wheat Feed grains o]  Colton Soybeans ¢

1,000 aeres 1,000 acres 1000 acres | 1,008 geres | 1,000 acres
2 327.8 .
1 1,73%.0 33.9
.7 344, 4 163.9
8
2

271,

197.3 43. 4
137.1 133.0

563. 4
253.0
291.6
1,280.7
307. 0

b3 Q= e 10

270.1
2,548.9
180, 7
379.9
102.2

o = on

530.9
8.7
754.3
1,106, 4
71.8

1,369.1
971.5
305.2
165.0
145.2

305. 4
831.7
238.3
. 291.9
138. 8 428. 4

See fuoinates jt end of tnble.

o kg

3]

W b
== R ]

SENRE ZFWRHRAS mAnAS

[l 2
INE=EN]

, Faa -l
YW e Q SSRGS e

[ O]

10




TasLE 3.—Base acreage of wheat, feed grains, cotton, and seybeans, and
total availuble acreage, 144 producing regions—Continued

Base acreage {1931-60 average)

Kegion ‘T'otal
Wheat Feed grains %  Cotton Soybeans *
1,000 acres | 1,000 acres | 100D ceres | 1,000 acres | 1,000 acres
3 A 112 ¢ 208.3 |oveievianonn 4.1 414. 8
b gy, 2 1 60L T | e, 177.7 1,161. 6
3. 1,258.7 3,524.3 | ...l 1,071.3 5,854. 3
L T M7 593.0 [..oouia o 868.8 829.5
35, .. 24.3 2438 ..o i 71.2 337.3
... 131.4 A03.1 4. 212.0 746.5
37, e 271.9 B54. 8 ..., 327.1 1,453.8
38 777, 4 3,792.5 [ e 1,319.2 5,889 1
39, ... .. 202, 1 709.0 ... 219.0 1,210.1
40, ... ... 450. 1 1,i98.0 foovvenrnn. . 83.1 1,731.2
4) e 755.2 1,508.2 .o . 3.3 2,316.7
42 . 9.9 9709 ...l 4.0 993.3
A3, .. 43. 6 2,339, 7 [ 13.8 2,297.1
[ 2 . 1.8 3 11 R A TN 2.4 594.9
45, e 191. 6 5,070 1 | ...t T24, 4 5,987.1
E L T 1.9 1,802, 1 |..ocviaan.. 87.0 1,891.0
47 363.9 4, 815.5 |, ... . 1,704.5 6,383.9
B 357.3 869.3 |l 49]1.3 1,717.9
9. . 33L.0 635.5 ... ... . 504. 6 1,471.1
0. 262.2 46, 1 LB 87.5 754. 6
Sl ... 384. 0 1,233.0 |............ 185.7 1,802.7
52 ... 611, 0 29643 ... 94]. 1 4, 546. 3
53,0, 283.9 80,2 [ 556. 0 1,690.1
T 75.7 3,922 0 0. ... 45it, 1 4,451. 8
5 JAP 9.4 T,949.2 | .l 1,393.5 9,352.1
86, .. e 28.3 2 ATE | 380.9 2,825.4
- (AP 2.7 2,567 ..., 169. 9 2,739.7
T N 32.8 R 1. 5 8 D 440, 4 1,93L.5
59. .. . a9 ird i P B PO 3.1 758. 7
60... ..., 29.8 1.796.9 | ... .t 304.8 2,131.5
61........... 1,007.5 L7184 §. oo 2090, 5 3,025. 4
62... 98. 1 1LITR. B ... .ot 31.4 1,308.3
63.. .. ... 3041 L6530k [t 67.0 2,311.5
[T 961. 6 1L,O07.9 fooeenon 42,2 2,011.7
65........... 3,195.2 2,702 | n, gt 6 6, 040. 0
6G. ... 1,303. 4 5363.9 ... e 1,867.3
67 2,535, 6 1.496.0 [ e e 4,021.6
68........... 37.1 ST.3 ... 6.0 100. 4
69, . ... . ..., 1,061.0 B86. % | o e 1, 7310
T 1,594.4 2.319.2 [............ 3.9 3,917.5
ir 4 DN 305.5 1,028.5 1. oauan ot 48, 4 1,382.4
- 331.7 6l3.4 | ... 1.0 966. 1
i TR 128. 1 T S S 87.8 3,660.0
T o 62, 4 3,007 |..0veei .t 46. 8 3.900.9
i T 145.1 20L 1 | e 346. 2

Sen footnores it eod of tabile,
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TABLE 3.—Base acreage of wheat, feed grains, cotton, and soybeans, and
totul available acreage, 144 producing regions—Continued

Base acreage (195160 average)
Region Total

Feed grains ¢} Cotton Soybeans ®

1,000 ucres | 1,000 acres | 1,000 acres | 1000 acres
607. 8 1,836.2
337.17 734.1

1,497.8 16. 1,828.9
1, 061. . 1,939.7
3,407, . 4,605.3

54, X 1,23L.7
570, . 1,005. 6
453. . 2 883.2
5392, X 1,095.4
590.8 L 1,579. 8

468, 1
54, 1
1200
258.1 4
269.6 |
]

D A A LD

452, 8
1807
81
414,

RIS ¥~ v oy Lol g N

Ul — O

1303 b |3 b

] Y Rl ey
RN =i O = S G
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TaBLe 3.—Base acreage of wheat, feed grains, cotton, and soybeans, and
total available acreage, 144 producing regions—Continued

Base acreage (193160 average)
Region Total
Wheat Feed graios 4| Cotton Soybeans ¥
1,000 acres | 1,000 acres | 1,000 acres | 1,000 acres | 1,000 acres

121 ... 168.5 805.0 T99.8 ... ... ... 1,773.3
122, ... L.O 147.1 60.8 .2 209.1
123, ........ 41.7 733.1 262, 4 4.2 1,041. 4
124 ... 0.4 262.7 139. 4 L4 402, 9
125 ......... 43.7 549.1 670.8 102.5 1,366.1
26,......... 33.5 2814. 4 T90. 8 412.1 1,520. 8
27,01, 41. 4 432, 8 6077 799.6 1,881.5
28, ..., 8.3 19.8 156.1 56.5 350.7
120 ..., 22 60.7 51.2 13 121. 4
130 ... ..., .3 137.7 132.7 10.5 301.2
130, 13.6 L DN 28.2
132, ... ... oo 53.2 B S T 64.0
133.......... i ............ 495, 5 405. 4 .9 §901. 8
DIkl 12,7 g9 2.3 .5 173.4
185, ..., 20,7 143.2 58.1 8.5 230.5
136.......... H 13.7 163. 6 40,0 1. ... 217.3
137 e nn et D 140 6 599.4 ... 740. 0
138.......... .3 68. 6 46.2 1. 115.3
139.......... .8 2.9 9.2 |, 19.9
L £3.8 20020 223.0
L, ! 4.9 5.7 1926 |.....vvnln 223.2
M2 23.0 271,71 % i [ 823.3
W3, 11.8 86.0 63.3 |.. . .. ..., 161.1
1, ... 2.8 222 2.0 24.0 51.0

Total, . .... ' 58,526.8 129,235.0 18,641.2 17,553. 4 223,956, 4

i

« The leed grain base is a composite of the acreage of corn, nats, barley, and grain
surghums.

5" The acreage restraint used for soybeans was 40 pervent of 1otal available acreage
and nol the soybean buse acreage shown here.

Demand restraints are computed as the quantities allowing attainment of
the following average U.S. prices: $33.87 per hundredweight for cotton, $1.10
per bushel for corn, 96 cents per bushel for grain sorghum, 67 cents per bushel
for oats, 96 cents for barley, and $1.16 per bushel for wheat priced at “feed
value.”

Requirements were estimated for wheat, feed grains, and oilmeals for each
consuming region, on the basis of national demand functions for each com-
modity. A single rational demand was specified for eotton lint. These
commodity requirements reflected the composite demands for food, fibers,
livestock feed, and export. The same price levels and the resulting demand
quantities for agricultural products were applied to all simulated supply
control programs. All land retirement programs have the same total na-
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tional production and the same product distribution among demand regions;
only the patterns of production differ among the various plans.

The 1965 per capita consumption of wheat was estimated to be 2.53 bushels.
Assuming the population to be 193.6 million, total demestic consumption of
wheat is 480.1 million bushels. Wheat used fou feed, military procurements,
and industrial uses brings total domestic demand up to 598.3 million bushels.
Export demand for wheat is estimated at 449.6 million bushels. The regional
aliocation of wheat demands is shown in table 4.

Tasve 4. —Wheut: Estimuated demand. 31 consusing regions, 1965

i

: Production

Region ¢ Domestie Exports Total in nonpro- Net
Ceensuniplion | i demand gramarned demand
: ! regions °

COMilbu. ML b Ml bu. | Mil. bu.

. | 0.04

10.
100.
57.

G. 13.68
1,047, 64,95 982, 88

*Some parts of consuming regions were not included in the programming analysis.
These regions are termed nonprogrammed regions. The production indicated for
them is assumed to be fixed becaure of crop rotation and other requirements.

tTota) demaed less production in nonprogrammed areas.
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Total feed grain demand is a composite of uses for feed, industry, and ex-
ports. Table 5 shows a breakdown of feed grain demands by consuming
region. Oilmeal demand is based on estimated livestock consumption of
cottonseed and soybean oilmeals, plus exports of soybeans and soybean meal.
Total oilmeal demand, shown in table 6, was estimated to be equivalent to
671.5 million bushels of soybeans.

TABLE 5.~—Feed gruins: Estimated demand, 31 consuming regions, 1965 ©

Produc-
Livestock Total tion in Net
Region feed Food Exports | demand | noupro- | demand ©
grammed
regions %
Mif. bu. | ML bu. M bu. Ml bu, Al bu. Mil bu.
I... ..., . 113.35 0.92 16,73 131. 00 2, 80 128. 20
2o 361. 34 14,28 40, 48 422,12 43. 00 379.12
- 254,22 3. 64 29,24 287. 10 64. B2 222,28
ol 243.83 L7t ..., 245,60 2.89 242. 71
I 119,83 .64 9.57 130,04 |.ovveae 130. 04
L 42, 78 BT B 42,52 .85 42,87
PP P 173,14 721 U DA 180. 35 47.34 133.01
B.....o. i 283. 50 20,80 4. ... 304.7G ... ... ... 304. 70
L 18T 71 8.28 ; 10.38 206,29 J.......... 206. 29
0. ..o ; 83.22 15.55 1.23 100. 60 9,95 99,85
£ SN B L W 1| 12,25 16. 27 351,93 3.01 348.92
2000000 .. bO232.06 42 07 23.97 298. 16 3.51 294. 59
13, ... I THG. 30 26,70 ... ..., 813.00 j.......... 813. 00
M, oo 24711 3 3 B 268. 79 7.56 261. 23
R - DI 454, 20 63. 55 21.22 539.03 |.......... 539.03
6. . ' 86. 08 ] I P 86, 81 3.38 83. 43
L SN 8 1 .75 65. 35 175.21 5.18 170,03
g ..., A 1 . 24 8.79 78.42 222,03 6. 31 215.72
5 S 1 26,09 5 I P 27,52 3.69 23,83
% ... ... - A I 80.73 L......... 80. 73
' i
2000000 .00 232 3% B S 233.27 2.94 230.33
2.0 : i, 6 LA L 45.06 ... ... .. 45. 06
23.. ... v 128,80 R L 129.25 .06 129. 19
2.0 JOT e 39. 07 8. 46 30.61
25. ..., L 1 S N F T 3.21 3.80
. ]
W, 36.85 ! 29 37.14 5. 78 31.36
iy S ; 2L.3% ... oo 21.39 1.71 19,62
2. .00 L 18.95 i .................... 18.95 2.63 16.32
29 ... ... ' 36,69 : 3.01 20,17 59.27 2,13 57.14
... ' 31884 .37 9.97 43,22 i2.27 30. 95
3. Lo 21327 E 7.10 8. 88 239,25 30.24 199.01
Yotul....; 5, 151.93 ; 266.3¢ | 357.88 | 5,726.15 { 273.78 | 5,502.37
! ! i

= This is & composite of the demand for corn, oats, barley, and grain sorghums.
This demand wits expressed in feed uaits in the programming models and is showa
in vorn equivalent units in this rable for clarity.

bBome parts of consuming regions were not included in the programming analysis.
These regions sre termed nonprogrammed regions. The production indicated for
them s assunted to be fixed because of crop rotation and other requirements.

