
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




~ ~1I2.B W1I2.5 
Ii£.~ 1­,:W 12.2 
~.I.i£ ­
,F1~ 12.0 

M 
10 ­1.1 1.1 .."'.. 

I 1.8 

111111.25 111111.4 111111.6 111111.25 111111.4 111111.6 

MICROCOPY RESOLUTION TEST CHART MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU OF STANDAROS·1963·A NATIONAL BUREAU Of STANDARDS·1963·A 

http:111111.25
http:111111.25


CONTENTS 
PUg~ 

Summary and c<'oclusions .................................. . 11 


Introduction.............................................. . 1 

Objectives of the study................................. . 2 


Programrning models ...................................... . 2 

Basic model .......................................... . 2 

Assumptions of the study............... , ............... . 4 

Specific Inodels ........................................ . 5 


Model L ......................................... . 7 

~IodelII .......... , .............................. . 7 

~Iodeilil ... , .................................... . 7 


Model constraints for program alternatives ............... . 7 

Composition of model activities ......................... . 17 


Results of the henchmark program .......................... . 17 

Allocation of production................................ . 18 

Transportation requirements............................ . 22 

Product prices ........................................ . 24 


'rAggregate results and program implications ....... , ........... . -~ 

?~Programming models. . . . . . . . . . . . . . . . . .. . ............. . -;) 


Crop production....................................... . 28 

Whea t used for feed ................................... . 30 

Average yields ........................................ . 31 

Transportation requirements............................ . 32 

Equilibrium prices..................................... . 33 


Cropland diversion and Government program costs ............ . 35 

Pattern of land diversion ............................... . 38 

Estimated program costs ............................... . 43 


Modd I: Cropland diversion and program costs ....... . 43 


Benchmark program ............................... . 43 


Mandatory diversion of wheatland ....... , ........... . 45 


Unrestricted wheat production ...................... . 46 

Mandatory diversion of feed grain land .............. . 47 


Unlimited feed grain acreage ........................ . 48 

Acreage quotas removed............................ . 50 


ModelIl: lletired cropland......................... . 50 


Model III: lletired cropland........................ . 51 

Land use alternatives ...................................... . 52 


Literature cited ........................................... . 53 


August 1966 



SUMMARY AND CONCLUSIONS 


The results of this investigation suggest hypothetical land retjr,~ment 

programs which might aid in controlling agricultural production ann in 
maintaining adequate incomes for farmers of the wheat-feed grain-oilmeal­
cotton economy. Rl'lative costs are estimated in several simulated land re­
tirernent programs. The several alternatives considered are directed toward 
indicating regional production patterns for wheat, feed grains, soybeans, and 
cotton. The study is designed to protide insights into the resource adjust­
ments needed to meet the production requirements of these commodities in 
1965, and to estimate costs of land retirement programs, with different re­
strictions on regional adjustments. which would maintain farm output and 
prices at speeifiedlevels. 

Three linear programming models were designed to indicate the optimum 
spatial allucation oJ agricultural production, subject to assumed prices and 
costs and restraining conditions of demands for agricultural products, crop­
land availability, and Go\"ernment programs. The supply of land was fixed, 
but all other factors were variable. Uniform costs within each production 
region were assumed. Each model minimized the total national cost of 
production and distribution. 

A total oJ 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 percent of the Nation's production capacity for the 
&pecified crop~. 

The products were distributed among 31 demand regions which encompass 
the 48 coterminous States. Quantities of wheat, feed grains, and oilmeals 
\vere specified to meet the demands of each consuming region. A single na­
tional demand was assumed for collon lint. 

Farm programs considered ranged from unrestricted allocation of pro­
duction among regions to rather restrictive programs for wheat and feed 
grain production. Other programs tested the effects of (a.) different pricing 
schemes for wheat and (b) retirement of submarginal rather than average 
land within producing 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. Models I and n consider land within producing 
regions to .be homogeneous. The two models differ in the pricing scheme 

employed for wheat. Model I applies a multiple price plan, with demand for 
food wheat satisfied at a price above the equilibrium value of wheat, while 
feed wheat is utilized at .its value as livestock feed. Model n employs a 
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single price for both food wheat and feed wheat. Model III 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 III with those from Model I, the effects of alter­
native wheat price plans on the regional distribution of crop production are 
isolated. 

In the models, 22.3.9 million acres of cropfa'ld are available for the produc­
tion of the four maj or feed grains (corn, oats,barley, and grain sorghum), 
wheat, cotton, and soybeans. Sume 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 interregional allocation of 
production is allowed. 

Although each model and >,olutiOll results in different amounts of land 
diversioll and dilIerent patterns of land use, some States have large acreages 
uf land diversion indicated under all programs considered. These States are 
~o!lth Carolina, Georgia. Alabama, .Mississippi, and Arkansas. Under one 
solution, more than 75 percent of cropland in the.se States is indicated for 
diversion; more than 50 percent of cropland is suggested for diversion under 
most solutions. Portions of Great Plains States such as Kansas, North 
Dakota, and South Dakota also are indicated for diversion from crops under 
most solutions. Yields in these States are limited by moisture, and technical 
input·output coefficients are generally higher for them than for other wheat 
and feed grain areas. However, the competitive position of these States is 
improved under Model HI whenintraregional land quality differences are 
recognized. 

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

The South Atlantic States become more competitive and self-sufficient when 
regional wheat aC'feage 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 feed grain production in 
the Corn Belt. 

Feed grain acreages required to meet regional and national demands vary 
widely as different amounts of wheat 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 hy acreage quotas. When wheat is 

supported at a price aho\"c its equilibrium or feed value, even a mildly re­
strictive acreage program for wheat increases feed grain acreage to 1l0.2 
mill.ion 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 dl crops to be restricted to their historical Lase aCl~.eage and all wheat 
to be priced artificially high. Wheat acreage increases to 73.7 million acres 
when quotas are removed and wheat can be used freely for livestock feed. 

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

The geographic distr.ibution of grain and cotton production appreciably 
affects the amount and kind of transportation needed for these products. On 
the other hand, transportation l'harges have little effect on the lvcation of 
production. 

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

Under the stated assumptions, the types of control or land diversion pro­
grams have great influence on the efficiency of agricultural production and 
the costs of supply control. However, the type of program does not ap­
preciabl y affect the total national cost of tra n"pc rtation. Land ret::.rement 
is assumed to be induced through incentive payments to farmers and farnH!rS 
are assumed to respond fully to economic incentives. The most expensive 
land retirement program results when feed-grain quotas are applied uni­
formly in all regions. But, if land diversion is concentrated in submarginal 
production areas, program costs for production control to attain specified 
price and income levels are lower than under programs which require some 
land to be withdrawn from crop production in all producing regions. 
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Aggregate Economic Effects of 

Alternative Land 


Retirement Programs: A Linear 

Programming Analysis 


By NOll.MAN K. WHITTLESEY, AgricultL!.ral Economist, Farm Production 
Economics Didsion, Ecunomic Research Service, and EARL O. HEADY, 

Professor oj Economics, Iowa 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 programming models based on spatially separated producing 
and consuming regions are the methodological basis of the analysIs. Crops 
included are wheat, feed grains (corn, oats, barley, and grain sorghum), 
cotton and soybeans. The study refers to techJlology and population data 
for 1965. 

Some form of production control program has been in effect for the study 
crops over the last dozen years. However, these programs have not resulted 
in a long-run solution to the Nation's basic problem of surplus capacity. 
This study was designed to measure the extent of this su.rplus capacity 'and 
to estimate the acreage adjustment necessary to solve problems of excess 
supply. The programs included in the analysis emphasize a 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 commodities, land rental values, the values of production quotas, 
and commodity 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 Egbert (3).1 The models 
of this study feature an expanded number of producing regions and of 
spatially separated consuming regions. One model is designed to recog­

1 ftaUe numbers in parentheses refer to items in the Literature Cited, p. 53. 

1 



nize the diffe:-<:nces in land qU'llities that exist within producing regions. 
The models, specifically outlined in a later section, also include single .and 
multiple price plans for wheat, and transportation facilities for optimum 
production allocation. 

Ohjectives of the Study 
The major purposes of this study are to define efficient interregional allo­

cations of food production for the entire United States and to explorl~ the 
effectiveness of alternative farm policies in attaining these patterns. Many 
changes have taken place in population location, technology, factor }Jrices, 
and other variables which alter the comparative advantage of producing 
regions. However, institutional factor!> have impeded shifts in land use 
which might have accompanied these changes •. and the pattern of land use 
in a theoretically eflicient production 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. Tn indicate the amount and location of land that would need to be 
withdrawn from wheat, feed grains. and cotton if sUIplus production is to be 
eliminated, given specified price and demand levels. 

2. To estimate an efficient allocation of crop produ.ction and land use 
under a minimum-cost objective function for alternative supply control 
programs. 

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

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

S. 'To estimate the national costs of alternative supply control programs 
which allow different degrees of land diversion within regions. 

6. To estimate the regional and national equilibrium product prices under 

each of the program alternatives. 
7.. To deter,mine the nel interregional flows 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 land-use 

patterns under various -farm program possibilities. A mathematical sum­

mary of a "basic model" bllows, with features common to all of the program­
ming models. 

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

Min. j(X) =CX (1) 
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where C is an nk+t row vector including prodt.ction and transfer and 
transl-.ortation costs conforming to k crops, n p:coducing regions, and t 

transfer and transpoIt&tion activities; X is an llk+t vc<:i:or representing 
levels of crop production, transfer, and transport activities. The conven­

tional restraints 

(2) 
(3) 

are included, where A is a coefficient matrix of (nk+t) (nk+mp) order 
(conforming with the n regions and k land restraints per region, the m 
demand regions, and p demand restraints per d~mand region) and b is an 
nk+rnp column vector of maxinlUm 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: 

31+~ c.R.=Minimum (r~m). (4)
,=] 

Total production in the ith region is restrained by the total cropland 

equation (5): 

(5)(i=j=1,2, .. "' 144), 

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

tion (6): 

(i=j=1, 2, ..., 144; k=l, 2, 3,4). (6) 

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

iI 31 

d/ll2S:.~Xj2Pj2+~Ttnr2+R. (m, r=1, 2, ..., 31; r~m); (8)
j=1 r=1 

The single national demand for cotton lint is specified as: 

(10) 
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The symbols used in equations (4) through (10) are defined as follows: 
uOk=The amount of land 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 ~'or soybeans, and 4 for cotton. 

b1k=The amount of land available for use by the kth crop in the ith 
producing region. 

hlJ=The total cropland available for production in the ith producing 
region. 

cJI<=The ,~ost of ploducing \lne unit of the kth crol} in thejth producing 
region. 

c/1IT/I=The cost of transporting vne unit of the ptll crop to (from) the 
mth demand region from (to) the rth dumand region; r=30 it:! 
the maximum number of such activities that may occur for any 
('[op since there are 31 demand regions. 

c,=The cost of using one unit of wheat as a feed grain in the 5th 
demand region (5=111). This cost is an artificial price differential 
in addition 10 the normal production costs. 

dc=The national demand for cotton lint expressed in pounds. 
dlllr,=Thc demand for the pth commodity, expressed in feed units, in the 

filth demand region; p equals 1. for wheat, 2 for feed grains, and 
3 for oilmeaJs. 

Pjk=The per unit output of the kth a<:tivity in the jth producing region, 
exprcssed in feed units fc)r all except cotton lint, which is ex­
prcssed in pounds; k is defined as above. 

P'4,=Tht' oil meal output, in feed units, of the colton activity in the jth 
produeing region. 

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

1~.ItJl=The level of transportation of the pth commodity to (from) the 
TIlth ('onsuming region frolll (to) the rth consuming region; p is 
defined as above. 

Xp,=The level of the kth producing a(,tivity in thejth producing region; 
k ill dcfind as abO\'e. 

Assumptions of the Study 

To reduce the problems of data collection and machine computation to 
a manageable size, it was necl'Ssary to make several simplifying assumptions 
in this study. These assumptions, in the opinion of the authors, did not 
detract greatly from the realism of the investigation, and allowed the construc­
tion of sufTjciently detailed models for achieving the study ohjectives. 

The basic assumptions u>'ed in the models are: 
1. The special characteristics can be represented by n spatially separated 

and independent producing regions, each of which ic; internally homogeneous. 
2. I,ann within a region is a homogeneolls fa{·tor and all crops may compete 



equally for it, except in Model III, 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. Resour~es required by crops not considered 
in the "'Jdy were set aside und 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-valued 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. 
3. Farmers maximize profits in choosing among the crops under 

conr-,ideration. 
<J. There are Tn spatially separated demand regions, each having a 

demand for food wheat, feed grains, and oil meals. 
10. Costs of transportation for products between pOints of consumption 

can be adequately reflected by flat rail rates. 
11. Regional demand rdations for wheat, feed grains, and oilmeals, in­

cluding demand for domestic uses and foreign export, are exogenously 
determined and known. 

12. National 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 availability is considered 10 be the limiting resource for all 

production processes of the models. Other acreage restraints are applied 
to specific crops to simulate certain agricultural programs. It is assumed 
that the program acreage .restraints for any grain crop or cotton in a pro· 
ducing region will he proportional to the historical production of that crop. 

Specific ~Iodell'; 

Small variations in the basic model allowed the exploration of specifir: 
facets of the farm problems of overproduction and resource allocation. 
To add flexibility to the models and realism to the results, it w,:s necessary 
to consider different combinations of restraints and input·output data. The 
spcdfic differences are small in most cases, but they do allow a better view 
of the intraregional and interregional effects of programs directed 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 
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constraints are considered variations of the same model. Changes in input. 
output data or resource struetures result in different models. These distinc­
tions arc emphasized at this point because of their wide use throughout the 
remainder of this publication. 

Model 1 
l\lodel [ is basically tht' model outlined pn>\'iously in mathematical forlll. 

WheaL Can he used for li\'estock feed, throuf!h a transfer activity, at a price 
equal to its equilibrium value for this purpose. This transfer activity implies 
a two·price plall for wheal. Simultaneously, wheat used for food and export 
can be supported at a price .abo\'e its equilibrium \'aille. which has been the 
case for the past several years. This model n>sults in a matrix with 674 
constraints and 1,814 real variables. 

~\I()del 1.1 is similllr ill ('very n'sp('('l to l\lod('l L with t\\ 0 ex("eptions: Costs 
equal to the difTerential bel\\ eell tlw supported price of \\ heat at $1.95 per 
bushel and the price of eorn at $1.1 () per bushel arc applied to the wheat.feed· 
grain transfer activities, and wheal produetiu!l is restricted to the quantity 
that Can be sold or utilized at the higher priee. The cost di/ferrlltial varies, 
howc\'cr, ciepl:nciing upon the actual historical ratio of wheat and COJ'll pricl:s 
in each ('onsulllin!!, region. This cost is assunwd to represent th:! difference 
between thl' equllibriulIl value and the supported price of wheat. Thus, 
produetion control programs for wheat and feed grains af/; analyzed under 
the assumption of a one-pric(' plan for wheat. Tabl(· 1 sllmmarizes the con· 
struetion of ~lodel lund J\Iodel I I. 

Jllodel III 
:'Ilodel III differs frOJll Models I and II in that it recognizes intra regional 

l'ropland \'ariabilitr. TIJr('(' ('ropland eatef!ories are used and cropland is 
no longer assullled to be cO/llpletely homogeneous within any production 
regioll. Crop5 muy be produ("ed on the lIlore produt'li\"e land in a region 
\\hile II.':-s productive land may be retired partially or entirely. 

To allow these pos~ibilities, ("[opland in each producing region is divided 
illto three produdion ('at('lmrie" Oil the basi~ of the estimated variation in 
crop produ<"liviLy and pcrllli~sibl(' ('[opping intensity. The addition of this 
feature to the programming modd causes a threefold increase in the total 
cfopland I'onstraints and th!' produt"ing a('tivities. The result is a program· 
ming matrix. \\ ith 1)62 constraillts and 2,(IB2 real activities. 

Mudd COIlSh'aillts for Pr'ogr'am Alter'natives 

Regional Ll('J"('up;e constraillts for illdividual crops are employed to SilllU' 
latc alternative pmgrams. Produeing regions have a maximulll acreage 
restraillt for eaell rd(~vallt producing aeti\'ity (i.e., wheat, feed grains, soy· 
heans, and ('ottolll and all o\'endl c:ollstraint which represents total lalld 
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co 
TABLE l.-SlIm11/m)' of A/odels [ and I I It'ithollt the identity matri:c 

_._-, 

Activities· 
~.~~~-- ._---_._--_._------ --

I 

Constraints (row nllnlt'~) Type of Wheat ! Feed Soybean Cotton Wheat- Wheal Feed Oil- Number 
rc~traint produe­ I grain prodnc- prollnc- feed trans- gmin meal of rows 

tion produc- tion tion l,'Tain porta- trans- trans­
tion transfer lion porta- porta­

tion tion 
----1-----

Lana in each producing region: ! I 

Total .........•.•........ \ ~ 1 I 1 1 •......... VH 

\,;'heat. . . . . . . . . .. .. . . . . .. > 1 134 

Feel! grain ...... ,. ..... ... ~ ........ . 1 ......... . 144 

Soybean................. ~ 1 ........ .. 99 

Cotton .............. _..•. ~ 58 


Hegional demand: • 

Wheatl .................. ::; a-a -a 31
'I' 
Peed grain I ..• . . • • • • . . • • •. ::; a I •••••••• 0 -a 31
l' ,..... "il'Oilmellil . . . . . . . . . . . . . . . .. ::; ......... . IJ , ••.•.••.. 1 •• ••••••• -a 31 

Wheat2 ...... , ......... " ::; 

~ 

a I •••••••• • 1••••• ••• • 1 ~ •••••••• 


P~ed grain2 ............... , ::; a I •••••••• ~ 


Ollmea 12 ..•............ " ::; a ,........ . 

National demand: I 


Cotton lin t. . . . . . . . . . . . . .. ::; 1 

• C ·......cl ......c {; ,·······cl .... ··c· ......... 
Cost. ....................... . C C 1 


Number of activitics .......... . 134 144 99 58 31 459 459 430 


• The number 1 and the letters in the table represent technical 'p=the output of each activity. It is expressed in feed units for 
coefficients. Multiplied by the level of the activity, the resulting sum all except cotton lint which is expressed in pounds. 
of products must bear the indicated relationship to the restraint. d a=the amount of each commodity transferred within a region or 

• Two sets of demand restraints are shown in order to demonstrate between regions by one unit of the transportation activities. 
the effect of the transportation activities. • C=the per unit cost of cach llctivity. 



available in the region. The acreage restraint for the individual crop ac­
tivities, termed the base acreage, represents the maximum amount of land 
whir) can be devoted to a particular crop. A 10·year (1951-60) average 
was emplnyed in estimating base acreages for individual crops in each re~ion. 
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. For example, if the reo 
gional acreage restraints for feed grains and cotton are held at 100 percent 
of their base acreage and wheat acreage restraints are redu{'ed 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 production 
within the confines of their base acreages). 

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 solution of Model 1 in which wheat acreage quotas are removed while 
acreage for other crops is at the base acreage level is labeled IWU (I for 
Model I, W for wheat, and U for unlimited a·creage of wheat). Program 
1BN is a benchmark solution since regional crop acreage constraints for 

TABLE 	2.-Percenlap,es oj lotal crop/and and oj base acreages Jor specific 
crops lLsed as Limits in simulated land retirement programs a 

..~--....-,,--~- ..----- .---~-- --~-""-' --------1-------­
~Todel allfl program code b ToLal I WheaL FeedColton 

land 	 grains 

Percellt Percellt Percellt Percellt 
Model I: 

fBN ....••............... 100 100 100 100 

LWU.....•............... 100 100 c Unlimited 100 

IWL .................... . 100 100 90 100 

fFU. '" 	 ............... " . 100 100 100 Unlimited 

IFL..................... . 100 100 100 92.5 

IUL'.................. .. 100 200 UnlimiLed Unlimited 


Model U: 

awu.................. . 100 ] 00 Unlimited 100 

HBN..•..•........... '" 100 100 100 100 


Model 111: 

IHWU .................. . 100 100 Unlimited 100 

f!IBN ................... . lOO 100 100 100 

[[LWL•.................. 100 100 90 100 

fILFU................... . 100 100 100 Unlimited 

rrrFL................... . 100 100 ).)0 92.5 


"Soyhean production is limiLed to '10 percent of total cropland except in regions 
where the hisLorical production of soybeans exceeded thin percentage. 

b The leuers in the code have these meanings: I=l\Intlel J, H=Model H, III= 
Model If I, W=wheat, U=acreage unlimited except for the total acreage, L=acreage 
limited helow the hase acreage, F=feed grains, llN=henchmark solution with acreage 
restraints set at the base acreage level for each crop. [n program IUU, cotton is 
limited '.~ ZOO I)ercent of its basc acreage wbile other crops are limited only to the total 
acreage in the regim•• 

c Unlimited implies that no restrictions, other than Lotal cropland, are used to limit 
production of that crop. 
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wheat, feed grains, and cotton are held at 100 percent of their respective 
base acreages. The benchmark solutio.u 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 potentia I 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 all solutions of each model. The regional 
acreage restraints for wheat, feed grains. and cotton are based on historical 

production of each crop from 1951 to 1960. The base acreage of each re­
gional crop activity is shown in table 3. 

TABLE 3.-Base acreage of wheal, feed grains, cotton, and soybeans, alld 
total available acreage, 144 producing regions 

lJase acreage (1951-60 average) 

:Rcgiort Total 


Wheat II Feed grains a Cotton Soybeans b 

1,000 acres 1,000 acres 1,000 acres 1,000 acres 1,000 acres 
~ ~ ~ ~ 1. ........... 271.2 327.8 .. .. ............ 3.6 602.6 


2............ 649.1 1,739.0 .................... 33.9 2,422.0

3............ 89. 7 344.4 ..................... 163.9 598.0 

4.....•.•.... 90.8 197.3 ............... , ... 43.4 331.5 

5............ 42.2 137.1 .................... 133.0 312.3 


6............ 34.2 563.4 84.2 195.7 877. 5 

7............ 70. 7 253.0 4.7 6. 7 335.1 

8.... _....... 96.1 291.6 35.3 7.8 430.8 

9............ 62.5 1,280.7 396.3 212.1l 1,952.3

10..... ,.,., . 12.2 307.0 106.8 44.7 470.7 


11 ........... 2.0 270.1 32. 7 32.0 336.8 

12 .......... , 116.8 2,948.9 1,289.9 317.8 4,673.4

13........... 54.1 190.7 84. 7 2. 7 332.2 

14........... 62.5 379.9 122.0 13.9 578.3 

15........... 17.3 102.2 20.0 1.0 140.5 


16........... ................... 530.9 59.9 27.2 618.0 

17 ........... ............... 78. 7 17.1 94.6 190.4 

Ill......... " ........... , ..... 754.3 328. 7 5.4 1,088.4

19........... ................ 1,106.4 800.8 27.1 1,934.3

20........... 5.2 77.8 56.9 1.0 140.9 


21 ........... 4.8 1,369.1 923.8 83.3 2,381. 0 

22 ........... 80.8 971.5 127.3 44.0 1,223.6

23 ........... 16.9 305.2 651. 4 232.8 1,206.3

24........... 6.9 165.0 116.3 23. 7 311.9 

25 ........... 28.8 )45.2 398.8 388.2 961. 0 


26........... 91. 3 305.4 395.5 475.3 1,267.5

27.•......... 134. 7 831. 7 .................. 102.6 1,069.0

28 ........... 20.2 238.3 7..2 22.5 288.2 


~ ~29........... 32.6 291.9 .... ....... ....... 4.9 329.4 
30......•.... 138.8 428.4 ............ '.' ... 26.1 593.3 

H~~ tuotnotl's II.t (,lid of table. 
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TABLE 3.-Base acreage oj wheat, Jeed grains, cotton, and soybeans, and 
total al'ailable acreage, 144 producing regions-Continued 

Base acreage (1951-60 average) 
TotalUegion 

Wheat Feed grains • Cotton Soybeans b 

1,000 acres 1,000 acres 1,0uO ccres 1,000 acres 
298.3 ................. 4.1
~ 

32 ........... 289.2 ! 69'1. 7 ... " .. ~ .............. 177. 7
31. •..•...... 112. 1- ... 

33•....•....• 1,258.7 3,524.3 .. ............... 1,071.3 

34........... ltJ·7.7 593.0 ............. », 88.8 

35.......•... 2,1. 3 241.8 71.2
... 0 ............. 


................. 212.0
36.•......... 131.4 '103.1 

~37•.......... 271.9 854.8 .. .................... i 327.1 


38........... 777.4 3,792.5 ............. 1,319.2 

219.0• ... <c .........
39....•...... 202. J 789.0 
83.140........... 450.1 1,198.0 .... ,. ......... 


41. .......... 755.2 1,508.2 ............. 53.3 

42 ........... 9.9 979.9 .............. 4.0 

43 ...•....... 43.6 ~,239. 7 ............. 13.8 


590. 7 .. ........... 2.4
44...•.....•. 1.8 
45 ........... 191.6 5.071.1 '" ................ ~ .... 724.4­

46.....•..... 1.9 1,802.1 87.0 
47.•......... 363.9 4,315.5 ::::::: :::::\ 1, 70'!' 5 

48........... 357.3 869.3 491.3 

49.•......... 331.0 635.5 504.6
:::::;j 87.:>50........... 202..2 464.1 


51. ........•. 384.0 1,233.0 ........ ,. .... 185. 7 

52 ........... 641.0 2,964.2 ............. 941.1 

53 .....•...•. 283.9 850.2 I· ...... ··· .. 556.0 
5'lo ..•...•... 75. 7 3,922.0 .............. 454.1 

55....•...... 9.4 7, 9,l9. 2 .................... ~ . 1,393.5 


56........... 28.3 2,407.2 ... -.......... 389.9 

57 ........... 2. 7 2,567.1 ................ 169.9 

58...•.•..... 32.8 1,458.3 ................ 440. '1 

59 ........... 9.9 717.7 .,.. .......... 31.1 

60........... 29.8 1,796.9 ...... , ............ 30'!' 8 


....... 0·' '."
61. .... 1,007.5 1,7J8.4 299.5 
~62 ........... 98.1 1,178.8 ·........ .. 31. 4 


63 ..•..•.•... 59;t I 1,650.4 ·.. .......... 67.0 

64..•........ 961.6 1,007.9 ... " 

~ 

....... .. 42.2 

8,1. 6•• ,,-0-,' .,"' ••65 ........... 3,195.2 2,760.2 

~ 


66 ...... 1,303.4 563.9 ..... , ........ .•.•. , •. ,,+. 


2,525.6 1,496.0 ....... ....... .. ...........
67........... 