¢ Tuta) demsand lesw production in nenprogramiued areas,
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Export demands, estimated to be equal to average total exporis for the
years 1957 to 1961, are included in the total demand for the respective con-
suming regions in which the ports are located. The distribution of export
demands by consuming regions is shown in tables 4, 5, and 6,

The 1965 demand for cotton fibers used is 20.4 pounds per person. With

TasLe O.—Cottonseed and soybeuns: Estimated demand, 31 consuming
regions, 1965

I
l Produe.
Colton- ! Soybean Totat tion in Net
Region seed Soybeuns | exparts oilmes) noupro- | dewmand ©
i demand ¢ | prammed
{ regions ¥
T hous.
Lans Milobu. - Ml bu, | Mil bu, | Ml bu. | Mil. bu.
Lot 58.51 24,8 ... ... 25. 86 L 12 5.4
2.0 e 257. 46 78. 31 12,24 94, 60 1.76 92,84
F: S 209. 29 22,97 8. 80 35. 06 .16 34. 90
4o 370. 54 1459 f..0. ... 20040 | ... ..o.. 20, 40
S 254, 12 4,51 15. 58 2. 13 ..., 24.13
S : 150.13 420 ol 4. 64 .03 6. 59
Y I 118709 1763 [.......... 20, 56 .20 20. 36
[ T i 30.51 29.52 1, ..., 30,00 )., ... 30. 00
9. 47.92 21. 83 9. 65 36,24 1.0 ... 34. 24
6. ... ... 10.13 10. 86 . 90 1i.92 .01 11.91
D 22,99 16. 22 2,25 18. 8¢ -2 18. 82
1200000 10. 47 14. 91 5. 15 20. 25 .03 20.22
13.......... 128,71 T 3T . 3173
[ 250. 60 23,95 ..., 27. 89 .13 27. 76
15,0000 92. 08 29.79 13. 25 4.49 ... 44. 49
16, ......... 203. 77 8L 11. 00 .15 10. 85
1 453. 95 9. 13 09. 13 85.37 . 66 84. 71
|, 0 1,375.60 11.39 L1 33. 06 .35 32.71
9.......... 353.08 522 . 10.75 .37 10. 38
20.......... 274,91 8.31 y.......... i 1262 ..., ... 12. 62
20,0000 10l 70 ILT8 o 1338 [.......... 13. 38
%2 L.l 00 T2 es il 0 72
23,0000, 15.29 2,63 ........ .. 2287 ... 2.87
2.0 45. 7l 258 oo, 3.25 ...l 3.25
35, ... 43.19 T 2 P .26 ... 1.26
26....... ... 149.96 E S A N 346 ... 5. 46
27 430. 04 56 L. i 8. 30 01 B. 29
ag. L 160, 13 Las b T 4.26
29, ... 53.39 0.53 ... ..... . T36 ... ... 7. 36
30......... 48. 30 09 Lol i 495 ... ... 4. 95
]

3....... 264,66 1 12, ! 16. 26 32 15.94
Total....! 6,060.85 | 439.33 L1706 | 673. 48 43¢ | 669,14

@ Expressed in bushels of soybeans.

¢ Some parts of consuming regions were not included in the programming analtysis.
These regions wre termed nonprogrammed regions. [he production indicated for
Lthem is assumed to be fixed becavse of erop rotation and other requirements.

© Total demuzd less production in neaprogrammed areas.
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a 1965 population of 193.6 million persons, cotton demand fer domestic
consumption is estimated at 3,933.3 million pounds. Net exports of cottea
lint are estimated at 2,512.7 million pounds for 1965. Hence, the estimated
total demand for cotlon lint is 6,466 million pounds.

Demand requirements of each consuming region are reduced by the amount
of production from minor “blank areas” or nonprogrammed regions within
the demand regions as indicated in tables 4, 5, and 6. These nonprogrammed
areas were too insignificant to be included as separate producing areas but
they do produce small amounts that help to meet total demands of each
consuming region,

Composition of Model Aectivities

Four potential producing activities were considered. They are wheat, feed
grains, cotton, and soybeans. According to the crop production history there
are 114, 134, 99, and 58 regions nuving previously produced feed grains,
wheat, soybeans, and cotton, respectively. Crops not previously produced
in a region were considered unadaptable to that area.  The feed grain activity
is a composite of corn, oats, barley. and grain sorghums.

The output of each crop activity can provide directly “.r the demand of
the consuming region within which it is produced. T- r portation is not
required for commodities produced and consumed within the same demand
region. All cotton activities produce lint for the single national cotton lint
demand. However, the oilmeal output from cottonseed cortributes to the
individual regional oilmeal demands in the manner of the grain crops.

RESULTS OF THE BENCHMARK PROGRAM

To iHlustrate the type of results obtained, the benchmark program from
Model | (1BN) is discussed in detail below.* This program is later used as
a basis for comparison with the results of several other programs. Discus-
sion is summarized by presenting results relative to States representing the
consuming regions. although the models applied cost-minimization procedures
and determined optimal production allocation for the 144 producing regions
of fieure 1.

Characteristically, program IBN was mildly restrictive for each of the
surplus crops: wheat, feed grains. and colton, Regional production of each
crop was limited to 100 percent of its base acreage ftable 2}. The optimal
distribution of land use resulted from the selection of those production and
transportation alternatives which satisiy regional product demands at the
least possible cost. Land retirement. though affected by the regional crop
acreage quotas, was largely confined to areas having high costs and a low

 Fpr a more detailed treatment of wii model solutions see Earl O, Heady and Norman
K. Whitllesey (4).
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profit margin. Land retirement could occur as a voluntary respense of

farmers for diverting submarginal cropland, or in the long run, as normal
g 2¢ ! g

attrition in production due to losses at equilibrium prices.

Alloecation of Production

Production of at least one crop oceurs in nearly every producing region
under the benchmark program tfig. 3}. Even with regional preduction
limited, national production capacity is sufficient to allow adjustment of
crop productidn within and among producing regions. Approximately 80
percent of the total base acreages for wheat and feed grains is used in ful-
filing their respective regional demands. About 76 percent of the total
cotton base is wnployed in meeting national demand. Soybeans, a crop with
a rapidly increasing demand, requires more than the historical base acreage
to meet regivnal demands.  Thus, approximately 82 percent of the 223.9
millign acres of cropland wus needed to fill regional and national demands for
all crops studied. A total of 40.5 million acres of cropland that is net needed
in meeting demands for the specified erops could remain idle or be shifted
to other erops such as grass and trees .

MODEL 1 — REGIONAL LOCATION AND ACREAGE OF CROP
&g\ PRODUCTION FOR PROGRAM IBN

59 At Lo vhoe 53 Tomt

s hand oo (#HTTRe o
wraal . © e
Ford gruion a )
Torkers . 5 Wy L -1
Calrn " o Ja.L uf
[LUR -
U 5 DEFARiMONE OF LCEICGETURE G (R} 392s 8519 LEOxQMIL B1SLAREN STXWICYL

Ficere 3

Crop production in 1902, a year in which regional production patterns
were restrained by production centrol programs. is compared in table 7
with that suggested by the solutions for the benchmark program. However,
given the conditions imposed under the model, the derived production pat-
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terns appear to be consistent with expected comparative advantage of various
regions. Where differences between programmed production patterns and
actual 1962 production patterns occur, the recent acreage trend generally is
toward the locations suggested by the model. Given time and removal of the
institutional restraints to adjustment, acreage patterns could be expected ‘o
become more closely oriented to the allocations derived under the solutions
of program IBN.

The largest discrepancies between the model solution and the 1962 pro-
duction patterns occur for soybeans. The projected demand for soybeans
is relatively low. Also, soybean acreages are responsive to yield differences
within an area, a condition perhaps not sufliciently recognized by the fixed
coefficients of production used in the programming model. In a later section
where results with soil quality differences under Model 1{1 are presented
the acreage used by soybeans is greater than for sclutions of Model 1.

Under the benchmark program, IBN, there was a general shift toward
larger feed grain acreages in the Corn Belt and smaller acreages elsewhere.
The wheat production patterns under solution 1BN, with shifts in conformance
to the model restrainis, were quite consistent with 1962 acreages. This
solution suggested no drastic changes for areas which Lave a high com-
parative advantage in wheat production. The Great Plains and the West,
the major winter wheat areas, maintained or strengthened their relative
pesitions in wheat production. However, fewer acres in crops were indi-
cated for the South.

[n addition to the 50 million bushels of wheat normally used for feed and
included in the initial total demands for wheat (table 4), about 310 million
additional bushels are used as feed under this model, which includes two
prices for wheat and allows it to be used in unlimited amounts for feed at
the lower price. Most of the wheat produced for feed is in regions of
Wisconsin, Kansas, Colorado, Idaho, Oregon, and Washington {fig. 4).
Wheat-for-feed production in Wisconsin may be the result of the absence of
a distinction between corn for grain (with which feed wheat competes) and
corn for silage.

1

¥

The location of cotton production in the benchmark program generally
agrees with the 1962 actual allocation of production (table 7}. There is a
slight shift in acreage from the Southeast into Texas and Oklahoma. South
Carolina and Georgia show the greatest losses in acreages. Little cotton
acreage is allocated to New Mexico and Arizona under the benchmark pro-
gram because the programming model did not consider quality advantages
for western-grown cotton, Also, the technical coefficients for cotton in
Model T did not refllect recent rapid yield increases in that area. Hence,
cotton yields for selected regions in Texas, Arizona, and New Mexico were
raised slightly in Models 11 and [il, resulting in somewhat larger cotton
acreages in these States,
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TABLE 7.~ dcreage of wheat. feed grains. cotton, and sovbeans as specified in benchmark program IBN. compared with actual
acreages in 31 consuming regions, 1962 *

Wheat Feed grains Soybeans Cotton
Region : :

Unused

T } i i B ' land IBN
IBN 1962 . IBN ;1962 . IBN 1962 IBN 1962
I i N 1

i 1,000 acres : 1,000 acres 1 000 acres 1,000 acres 1 ,()0? Su‘res 1,000 acres 1,000 acres

1 b i b 68 b . \ b

936. 32, 2, 608. 3,161

193. 40 2, 716. 2,479 4. 7. .
z 2,567 | 223.2 - | 78. ] . 5,969.

1,322 ES .4 . 1, 716.6

289 : . N 558. 1
2,323 !
4,951
3,541
2,224

8,624
3,792
12,818
3,632
9, 852

353
1,166
7,174
1,647
5,298

GICE Oy =) W [PV Rl -
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9,280, 2
5, 460, 2
1,416.3
5,492, 8

125.1

2,519.0
1.4
184.7

2,627.6
750.9

257.3

7,19].4
1,850.9
0,376.7

('g

(c
33%. 7
271.7

¢

508. 8
217.8

1,189.7

7, 808
4, 894
5,773
2, 881

214

1,040
486
200
752
581

1,924

47,006. 7

43, 545

102,432.2

103, 834

19, 890, 2

27,708

14,113.8

15,614, 0

40,512. 4

Taken from Crop Prodnc-

regions (those without numbers in fig. 1) and is not shown here.
“Wheat is used extensively for a feed grain in these areas,

eHarvested acres for 1962 are shown.
tion, 1962 annual summary (8).
tA small amount of production occurs in the nonprogrammed
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MODEL I— INTERREGIONAL FLOWS OF WHEAT UNDER THE CONDITIONS OF
PROGRAM BN (million bushels)

Crigin——Amount—sDestination

Whagt vied ior feed

4 5 DEPARTMENE OF AGRICULIGRE MRS ZEN IFVE-NE ELONOMEL RESEARCH SERYILE

Frouge

Transpertation Requirements

Interregional trade or product flows are indicated in figures 4, 5, and 6.
The general movement of feed grains is from the Cora Belt into the Southern
and Eastern States, with Jllinois and Indiana being the largest exporters.
Kansas and Montana export large amounts of wheat for livestock feed.
Wheat is generally in surplus in the Great Plains States and Montana and
in deficit supply elsewhere. North and South Dakota, Nebraska, Kansas,
and Oklahoma supply most of the expert demand of the eastern half of the
United States while the chief export State for Pacific coast regions is Montana.

Because of comhined advantages in production and location, Nebraska is
the main exporter of oilmeals to the Pacific States (fg.6). Nebraska regions
also export some oilmeals to the Southeast. The central Corn Belt is the
main source of oilmeal for other delcit-producing regions. Hlinois is the
largest producer and shipper of soybeans. Cottonseed meal, when avail-
able, also is used to satisfy oilmea} demands. However, none of the cotton-
producing States had an exportable surplus of cilmeals and only soybean
meal moves among consuming regions.
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MODEL T— INTERREGIONAL FLOWS OF FEED GRAINS UNDER THE
CONDITIONS OF PROGRAM 13N (millien bushals of corn}

U 3 CEFANTRENT OF AGRICULTURE Neg. ERS 173 784]9) ECOMDMIC RESEARCH SERYICE

Fioune 5

MODEL T— INTERREGIONAL FLOWS OF OILMEAL UNDER THE CONDITIONS OF
PROGRAM IBN (million bushels of soybeans)

Origin— Amount—eDestination

U 1 DEFAATMINT OF AGRICULTHRE Mag EN5 JP10-45(7) ECOROMIC RESEAACK SERVICE

Ficure 6
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Produect Prices

Derived regional prices from the dual solution of the programming model
are shown in table 8. They can be considered as programming equilibrium
prices for the consuming regions within the context of the model and its
discrete supply and demand restraints. These prices reflect regional dif-
ferentials due to production and transportation costs of the respective

commodities.

‘TABLE 8.—Programmed equilibrium prices per bushel of wheat, feed grains
and soybeans for program IBN, 31 consuming regions®

Region Wheat Feed graina?| Soybeans
Dotllars Dallars Dollars
T 1. 44 1.27 1.21
2o 1.39 1.22 1.26
3 L4l 1.24 1.27
L S 147 1.30 L15
Sl 1. 48 1.28 1,12
6............. 1.47 1. 39 1.16
T 1. 34 1.14 1.04
+ J N 1. 06 .92 1. 00
. 1.10 .95 .03
... L4909 .90 1.12
3 1.08 .73 .87
200000 1.1¢ .98 1.02
B RN 1.08 .78 . 86
4 .o 1.09 .94 .91
IS L o7 .80 .91
16............ 1.17 . 8o .96
] 1.38 1.08 L a8
8. ... 1.24 .63 .85
9. .81 .65 1.0t
20, .13 .65 .51
|3 .12 .62 .83
32 e .64 .5l 1.10
25 . 66 .58 .8L
2. ...l .51 45 1.35
25 .57 .50 105
. .67 .60 .97
27 . .97 . 86 1.33
28,1, 1. 03 .85 1.35
29, ... .87 .17 135
30......... . .96 L85 1.35
31, ... h.t 1.31 110 1. 35

= Prices exclude fixed costs and land charges. Regions are shown in figure 2.

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

Programmed wheat prices are highest in eastern consuming regions due
to the large excess of demand over production and the need for imports from
distant regions. The price of wheat generally diminishes westward and is
lowest in the concentrated wheat-producing areas of the Great Plains. Trans-
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portation charges account mainly for the differences in wheat price between
western producing areas and highly populated eastern consuming regions.’

Feed grain prices also diminish from east to west across the United States.
The lowest feed grain prices of the West are geared to production costs for
competing feed wheat. The programmed equilibrium price of feed grains,
expressed as corn equivalent, is about 80 cents per bushel in the large produc-
ing States of Jowa and Illinois.

Oilmeal prices are expressed as soybean equivalent prices in table 8. These
prices are lowest in the Corn Belt producing area, and prices away from this
area increase in proportion to transportation costs {fig. 6}.

The national programmed equilibrium price of cotton lint in the bench-
mark solution is $31.99 per hundredweight. Cottonseed prices, when com-
puted on a feed unit equivalent basis, are about $28 per ton.

AGGREGATE RESULTS AND PRGRAM IMPLICATIONS

We now summarize the results for other soluticns or programs represented
under the models. The summary is given mainly at the national level, rather
than in the detail of the 144 producing regions. The results of each model
solution are optimal land use pa‘terns as infuenced by the restraining condi-
tions of product demand, cropland availability, and institutional factors of
Gavernment programs. Each model solution yields several important items
of information relevant to the choice of land retirement programs. These
items, including production efficiency, aliocation of land use, crop yields,
and needed product transporiation associated with alternative programs, are
emphasized in the following pages.

Programming Models

Ali the model solutions of this analysis emphasize control of Tand use as
the major instrument of supply control. Special attention is given to derived
patterns of land use under each program alternative.

As described previously, the solutions derived from Model I are basic and
provide a comparison for similar solutions of Models II and III. The bench-
mark solution, IBN, which is described in seme detail in the preceding section,
emphasizes no single crop. Wheat, feed grains, and cotton are each re-
stricted to the historic and regional base acreages shown in table 2. Solutions
IWU and IWL also employ Model I, but focus upon specific wheat programs.
Solution IWU has no wheat acreage restraints within regions. Conceivably,
a region with a marked comparative advantage could devote all of its avail-
able cropland to wheat preduction. However, in total, fixed commodity

*The production costs of the models excluded those for marketing, housing, menage-
ment, and other overhead items. Hence, the cost coefhcients vsed were perhaps 10
pereent or more below total costs, had these fixed costs heen included. The programmed
equilibrium prices also deviate by & like proportion from longrun equilibrium prices
based on coeflicients which include these overhead costs.
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demand cannot be exceeded. Solution IWI, is an acreage allotment program
in which all regional base acreage maximums for wheat have been manda-
torily reduced by 10 percent. Comparable analyses of feed grain production
are made through solutions IFU and IFL.

Selution IUE simulates a program allowing an unrestricted shift in produc-
tion of all crops to areas of greatest comparative advantage. (Only total
land area serves as a restraint to each crop except cotton; for cotton, the re-
straint is doubled over other solutions.) Solution IUU allows minimum
production and transport costs for the given national bill of goods while re-
laining a given commodity price level. This selution could be interpreted as
a program that compensated farmers for land voluntarily diverted from
production, with diversion obtained al the lowest cost to the National Treas-
ury. Such an allocation of production could also result from the application
of negotiable marketing quotas. In this case farmers with the greatest com-
parative advantage would bid markeling quotas away from less efficient
producers,

In all solutions of Model 1, the assumption that wheat can be used as a feed
zrain, as long as productien costs are competitive, has important effects on
the production and acreage of wheat and other crops. This fact is illustrated
by comparing the results of similar programs under Mode! !I and Medel I
itables © and 101.

The distinguishing characteristic of Medel 11 is a single price for wheat—a
price that is above its equilibrium value in {eed uses.” Otherwise, the strue-
ture of Model 11 is identical te that of Model 1.

Model III is unique in the sense that land quality differentials are recog-
nized 1o exist within producing regions, Aggregate land use estimates for
each simulated program are shown in table 9.

To emphasize the character of each model the results of several alternative
wheat programs are summarized in table 10. Model I results in larger acre-
ages of wheat and smaller acreages of feed grains than the other two models.
Also, Model T continually results in larger acreages of cotton than the other
models.

Model 1. which emphasized a one-price plan for wheat with little use
of wheat for feed, sharply reduces the production of wheat. Program
WL, despite a complete lack of acreage quotas on wheat, results in only
41.2 million acres of wheat. Feed grains are in a more highly competitive
position under this program. This situation most nearly typifies the wheat
programs prior to 1964 when all wheat was supported above its equilibrium
value. The change in cotion acreage effected by Model [1, as compared to
Model I, results from a change in yield eslimates (see earlier discussion)
in selected areas of the West {and not [rom the change in assumption regard-
ing wheat prices).

* Programs IWU and ITWU are similar and programs [BN and IIBN are also similar,

as shown in table 6, allowing isolation of the effect of price on consumption of feed
wheal.
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TavLE 9.—Acreages programmed for wheat, feed grains, soybeans, and cotton
under Models I, If, und 11§ °

M 1 H 1
Model and l: Wheat ;  Feed | Soybeans ! Cotton Total Cropland
program ¥ ; i grain i ussed ©
' :r ; |
Model 1: Ml acres Ml ucres AL acres - Mil. ucres | Mil. acres | Mil. acres
1wy, oL 3.7 . T8¢, 19.9 14. 1 185.7 38.2
BN ... : 47,0 1024 19.9 | 14.1 183. 4 40.5
IwLl. . . 443 105.1 - 20.0 14,1 ! 183. 5 40.6
IrC...... 4.6 99,9 . 304 | 14. ) 176.0 47.9
1FL. . . 53.6 1006 19.6 . [4.1 187.9 36. 1
we .. 33,0 ¢ AL 30,2 i 12.3 176.9 47.2
Model 11: ) . : |
WU ‘ 4.3 107.3 ¢ 19.7 | 12.6 180.8 43.1
HEN L 3.1 112 19. 8 . 12,6 | 181.7 42.3
Muodel 111: - : ,
WL 63.9 1 80.7 ¢ 20.9 ] 11044 176.9 47.0
BN 5.8 96.7 | 21.3 1 1L.5 175. 3 48, 6
HIWL. . 4L 0 98.0 | 21.5 1.5 175.0 48. 9
Hire. . s 0:.3 ¢ 21,3, 11,4 171.5 52.3
L. 495 . 0.2 1 2.2 i 1.5 178.4 45. 5

#I'he restraining eonditions of cach program ace illustrated in 1able 2.