68........... 37.1 57.3 · .... ...... 6.0 


,. ..... .............
69 ........... 1,064.6 686. 'l · ..... 
~ 


70 ........... 1,594.4 2,319.2 --, ......... 3.9 


.., .......... 48.4
7.1. •......... 305.5 1,028.5 

72 .......•... 35L 7 613.4 ....... -.... 1.0 


128.1 3,444.1 ............ 87.8
73 ........... \

74..•..•..... 62.4 3,791. 7 . ............ 46.8 


201.1 ... ...... ... .............
75........... 1<15.1 . 

:;e,~ footnotes Itt I'!HI flt tab II'. 


1,000 acres 
4]4.8

1,161. 6 
5,854.3 

829.5 
337.3 

746.5 
1,453.8 
5,889.1 
1,210.1 
1,731. 2 

2,316.7 
993.8 

2,297.1 
594.9 

5,987.1 

1,891. 0 
6,383.9 
1,717.9 
1,471.1 

754.6 

1,802.7 
4,546.3 
1,690.1 
4,451. 8 
9,352.1 

2,825.4 
2,739.7 
1,931. 5 

758. 7 
2,131. 5 

3,025.4 
1,308.3 
2,311. 5 
2, OIl. 7 
6,040.0 

1,867.3 
4,021. 6 

100.4 
1,751. 0 
3,917.5 

1, 382. ~l 
966.1 

3,660.0 
3,900.9 

346.2 
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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 (1951--60 average)
Region Total 

Wheat Feed grains· Cotton Soyheans b 

1,000 acres 1,000 acres 1,000 acres 1,000 acres 1,000 acres 
1,228. ,t 607.8 1,836.2·n.......... . 396.4 337.7 
 734.1

78.......... . 314.6/ 1,497.8 ]6.5 1,828.9

79......... .. 876.7 l 1,061.1 1.9 1,939.7

80 .. . J, 123. 7 } 3,407.9 73. 7 4,605.3 

81. .. . 357.2 16.0858.5 1,231. 7
82 ... . 293.6 576.2 135.8 1,005.6
83 .. . 329.4 453. 1 100. 7 883.2
8'L .. . 365.9 592.6 136.9 1,095.4
85 .. 987.4 590.8 1.6 1,579.8 

86 ... 840.5l 468.1 ............ 2.6 1,311.2

87 .. 1,665.7 5M.1 ............ 11.1 2,220.9

88 .. 4.015.1 . 1,420. 0 ............ 5. 4 5,440.5

89 ... 2,052.8 ! 1,258.1 ....................... . 3,310.9

90 .. 136.6 299.6 ........... H.6 447. 8 


9.1 ... 2,IM./l i 452.8,1 ...................... . 2,617.6

92 .. .1,737.8' 780.7 ....................... . 2,518.5

93 . 3.15.7 H!~.4 !......... '" ..... ,..... . 
 497.1
9'L .. 1,285. ;; 41:>.6 I 880.3 ........... . 2,581. 4

95 .. ., 1,288. 1 1,426. 6 i 425. 2 9. 4 3,149.3

i 
% .. 792.0 1 , 035. 0 i I, 693. 2 ........... . 3,520.2

97 . 32.9 1,271.9 I ],452.8 5.6 2,783.2
98.... . 181. .I 172.7 : 47.4 .4 401. 6 
99...... . !!2.5 118.3 i 79.9 ........... . 220. 7 
lOU ..... , .191.2 1, 061. 7 ! I, 262. 9 ........... . 2,515.8 

101 .. .). - 92.4 I 2. 'l ..•.•..•.... 100.0
102. 

" .) 

293. 1 I 249. 6 ... .. ..... . 542. 7 
103 . 2.8 914.5 496.] ........... . 1,413.4
104·. 2,880..1 929.6 /........... _.......... . 3,809.7
]05. 1,559.6 553.7 ! ....................... . 2,113.3 

JOCI. . 273.2 145.8 419.0f 

107.. . 287.2 I 127.8 415.0
J08 .. , .. . 185.8113'l5.2 531. 0
109 ..... . ].786.3 722.5 2,508.8
110 .... . 202.2 I 205.5 407. 7 , 
111. ... , .. .. 134.1 I 87.9 222.0
112 ...... . 87.5 I 231.4 47.2 .........•.. 366. ] 
113 ..... . :::,'" ').. "'t. _ I' 1,205.5 1,749.7
IN.... , .. . 184. 7 99.0 283.7
115..•...• 302.9 j 143.8 446. 7 

U6....... . 750.9 218.0 968.9 
H7..... ..I 1,153.1 274.0 1,427.1
118 ..... .... , 1,233.0 234.8 1,467.8
H9......... ! 241. 5 75.4 
 316.9
120.......... ! 77.0 298. 7 
 375. 7 

Sel' r()otn(lH'~ n t ('IIe1 of tablp. 
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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 (1951-60 average) 

Region Total 


Wheat Feed grains· Cotton Soyheans b 

1,000 acres 1,000 acres 1,000 acres 1,000 acres 1,000 acres 
121 .•..•..... 168.5 805.0 799.8 ", ............... 1,773.3 
122 ... ' ...... 1.0 147.1 60.8 

~ 

.2 209.1 
123.......... 41. 7 733.1 262.4 4.2 1,041.4 
124•.••....•. 0.4 262.7 139.4 .4 402.9 
125..•.....•. 43.7 549.1 670.8 102.5 1,366.1 

126....•..... 33.5 284.4 790.8 412.1 1,520.8 
127.•........ 41.4 432.8 607. 7 799.6 1,881. 5 
128.....•.... 8.3 109.8 156.1 56.5 330. 7 
129.......... 2.2 66. 7 51.2 1.3 121.4 
130.......... .3 137.7 152. 7 10.5 301.2 

1.3j .......... ••••••••• 0''- 13.6 14.6 ................. 28.2 

132.......... j •••••••••••• 53.2 11.4 .............. 64.6 

133.......... ,............ 495.5 405.4 .9 901.8 

134........ "! 12.7 87.9 72.3 .5 173.4 

135... ..... .. 20.7 I 143.2 58.1 8.5 230.5 

I136.......... 1 13.7 163.6 40.0 ............. 217.3 

140.6 599.4 740.0•• 0 ...........
137......... t........... 


138.......... .3 68.S 46.2 ............. 115.3 

1.39... ....... .8 9.9 9.2 .............. 19.9 

j'lO......... " ............ 13.8 209.2 ................ 223.0 


1 

....... o ........
J41 ........ ! 4.9 25. 7 192.6 223.2 

142.......... , 23.9 271. 7 527.7 ................. 823.3 

143.......... \ n.8 86.0 63.3 ................. 161.1 

144.......... 2.8 22.2 2.0 24.0 51. 0 


I 

Tota\. . ....... ; 58,526.8 J29,235.0 18,641.2 17,553.4 223,956.4 
I i 

• The feed grain base is a comp08itc of the acreage ofcorll, oats, barley, and grain 
sorghuJlls. 

b The acreage re8traillt used Jor soybeans was 40 percent of total available acreage 
and not the soybean hase acreage shown here. 

Demand restraints are computed as the quantities allc,wing 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 oil meals for each 
consuming region, on the basis of national demand functions for each com­
modity. A single national demand was specified for cotton lint. These 

corrunodity 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

13 
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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 domestic consumption of 
wheat is 489.1 million bushels. Wheat use.n for 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 
allocation of wheat demands is shown in table 4. 

TABLE 4.-W'hea/: Estimated demand. 31 consuming regions, 1965 

Production 
.Regioll J)olllctiti... Export,;: Total in nonpro­ Net 

: e')II$ulIIlllioll f demand grarnlllcd demand b 

regions 0[ i I 
-----:--- ~i------"-----I-----.I-----

! IMil. bll. Mil. llU. Mil. bu. Mil. bu. Mil. bu. 
1.. ... ~ ............. 'j, 8.86 8. 86 O. 04 8. 82 
2 ......•.. 77. 98 I 69. 75 147.73 9.29 138.44 
3 ...... . ].1. 45 I 15.83 27.28 7.92 '9.36 
4. I. 8'~ ].84 .15 1.69 
5. 6 03 i 6.03 !............ 6.03 
. ! 

6.. ,. •••. ~ •• .. 1. ...................... . 
. • ..',... •• .• I' ••• 

7•• 17.67 
; 

17.67 3.27 14.40 
8 .... . .. -! 8. 5'~ :::: ::::::: ::1 8.54 ........... . 8.54 

9 ...... . .1 26.45 , 5.62 32.07 ..•......... 32.07 
10..... . ./9.93 • 1.48 I 21. 41 2. 73 18.68

i 
11. ... . 68.55 ' 3. 51 • 72.06 I .29 71. 77 
12 ... . 4. 98 J5. 15 ! 20.13 .06 20.07I 

13 ... . 10.67 i 10.67 ........... . 10.67 
14...... . 50.59 t,':::::::.::: :,' 50.59 1.04 49.55 
15 ...... . 36.77 ' .13 36.9036.90 j' ........... . 
, 
J6 .. -.12 
J7.. .. . 30 i ......52:2i .,' ...... 52:5] . , :M 52.50 
18.. . 36.23 142 . .19 178.42 J. 03 177. 39 
]9 .. . 2'k 55 I 24. 55 . 86 23.69 
20 .. 8·L 80 ........... . 84.80~,L 80 I::::::::::::I 
2J .. . 16.37 ' ... , ... .l6.3i .10 16.27 
22 ..... . 7.65 : .... j 7.65 7.65 
23 .. 1. 19 I •••••••••• 1 J.]9 .05 ].14 
2.J. .• 1.1. 86 l. ........... J 11.86 16.98 -5.12 

25 ..... .59;........... j .59 ,LOO -.41 


26 ... . 10.56 3.93 6.63 
27 .. . .59 .90 -.31]0: ~~ li::::::::::::1 
28 .. 12.93 2.29 10.64­
29 .. ~!: ~~ ! ...... 77: 07 '1 101.44 1.09 100.35 
30 .. 16. 25 ' 46. 27 62.52 5.41 57.11 

31 .. ..l___14_._58_!___5._4_9_ ___2_0_.0_7_ ____6_._39_!____1_3_.6_8 
1 1 

Total. ... 1 598.24 I 449.59 1,047.83 64.95 I 982.88 

_._--_.- - ._-------'-------'-------'-------'----- ­
a Someparti; of consuming rcgions werc not included in the programming a.nalysis. 

These regions arc termed nonprogrammed regions. The production, indicated for 
themi8 assumed to bc fixed because of crop rotation and other requirements. 

b Total demand lC>ls production in nonprograrnrncd areas. 

J4: 

http:1,047.83


Total feed grain demand is a composite of uses Jor 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.-Foc.a. grains: Estimated demand, 31 consuming regions, 1965 a---_. 
I I Produc­

LiY.estock I Total tionin Net 
Region feed Food Exports de.mand nonpro- demand· 

grammed 
regions b 

Mil. bu. lHi!. bu. Mil. bu. Mil. bu. Mil. bu. Mil. bu. 

1........... 113.35 0.92 16. 73 131. 00 2.80 128.20 

2 ........... 361.36 14.28 46.48 422.12 43.00 379. 12 

3........... 254.22 3.M 29.24 287.10 64.82 222.28 

4 ........... 243.83 1.77 . ..... ........ 245.60 2.89 242. 71 

5 •.......... 119.83 . 64 

~ 

9.57 130.04- .......... 130.04­~ 

6 ........... ! 42. 78 .14 42.92 .85 42.07
...... " • ~ ... 4 '> 

~~7........... ) 173.14- 7.21 ~~.,~ .. .. 180.35 47.34 133.01 
8 ........... 1 283.90 20.80 " .... ~ ........ 304.70 . .......... 304. 70 
9 ........... 187. 71 8.20 10.38 . 206.29 ........... 206.29 
JO .••.•.•.•. 83.22 15.55 1. 23 100.00 9.95 90.05 

11 .......... 323.41 12.25 16.27 351. 93 3.01 348.92 

12 •.... 232.06 42.07 23.97 298.10 3.51 294.59 

13 ..... , .... 786.30 26.70 ............ 813.00 . .. ,· ... 0. 813.00 

14 .......... 247. J.l 21. 68 ......... " 268. 79 7.56 261. 23 

15 .......... '1-5'1.26 ! 63.55 21.22 539.03 .......... 539.03 


i]6 ...... .... , 86.08 ! .73 86.31 3.38 83.43 
17 ..... .. , J08. II t 1. 75 I" ..65: 35' 175.21 5.18 170.03 
J8 ... , 134. 82 ! 8. 79 78.42 222.03 6.31 215.72 
19 ...... ., .. 26.69 27.52 3.69 23.83.83 r······· '" 20 ..... .. " , 80. 73 ............ 80. 73
79.4c~ I 1. 29 I"'· .... ·.. 
2.1 ..... .. 232.39 .88 j .......... 233.27 2.94 230.33 

22. _." " . . . 44.61 I .45 .......... 45.06 .......... 45.06 

23 .... .. 128.80 . 129.25 .06 129.19.45\" ........ 