% Ser footnule te lable 2 for meaning of letters in code.

?Thia is the amonnt of fand which can be diverted from the specified crops, if an
optimal distribution is attained under the resteainis of coutrol programs and screage
limits specificd carlier. It allows domestic aod export demands to be met while
holding crop prices 1o specified levels,

L2 bl g .
Tasee 10.~-Acreages of specified crops under alternative sheut supply
control methods in simulated lund retivement programs *

Wheuat controt method i Feed | Soy- Crop.
wnd program - Wheat ! grain beans | Cotton | Total land
E i unused ¢
i_ M. Ml Mil. At Ml Mil,
Unlimiled quotas: ¢oweres | oacres acres acres ucres acres
wo. oo fOTRT O 19.9 141§ 1857 as.2
Hwe. ... ... e Poodl2 i 1073 19.7 I2.6 1 180.8 43.1
TIWL. o0 o0 o8 63,9 80.7 20.9 .41 176.9 47.0
Benchmark: : |
IBN, . ... L P40 1 weeat 1997 141 183.4 40. 5
BN .. ceeeee o 30010 G20 108 126 1817 42.3
BN ..o ceeoa) o 4B 9.7 21.3: 1.5 175.3 48.6
Mundulory diversion: ! !
‘Lo.. oo oooh 430 1050 20.0 141} 183.5 4.6
MWL......... R .I 98.0 25 E 15} 175.0 14. 9

® The restraiuing conditiona of gach program are given in table 6. The programs
[WL, 1IIWU, and ﬁ‘ll WL differed only i that they cume from Models I, IE, and ITI,
respectively, and the sane relutionship was true for the remaining solutions.

¢ See Tuolnote to table 2 for meaning of letters in code.

© T'his is the amount of land which can be diverted from the spesified crops, if an opti-
mal distribution is uttained under the restruints of control programs and specified screage
limite, It ullows domestic und export demands to be met while bolding crop prices to
wpecified levels,
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The incorporation of intraregional differences in land quality in Model
111 reduces the number of acres needed for crop production. Hence, by
inference, more land retirement is required for a given supply reduction and
for attainment of the given crop prices. Under Model III feed grains shift,
at the expense of soybeans and wheat, onto the higher quality cropland in
many producing regions. Feed grains replace wheat for feed to some extent
and reduce the wheat acreage. Soybeans, not having a substitute, expand
in acreage to compensate for preoduction on lower yielding land. Since
cotton shifts to higher quality cropland in most regions, its acreage is reduced
in Model [I{. However, a portion of the decrease in cotlon acreage resuits
from the production coeflicients used in Model 111, Cotton yields of selected
producing regions in Texas and Arizona were adjusted upward for use in
Models 11 and III, partially accounting for the lower cotton acreages of
these two models compared with Model L

Crop Production

Feed grain production is concentrated in the Corn Belt under all models.
Producing regivns of the Corn Belt have a strong comparative advantage
over the rest of the Nation in feed grain production. Likewise, wheat pro-
duction is concentrated in the winter wheat areas of the central Great Plains
and the Pacific Coast Stales.

The South Atlantic Slates and the narthern Great Plains were generally
submarginal producing areas for the demand restraints employed. All
models indicale that large acreages in these States could be shifted from
field crops while still allowing national demand requirements to be filled.
Land in these regions is needed to meet national demands only where pro-
gram controls make it impossible for other regions with lower costs to
raeet demand restraints.

The amount of land needed to fill demands, and hence the amount which
could be shifted to other uses, differs considerably under the various program
solutipns. Potentially, 223.9 million acres of cropland were available under
all models for the production of wheat, feed grains, soybeans, and cotton.
The smallest acreage specified for meeting national demands is 171.6 million
acres under a program completely lacking regional feed grain acreage guotas
and allowing differential allocation of crops among lands of various qualities
within regions {solution 1IIFU, table 9).° The largest acreage specified is
187.9 million acres under a simulated program where regional acreage quotas
require a 7.5 percent reduction, below the base acreage, of feed grain in all
regions and soil is considered to be homogeneous within preducing regions
{solution IFL). For all solutions, the remainder of the 223.9 million acres
is assumed to be shifted 1o Jess intensive agricultural uses, shifted to non-
agricultural uses, or left idle.

Cotton acreage and production location were highly stable among the

* The ronstraint conditions of all simulated programs are listed in table 2.
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solutions with constant acreage quotas under each model. Specified cotton
acreage ranged from 12.3 million acres under program 1UL to 14.1 million
acres under other programs of Model 1. It ranged as low as 12.6 million
acres under Model II where the more faverable cotton yields in certain
western regions caused some production to be shifted from the Southeast.
Cotton acreage was rather constant at about 11.5 million acres under Model
[H which employed the same collon cost coeflicients as Model II.

Cotton had litlle interaction with other crops under any of the solutions
or program simulations. The acreage of colton was modified within a
given mode] only when the cotion acreage quolas were altered (e.g., program
1CUY.

While soybean acreage deviated only slightly from 20 million acres in all
solutions, considerable competition between soybeans and feed grains was
expressed among the different models. Generally, feed grains had prior
claim on the more produclive land wherever the two crops were in direct
competition. Soybeans tended to be concentrated on land of somewhat
lower vielding ability. This point is emphasized in Model 11 with soybean
acreages averaging about a million acres higher than in Model I. Model il
programs, with less use of feed wheat and greater use of feed grain Lo meet
demand restraints, caused a sharp reduction in Nebraska soybean acreage.
Comparing program IIWU with 1WU, soybean production in Nebraska is
reduced by 2.3 million acres; it is less in [fWL since more land is required
for feed grain production.

The amount of land needed for Ieed grains depends, in the several models
and solutions, on the amount of wheat used for feed, Only 78 million acres
of feed grains are needed when wheat is not restricted by acreage quotas
or high supporl prices {program 1WU 1.  Under Model H, with wheat prices
held artificiaily high, a mildly restrictive wheat acreage program results
in reduced feed wheat consumption and a feed grain acreage of 110.2 mil-
lion acres (program 11BN). Correspondingly, wheat acreage is reduced to
39.1 millivn. As is shown by comparing programs 1FL and IBN in table
9. Teed grain acreage is affected refatively little by changing feed grain
acreage quotas, However, the output of leed grains is affected by changing
acreage quotas. The benchmark program (IBN) was compared with a
program {IFL) that reduced feed grain acreage quotas proportionately over
all regions; this reduction was 9.7 million acres, only 1.8 million acres less
than under program IBN. However, to offset lower feed grain production,
wheat acreage is simultanecusly increased by nearly 6.6 million acres.

Wheat acreage varies more than that of any crop among models and
programming solutions. The allocation of wheat production is quite sen-
sitive Lo changes in programs directed toward either wheat or feed grains.
With total feed grain demand held consiant. feed wheal is utilized to offset
the changes in feed grain production. The lowest wheat acreage, 39.1 mil-
lion acres, occurs when wheat prices are artificially high and all crops are
limited to their historical base acreages (11BNJ. Wheat acreage is largest,
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73.7 million acres, when regional wheat gcreage quotas and artificial price
barriers are removed {[WU}).

Wheat Used for Feed

Feed wheat utilization is largest in Mode! I when wheat acreage quotas
are removed {IWU, table 11). Wheat provided 21 percent of the feed grain
demand under this solution; over 1 billion bushels of feed wheat are used.
The conditions of this program do not restrict wheat acreage or use
of wheat for feed, but feed grain acreage quotas are set at the historic base
level.  Under program IFU, where feed grain acreage quotas are removed
and wheat acreage quotas are applied, feed use of wheat falls to one-seventh
(141.1 million bushels) of that under program IWU.

TasLe H.—Wheat used for feed an sercentage of total feed grain demand
filled by wheat in simufatcdf land retirement programs

Quantily Percentage
Model and progran of wheat | of feed grain
demand

Moadel I: Mil. bu. Percent
1,024, 0
310.3
225.4
141.1
470. 8
486. 6

146, 8
T6.4

735.8
279.5
239.0
175. 4
387. 4

[ ]
B P o NADe

-
WAL ID D WSS

~3
el

* See table 2 for meaning of letters in program codea.

Under Model I, a higher price on wheat and the stmultaneously imposed
wheat and feed grain acreage quotas greatly reduce the use of feed wheat
tprogram IIBN, table 11). The higher price on feed wheat and the wheat
acreage quotas imposed under Model II reduce the adjustment opportunities
in crop production and result in patterns of production closely related to the
actual situation in agriculture at the time of this study.

Recognition of land quality differentials under Model 11 has a moderating

effect on the use of feed wheat. Paraliel programs resulting in a very large
use of feed wheat in Model 1 have lower feed wheat consumption figures in
Model III. The opposite is true of programs using small quantities of feed
wheat in Model J. This moderating effect may be a result of the more
realistic structure of Model 111,
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Average Yields

Efficiency of land use in this study is measured by the total costs of produc-
tion and product aflocation under each alternative program. A consequence,
however, of the optional fand use patterns derived by the models is the aver-
age crop yields. Crop yields are often employed by agricullural scientists
as measures of technological progress and production efficiency. The
weighted average national crop yields under each program are summarized
in table 12. The yield of feed grains (corn, oats, barley, and grain sorghum)
15 expressed in corn-equivalent terms.

TaBLE 12.—W eighted average national yield per acre of wheat, feed grains,
soybeans, and cotton, under simulated land retirement programs ©

Model and program * Wheat Feed graine ¢ Soybeans Cotton
Model [: Bushels Bushels Bushels Pounds
IWU.. ... 27.2 56.3 290.3 458.1
IBN ... oo 27.5 50.5 29.3 458. 1
IWL.....oooeiees 27.3 50.1 29.4 458. 1
PG 27.0 53.7 28.6 458.1
IFL....... oot 27.1 49, 6 29.8 458.1
I 26.7 55.7 289 526, 8
Model. []:
WU L 27.4 50.0 29, & 514.6
HBN. oo e 27.1 49. 4 29.5 512.9
Model [11:
IFIWE. . ...l 26.9 58,3 27.9 566.1
IJIBN,, - 27.5 53.9 27.4 564. 1
MWL, .....oooivne. 27.8 53.6 217.2 564.1
IIFU, ..o en 27.9 54.7 27.4 564. 7
LIFL. ... ooaise, 27,7 52.9 27.5 564.1

s Weighted by acreage of each producing region.
b See table 2 for meaniug of letters in program codes,
¢ Expressed in terms of corn-equivsient yields.

The average vield of wheat is about 27.5 bushels per acre under all pro-
grams despite a fluctuation of wheat from 73.7 million acres to 32.1 million
acres (table 9}, and considerable difference in production patterns. This
result implies that the yield of wheat would, in fact, be unaffected by land
retirement programs directed toward wheat. 1f average yields are likely
to remaii: stable regardless of where and how much land is retired, it follows
that Jand retirement should be concentrated in the high-cost producing areas
for maximum program efliciency.