2'~ ...... _ .39.07 \.................... 39.07 8.46 30.61 

25 ....... 7.01 \, ... , .. " ..... , .... 7.01 3.21 3.80


-.­

26 ........ ~6. 85 i .29\........ "\ 37.]4 5.78 31.36 

27 ........ . . _1. 39 .....•.....1•.•••••••• , 21. 39 1.77 19.62 


• ~ • l28 ..... 18.95 2.63 16.32 
i29 .... .. 59.27 2.13 57.14 

30 ......... 31. 881 1. 37 9. 97 43.22 12.27 30.95 
:~:~ !";:Oir''':ii' 

31 ..... ... i 229..25 30.24- 199.01213.27 1 7.10 I 8.88 

Tot~l ... . \ 5,151. 93 I 266.34 357. 88l5, 776. 15 273. 78 5,502.37 
.. ... ..-~~ 

~.----- -~.~--------. 
·Thio is a cOInporlite of the uemand for corn, oats, barley, and grain sorghums. 

This demand wad expressed in .feed units in the pcogramming models and .is shown 
in corn equivalent units in this table Ior clarity. 

b Some parts of consuming regions were not included in theprogrllmming analysis. 
These regions ure termed nOlll'rogrulumed regions. The production indicllted for 
them is assumed to be fixed because of crop rotation and other requirements. 

• Total demand less production in nonprograullued areas. 
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Export demands, estimated to be equal to average total exports 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 

TABLE 6.-Cottonseed and soybeans: Estimated demand, 31 consuming 
regions, 1965 

,~.~,,-.- .-.~~ -I~'''~~'--

! Produc­
Colton. Soybean Total tion in Net 

Region seed Soybeans exp,';.rts oilmeal Ilonpro­ demand· 
demand a grammed 

regions bI 
--~-·-------!----I----I----I-----

I Tlwus. I IkillS Mil. bu. ; Mil. bU.. Mil. bu. Mil. bu. Mil.;bu.
L. ....... . ~8. 51 24.941' ...... , .. 25.86 .12 25.74 

2 .......... . 257.46 78.31. 1.2.24 94.60 1. 76 92. !l4­
3 ........ " 209. 29 22. 97 8. 80 35.06 .16 34.90 

4 .......... . 370. 54 1.4. 59 •.•.•..... 20.40 20.40 

5 ......... .. 258.12 4.51 15.58 24.13 24.13 


6 ..... " ... . 1.50. ]3 4.29 6.64 .05 6.59 
7 ...........! 187.08 17.63 ".....

• • 
'''1"' .20 20.36 


8 ........... . 30.51 29.52 
•• 0- ~ + • ~ 20.56 

30.00 30.00
• ••• 0- 0- ••• ~ 

9 ........... j 47.92 21..83 34.24 34.24
9.65 !1.0 .......... , 10. J3 10 . .86 .90 11.92 .01 
 11. 91 

11 .......... I 22.99 16.22 2.25 18.84 .02 18.82 

1.2 .......... 1, JO. '17 14.91 5.15 20.25 .03 20.22 

13 ........ .. 128.71 35. 70 37. 73 37.73 

I'l ......... . 250.69 23.95 27.89 .13 27.76 

J5 ......... . 92.08 29. 79 13.25 44.49 44.49 


16 .. , ...... . 203. 77 7.81 J1. 00 .15 10.85 
)7 ........ .. 453.95 9. 13 69 . .13 85.37 .66 84. 71 
18 ......... . J,375.60 U.39 .11 33.06 .35 32. 71 
1.9 .......... 1 353.08 5.22 10.75 .37 10.38 

20 .......... / 274.91 8.31 12.62 12.62 


21. ......... . 101. 70 ] 1. 78 13.38 ]3.38

22 ......... . 2.54- .68 .72 .72 

23 ......... . 15.29 2.63 2.87 2.87 

24 ........ . 45.71 2.53 3.25 3.25 

25 ......... . 43.19 .58 1. 26 1. 26 


26. . . . . .. . 149.96 3. 11 .......... 5.46. .. .. .. .. . 5.46
1\ 

27. . . . . . . . . . 430.0,1 J. 56 ......... '1' 8. 30 . 01 8.29 

2.8 ......... 'j' 160 . .L3 1. 75 .......... 4.26. . . . • . . . • . 4. 26 

29. . . .. . .. . . 53.39 6. 53 .......... 1 7.36.. . .. .. . . . 7.36 

30. . • . . . . .. j 48. 30 4. 19 .......... 4. 95 .......... 4. 95 


3J ......... 1, 264.661 1.2.11...... .. .. 16.26 .32 15.94 


Total. ... 6,060. 85/--'l3-9-.-33-11·-.-13-7-. 0-6-1--6-7-3.-4-8-1---4-.-34-1'--6-6-9.-1-4 
1 

a Expressed in bushe.ls of soybean~. 
b SOllie parts of consuming regions were .not. ineluded in the programllling analY6is. 

These regions are termed JlOnprogranulled regions. The produNion indicated for 
them irl assumed to be .fixed because of crop rot.at.ion and ot.her requirements. 

c Total demand .Iess production.in I1onprograllllJled .areas. 

16 

http:production.in
http:bushe.ls
http:2.54-.68
http:J,375.60


a 1965 population of 193.6 million persons, cotton demand for domestic 
consumption is estimated at 3,953.3 million pounds. Net exports of cottoo 
lint are estimated at 2,512.7 million pounds for 1965. Hence, the estimated 
total demand for cotton 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 
consumJng region. 

Composition of Model Activities 

Four potential producing activities were considered. They are wheat, feed 
grains, cotton, .and soyberu\s. According to the crop production history there 
are 1:14, 134, 99, and 58 regions having previously produced feed grains, 
wheat, soybeans, and cotton, respecli\·ely. Crops not previously produced 
in a region were considered unadaptable to that area. The feed grain activity 
is a composite of corn, oat<;, 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 I' ilOrtation is not 

required for commodities produced ,md consumed within the same demand 
region. All cotton activities produce lint for the single national cotton lint 

deman:!. However, the oilmeal output from cottonseed contributes to the 
individual regional oilmeal demands in the manner of the grain crops. 

UESULTS OF THE BENCHMARK PROGRAM 

To illustrate the type of results obtained, the benchmark program from 
Model r (1 BN I 15 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 dett'rmined optimal production allocation for the 144 producing regions 

oJ fIgure 1. 
Characteristically, program .\B:'\ was mildly restricti\'e for each of the 

surplus crops: wheat, feed grains. and colton, .Regional production of each 
crop was limited to 100 pt'rcent oJ its base acreage (table 2 ). The optimal 
distribution of land use resuitt'd from the selection of those production and 

transportation aiternati\'es which satisfy regional product demands at the 
least possible cost. Land retirement. though afTected by the regional crop 
acreage quotas, was largely confined to areas ha"ing high costs and a low 

• For amon' dt'taih'd 1J('at!l1t'nt or all model ~ollitions see Earl O. Heady and Norman 
K. Whittlesey (4). 
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profit margin. Land retirement could occur as a voluntary re-dponse of 
farmers for diverting submarginal cropland, or in the long nm, as normal 
attrition in production due to losses at equilibrium prices. 

Allocation of Production 

Production of at least one crop occurs in nearly every producing region 
under the benchmark program (fig. 3). Even with regional production 
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
filling their respective regional demand:;. About 76 percent of the total 
<,otton hase is \U'nployed in meeting national demand. Soybeans, a crop with 
a rapidly increl:lsing demand, requires more than the historical base acreage 
to meet regional demands. Thus, approximately 82 percent of the 223.9 
million acres of cropland was needed to fill regional and national demands for 
all crops studied. A total of 40.5 million acres of cropland that is not needed 
in mcetin[! demands for the specified crops could remain id Ie or be shifted 
to other crops such as grass and trees. 

MODH 1- REGIONAL LOCATION AND ACREAGE OF CROP 
PRODUCTION FOR PROGRAM IBN 

~~ l_n....jOO (otal 

Tt-,......d oc... (MUllorl",... , 


wt.-t "",0 

101." 

1'1.9 


..!.!2.. 
183." 

U S DtruUl[IIIT Of AG'ICUlTUU M[C. (U 3'130 bSt9l teoNoM,e tUIUCH lIlVlCl 

Crop production :in 1962, a year in which regional production patterns 
were restrained by produ('tion control programs, is compared in table 7 
with that suggested by the solutions Jor the benchmark program. However, 
gm'n the (,onditions imposed under the model, the deri.ved 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 to 
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 sufficiently recognized by the fixed 
coefficients of production used in the programming model. In a later section, 
where results with soil quality differences under Model III are presented, 

the acreage used by soybeans is greater than for solutiolls of Model I. 
ender 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 IBN, with shifts in conformance 

to the model restraints, were quite consistent with 1962 acreages. This 
solution suggested no drast;c changes for areas which !:ave a high com­
parative advantage in wheat production. The Great Plains and the West, 

the major winter wheat areas, maintained or strengthened their relative 
positions in wheat production. However, fewer acres in crops were indi­
cated for the South. 

In 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. 1\'1ost of the wheat produced for feed is in regions of 

Wisconsin, Kansas, Colorado, Idaho, Oregon, and Washington (fig. 4). 
\Vheat-for·feed production in \Visconsin may be the result of the absence of 
a distinction between corn for grain (with which feed wheat competes) and 

corn for silage. 
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-grow:n cotton. Also, the technical coefficients for cotton in 
l\Todel I did not reflect 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 Ill, resulting in somewhat larger cotton 

acreages in these States. 
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TABU: ';'.". A('n.>(J~(' oj Irheal. j('e({ p,mins. ('ollon, (uH{ SOyi)('fIIlS as sped(it'fiill IWlldlllwrk program IBfV. compnf"('fllt,ith ncwn/ 
acr{'(/p,es ill 31 COIl$IIT11ill{!, regiolls, .1962 n 

SOybe:ll/$ 	 Cotton ... - -··-~I-·---
Wheal 	 l?t·Ct\ grains 

_."._._~____~~'_____.__. Unuse,1
Region ---- ~---~--.-~-~"'~---.._- ,.• I I . l lan.J IBN 

IBN 1962 JBl\' 1962 I 1\1\ ...~ i ..._1_96_2__1 IBl\ i- _1_96_}2__\----;-_._.•. _.- ..,,,. -.-~ 
I,()()() (/('r('s 1,000 (/cres i 1,000 (/cre$ . 1,000 acres II 1,000 acres I 1,000 acresJ,000 Cj('1',.s 1,000 (/('1'I'S I,O()() acrc's j 

(b) •..•.••••. 1 (b) ..••.••.•••. 1•.•••.•••.•L ........... \ (b) ........ . ( b) 611 I 


2.608.5 :~, 161 I 371.11 555 ; ... "....... ............ 37.5
936.3 11322.............\ 

3.......... .. 193.0 401 2,716.5 2.,nq j' ...•. " •.•.•....... 1 lI<l. 7 I' ,H7. 0 1,246.0 


223. 2 9.~71 1711.9 1,267.0 5,969.94 .....•..... '1 257.7 103 752.3 2,567 , 
1,1115.1 1,322 1 9.\. 6 720 767.4 1 900.0 1,776.6I. 4 355............ \ 
 I I 

I 59.9 20.6 55B.l 
6., .. ,., ..... 1" 	

289 1.......... :. 39 I 
287.4
19(}: i' ........23s'l' 2: sa(i: ,i' 2, :323 ;J!);\. 0 	 785.9 546. 7
7.......... .. 


4,951 2,356.28 ........... 'j 99I'21,~9? \ 6,029.3\ 
 2, ~~2.1 I···· ....·.. 'I············ .. ·· ......... 

9............ , 90,.( 1._09 1 ·1.915.7 3,54·1 t 1,422.3 1,808 •....................... 748.3 


10.......... . 510.3 922 i 2.706.2 I 2,224 L .......... . 35 L •••••••••••• , ••••••••.• 831.4 


11. .......... I , 1. 760. II . 731 \ 10,210.0 I 1I,62'~ 
!
1 775.0 	 2.29'1 787'B 


.. ••••••••••• j ............ .
12.......... . 55.3 48 I' ,I. :'28. 0 t 3.792 31. ] '101 	 30.1 


13 ........... ; 87.11 88 16.240.4 12; 818\ 2,106.4. 	 3,405 

]4........... i 1,051. 2 976 j 4; 966.7 3,632 

j 

1,771.2 	 2, 784 ...... 396:3 '1'" ...383.'0·1······ .iss:-7 

5,575 .. .......... 2.0 8L8
15........... j 1, Ol5. 6 1.522 i 12,H1.71 9,352 4·,724.5 


t t 

353 388.2 2, 707 1,315.3 1,355.0 1,721. 216.......... . 
 4? 7\ 112 I......:..... 	
1,3'17 1,7]2.9 2,150.!\ 3,833.417......... .. 4:>.4 70 165.0 1,166 23. 7 


7,021.9 6, ,173. 0 738.918.......... . 2,550. 6 2, 731 1 6,446. 6 7,lH 169.9 60 

625.0 1,066.419......... .. 5, 673. 8 I 3, 787 1, 284. 2 1,647 161. 6 171 880.3 


20.......... . 9,561.5 , 8,986 4,677.9 5,298 909.5 914 • •• > •• 0" .·0.0 ......... . 2,930.3 
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21 ••.....•... j 2, 2EO~ 2 , 2, 760 7,191.4. 7,IIOS I 3,919.7 i 310 •............••......... 1,095.9
22 •.......... j 5,460. ~ I 5,519 I 1,1.150.9 4,1\9·1· ..........• 'j\ 56 ..........•............• 6.729.9
23 ........... ! 1,416.3 .1,72] f 6.a76.7 5,773 137.3. 121. ... " ................. .. 3,74.6.7
2·L ......... 'j " 4')') «) 2,111.11 ..•...•.•........•.•.•.. , •..•..•.•....•....•....• a,S30.6
5,422.1.1 ' 
25 .• "" .. , _. 125.1 I ,213 j (c) 214 ............ ,..............•.........•...•....... 405.9! 
26" .. - ..... -1 2,5]9.0 I 1,899 I a37. 7 1.0.10 

"~··""'· .... I~···~.·"·· .. I~ .... ~ . ..,~ ...... 1,0]5.927........... i 111.'~ I 23'~ I 271. 7 4116 47.2 .. ·· ..66i:6· 
 982.328........... ]114.7 206 (<) 200 
 ." ........... 1 ........... 1>. , .. j .......... '"''
j 3.5 99.029 .•...• _..•. , 2,627.6 1,697 I 50S. 8 752 
 ·~·~ ......... ~I.,··· ... · .... ~ .... ·,.·.~4" .. # ....... ..... ... k"' .. ,., .. 75.4
.,"" ~ 
30.••........ 750.1) 6110 217.1.1 51.11 
 .. .. .. • • • ........ ~ I ~ • • .. • • .. .. • .. .. ,. ~ ••• ~ .. .. .. • .. • .... I.. • • .. .. • .. ....... '" 


31 .•....• " .. 257.3 307 1,189.7 1.924. 863. 1 
 809.6 

Total .... ______,17,~~6. 7 I ·j3,S'lS I ]()2, 432. 2 I ] 03, 83,t I 19,1190.21 27,701.1 14,113.1.1 lS,6],t.O 40,512.4 


-lllln'cstcd acrcs for 1962 arc shown. Takcn from Crop Produc­ rcgiolls (,hose withou, llumbcrs in Jig. J) awl is J)Ot. showll hcre. 
tion. 1962 annual sumlllilry (8). <Whelll is IIsed cxtellsively for a feed grain in these areas. 

b A small amount of production Ol'curs in thc nonprogrlllllmcd 

1...:l ...... 
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MODEL I - INTERREGIONAL FLOWS Of WHEAT UNDER THE CONDITIONS Of 
PROGRAM liN (millioll bushels) 

Orlgin-Amount--+Oestination 

(Wheal u,.d for I.ed) 


!'ItO us 19l'·6~l9J ECONOMIC 'ESEARCH SE'YllEU S DEPA'TMENT Of AGilCUllUIE 

Transportation Hequirements 

Interregional trade or product flows are indicated in figures 4, 5, and 6. 
The general mo\'ement of feed grains is from the Corn Belt into the Southern 
and Eastern States, with Illinois and lndiana being the largest exporters. 
Kansas and Montana export large amounts of wheat ior 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 export demand of the eastern half of the 
"Cnited States while the chief export State for Pacific coast regions is Montana. 

Because of combined advantages in production and location, Nebraska is 
the main exporter of oilmeals to the Pacific States (fig. 6) . Nebraska regions 
also export some oilmeals to the Southeast. The central Corn Belt is the 
main source of oil meal for other deficit-producing regions. Illinois is the 
largest producer and shipper of soybeans. Cottonseed meal, when avail­
able, also is used to satisfy oilmeal demands. However, none of the cotton­
producing States had an exportable surplus of oilmeals and only soybean 

meal moves among consuming regions. 
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MODEL I-INTERREGIONAL FLOWS Of FEED GRAINS UNDER THE 

CONDITIONS OF PROGRAM liN (mill i•• bYshels of (orll) 


OriQjn-Amount~tinatjon 

U. I DEPARTMENT Of AGRICULTURE ECONOMIC RESEARCH IERVICE 

FIGURE 5 

MODEL I-INTERREGIONAL FLOWS OF OILMEAL UNDER THE CONDITIONS OF 

PROGRAM IBN (million bushels of soybeans) 


Origin-Amounl--+Dellinalion 

U S DEPARTMENt Of AGRICULTURE N-"i' us 1919·65{'1j ECONOMIC RESEARCH SERVICE 

FIGURE 6 

23 



Product .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 a 

Region 

1. ............ 

2............. 

3............. 

4............. 

5 ............. 


6............. 

7............. 

8............. 

9 .............. 

10............ 


11 ............ 

12 ............ 

13'............ 

14............ 

15 ............ 


16 ............ 

17............ 

18............ 

19............ 

20............ 


21 ..... , ...... 

22 ............ 

23 ............ 

24............ 

25 ............ 


26 ........... 

27 .. , ......... 

28 ............ 

29 ............ 


30 ............ 

31. ........... 


Wheat 

Dollars 
1.44 
1. 39 

1.41 
1. 47 

1. 48 


1. 47 

1.34 
1.06 
1.10 
1. 09 

1. 08 
1.10 
1. 08 
1. 09 
1. 07 

1.17 
1.38 
1.24 


.81 


.73 


.72 


.64 


.66 


.51 


.57 


.67 


.97 

1.03 

.87 


.96 

1.31 

Feed grains b 

Dollars 
1. 27 

1. 22 

1.24 
1.30 
1.28 

1. 30 

1.14 

.92 

.95 

.90 


.73 


.98 


.78 


.94 


.80 


.80 

1. 08 

.63 

.65 

.65 


.62 


.51 


.58 


.45 


.50 


.60 


.86 


.85 


.77 


.85 

1.10 

Soyheans 

Dollars 
1.21 
1.26 
1. 27 

1.i5 

1.12 

1.16 
1.04 
1. 00 
1. 03 
1.12 

.87 

1. 02 

.86 

.91 

.91 


.96 

1.08 


.85 

1. 01 

.91 


.83 

1.10 

.81 


1. 35 

1. 05 

.97 

1. 33 

1.35 
1.35 

1. 35 

1.35 

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

b 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 /Jver 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 consurn~ng regions.3 

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 Ii,e large produc­
ing States of Iowa 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 equivalentbasis, are about $28 per ton. 

AGGREGATE RESULTS AND PRC;RAM IMPLICATIONS 

We now summarize the results for other solutions 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 influenced by the restraining condi­
tions of product demand, cropland availability, and institutional factors of 
Government programs. Each model solution yields several important items 
of information relevant to the choice of land retirement programs. These 
items, including production efficiency, allocation of land use, crop yields, 
and needed product transportation associated with alternative programs, are 
emphasized in the following pages. 

Programming Models 

All the model solutions of this analysis emphasize control of land use as 
the maj or 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 Modell are basic and 
provide a comparison for similar solutions of Models II and III. The bench­
mark solution, IBN, which is described in some 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 
lWU 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 production. However, in total, fixed commodity 

3 The production costs of the models excluded those for marketing, housing, manage· 
ment, and other overhead items. Hence, the cost coefficients used were perhaps 10 
percent or more below total costs, had these fixed costs been included. The programmed 
equilibrium prices also deviate by a like proportion from long-run equilibrium prices 
based on coefficients which include these overhead costs. 
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demand cannot be exceeded. Solution lWL is an ac.reage 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. 

Solution lUG 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 o\'er other solutions. ) Solution IUU allows minimum 
production and transport costs for the given national bill of goods while re­
taining a given commodity price le\Oel. This solution could be interpreted as 
a program that compensated farmers for land voluntarily diverted from 
production, with diversion obtained at 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 \"ould hid marketing quotas away from less efficient 
producers. 

In all solutions of Modell, the assumption that wheat can be used as a feed 
grain, as long as production costs are competitive, has important effects on 
tht" production and acreage of wheal and other crops. This fact is illustrated 
by comparing the results of similar programs under Model II and Model I 
I tables 9 and 10 J • 

The distinguishing characteristic of Model II is a single price for wheat-a 
price that is above its equilibrium value in feed uses:1 Othenvise, the struc­
ture of Model II is identical to that of Mo.del 1. 

Model III is unique in the sense that land quality differentials are recog­
nized to 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. Modell .results in larger acre­
ages of wheat and smaller acreages of feed grains than the other two models. 
Also, Modell continually results in larger acreages of cotton than the other 
models. 

Model ]f, which emphasized a one-price plan for wheat with little use 
of wheat for feed, sharply reduces the production of wheat. Program 
nWl', 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 cotton acreage effected by Model II, as compared to 
Model 1, .results from a change in yield estimates (see earlier discussion) 
in selected areas of the West (and not from the change in assumption regard­
ing wheat prices) . 

•Programs IWU and nwu are similar and programs lBN and IIBN are also similar, 
as shown in table 6, allowing isolation of the effect of price on consumption of feed 
wheat. 
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TABLE 9.-Acreages programmed for lcheat,feed grains, soybeans, and cotton 
under illodels J, 11, and ill a 

__ _.___'"~~~l_>~"_'~ 

i,Modd and 
r 

Wheat ! 
I 

Feed II Soybeans 
I 
j Cotton Total Cropland!program b, 

j 
I I grain unused· 
r : I I I . I
1 i 

Modd I: ~ Mil. (Jcn',~ ; JIil. (Jcres , ,\lif. (Jcres It\lil. (Jcres ll\lit. (Jcres Mil. acres
1WC. . , .. 73. 7 71l.0 19.9 14. 1 i 185.7 31l.2
lB!\" , ... 47.0 J02.4 19.9 14.1, 183. ,i 40.5
[WL. " . '~:t3 105. L 20.0 14. 1 ! 183.5 40.6 
(Fe. . ,n.6 99.9 20.4 14.1 I 176.0 47.9
IFL, 53.6 100.6 19.6 lit 1 11l7.9 36. 1 
llT 55.0 1:l9. ,~ 20.2 12.3 I 176.9 '1I.2 

MvJd H: I II/\\;T 'lL2 
I 

J07.3 L9.7 12.6 180.8 43.1 
J 1lJ;\ 39. ./ 110.2 19.1l 12.6 IIlL 7 42.3, IModd Ill: 
lllWT 63.9 80.7 20.9 t U.4 I 176.9 47.0 
11113:\ . 45.1l 96. 7 21. 3 ! IL5 I 175.3 48.6!lffWL 4,tO 98.0 21. 5 U.S I 175.0 48.9 
HHT" , , ,~1. 5 97.3 21.3 I 11. 4 171. 5 52.3 
JILFL . , 49.5 96.2 21.2 ! 11.5 171l. 'i 45.5 

1 I- ~-.-~- ..... --. ~~"-.--,~,.,~. 

aThe r!.!Straining' eondition$ of tal'b program are illustrated in table 2. 

b Set- footnote to Wble 2 for llIeaning of lettcr$ in code. 

<Thi6 i.the amount of land "'hidl t'an be di"crted from the specified crops, if an 


optimal distribution is attailll~d under the n!straint6 of eontrol programs and acreage 
limit,; spc\'ified earlier. It allows dOlllcstk and export demands to be wet while 
holding ('rop prkes to sJH!cilied Ievela. 

TABLE I O,~···AcreU[!eB of s[}('cijied crops under ultematitv! Icheat suppLy 
control melhods in simulaled lund retirement programs a 

.~-.,....-........ - ~~.-- -.---,-----.. ­

( 
.-~ -.- .--·i-'---'l------~:· 

Whea t eon trol method i I Feed I Soy­ 1 Crop.
anti progranl b ! Wheat "raiu i beans I Cotton ITotal land 

! 
! b i I unused' 

-""'-,-~."",,~.- ~-.--------. ;---j--IMil. i Mil. Mil. Mil. Mil. Mil. 
L'nlilllited '("otllS: ucres j acres ' acres (Jcres acres acres 

lWtJ. ....... .. 73. 7 f 14.1 185. 7 3B.2
71l. 0 I 19. 91IIWl> ... ... . . . · . 41. 2 I 107.3 19.7 12.6 11l0.B 43.1 
lUWL' ... . 63.9 ' BO.7 20.9 11.4 176.9 47.0 

Benchlllark: 
, . 1 iIB:"i •.... , . ' . . , .. 47.0 102.4 I 19.9 I 14.1' 183. 'i 40.5

1111:--; ..... ,. . - ... · " 39.1 ]10.2 J9.B 12.6 lllL 7 42.3 
JHU:--;, ... " .......... 

! 
'is. Il 

I 
96. 7 I 21. 3 t n.5 J75.3 4B.6 

Mandatory diversion: 
IW'L ...•......• 44.3 105.1 20.0 14.1 183.5 40.6·. '~ IUIWL .. 44.0 I 

I 
91l.0 21. 5 11.5 175.0 4B.9..... 4 •• • 4 • ~ ••• Ii I I.. - --,- ..~ ------.~ ..• -'-,- ..--,..._ . .,..- """,-'~~-. 

u'~'he ro:st!aininl;; cond!ti~nB of each program arc given in tahle 6. The progrllllns 
rWI.:, lIWI.:, and,l fJWU differed only In that they came from Models I, II, and HI, 
respectively, and the same relationship was true for the remaining solutions. 

b See fvotnote to table 2 for meaning or letters in code. 
t Thi~ iri the amount of land which can be diverted from the spedfied crops, .if an opti ­

mal distribution i" attained under the re~.trainls of control programs and specified acreage 
limits. it allows dom..... tic and export demands to he met while holding crop priees to 
specified levels. 
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The incorporation of intraregional difIerences in land quality in Model 
III 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 production on lower yielding land. Since 
cotton shifts to higher quality cropland in most regions, its acreage is reduced 
in Model In. However, a portion of the decrease in cotton acreage results 
from the production coefficients used in Model Ill. Cotton yields of selected 
producing regions in Texas and Arizona were adjusted upward for use in 
Models Jl and 111, partially accounting for the lower cotton acreages of 
these two models compared with Model I. 

Crop Production 

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

The South Atlantic States and the northern Great Plains were generally 
submarginal producing areas for the demand restraints employed. All 
models indicate 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 
meet demand restraints. 