Feed grain yields are more sensitive than wheat yields to the type of supply
control program being employed. The average yields of feed grains vary
from 49.4 to 58.3 bushels of corn equivalent per acre, with 110.2 miliion
acres and 8017 million acres, respectively.

Soybean yields are quite stable in all the solutions of Models I and II
(table 121, despite variations in the location of soybean production affected
by feed grain programs. The conditions of Model IIT slightly reduced the
average yield of suybeans by shifting soybeans to less productive soil.
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Cotton yields, because of stable cotton production patterns within each
medel, were altered but slightly by the Jand retirement programs represented
by the various solutions within each model. However, a change in cotton
acregge quotas (program ILCU) allowing greater regional specialization
raised the average yield of cotton.

Transportation Requirements

The programming objective of each model was to minimize total costs of
production and preduct allocation within the constraints specified for the
models. The total effect of transportation charges upon the allocation of
production is apparently quite small. Nevertheless, the simulated prog ams
aflecting the spatial allocation of production do result in varying demands on
the transportation sector.

Trangportation requirements of the alternative programs are summarized
in lable 13. The figures given in this table are not weighted by distances
but they show the tolal interregional produet movement, These figures in-
dicate the extent to whicly transportation charges influence the spatial alloca-
tion of production. The percentage of wheat production requiring
transportation is least. 217 percent, under program 11TWU, when the loca-
tinn of wheal production is given the greatest opportunity to shift. In this
program. intraregiona! land quality differentials are recognized and there
are no acreage quolas or price barriers serving as obstacles to adjustment.
The smallest percentage of feed grains (ransported among consuming regions
is 22.0 percent. when feed grain acreage restrictions are most stringent
(progeam JHFLY.

The percentage of wheal requiring transportation js largest, 51.9 percent,
when [eed grain acreage quotas are removed and only a small amount of
wheat is produced tprogram 1FU)., Wheat production, because of natural
and economic considerations, is spatially removed from the areas of its
greatest consumption.  Thus, when smaller amounts are produced because
of program restrictions or more fexibility in preduction location, the
percentage of wheal requiring transportation diminishes. Feed grains, on
the other hand, have been produced nearer to areas of high consumption,
causing their lransportation requirements 1o increase slightly as historically
derived acreage quolas are applied.

YWhen product demands in one solution of Medel T were reduced, an
increase in the transportation requirements of all products cccurred.® In
this solution, the regions with comparative cost advantages in production
continue to produce at {ull capacity. These regions, with lower demand
requirements, are now able lo export a greater quantity of their products,
Less competitive regions find it cheaper to reduce produclion and increase
imports.

? Program-~ considering vurialions in demand are not covered in this publication.
They are mentioned at this poinl W cimphasize the offeet of transportation ecosts on re-

sulting preduction patierns.
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"TABLE 13.— Wheat, feed grains, and oilmeals transported among consuming
regions: Quantity and perceniage of total produtction in simulated land
retirement programs

! i t H i
Model and | Wheat E Feed Oit ! Wheat { Feed Oil-
program 1 | grains ¢ : meuls 1 i grains meals
{ l ] : . ! 1
i AKE bu. | AN bu. o AKL bu. Percent | Pereent Percent

Model | 5'. | : _;
WL, ... ' 505.2 LI20.7 ¢ 337.5 1 25.2 25.6 50. 6
IBN. ... 5202 1029471 3342 | 40.9 25,9 50. 1
(WL...... 529.3 1 1,326,6°  333.8 43.8 25.2 50.0
4 © sg28 . 1.377.3 . 339.9 51.9¢ 25.7 51.5
1FL... . 657.2 . 1,185.3 1 339.2 § 45.2 3 23.7 50.9
e, ... : 4713 01,3948 357.1 32,11 28.¢ 53.5

Madel 112 ! : ! ¢
lwe. oo ) 477. 9 $,293.5 333.4 4 12,3 24.1 50.0
iaBxN..... . 577.9 1,307.5 i 335.7 . 516 i 240 50.3

Model 1115 i f |
mwe...o 424.9 ¢ 1,25%.0 3345 - L7 26.8 50.2
(B~ . 563.4 © 1,319.0 3244 . 41.6 ! 35.3 48,2
HiwkL. ... 562.7 ° 1,31L6 - 315. 1 ! 46.0 - 249 47,2
I, 3017 ¢ 1,332.9 347.6 31.3 25.0 52.1
{LIFL .. .. 624.8 . 1,118.5 320.5 46.0 ° 22.Q 48. 1

uSee wable 2 for meaning of letters in program codes.
b lxpressel in bushels of corn.
¢ xpressed in bushels of soybeans.

Solutions under Model 111, which distinguished among three land groups
in cach region, had the most {reedom to adjust production locaticn. How-
ever. there is little difference in transportation requirements for comparable
programs of Model [ and Model III. ~An analysis of all solutions indicates
that transportation charges have little influence on the land use patterns.
The relative vields and costs among regions are the dominant variables
affecting spatial allocation of crop production.

Equilibrium Prices

Prozrammed equilibrium product prices are also & measure of production
and allocation efficiency. These values are “finally determined” by the
marginal producing areas which supply the “last units” of the regional
demand requirements for each product.” Ceteris paribus, farm production
increases in cost efficiency as programmed equilibrium product or shadow
prices are fowered. However, Covernment program costs may offset the
social savings in production coste, depending on farm program characteristics
and the attitude of sotiety toward maintaining net farm income.

The derived equilibrium prices under each program alternative are not
necessarily those which should prevail or be administered by the Govern-
ment. Nor are lhey even the prices that would have to be in effect under
the program assumptions. A specific assumption of Model II was that

? Gee Whittlesey and Skold, (107 for a more complete explanation of the linear pro-
gromming dual,
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wheat would be supported above its equilibrium value. Demand snd supply
quantities, as reflected in a market equilibrium, would not necessarily be
equal in this or other solutions (e.g., the demand levels used in setting de-
mand restraints generally suppose prices above their market equilibrium
level).

The average equilibrium prices of produets derived for each program are
presented in table 14. Average farm prices and average consumer prices
for each product, as reflected in the programming solutions, are listed sepa-
rately. The difierence hetween these two sets of prices is represented by
transportation costs. Prices received are estimated by weighting the regional
equilibrium price of each product by its corresponding regional production.
Prices paid were similarly weighted by regional product demands.

Transportation charges added an average of about 30 cents per hushel to
wheat prices, 10 cents per bushel to feed grain prices, and 14 cents per
bushel to soybean prices ttable 11}, The spread between prices paid and
prices teceived for wheat is reduced when wheat acreage quotas are lifted,
allowing more freedom to adjust production (programs IW(! and 1HIWU).
However, the effect of transportation charges on equilibrium prices of feed
grains and oilmeals is relatively constant over all solutions. This fact is
further evidence of the small inluence which transportation requirements
have on production allocation.

There are considerable dilferences in equilibrium product prices among
solutions.  Programs allowing freedom to adjust production patterns ([WT,
IFC, TUU, IIHWU, and IIIFUY result in much lower equilibrium prices of
wheat and feed grains than programs which partially dictate the spatial
allocation of production 11WL, IFL, HIWL, and I1IBN}.

The variation in programmed oilmeal prices is less than for wheal or feed
grains. However, the competition of soybeans and feed grains for cropland
is emphasized by lable 14. Programs which allow full adjustment of
feed grain production result in lower feed grain prices but higher oilmeal
prices {program [FU). Conversely, a program which restricts the focation
adjustments of feed grain production results in higher feed grain prices
but lower oileal prices {program {FL3,

Cotton prices are Very responsive 1o adjustments in production location,
Program I, allowing regional cotton acreage quolas to be increased hy
100 percent over that of other solutions. reduces cotton prices by 40 percent.
Solutions from Model ! result in slightly fower cotton prices than correspond-
ing solutions of Model | because of an adjustment of cotton yields in Texasz,
New Mexico, and Arizona, Recognition of intraregional differentials in
land quality through Model 11 further reduced cotton prices by about 25
percent below those of Model 1.

Government programs, therefore, can influence the efliciency of agri-
cultural production.  Programs which prescribe the location of crop produc-
tion and resource use in agriculture may result in higher costs of production
than programs shich allow more freedom of action. However, the type
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TanLe 14.—Average equilibrium prices per buskel of wheat, feed grains, and
oilmeals, and per hundredweight of cotton, in simulated land retirement
programs

Prices paid ® Prices received ¥
Model and
Pprogram
Wheat Feed 0il- Wheat Feed Oil. | Cotton*
graing¢ | meals grains ¢ | meals
Model 1: Doltars § Dollars | Dollurs | Dollars | Dollars | Dollurs | Dollurs
IwWU,..... .. 0.97 | 0. 83 1.03 U. 78 0.75 0.43 3206
IBN.. ... ... 1,12 | .92 1,07 .83 .83 .93 31.99
(W1, . i L5 .93 L. 08 .85 .83 .94 31.98
IFL, ... ....... [ S T ] .10 1. 14 .78 .60 1,01 31.93
IFL....... .1 1.16 L 1.03 .88 .88 .88 32.06
e oo .97 .75 1,13 .68 .66 .97 19. 32
Modlel 11: !
HWU........ ; .92 1.02 1.03 .64 .92 .90 28. 17
LN .. . 08 .97 1,063 GT .87 .90 28. 17
Model 11 | ;
HEwe... . .99 I .83 11 .18 .75 .98 24.64
mex~N.... ... 1 .12 - 117 .80 .80 1. 04 24.43
THNWL. .. ... t P17 ] 1.19 .85 .30 1,07 24,43
IHIFL. .. . J. 1 ] 1. 19 .18 .69 .03 24. 66
fHFL...... ... 1,148 I TR I | .82 .87 I.00 4.4

* See table 2 for meaning of letiers in program codes.

¢ T'he difference between prices paid and prices received are accounted for by trans-
purtation charges wnd do not include processing and retail eosts und marging,

¢ Expressed in corn-prive equivalents,

4 Expressed in sovbeun-price equivalents.

< Since no trunsportation costs were inenrred for cotton the prices paid and prices
received would be the sume,

of program employed probably will not affect the total costs of transportation
or marketing.

Net farm income can be maintained at a given level, above that specified
by market price eguilibrium, either (a) through restrictions on output which
cause an income transfer from consumers through the market or (&) through
unrestricted production with direct payments made from the taxpayer,
through the Treasury, to the farmer. 11 is sometimes contended that the
two methods bave about the same net social costs.  However, this argument
overlooks the rather large differences in production efficiency that may exist
under alternative supply control programs. These differences in efficiency,
as indicated by the relative equilibrium preduct prices shown in table 14,
could be quite significant if the program alternatives were unconstrained
production adiustment (ILUL") and a restrictive feed grain program (IFL).

CROPLAND DIVERSION AND GOVERNMENT PROGRAM
COSTS

The previous analysis clearly indicates excess capacity in agriculture for
the projected levels of commodity demand, production coeflicients, and crop-
land acreages. We now turn our attention to the costs of land diversion
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programs represented by the several model solutions. Each of these solu-
tions supposes that production is restrained to the demand levels mentioned
earlier, with resulting prices which are above market equilibrium levels. All
solutions and programs analyzed assume the same demand and price levels.
Hence we estimate, for each solution or land diversion program it represents,
the cost Lo the Government for shifting the specified amount of unused land
from crops. In estimating these costs, we assume:

1, The Gevernmenl supports crop prices at the same level for all pro-
grams, a level commensurate with the demand levels used in the models.

2. Sovbeans are nat in excess supply and Government expenditures are
not necessary to establish appropriale output levels for this crop.

3. Wheat, feed grains, and cotton can be limited to their individual re.
gional base acreages without Government expenditures for land diversion.

4, Covernment expendilures are necessary for reducing the produetion
of any crop below its regional base acreage or retiring land not under a
specific acreage quota.

5. The Gevernmenl cost of withdrawing land from production of any
crop 15 equal lo or greater than the potential net revenue from producing
that crop at the supported price level.

G. The production patterns resulting from the model solutions are those
desired by the Government for each programing aiternative or the land
diversion program represenled by i,

In calculating Government program costs, a distinction was made between
a propertional reduction of production in all areas and diversion occurring
by disproportionate ainounts in submarginal areas. Proportional reduction

of area production is termed “mandatory diversion.” (It is true that a
program that was, strictly speaking, voluntary might achieve an evenly dis-

tributed pattern of diversion over all regions.. However, this pattern wounld
most likely occur if the pregram allowed only one proportionate rate of
participation and provided such high payments that all farmers and all
areas had “no economic choice” olher than to participate.) Nonpropor-
tionate diversion of land, where regions need not shift the same percentage
of land from crops, is termed “voluntary diversion.” All models had some
solutions representing voluntary diversion.

Government outlays for either the mandatory or voluntary diversion are
assumed to compensate farmers for net income that could have been realized
at the specified price levels®*  Total outlays differ between the two programs
since the mandatory program requires the same percentage reduction of
crops in all producing regions (fig. 11. Income per acre is higher for land
in high-yield regions, and Government payments are consequently larger

5 The U.S. average prices for the relevant products, given the demand levels used,
are $33.87 per hundredweizht for cotton, 8$1.1G per bushel for corn, and $1.16 per
bushel for wheat, The prices for the remaining feed grains are 67 cents, 96 cents, and
96 cents per bushel for oats, barley, and grain sorghums. This price for wheat assumes
its valoe for feeding purposcs.
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under the mandatory program even though fewer acres must be diverted
than under voluntary programs where the lower yielding land can be shifted
in concentrated regions. In the voluntary programs, more land is retired
from crops, and although the number of acres diverted is generally large,
the diversion cost per acre is small. (Because of fixed costs, and lower per
acre yields, the net income which must be offset by payments results in a
lower diversion cost per bushel.)

An additional factor which increases costs under the mandatory programs
is the requirement, in this study, that payments must include, in addition
to the expected return to land, the returns to {abor foregone from the diverted
land. Labor costs were added to Government outlay because a mandatory
program that diverts a small proportion of the land from each farm and
region provides little opportunity for reemployment of labor in nonagricul-
tural pursuits.® Under the voluntary diversion program, we assume that
entire farms and regions could be shified from crops and that the labor so
released could find employment in other pursuits. Hence, labor returns
foregone (i.e. the value of labor used in crop production) are not included
in required Government costs for land diversion.

Certain administrative and other Government costs for agriculture are
assumed to be fixed and unrelated to land diversion. These fixed costs are
listed in table 15 and are assumed to be the same regardless of the type of
land diversion program which might be put into effect. Under all programes,
we assume the continuation of agricultural exports for “food for peace” and
foreign development programs. Hence, costs are included to cover the
storage and public deficits related to these exports. The Government costs
related to land diversion costs and detailed later are in addition to the fixed
costs for agriculture shown in table 15. Total costs, including fixed costs,
will differ only by the amounts shown later for the various diversion
programs.

TaBLE |5.—Estimated fixed costs of farm program administration for land
retivement programs °

Million

dollars
EXJiort PrOgrain. ..o uiaat e e eaanae e i 567
Strock carr¥ing charge for eXports.... ... oieor i 442
Other Goverimmnent CoBIst . L. . e ieeanee s aarearras 4,471
B0 10 T R S 5,500

“ Rased on T'weeten, Heady, aml Mayer (6).

#Ineludes cost of wool, rice, lobaceo, dairy, research,ed ucation, and other programs
for agricufture.  Alse includes $30 million Tor administrative costs of diversion pro-
grams.

“The national weighled average labor costs are $5.59 per acre for feed grains and
8217 for wheal. These costs arc hased upon those used to compute the total variable
costs of each producing activity.
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The costs estinated later assume that farmers do not use diverted land for
other purposes or income sources. To permit other uses of diverted land
could change the amount and location of diverted land. Also Government
costs of diversion would be influenced by the costs and income of farmers

using the diverted land.

Pattern of Land Diversion

In general, the study results show that programs requiring proportionate
reductions in acreage and production among all regions generally result in a
large acreage devoted to crops (see, for example, programs IFL or IWL).
Since equal national demands ave to he met in all cases, proportionate reduc-
tion of acreage requires the use of a larger acreage of low-yielding land to
offset a smaller diverted acreage of high-yielding land in more productive
regions. However, programs allowing greatest fexibility in crap allocation
among regions do not necessarily result in the most intensive use of cropland
in productive soil regions and the greatest land withdrawal in marginal
productivity regions., The program with no regional restrictions on wheat
or feed grain acreages and very liberal restraints on cotton and soybeans
[1U1)), indicated use of more acres of cropland in meeting national demands
than more restrictive programs. Program [UU achieves the programming
objective of minimum national costs for crop production and commodity
transportation. Hence, amount and location of acreage are oriented to loca-
tions of both populalion concentrations and high soil productivity.

Figures 7 to 14 indicate that South Carolina, Georgia, and parts of
Alabama, Mississippl, and Arkansas have land to be diverted from crops
under all of the simulated programs. These States have lower yields, less
efficient technologies, and small farms. Eastern Kansas, North Dakota, east-
ern South Dakota, and Idaho also have land denoted for diversion from crops
under ali solutions. Other regions where land is not needed to meet national
demands under some simulated programs are in Michigan, Wisconsin, Mon-
tara, Kentucky, and Minnesota, Few acres are indicated for withdrawal,
excepl under proportionate land withdrawal, in major feed and livestock
regions east of the Missourl River, in the major wheat regions, or in the
field crop areas of the Pacific States.

The program (IWU, fig. 9) which removes wheat acreage quotas and price
harriers in use of wheat for feed indicates nearly all land diverted from field
crops to be located in the southeastern United States. However, when a
highly restrictive program requiring a 7.5 percent feed grain acreage reduc-
lion in all regions is imposed, a large amount of feed grain production is
indicated for North Dakota and South Dakota (program IFL, fig. 10).
Regions of these States are required to produce wheat and feed grains to
offset a smaller feed grain production in the Corn Belt under the proportion-
ale reduction in all regions.
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MODEL 1~ AMOUNT AND LOCATION OF SURPLUS LAND
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MODEL X — AMOUNT AND LOCATION OF SURPLUS LAND
UNDER THE CONDITIONS OF PROGRAM TFL
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MODEL T— AMOUNT AND LOCATION OF SURPLUS LAND
UNDER THE CONDITIONS OF PROGRAM FU
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Estimated Program Costs

Under the assumptions of this study, total potential production capacity and
national product demands are the same for all model sclutions or simulated
programs. Thus, differences in estimated Government outlays under the
alternative programs are one indication of the relative efficiency of these
programs.

Estimased Government costs for land diversion, to meet specified national
demands and maintain farm prices at the specified levels, are lowest for
programs allowing all land diversion to be voluntary. Programs requiring
a proportionate output reduction in all areas { mandatory diversion) resulted
in the highest estimated Government costs for supply control under the
conditions of this study,

Model I: Cropland Diversion and Program Costs

Detailed anzlysis of costs of land diversion are provided in this section.
Only the solutions of Model | are used to estimate Government costs of
land diversion. The relative diflerences in diversion costs among solutions
for Model 1 parallel those expected for Model 11 and Model I, zlthough
the absolute level of costs may differ considerably among models.

Benchmark Program

The results of henchmark solution IBN have been described in considerable
detail. This program is not directed toward controlling the supply of any
particular crop. Instead, Lhe regional acreage quotas of wheat, leed grains,
and cotton are limited to the base acreaze ol each crop. Soybeans, as in all
progrars, are physically limited to the use of {0 percent of available crop-
land. All land diverted {rom agricuitural production under this program is
a voluntary reduction below regional acreage quotas. Land diversion can be
concentrated in entire areas, depending on the relative costs of obtaining a
shift of land from crops. Entire farms can be diverted so that labor can move
into other employment. This voluntary land diversion may, in the short run,
result from an incentive such as direct Covernment payments to farmers. The
same pattern of land diversion would be expected in the long run under the
free play of market variables. Equilibriuezn market price would force out
fand with highest production costs (i.e. the land which has lowest comparative
advantage under the programming models).

The pattern of land diversion, 40.5 million acres, under the benchmark
program is shown in figure 7. Unused acreage quotas for wheat, feed
grains, and cotton amount to 12.8 million acres for the benchmark solution
{table 163, However. 2.3 million acres of feed grain land in the Corn Belt
are used for soybeans, leaving 40.5 million acres of cropland to be diverted
from production. Feed grains are voluntarily diverted from 24.5 million
acres of cropland in submarginal producing areas. Concentrations of retired
land appear in producing regions in North Dakota. South Dakota, Kansas,
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Arkansas, Mississippi, South Carolina, and Ceorgia. These regions account
for about 62 percent of the tolal land diversion. The remaining 38 percent
is rather uniformly distributed throughout the other States. Only Corn Belt
regions have land which remains lully devoted to the study crops.

TasLe 16.- -Estimated costs of diverting land under the conditions of
bwr(hmm& pro;.:rmn J’B Ay

- - e e
H :

" [ FRE

Hem _ Wheut - Feal  Cotton ° Total
i graiug |
) )
!

Base aereage. . ... . 0 L million acres. 38.3 129,
Unused guota. . 1 [ il 26.

‘\ll'f.-)ll'st.llr(JI"aD\bt.dll-s < [ 2.3 .
Voluntary diversion.. ... . Ao, ) i . L5
Covernuient costs o, . ... million dollars. 80.5 ¢ 188.4 .
Average vost peraere.. ... ... dollars. T.00 .09

# These cost estimites III(IIIdL no charge for lulmr' dnd ure in addlt:on Lo the uthf..r
Government costs shown in table 15, Jstimated labor costs per svre average $5.59
for feed grains aud 32,17 for whear,

The diversion cost [or [eed grains is 5188.4 million. or an average of only
5%.69 per acre. This is the estimated amount necessary to compensate
farmers for incomne losses, al the previously specified price levels, in divert-
ing their land from feed grain.  This average payment rate is low, in com-
parison with that under the present Feed Grain Program. However, only
the low-productivily regions are indicated [or diversion under program IBN,
while land of average (or slightly below average) productivity is diverled
in all regions under the Feed Grain Program.

Diverted wleal land amounts 1o 11.5 million acres under program IBN
and would require tolal payments of $60.5 million or 87 per acre. Colton,
a morc intensive crop. has a higher per acre diversion cost. Under program
IBN. 4.5 million acres of cotton land is indicated for diversion. The average
vost per acre is $20.24).