The amount of land needed to fill demands, and hence the amount which 
could he shifted to other uses, differs considerably under the various program 
solutions. Potentially, 223.9 million acres of cropland were a\'ailable 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 quotas 
and allowing differential allocation of crops among lands of various qualities 
within regions (solution lIlFU, 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, helow the base acreage, of feed grain in all 
.regions and soil is considered to be homogeneous within producing regions 
(solution IFL I. For all solutions, the remainder of the 223.9 million acres 
is assumed to be shifted to less intensive agrkultural uses, shifted to non­
agricultural uses, or left idle. 

Cotton acreage and production location were highly stable among the 

• The constraint 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 IUe to 14.1 million 
acres under other programs of Model 1. It ranged as low as 12.6 million 
acres under r.'lodel II where the more favorable cotton yields in certain 
western regions caused some production to be shifted from the Southeast. 
Cotton acreage was rather constant at about ll.S million acres under Model 
III which employed the same cotton cost coefficients as Model II. 

Cotton had little interaction with other crops under any of the solutions 
or program simulations. The acreage of cotton was modified within a 
given model only when the cotton acreage quotas were altered (e.g., program 
TUtTI. 

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 producti\'e land wherever the two crops were in direct 
competition. Soybeans tended to be concentrated on land of somewhat 
lower yielding ability. This point is emphasized in Model III with soybean 
acreages a\'eraging about a million acres higher than in Model I. Model II 
programs, with less use of feed wheat and greater use of feed grain to meet 
demand restraints, caused a sharp reduction in Nebraska soybean acreage. 
Comparing program IIWC with lWU, soybean production in Nebraska is 
reduced by 2.3 million acres; il i>: less in lIW(! since more land is required 
for feed grain production. 

The amount of land needed for feed grains depends, in the several models 
and solutiuns, on the amount of wheat used for feed. Only 78 million acres 
of feed grains are needed when wheal is not restricted by acreage quotas 
Or high support prices (programlWC I. rnder Model II, with wheat prices 
held artificially high, a mildly restrictive wheat acreage program results 
in reduced feed wheat consumption and a feed grain acreage of llO.2 mil· 
lion acres I program IIBN J. Correspondingly, wheat acreage is reduced to 
39.1 millivn. As is shown by comparing programs IFL and IBN in table 
9, feed grain acreage is affected relati\'ely little by changing feed grain 
acreage quotas. Howe\'er, the output of feed grains is affected by changing 
acreage quotas. The benchmark program (IBN) was compared with a 
program (IFL I 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 lB:\'. However, to offset lower feed grain production, 

wheat acreage is simultaneously increased by nearly 6.6 million acres. 
Wheat acreai!e \'aries more than that of any crop among models and 

programming solutions. The allocation of wheat production is quite sell­

.;itive to changes in programs directed toward either wheat or feed grains. 
With total feed grain demand held constant, feed wheat is utilized to offset 

the changes in feed grain production. The lowest wheat acreage, 39.1 mil­
lion arres, Qccurs when wheat prices are artificially high and all crops are 
limited to thrir historical base acreages (UBN). Wheat acreage is largest, 
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73.7 miIlionacres, when regional wheat acreage quotas and artificial price 
barriers are removed OWU). 

1Vheal Used for Feed 

Feed wheat utilization is largest in Model I when wheat acreage quotas 
are removed OWU, table 11). Wheat provided 21 percent of the feed grain 
demand under this solution ; over 1 billion bushels of feed wheat are used. 
Thl;) 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 
le\·el. 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. 

TABU; JJ.-Wheat used Jor Jeed and percentage oj total Jeed grain demand 
fiLLed by wheat in simulated land retirement programs 

Quantity Percentage
Model and program a of wheat of feed grain 

demand 

Model I: Mil. bu. Percentrwu................... . 1,024.0 21. 0

IBN.................. . 310.3 
 6.3
lWL................... . 225.4 4.6
I.FLT•••...•••..•.•...•.• 141.1 2.9
IFL .•.. , .............. . 470.8 9.6
rULT••..•.•••..••.•••.•• 486.6 9.9Model II: 
JI\VU.................. . 146.8 3.0
JIBN.................. . 76.4 1.6ModellJ r: 
lI1WU.......••......... 735.8 15.0
I[JBN ................. . 279.5 5.7
IIIWL................ .. 239.0 4.9

fIIFU ........•......... 175.4 3.6

fIIFL...•............... 387.4 
 7.9 

" See table 2 for meaning of letters in program codes. 

Under Model II, a .higher price on wheat and the simultaneously imposed 
wheat and feed grain acreage quotas greatly reduce the use of feed wheat 
(program 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 III has a moderating 
effect on the use of feed wheat. Parallel programs resulting in a very large 
use of feed wheat in Model I have lower feed wheat consumption figures in 
Model III. The opposite is true of programs using small quantities of feed 
wheat in Model 1. This moderating effect may bea result of the .more 
realistic structure of Model III. 
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Average Yields 

Efficiency of land use in this study is measured by the total costs of produc­
tion and product allocation under each alternative program. A consequence, 
however, of the optional land use patterns derived by the models is the aver­
age crop yields. Crop yields are often employed by agricultural 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) 
is expressed in corn-equivalent terms. 

TABLE 12.-rf'eighted average national yield per acre of wheat, feed grains, 
soybeans, and cotton, under simulated Land retirement programs a 

" "'.~-~--~" 

Model and program b Wheat Feed grains' Soybeans Cotton 

Model I: BUflhels Bushels Bushels Pounds 
IWU................. 27.2 56.3 29.3 458.1 
IBN ..•........•..... 27.5 50.5 29.3 458.1 

~ ~ ~IWL.. .. "' . ... .... " . 27.3 50.1 29.4 458.1 
IFU............•.•... 27.0 53. 7 28.6 458.1 
IFL............•..... 27.1 49.6 29.8 458.1 
fl1U .........•....... 26. 7 55.7 28.9 526.8 

Model II: 
IIWU ":, ·.. ·.. ·.. ·.. ·.. ·1 27.4 50.0 29.6 514.6 
IWN ................ 27.1 49.4 29.5 512.9 


Model UI: 

IJIWU............... 26.9 58.3 27.9 566.1 

IlIllN................ 27.5 53.9 27.4 564.1 

rJIWL .............•. 27.8 53.6 27.2 564.1 

fJIEU................ 27.9 54.7 27.4 564. 7 

UIFJ.................. 27. 7 52.9 27.5 564.1 


j 

• Weighted by acreage of each producing region. 

b See table 2 for meaning of letters in program codes . 

• Expressed in terms of corn-equivalent yields. 

The average yield of wheat is about 27.5 bushels per acre under all pro­
grams despite a fluctuation of wheat from 73.7 million acres to 39.1 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. If average yields arelf.kely 
to remaht !.ltable 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 efficiency. 

Feed grain yield$ 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 million 
acres and 80:7 million acres, respectively. 

Soybean yields are quite stable in all the solutions of Models I and II 
(table 1.2), despite variations in the Iocat,ion of soybean production affected 
by Ieed grain programs. The conditions of Model III slightly reduced the 
,average yield of soybeans by shifting soybeans to less productive soil. 
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Cotton yields, because of stable cotton production patterns within each 
model, were altered but slightly by the land retirement programs represented 
by the various solutions within each model. However, a change in cotton 
acreage quotas (program ICU I 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 product allocatioIl within tht' constraints specified for the 
models. The lotal effect of transportation charges Ul)on the allocation of 
production is apparently quite small. Ne~'ertheless, the simulated prof 'ams 
HfIccting the spatial allocation of production do result in val'ying demands on 
the transportation sector. 

TransportatioJl requirements of the alternative programs are summarized 
in table V~. The ,figures given in this table are not weighted by distances 
but they sho\\ the total interregional product movement. These figures in­
di('ate lhe extent to which transporlalloll charges influence the spatial alloca­
tion of production. The percentage of wheat productioIl requiring 
transportation is least. 21.7 percent, under program lIlWU, when the loca. 
tion of wheat production is given the greatest opportunity to shift. In this 
program. illtnlJ'('giOllul land qualit), differentials are recognized and there 
are no acreage quotas or priee harriers serving as obstacles to adjustment. 
Tlw smallest prJ'crntage of feed grain<' transported among consuming regions 
jg 22.0 perrent. \I h('n feed grain aereage restrictions are most stringent 
Iprogr'lI11 1IITL I. 

The rlPfCrntage of wheat requiring transportation is largest, 51.9 percent, 
when feed grain acreage quotas are removed and only a small amount of 
wheat i;:: p(o<iured rprogram IFU). Wheat production, because of natural 
and economic considerations, is spatially remov0d from the areas of its 
greatest consumption. Thus, when smaller amounts are produced because 
of program restricti0ns or more flexibility in production location, the 
percentage of wheat requ.iring transportation diminishes. Feed grains, on 
the other hand, have been produced nearer to areas of high consumption, 
causing their transportation requirements to incrt'ase slightly as historically 
derived acn'age quotas are applied. 

\,'hen product demands in one solution of Model T were reduced, an 
incorease in the t.ransportatiolJ requirements of aU products occurredY In 
this solution, the regiolls with comparative cost advantages in production 
continue to produce at full capacity. These regions, with .lower demand 
rrquiremt'nts, are now able to eXJlort a greater quantity of their products. 
Less ('ompHiti\e rrgions find it cheaper to reduce production and increase 
imports. 

t) Prograll1~ con~jd('rin~ mrilliions in demulld are 1I0t coverc:d ill this puhlication. 
They ace m('ntiOlll'd at Ihi" point to l'mpha~iz(' the dfe!'t of transportation rosts 011 re. 
$ultill~ production patterns. 



----

TABLE 13.~~Wheat,feed grains, and oilmeals transported among consuming 
regions: Qualltity and percentage of total production in simulated land 
retirement programs 

I Wheat Feed Oil-
Model and Wheat Feed Oil 

grains mealsgrains b meals·prOQ"aul " 

Percent PercentMil. bu. Mil. bu. Mil. bu. Percellt 

Model I: 25.6 50.6 

I 
40:9') I 25.0 50.1JWU•...• 505.21 1,120.7 ' 337.5 ')~

33ol.2JB!\. . ... 1 529.2 • 1,294.7 
43.8 25.2 50.0

lWL ..... . 529.3 \ ],326.6 333.8 
25. 7 51. 5

1fT...... ' 582.8 1 1.,377.3 339.9 I 51.9 ! 
23. 7 50.9

lFL... . 657.2 : 1,185.3 .339.21 -15.2i 
ICC ...... i 471. 5 I, 39;t 8 357. 1 

I 
32.1 j

! 
28.0 53.5 

Model JJ: I 2,t 1 50.0
11WC .. . 477.9\ 1,293.5 333.4,' 

24.0 50.3335.7 .JlB:\ .... . 577. 9 1,307.5 
Model Ill: i 50.224. 7 26.8Ul\\T... i 

1 

:12:1. 9 J. 257.5 33t.5 
,l.t 6 48.2

11.113'\" ..... 1 563.4 J,319.6 321A 25.3 I 
;16.0 2;t9 47.2

IIlWL ... ' 562. 7 J,311. 6 315. 1 
52.1

11 LFt:. . 59!. 7 1,332.9 3;17.6 51. 3 \ 25.01
22. {I 48.1

JLJFL .... 629.8 J,ll8.S 320.5 46.0 
.~~~..:.'.---­

uSee taule 2 for meanin" of letters in pro"ram codes. 

/> EXjm:ssed in bushels of (·om. " 

'Expre;;5cd in Lushels of suyLeans. 


Solutions under Model lIl, which distinguished among three land groups 
in each region, had the most freedom to adjust production location. How· 
ever, there is little difference in transportation requirements for comparable 
programs of Model I and ModellIl. An analysis of all solutions indicates 
that transportation charges have little influence on the land use patterns. 
The relative yields and costs among regions are the dominant variables 

affecting spatial allocation of crop production. 

Equilibrium Prices 

Prof('rammed equilibrium product prices are also a measure of production 
and allocation efficiency. These values are "finally determined" by the 
marginal producing areas \\ hich su ppl)' the "last units" of the regional 
demand requirements -for each product.T Ceteris paribus, farm production 
increases in cost efficiency as programmed equilibrium product or shadow 
prices are lowered. However, Government program costs may offset the 
social savings in production costs, depending on farm program characteristics 
and the attitude of society toward maintaining net farm income. 

The derived equilibrium prices under each program alternative are not 
necessar.ily those which should prevail or be administered by the Govern­
ment. .\or are they even the prices that would have to be in effect under 
the program assumptions. A specific assumption of Model II was that 

1 See Whittl('se), and Skold, (10) for a more complete explanation of the linear pro, 

gramming dual. 
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wheat wDuld be supPDrted abDve its equilibrium value. Demand and supply
quantities, as reflected in a market equilibrium, wDuld nDt necessarily be
equal in this Dr .other sDl utiDns (e.g., the demand levels used in setting de­
mand restraints generally suppDse prices abDve their market equilibrium
level) . 

The average equilibrium prices .of prDducts derived fDr each prDgram are
presented in table 14. Arerage farm prices and a\'erage CDnsumer prices
fDr each product, as reflected in the programming solutions, are listed sepa­
rately. The difference between these two sets of prices is represented by
transportatiun costs. Prices received are estimated by weighting the regional
equilihrium price of each product by its corresponding regiDnal prDduction.
Prices paid were similarly weighted by regional product demands.