Land diversion in the pattern allowed by the benchmark program (JBN1,
allowing land diversion o be concentraled entirely in areas of lowest com-
paralive advantage except [or historic base acreages, would requirc a total
Government cost of $380.0 million. (The costs of other Government pro-
grams for agriculture indicated in table 15 would be in addition to the $386.6
million.r  The 40.5 million acres diverled [rom wheat, feed grains, and
cotton represent 18.1 percent of the Nation's total cropland considered in
this study. The average diversion cost per acre for the 40.5 million acres
15 39.53 per acre.

Wilhin the confines of the assumptions employed in this siudy, this pro-

gram is less costly than any other program alternative analyzed. To shift
land from production veluntarily through incentive payments to farmers in
submarginal arcas appears. therefore, to be a relatively ellicient method of
land diversion under a criterion of Treasury costs,
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Mandatory Diversion of Wheatland

Program WL simolates a mandatory wheat program. It requires a
proportionate 10 percent diversion of wheatland in each producing region.
In addition, 8.4 million acres of wheatland are retired voluntarily (table
17). Aside from this *“proportionate restriction” on wheat, reduction
of acreage for other crops is the same as that allowed for the benchmark
program (ie., diversion in entire regions where comparative advantage is
lowest and diversion payments are minimized). Total land indicated for
mandatory diversion under this program is 40.6 millien acres, about the
same as for the benchmark program. However, program IWL results in a
somewhat less efficient agriculture and higher indicated Government costs for
diversion to aitain the same demand quantities and farm price levels. Land
diversion [fig. 8) is less concentraled than under the benchmark program
since all regions producing wheat are required to reduce acreage diversion of
this crop. Consequently, the amount of unused land in the northern Great
Plains is much smalicr than under the benchmark program. These States
are required to increase wheat and (eed grain production to compensate for
reduced preduction in other regions of the Nation.

Taprs )7, Estimated costs of diverting lund under the conditions of program
IW°L scith mandutory diversion of 5.9 million acres of wheat

' j
Tem ] Wheat 1 Feed | Cotton | Total
i ! ograins

—— . . T IR ;
Unuaed quota ... .. . Lo mil. acres. f 8.4: 23.8 4.5 36. 7
Owota used by sovbeans. .. ... doooo b ; 2.0 oo enan 2.0
Voluntary diversion . . cee o oode. 8“!'1-_‘ 21.8 4.5 3.7
Mandatery diversion.. ... ... doo g 5.9 E ................ 5.9
Totab liversion.... . . . . _de...p M3 1. 2.8 4.5 40. 6
Covernment payments {volintary} . mil, del. 541 1 146. 3 117.9 318.3
Coveriment payments mandatory)s. de. . 0 905 o Lo 2.5
Labor costs on mandatory diversion® odo. .0 128 onn e 12.8
Total custs® . oo o oo 1FTA G 6.3 1 1179 | 4216
Average cnsl per acre. . dollars, 101} 671 262 10.38

i

#These coal estimates o aot cover a charge for lubor.

b Par Lhe purpese of illusiration the laboer churges have been broken out and shown
hiere Tor the mandatory land diversion.  The rate of $2.17 per acre slso could be
applied 1oy olunturily diverted wheatland il a standard basis For payments were required.

“I'he vosts of other progeums in Lable 15 wonlil need 10 be added to these costs, to
rompute total Govermment casts fur agrivultun‘.

Approximately 21.8 million acres of land are voluntarily diverted from
feed grains and 1.5 million acres from colton under this program, which
requires a 10 percent reduction of wheat acreage in all producing regions but
allows other land to be diverted voluntarily. The voluntary diversion allows,
aside from the 5.0 million acres of wheailand, concentration of land with-
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drawal in regions of ta} lowesl comparative advantage in production and {b)
lowest Covernment cosls.

Costs of mandatory diversion of wheatland under program IWL are higher
than for voluntary diversion under the benchmark program {and also for the
voluntary portion of wheatland diversion allowed under IWL). Costs, in-
cluding a charge for labor, Tor the land being forcibly retired average $17.51.
per acre. The per acre cost {or the remaining wheat acreage diverted on a
voluntary hasis is only 36,11 It is mueh less costly to attain a given output
veductinn il diversion is in submarainel areas,

Cota of diverting L5 million acres of cotton land under program [WL are
the same as for the benclimark situation. $26.20 per acre. Fewer acres are
diverted from feed grains under program [WL than under program IBN.
Heare. per aere costs Tor diverting feed graing decline by about 12 percent
In 80.71 per arere,

The ool estimated Guvernment cost for program IWL is $421.6 million,
teo divert 30,6 million acres al an average cost of $10.38 per acre. This
program has a total cost amounting 1o $3 L8 million more than for the bench-
mark program. WL would probably result in payments 1o a greater number
of farmers than the benchmark program -ince it forces some diversion into
all producing regions. Thus, the higher costs of supply control under this
prograni might be justified Lo benefit a greater number of persons through
direct payments.

Unreatricied Wheat Production

An unrestricted wheat program is represented by IWU. Wheat is limited
ouly by total eropland in each region while feed grains and cotton are re-
strivted Lo their regional historic Lase acreages. land diversion under pro-
gram JWLU utilizes a large part of the cropland in regions of several States
(fig. 90, Nearly 11 percent of available cropland in North Dakota and
South Dakota is indicated for disersion and 67 percent is indicated for
Vlabama, Vississippi. and Louisiana.  Other remions of concentrated land
diver-ion are in Kansas. Vichigan. Arkansas. Minnesota, and Idaho. Only
cmall amuunts of land are indicated Tor diversion in other States. Under
this program. =ome feed wheat production is shilted into North Carolina
ond Beuth Carolina,

Land diserted from erop production is 38.2 million acres under program
IWU. Approximately 22,5 million acres are diverted from feed grains, 1.5
willion acres from collon. and 11.2 million acres [rom wheal {tuble 181,
The net ~hilt from wheat is le~~ than 11.2 million acres. howeser., since some
wheal is indieated for land presiously in other erops.  Estimated costs for
diverting the 11.2 million aeres Trom wheal production are $81.6 million,

an average of 5755 per avrel!

P Wheat was gwumerd ta be supported w8116 per lushel, Qs feed value, lor the
purpose of eatimating diversiun comts on land other than cotion and fecd wrain,
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The average cost of diverting land from feed grains under this program
is 89.30 per acre, a total cost of $209.3 million for feed grains (table 18).
Wheat utilizes some land which is marginal for feed grains. Hence, higher
program cosls are indicated for the retirement of higher yielding feed grain
land.

Cotton land diversion costs are the same, $117.9 million, as under previ-
ously discussed programs. The pattern of cotton production remains the
same as under the benchmark program,

TaBLE 18 —Fstimated Government cost of diverting lund under the conditions
of program I U with unrestricted wheut production

i : :
[Lem } Feed 1 Cotton IOlIwrb i Total
1grain:i° ! i
} ! i !
e e - | | i
Unused quota. .. . ... . .. .. mil acres. . 512 : 451 11,2 } 66,9
Used forwheat .. . ... ... . cadeo.0 265 ... e 26.5
Used for sovbeans. ... ... DR (T DI 2,2 ... fveenas ; 2.2
Voluntary divession. ... . ... .. o lde. . 2w a5t 12 | 38,2
Governmentenste, . . . .. ... . .mil. dol.. 209.3 117.92. B46 411.8
Averape vost peroavee . doliars. . 9. 30 26,20 7. 55i 1. 78
! i

« Puvinents are not inelided for lamd diverted from feed geains Lo other crops.

A Refers to land normally planted in wheat if wheat quotas were in effect,  Program
co=ts for diverting laad wece computed uas if it shifted from wheat production.

e vusls for other programs in table 13 are in addition to those indicated here.

Total fand retirement costs under program IWU, a program without
any regional restraints for wheat. are $111.8 million, slightly less than for
program WL where wheat acreage quotas are applied proportionately over
all regions. Thus. it is possible for two widely diflerent programs to be
cyually effective and have similar costa.

Mandatory Diversion of Feed Grain Land

Program |FL requires that feed grain acreage be reduced by 7.5 percent
in all regions. Howesver, additional feed grain diversion can occur on a
oluntary hasis in lerms of comparative advantage and lowest Government
costs of diversion. Wheat and collon are restrained only to their regional
base acreages. Soybeans are allowed to compete for land diverted from
any other crops. The mandatory diversion of feed grains is 9.7 million
acres. Voluntary diversion of feed grain, wheat, and cotton land bring
total diverted fand up to 36.1 million acres. an amount less than for any
other programs considered.

Program 1FL results in 67 percent of available cropland diverted in
regions of South Carolina, Ceorgia, Alabama, Mississippi, and Louisiana
{fig. 101, Otherwise. this program produces a more dispersed pattern of
land diversion than the programs previously discussed. Nearly all regions,
except thuse producing goybeans in the vemtral Corn Belt, have seme excess
cropland.  North Dekota and South Dakota have a somewhat smaller diver-
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sion, however, because of the mandatory reduction in feed grain production
in other States.

The estimated Government costs of program IFL are included in table 19.
If payment is required for the feed grain land forced from production, the
total estimated cost is $477.3 million when returns to labor are not included.
If labor costs are included in payments for the mandatory portion, since
fabor is nol expected to move out of agriculture, the program costs total
8531.5 million.

FasLe 19— Estimated cost of diverting land under the conditions af program
HEL with mandatory diversion of some feed grain land

Ttem . Wheat f Feed | Cotton | Totzl

i grains

Unosed quote. . . . . .., . mil acres, ! -G . . 38,
[Used lor sovbeans. ... i 9

Mandutory diversion
Voluntary diversion |

Fotzl diversion.

Covernment payments {voluntary) . mil. doi. 40.1 0 89,
Covernment payments (manalatory) ., o, .., ... .1 229,
Labor costs on mundatory liversion . . de. , 54.2

Total cesL=.. . ... . Cdu. a0, : 373.5 |
Average eost per acre o i 13.99 %

8 Tha eosts for other progeains ie tzble 13 are in addition to the land retirement
costs shown here.

The cost of a required diversion of 9.7 million acres of cropland frem
feed grain production, proportionately over all regions, is great, amounting
to $23.66 per acre without labor charges and $29.25 with labor charges.
This figure is nearly four times the average cost of 87.69 per acre for feed
grain land voluntarily diverted under the benchmark program. A program
retiring average cropland in the Corn Belt is more expensive than one which
reduces production by a similar amount through land diversion in less
productive regions.

However, programs which reduce crop production in the major grain
areas of the Corn Belt and the Great Plains winter wheat regions permit
more land to he cropped in the less productive regions of the South Atlantic
States and the northern Great Plains.

Unlimited Feed Grain Acreage

Under program IFU. regional acreage quotas are removed entirely for
feed grains. These crops are restrained only by the total cropiand acreage
in each region and national demand requirements for these products. Wheat
and cotton acreages are restricted only to the regional base acreage of each

48




crop. All land diversion is assumed to be voluntary, with compensation
for this diversion computed as before. No payments are made for land
diverted {rom wheat or cotton to the production of feed grains.

Land diversion under this program totals 47.9 million acres (table 20).
Approximately 7.3 million acres are diverted from wheat, 4.5 million acres
from cotton, and 36.1 million acres from feed grains. Although feed grain
acreage quolas are not applied under this program, these 36.1 million acres
otherwise would be in feed grains. Of the 16.9 million acres shifted from
wheat, feed grains use 9.6 million acres.