Transportation charges added an average of abDut 30 cents per bushel to
wheat prices, 10 cents per bushel to feed grain prices, and 14 cents per
bushel to sDybean prices rtable 14). The spread between prices paid and
prices :received for wheat is reduced when wheat acreage quotas are lifted,
allowing mDre freed .om to adjust production (programs IWU and IIIWU).
Howe\'er, the effect of transportation charges on equilibrium prices of feed
grains and oilmeals is re1ath'ely constant over all solutions. This fact is
further evidence .of the small influence which transportatiDn requirements
ha\'e on production allocation.

There are considerahle differences in equilibrium product prices among
solutions. Programs allowing freed .om to adjust production patterns (IWD,
IFU, ICC', IIIWU, and IIJFF) result in much lower equilibrium prices of
wheat and feed grains than prDgrams which partially dictate the spatial
allocation .of production iIWL, IFL, IlIWL, and IIIBN).

The \'ariation in programmed Dilmeal prices is less than for wheat or feed
grains. Howe\'er, the competition of sDybeans and feed grains for cropland
is emphasized by tabJe H. Programs which allow full adjustment of
feed grain production result in lower feed grain prices hut higher oilmeal
prices (program IFU). COllversely, a prDgram which restricts the location
adjustments of Ieed grain productiDn results in higher feed grain prices
but lower oilmeal prices (prDgram JFL!.

Cotton prices are very responsive to adj ustments in production location.
Program 1('to. allowing re[!ional cotton acreage quotas to be increased hy
100 percent o\·er that .of other solutions. reduces cotton prices by 40 percent.
Sol utions from Model JI result in slightly lower cotton prices than correspond­
ing solutions of ~Jodel r because .of an adjustment of cotton yields in Tex...::,
New :Mexico, and Arizona. Recognition of intraregional differentials in
land quality through MDdel HI further reduced cotton prices by about 25
percent below those of Model I.

Government programs, therefore, can influence the efficiency of agri­
cultural produ.ction. Programs which prescribe the location of crop produc­
tion and resource use in agriculture may result in higher costs of production
than programs which allow more freedom of action. However, the type 
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TABLE 14.-Average equilibrium prices per bushel oj u'heat,Jeed grains, and 
oilmeals, and per hundredn'eight oj cotton, in simulared land retirement 
programs 

Price& paid b Prices received b 

Model and 
program· I 

Wheat I Oil- Wheat I Feed Oil- Cotton'Feed
grains· mealij d grains' meals d 

Modell: Dollars IDoLla rs Dollars Dollars Dollars Dollars Dollars 
IWU ...... 0.97, 0.83 1.03 0.78 O. 75 0.88 32.06· ' 
IBN .. , .~ .. .. J. 12 J .92 1.07 .83 .83 .93 31. 99 
lWL... ... · ]. 15 I .93 L08 .85 .83 .94 31. 98 
IFI:. , . ... 

' 

1.11' .76 1. 14 .78 .66 1. 01 31. 93 
fFL.... .. · . J. 16 .98 .88 .88 .88 32.06 

.75 1.1. 13 .68 .66 .97 19.32 
Model IJ: 

IfWI:.. .92 1. 02 1. 03 .64 .92 .90 28.17 
HBN .. .98 .97 1. 03 .67 .87 .90 28.17 

Modellfl: I 
HlWlI. ... .99 I .83 1.11 _78 .75 .98 24.64 
IIIB;\' ... ... I. 12 I .89 1.17 .80 .80 1. O'~ 24.43 
IffWL. ... · . 1.17) .90 1. 19 .85 .80 1. 07 24.43 
IIJFC ... .. 1. ,II I .78 I. 19 .78 .69 1. 03 24.66 

n:t: ... ' · . .97 031 

1.14; 1.11 I 1. 00IIIFL .. ... .82 I .87 24.44'~~1 I 
--',,-<" .. ~ - ~"~"'-,. ­

• See tahle 2 for lIleaning of letters in program corles. 
b The difference het\,'een prir'es paid and prices received are accounted for by trans­

portation eharge6 and do JlOt indude processing and retail costs and margins. 
• Expressed III corn-prke equivalents. 

d Expressed in soybean-price equivalents. 

• Sinc.! no transportation costs were incurred for cotton the prices paid and prices 

received would he the same. 

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 equilibrium, either (a) through restrictions on output which 
cause an income transfer from consumers through the market or (b) through 
unrestricted production with direct payments made from the taxpayer, 
through the Treasury, to the fanner. It is sometimes contended that the 
two methods have 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 product prices shown in table 14, 
could be quite significant if the program alternatives were unconstrained 
production adjustment (llT) and a restrictive feed grain program (IFL). 

CROPLAND DIVERSION AND GOVERNMENT PROGRAM 
COSTS 

The previous analysis clearly indicates excess capacity in agriculture for 
(he projected .levels of commodity demand, production coefficients, and crop­
land acreages. We now turn our attention to the costs of land diversion 

35 



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 to the Government for shifting the specified amount of unused land 
from crops. In estimating these costs, we assume: 

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

2. Soybeans, are not in exeess supply and Government expenditures are 
not necessary to establish appropriate output levels for this crop. 

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

4. Government expenditures are necessary for reducing the production 
of any crop below its regional base acreage or retiring land not under a 
specific acreage quota. 

S. The Go\"ernment cost of withdrawing land from production of any 
crop is equal to or greater than the potential net revenue from producing 
that crop at the supported price le,-e!. 

6_ The produc:lioll patterns resuiting from the model solutions are those 
desired by the GO\'ernment for each programming aiternative or the land 
diversion program represented by it. 

In calculating Go\'ernment program costs, a distinction was made between 
a proportional reduction of production in all areas and diversion occurring 
by disproportionate amounts 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 dh'ersion over all regions.. However, this pattern wfJuld 
most likely occur if the program allowed only one proportionate rate of 
participation and provided such high payments that all farmers and all 
areas had "no economic choice" other 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. 1). Income per acre is higher for land 
in high-yield regions, and Government payments are consequently larger 

"The U.S. average prices for the relevant products, given the demand levels used, 
are $33.87 per hundredweight for cotton, $1.10 per bushel for corn, and $1.16 per 
bushel for wheat. The prkes for thl? remaining feed grains arc 67 cents, 96 cents, and 
96 cents. per bushel for oats, barley, and grain sorghums. This price for wheat assumes 
its value for feeding purposes. 
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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, tliat payments must include, in addition 
to the expected return to land, the returns to labor 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.o Under the voluntary diversion program, we assume that 
entire farms and regions could be shifted from crops and that the labor so 
released could find employment in other pursuits. Hence, labor returns 
foregone (Le. 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 programs, 
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 djffer only by the amounts shown later for the various diversion 
programs. 

TABLI'~ ] 5.--Estimated fixed costs oj Jarm program administration Jor land 
retirement programs a 

-~--~--'----------------------,-----
Million 
dollars 

Ex port program ................................................ . 567 
Srock carrying dlUrge for exports ............................. , ... . 462 
Other Government costs b • ••••••••••••••••••••••••• , ••••••••• , ••• 4,471 

Total ...................•. , ............................. . 5,500 


"Based on 'l'weeten, Heady, anu Mayer (6). 
b fncludes cost of wool, rice, tobacco, dairy, research,ed ucation, anu other programs 

for agriculture. Also includes $30 million for administrative costs of diversion pro­
grams. 

• The national weighted average labor costs are $5.59 per acre for feed grains and 
$2.17 for wheal. These (,05ts are hased upon. those used to compute the .total variable 
costs of each producing activity. 
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The costs estimated 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 
llsing 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 are to be 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 flexibility in crop a1location 
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 collon and soybeans 
(IUU) , indicated use of more acres of cropland in meeting national demands 
than more restrictive programs. Program IUU 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 population concentrations and high soil productivity. 

Figures 7 to 14 indicate that South Carolina, Georgia, and parts of 
Alabama, Mississippi, 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 all solutions. Other regions where land is not needed to meet national 
demands under some simulated programs are in Michigan, Wisconsin, Mon­
tnna, Kentucky, and .Minnesota. Few acres are indicated for withdrawal, 
except under proportionate land withdrawal, in major feed and livestock 
regions east of the Missouri River, in the major wheat regions, or in the 
field crop areas of the Pacific States. 

The program (lWU, 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
tion :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
ate reduction in aJI regions. 
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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 solutions or simulated 
programs. Thus, differences in estimated Government outlays under the 
alternath·e programs are one indication of the relative efficiency of these 
programs. 

Estimated Government costs for land dh'ersion, to meet specified national 
demands and maintain farm prices at the specified levels, are lowest for 
programs allowin~ all land di,·ersion to be ,"oluntary. Programs requiring 
a proportionate output reduction in all areas (mandatory diversion) resulted 
in the highest estimated GovernnH',;\t costs for supply control under the 
conditions of this study. 

Model .I: CrOI)lalld Diversion and Program Costs 

Detailed analysis of ('osts of land di,·ersion are pro,·ided in this section. 
Only the solutions of Model 1 are used to estimate Go,·emment costs of 
land diversion. The relative differences in diversion costs among solutions 
for Model I parallel those expected for Model II and Model Ill, although 
the absolute level of costs may differ considerably among models. 

Benchmark Program 

The results of benehmark solution IBi\'" have been described in considerable 
detail. This program is not directed toward controllin~ the supply of any 
particular crop. Instead, the regional acreage quotas of wheat, feed grains, 
and cotton are I imited to the base acreage of each crop. Soybeans, as in all 
programs, are physically limited to the use of 40 percent of available crop­
lancl. All land diverted from agricultural production under this program is 
a volunlilry reduction below regional acreage quotas. Land di,·ersion can be 
concentrated in entire areas, depending on the relati,·e costs of obtaining a 
shift of lanci from crops. Entire farms can be diverted so that labor can move 
into other employment. This voluntary land di,·ersion may, in the short run, 
result from an incentive such as direct Government payments to farmers. The 
same pattern of land disersion would be expected in the long run under the 
free play of market variables. Equilibrium market price would force out 
lancl with highest production costs (i.e. the .land which has lowest comparative 
advantage under the programming models 1 • 

The pattern of land di,·ersion, 40.5 million acres, under the benchmark 
pro!!ram is shown ill figure 7. ('nused acreage quotas for wheat, feed 
grains, and cotton amount to 42.8 million aeres for the benchmark solution 
(table 16). However, 2.3 million aeres of feed grain land in the Corn Belt 
are used for soybeans, leadng 40.5 million acres of cropland to be diverted 
from production. Feed grains are ,·oluntarily diverted from 24.5 million 
ac.rcs of cropland in submarginal producing areas. Concentrations of retired 
land appear in producing regions in !\orth Dakota. South Dakota, Kansas, 
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Arkansas, Mississippi, South Carolina, and Georgia. These regions account 
for about 62 percent of the total land diversion. The remaining 38 percent 
is rather uniformly distributed throughout the other States. Only Corn Belt 
regions have land which remains fully devoted to the study crops. 

TABL!; J6.~Esl.i11la/ecl ('os/s oj dicer/inp. land under the conditions oj 
benchmark prop.ram lJJS 

.....• - - -...•-:-.-

J tCIIl Wheat Feet! Colton Tolal 
grains 

Base aercage .. . . . .million acre5. 58.5 : 129.2 I 1.8.6 206.3 
L"nused quola .... ... do.,. 11.5 26.8 4.5 42.8 
A"res used for so\·beans. ...... do ... 2.3 2.3 
\olunlan' diversion .. ,. . do.,." 11.5 2L5 4.5 40.5 
Govt:rllu;enl costs ".... lIlillion dollars. 80.5 .188.4 U7.9 3B6.B 
f\ v(·ru~~ eO'6l per Hcre.. . , ., .... dollars .. 7.00 7.69 26.20 9.55 

~ ........ --,_.- --- -,-------­

• TIII~';I' ~~osl estiJllules ;!I('lude no ('haq;c [or labor and arc in addition lo the olher 
G(H'('r11I1lI'nl ('OSld shown in table .15. .I~l:'liJllaled labor eoslS per acre average 55.59 
for f('ed grains und 52.17 for ,,·heal. 

The di\'ersion ('ost for feed grains is ;;;,188.4 million. or an average of only 
S'.69 per acre. This is the estimated amount nec{'ssar), to compensate 
farmers for ineome losses. at the previously specified price le\'(:ls, in divert­
ing: their land from feed grain. This averal!e payment rate is low, in COIll­

parison \Iith that uncleI' the present Feed Grain Program. Howe\'cr, only 
the low-produeti\'ily regions are indicated for diversion under program IB~, 
IIhile land of nwrage (or slightly below averagel producli\'ity is diverled 
in all re~ions under the Feed Grain Program. 

Diverted II heat land amounts lo 1],;5 million acres under program IBN 
and would require tOlal payments of S80.5 million or S7 per acre. Cotton, 
a more inlensin' ('rop. has a higher per acre diversion cosl. Cnder program 
IB\', 4.5 million a('('es of cotton land is indkated for diversion. The average 
('osl per ant' is 526.20. 

Land diversion in the pallern alloll ed by the benchlllark program (j BN), 
allowing land divcrsion lo be concentrated entirely in areas of lowest com­
parative advantage exeept for historic base a('.reages. would require a total 
Government eost of S:38().6 million. (The costs of other Governllleilt pro­
grams for agriculture indiraled in table 15 would be in addition to the S386_6 
million. I The 40.5 million acreS di\'erted from wheat, feed grains, and 
rotton repn'scnt ] 8.1 pcrccnt of the :\ation's total cropland considered in 
this study. The average diversion cost per acre for the '10.5 million acres 
is S9.55 per acre. 