T'anLE 20.-— Estimuted cost of diverting land under the conditions of program
TFU, without restrictions on feed grains

Item Wheat 2| Cotton | Other ¥ | Total
Unusedqueta. ... .. ..o e mil. acres. . 16.9 4.5 36.1 57.5
Used for feed prains... ... ... .. ... do.... L1 T Y P 9.6
Voluntary iV ErSion. — e ve s e do.... 7.3 4.5 36.1 47.9
Governmenl cost <, ... ... e mil. dol. . 66,0 117.9 252.6 436. 5
Average Cosl per acre. . ... o .iiaan dol.....  9.04 ¢ 26.20 7. 00 9.11
I

4 I‘ro-'rdm cosls are not uuiuded for Tund diverted from wheat to other field erops.
¢ Refurs to lamnd normally planted to feed grains. Costs for this lund were computed
as il it had Leen diverted from feed grains.
< The ¢osts for oLher programs shown in table 15 are in addition to the land diversion
ro31s shown here,

Land diversion is highly concentrated under program IFU (fig. 11). In
Scuth Carolina, Georgia, Alabama, Florida, Mississippi, and Louisiana,
78 percent of available cropland is diverted. Likewise, in North Dakota
and South Dakota, 52 percent of the cropland is diverted. Other packets
of concentrated land diversion occur in Idaho, Michigan, Kansas, and
Minnesota. The local impact of such a program thus would be great, because
a less intensive agriculture and & thinning of the rural population likely
would follow.

All land diversion is assumed to be voluntary and the estimated cost is
8436.5 million. The 47.9 million acres are diverted at an average cost of
$9.11 per acre. This cost is computed, as mentioned previously, under the
assumption of feed grain prices at a level of $1.10 per bushel for corn with
comparable prices for other erops.

Diversion costs for 7.3 million acres of wheatland are estimated at $66.0
million, an average of $9.04 per acre. Diversion costs for wheatland are
greater only under a partially mandatery program (program IWL, table
17}.  Costs for diverting the 36.1 million acres from feed grains, $7 per acre,
were relatively low as compared to other programs.

The indicated land use pattern also could result from a pregram of nego-
tiable marketing quolas on feed grains equal to the feed grain demand
requirements.  1f quotas were exchanged among regions in terms of com-
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parative advantage, concentration of production would result from the
eventual optimal allocation of these quotas among regions.

Acreage Quotas Removed

Program 1UU is designed lo simulate a condition which minimizes {a)
costs of producltion and transportalion and 153 Government costs of land
diversion to attain the given demand levels and farm product prices.  Sep-
arate regional acreage restraints for wheat and feed grains are completely
removed. Only total available cropland is assumed to limit these crops
in each producing region. Colton acreage is limited to 200 percent of the
historical hase acreage in each region and soybeans are limited 1o 40 percent
of available cropland in each region. Natlional production of each crop
is restrained by its respective demand requirements,

The pattern represented by this selution also could result from negotiable
marketing quolas. as described previously.  In this case, areas of greatest
comparative advantage in production would attract the quotus. Less effi-
cient areus oventually would shift out of crop production.  Also, the same
patiery tiable Th of production might be expected Lo result under long-run
equilibirium of o free market.

Under long-run equilibrium market prices it is possible that demand
quantities would he greater than those used in the programming models of
this study.  tIn another simulated program with farger product demands
assumed to resoll under lower prices. only 21.0 nillion acres of unused land
were indicated for diversion M

Figure 12 illustrates the areas of eoncentrated land diversion suggested
by the linear programming solution under the conditions posed by TUU.
The crop agriculture of the southeastern United Stales could virtually cease
te exist under program UL, Of the available cropland in South Carolina,
Alabama, Georgia. Mississippi. Louisiana. Arkansas. and Florida. 84 percent
is tndicated 1o he diverted Trom the specified erops.  In Montana, Idaho,
North akota, and South Dakota, M percent is so indicated.  {The results
ol Maodel HI however. indicate that some land scattered throughout these
areas would remain in production under sueh a program. Alse, solutions
of Model 1T indicate the presence of some land (o be diverted in the most
praductive areas of the Corn Belt

Model 1i: Retired Cropland

'The constraint conditions of program BN are the same as those of the
benchmark program 1BN. excepl for a higher wheat price under the former

" This program, with larger demand requirenents, was nol included in the resulis
shown in this publication. Jt is mentiencd herr beeause (he assumed prive Tevels were
elose to thowe aequired as eqoilibriom prices in program 10U The reselting cropland
requirements ane, perhaps, more indicalive of what wonld resudt nnder conditions of
unrestricted production than tho-e shown for progrmm (UL
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{sve earlier description of models). Approximately 42.3 million acres of
cropland are diverted under program 1IBN, a slight increase over the
benchmark program. Approximately 69 percent o} the cropland in South
Carolina, Georgia, Alabama, Mississippi, Louisiana, and Arkansas is diverted
{fig. 13). North Dakota benefits from this program, since nearly 1 million
more acres are devoted to erops than under program IBN.  Still, 37 percent
of the cropland in Montana, Idaho, North Dakota, and South Dakota is
diverted, and pockets of diverted Jand also occur in Minnesota, Wyoming,
Kansas, and Ctah.

An unusual feature of program | WU under Model I is the high employment
of land in North Dakota, South Dakota, South Carclina, and Georgia
{(fig. 9). When the additional cost was imposed on feed wheat through
program 1IWU, these States again have many acres of excess land.

Model 11, with its one-price plan for wheat, results in higher Government
costs of land diversion than Model [ with a multiple-price plan. If land
divested from wheat production is rewarded in Government payments at a
rate consistent with the price of wheat assumed for Model 11, the cost per
acre of diverted Tand is much higher than Model 1. In program IBN, 11.5
million zeres of wheatland are diverted at a total cost of $80.5 million
{table 16} when wheat is priced at 81.16 per bushel to represent its feed
value. [f cosls are estimated [ur program BN with the assumption of wheat
priced at $1.95 per bushel, the total cost of diverting the 11.5 million acres
is 8312.8 million. Thus, commodity price levels used to compute diversion
payments highly influence program costs.

Model III: Retired Cropland

The unique feature of Model 11 is its recognition of intraregional land
quality diflerences. Model {11 solutions result in a more diversified crop
production pattern and a more intensive land use than solutions under
Model . The result is a large acreage retired under Model III {table 9}.
It is the diveried land upnn which this section is focused.

The pattern of land diversion for solution ITIBN is presented in figure 14.
Many areas of the Corn Belt and Great Plains which employed all eropland
under simulated programs from Models 1 and ! now have some idle land.
However, concentrated regions of diverted land still exist in South Carolina,
Ceorgia, and other Southeastern States. The northern Great Plains States.
also continue to experience a rather low rate of land employment. The
resulting land disposal patterss of other solutions from Model 111 are similar
in their comparisons with the solutions of Model 1,

The implications of Model 111 are quite important in the formulation of
agricultural policy. A program removing only submarginal land within
regions will require more land diversion to accomplish the same supply
control measures than a program removing land of average quality within
regions. The comparative costs of such programs are probably similar if
all diversion payments are governed by the produetivity of land removed
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from production. However, if below-average land is diverted, and if the
diversion payments are based on the produetivity of average land, the
program efficiency may be greatly redueed.

LAND USE ALTERNATIVES

One of the major problems in land retirement programs is determination
of the proper utilization of the excess cropland. It is generally agreed
that the diverted land should be devoted to grass, hay, trees, or other uses
which avoid excessive erosion and growth of weeds. Establishing these
cover crops involves expenses and requires incentive payments to deiray
establishment costs. Alternatively, farmers may be induced io establish
cover crops by the expectation of future benefits.  Undoubtedly the greatest
short-run benefils from diverted land are derived when it is used for grazing,
when considering all diverted lands collectively.

In recent farm programs, farmers have not been allowed to graze or
otherwise atilize crops from diverted land during the growing season. They
have heen permitted to partially employ the diverted acres by grazing very
late in the fall or early spring, with very little of the diverted land being
fully employed. Many farmers would be willing to accept lower diversion
payments if they were permitted to fully utilize the diverted acres. Bottum
has estimute i the difference in diversion payments between grass-used pro-
grams and grass-not-used programs {1}, When only 14.1 million acres are
diverted, he estimated the costs per acre to be $1.20 and 83, respectively.
All of the retired land was considered to be marginal in production and
value. However, when 80 million acres are retired the estimated costs per
acre are $11.30 and 312.75, respectively. When average cropland was
assummed to be retired, the costs were much higher and with less divergence
between alternatives. In every instance the grass-not-used program was
considered to be a more expensive land-retirement alternative to obtain a
given acrcage of idle fand.

Estimales of land diversion costs have not been made for a grass-used
pragram in this study. However, the potential productivity of the diverted
acres was assumed to be of interest to future researchers. Under a grass.
used program beef production seems the most likely activity o utilize the
diverted acres. Other potential uses are probably of minor importance
compared to beef. Therefore, using U.8. Department of Agriculture data,
the beef that might be produced on the diverted land under several alter-
native programs has been estimated (3, 1. The impaci this production
might have on the supply and on the market price of beef also has been
estimated.

Potential beef production appears te be nearly proportional to the amount
and productivity of unused land {lable 21}. Programs retiring land on
the extensive margins (IWU and TUU} reselt in e slightly lower average
production of beef per acre retired than pregrams retiring land on a more
uniform basis (IFL},
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TABLE 2|~ Estimated acreages of cropland diverted, annual supply of beef
[from diverted lund, percentuge change in supply. and resulting chunge in

beef prices, in stmulated lund retirement programs

Quantity

Diverted of heef Percentage | Percentapge

Program eropland produced | of total beef | chaage in

on diverted | production | beef price

lund in 1960
M. aeres Mil, b Percent Percent
IwWo...... e 38.2 3,329.3 11.6 —17.0
IBN. ... i LG 3,605.5 2.5 —i8. 3
IWEL. oo e HLb 3,634.9 12.6 —14. 4
I R 7.9 4, 3527 15. 1 —22.1
IFL. e 30. 1 3,36 11.7 —17.1
T . 47.2 i, 1565, 8 145 —21.2
HBN.. ... 42.3 3,855.6 13.4 —19.6
LUBN. ... o 48. 6 4, 547.6 | 15. 8 —23. 1
I

The percentage change in total beel production, from an estimated 28.7
hillion pounds of beef produced in 1960 {7}, is computed for each program.
Brandow’s estimated demand elasticity of beef, 0.68, is used to estimate the
impact of greater quantities on beef prices (2).

Full utilization of the diverted land for beef production is estimated to pro-
duce grass-fed beef equaling 11.6 to 15.8 percent of present beef supply in-
ducing a reduction of 17 to 23.1 percent in the price of beef. These estimates
are based upon the assumption that all diverted cropland is used for beef pro-
duction. Undoubtedly, not all diverted land could or would be fully em-
ployed for beef production under a grass-used program, thus causing the
beef supply and price changes lo be smaller than indicated above. Also,
changing structures for beef and high cross elasticities of demand with other
meats would tend 1o cushion the price effect of any increased beef production.
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