Within the ronfines of the assumptions employed in this study, this pro­
gram is less costly than any other program aiternatil'(:' analyzed. To shift 
land from production voluntarily through incentive payments to farmers in 
submarginal areas appears_ therefore, to be a rdatil'e1y efficient method of 
land diversion under a criterion of Treasury costs. 
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Mandatory Diversion of Wheatland 

Program 1 WL simulates a mandatory wheat program. It requires a 
proportionate 10 percent diversion of wheatland in each producing region. 
]n 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 (i.e., diversion in entire regions where comparative advantage is 
lowest and diversion payments are minimized I. Total land indicated for 
mandatory diver~ion under this program is 40.6 million 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 attain the same demand quantities and farm price levels. Land 
diversion (fig. 8) is less concentrated 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 smaller than under the benchmark program. These States 
are required to increase wheat and feed grain production to compensate for 
reduced production in other regions of the Nation. 

T·\ Ii LI, J7.' Estimated costs of dit'erlinp, land uflderthe conditioTls ofprogram 
1WI-Ieith mandator), dieersion of .5.9 millioTl acres of u,heat 

.I tern .... ~··--·--r Wheat-, Fe~d ICoLLon TOlal 

! i grams I 
rl~l:~:1 ~u~ta . .. .·~-~·.~r~li~:r:~!-.~!.' 23.8 1--4-.-5-1---36-.-7 
Quota UR.·d by soybeans. do. .. r ...... : 2.0 .. '" .. . 2.0 

VoluIlIUn'divl'r1lioll. '. do,., . (c.o,,",'8. 4·-1= 21. 8 1==4=.=5=:.:==3=4=.=7 

Mallduto'rydiversioll tlo ... t ~.91···~···· _'_'_"_'_'_'_'11___ 5_._9 

'Iotal divl"'sioll do .. , .: 11. 3 I _I. 8 4.5 40.61 
Goverllillelll P1IY"h'1l1s (\'ohllltary) lIIil. dol.. r= S;'--;--I"-146. 3 ·,=I=)=7=.=9=1===3J=8=.=3 
GoVel'll11('ntI'UY"I('"[;; (rnilllriulory)· .. do ... : 90.5 !........ ........ 90.5 
LaLort.o'>l;;vlIlIllIndalor)·di, •.n;ionb ... do ..•. .i .\2.8 ...•... ........ 12.8 

Tout! ('05111'.. ..do.. : 157.4 ]46.3 117.9 421. 6 
.\ H'rage ,'ocil I't'r m're. . dollars. ! 11.0] 6.71 26.20 10.38 

I 
.-... ---..... -.---.. ~..-.-- ..-.-.- ....-_._'----­

"'fhese ('05t e5tilll .. tc~ do 1101 eon'r a (,harge for labor. 
bFor lh.. purpo,;(' of illustration th(~ labor eharg('s ha\'ebeclI broken out und sll()wlI 

hl're for the lIIalltlatory .lulld di"er:;iOIl. The rute of 82.17 pCI' acre also could be 
applj•.·d to "ollllllurily din'rled whcutlulld if II stalldard basis for l'ayment8 were required. 

'Th(· ('ORIs of other pro!!rulIIs in table .\5 would lIeed to be added to these .CO$ts, to 
COIllPU!t· total GO\'erllllll'lIt t'(lst~ for agri(·nhun'. 

Approximately 21.8 million acres of land are voluntarily diverted from 
feed {'rains and '1••5 million acres from coUo.n under this program, which 
requires a 10 percent redudioll of wheat acreage in all producing regions but 
allows otl1{'r land to be din'rted \·oluntarily. The voiuntary diversion allows, 
aside from the 5.0 million acres of wheatland, concentration of land with­
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dra IVai in re~ions of (a) lowest comparative ad\'antage in production and (b) 
lowest Goyernment costs. 

Costs of mandatory di\'er",ion of wheatland under program] WL are higher 
than for voluntary diversion under the benchmark program (and also for the 
\oluntal") portion of wheatland di\'ersion allowed under IWL). Costs, in­

dudin~ a ('barge for labor, for the land being forcibly retired a\'erage 517.51 
per arrt>. The per acre cost for tbe remaining wheat acreage diverted on a 
';olulltar) basi" is onl) S6.,I·/.. It is much less costly to attain a given output 
lC'duction if dh{"rsion i;, in submarginal areas. 

C()~b of di\ erLing 1.5 million acres of ('otlon land under program lWL are 
the sallle a,.; ror tbei>en!'i1mark .,.itL/alion. ::526.20 per acre. Fewer acres are 
dh {'rted .fro/ll recd graillS under program JWL than under program IBN. 
iJence. per aere ('o;;t-; for diverting feed grains decline by about 12 percent 
In S6.71 per acre, 

The total estimated Curenl/nent ('ost for progralll lWL is $421.6 million, 
to tli\ rrt 10.6 million acrt>s at all a\'eragc cost of SlO.:38 per acre. This 
prugralll has a total ('u"t ,ntluunting to S:3I.H million more than for the bench­
mark progralll, lWL would probably rbult in payments to a greater number 
of far!ller~ than the bell!'hIllark pro:rram "ince it forces some di\'ersion into 
ul[ produdnl! rel!iuns, Thu:3. th .. higiwr c'o;;t,; or supply control under this 
p/'0I!I'am might he j lI"tified to bf'nefit n gff'ntf'r number of persons through 
dired pa\ 1I11'/1t,.. 

All unrestricted wheat program I;; represented by 1WI.:. Wheat is limited 
only hy total c[,opland ill each region while feed grains and colton are re­
strieted to their regiullal hi::torie ha;;e acreage",. Land diversion under pro­
p:ralll IWL' utilizes a largt' part or the ('['opland in rep,ions of sereral States 
I fig. () I.\t"arl~l J. per('ellt of a\'ailnble cropland in :\orlh Dakota and 

:-'outh Dakota is indicated fOl' diH"r::iofl .and 67 percent is indicated for 
\ lahaIlla. \I.bsis"ippi. nnd Louisiana. Other region;; or concentrated land 

<li\ ('f.. ilJIl are in .Kansa;:. \1 i('higan. Arkan,..a~. ;\1 innesota. and Idaho. Only 
.'llIall a.l]()UIlt~ of Innd are i"di('ated for di\cr;:ion in otht'r Stales. Under 
thi" prop:rarn. ;:(JIll(' [e('d I\beal produC'tilJll is shi[kd into :\orth Carolina 
"nd ~(JL/lh Carolina. 

Land di\ ('rted fmlll l'Wj> produeticHl i~ :)[3.2 million acre" under prop,rall1 
I\,n·. Approximatel} 22,5 million Heres are direrted from feed grains, ,1-.5 
lI1illion (lpn'" fmlll ('olton. and 11.2 million acres rrom wheat (table 13). 
'fl't" IH'l :.h i it. from wll('<lt .i;: l('~:- tllan 11.2 million aeres. hO\fc\er. !'ince some 
II heat is iudi('atl'd ror land pn'\ iously jn other emp", Estimaled costs for 
r1iq>rLing thl' 11.2 millio/l a('res from Ida'at produ('ti'Jll arc $81.6 million, 
<In m ('rag!" of S7.;)5 I)('/' a('r(',I" 

itt Wh""Jt \\a, a"ultlc'd tn 1)1> ",u[lportl'd at S1.16 per bushc·l. its f('(~d vlIill(" for tit(, 
(1lIrp(N' of I"timalin;.! diwr-jon ('()~t, 011 land olllPr than rolton and f('rd :.:rain. 
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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 8209.3 million for feed grains (table 18). 
Wheal utilizes some land which is marginal for feed grains. Hence, higher 
program costs are indicated for the retirement of higher yielding feed grain 
land. 

Cotton land diversion costs are the same, 8117.9 million, as under previ, 
ously discussed programs. The pattern of cotton production remains the 
same as under the benchmark program. 

TABU; 18.·--Estimated Goremment cost oj dirertinJ!, Land under the conditions 
of prop,rWl! J"" ( lrith ullrestricted Icheat production 

----~--i----"-'-,' I 
Item 	 I Feed I Cotton IOther b i Total 

, "rain,;" ! I . 
I " ! I I-- ---~--~----~.---.---- I I i .~~-

l'lIu~ed quota .. _ .... , _.. . III i I. ul'res.· 5J • 2 1 4. 5 j ] 1. 2/ 66. 9 
l"st·d r')r wheal .. . ._ ...do. . . . 26.5 ........ \....... '. 26.5 
l"".·d for SOY lJ..ans .... ­
\'f)lulltary ilin·rsion .. ::::~~:::.; 2~:~ ;....,i:s.:· .. jj.·2·I' 3~:~ 
Govt.·rnn1t.~nl cost!' . .. . lIlil. dol. _, 209.3 J 17. 9 I 84-.6 411. 8 
Averu~e (·f)~t ,wr aen" , dollars. _. 9.30 26.20' 7.55; 10.78 

- I I 
--.------~--:~--'"----

".PaYfllf·nti' arc not ifldlldcd for land di,'erted from feed grains to other crop~. 
h Hder,; to lalld lIorrnally planted in \,heal if wheat quotas were in elTect. Progrulll 

l·o;.lS (i)r din·rling lalld \\I~ ..e computed as if it FhifteJ from ,,'heat production. 
cThe 1'IJ~t,,; for other [!rl)~raIll6 ill table J;) arc in udditioll to lhose indicated here. 

Total lalld retirement costs under program IWe, a program without 
any re,f!iollal r('straints for wheat. are S-Ul.S million, slightly less than for 
pro,f!ram IWL where wheat acreage quotas are applied proportionately over 
all regions. Thu1'. it is pos:;ible for two widely different programs to be 
(·qually t"fT{'('lin" and haw similar costs. 

llfandatory Diversion of I~'eed Grain Land 

Program .IFL requires that feed grain acreage be reduced by 7.5 percent 
in all regio1l!.'. Howe\ er, additional feed grain diversion can occur on a 
\ olulltary bas.is in terms of comparati\ e ach-antage and lowest Government 
costs of diversion. \rheaL and coLton are restrained only to their regional 
base acreagt's. Soybeans art' allowed to compete for land di\'erted from 
an)' othrr ('rops. The mandaLory diversion of feed grains is 9.7 million 
acres. \'oluntary diversion of feed grain, wheat, and cotton land bring 
total divt"rted land up to :)0.1 million acres. an amount less than for any 
other programs considered. 

Program 1FL results in 67 percent of a\'ailable cropland diverted in 
regions of ;-iouth Carolina, Georgia, Alabama, :\lississippi, and Louisiana 
(fi~. 10 I. Othem ise, this program produces a more dispersed pattern of 
land di\ ersion than the programs previously discussed. i\'early all regions, 
f'xC'ept thoSf' produeilli! soybeans in the ('entral Corn Belt, have some excess 
crophllld. \orth Ih,kota and South Dakota have a !iomewhat 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 8477.3 million when returns to labor are not included. 
If labor costs are included in payments for the mandatory portion, since 
labor is not expected to more out of agriculture, the program costs total 
8531.5 million. 

TABLg .19.-~E5tilfl(lled CO$t of diverting lund under the conditions of program 
IFL with mandatory dirersion of some feed grain land 

i ~ .~. ---" I--~---~---l 
lit-III : Wheat; Feed COttOIl Total 

I: grains 
----I 

~ 
l"nu5ed 'Iuota. . .. ' ,.mil. acreS. 5.0 I 28.6 4.5 38.1 
l'sed for $oy(,,::tll:' .. ... do .... l ... " . •. 1 2.0 ......... 2.0 

I 
~ 

j, 
jMandatory di\"'rsioll _.. do ..... ~ . . 
j 

! 
9. 7 ., ....... 9. 7 


Volulltary dh't'c,;joll . .do .. . I 5.0 16.9 I 4.5 26.4 , I 
Tolal diver5i()f1 .do.... l 5.0 I 26.6 I 4.5 36. I 

I 

CO\'crtllllelll paymcII15 (\'()Iulltery). ,mil. dol. ·w. ] j 89.8 ! 117.9 247.8 
Goverrull<?nl paylllt'IlI,; (mandatory) .. do ..... ... .. I 229.5 I 229.5 

:LaLor costs on !!Ialldatory tliver.sioll .. " do. .. , "' ... 5,L 2 I:::::::: 54.2~ ,, 
I

Total (!ost 4. • .• ..• • •••. • . do .... ! 40. J I 373.5 

!
117.9 531. 5 

.\ v('ragc ('o,;L per acre., .. . ... , ... ,.,. tlol. 8.02 I 
f 13.99 26.20 H. 72 

.~. . 

• 'flu: ('''~I" for olher program,; i" taLle ]5 are in addition Lo .tire land retirement 
CO$IS silo" II ht'rt" 

The cost of a required diversion of 9.7 million acres of cropland from 
feed grain production, proportionately over all regions, is great, amounting 
to 52:1,66 per acre without labor charges and 529.25 with labor charges. 
This figure is nearly four times the average cost of $7.69 per acre for feed 
grain land voluntarily di\'erled under the benchmark program. A program 
retjrin~ average cropland in the Corn Belt is more expensive than one which 
reduces produetion by a similar .amount through land diversion in less 
produc-ti\'e regions. 

However, programs which reduce crop production in the major grain 
areas of the Corn Bell and the Great Pbins winter wheat regions permit 
more land to be cropped in the less productive regions of the South Atlantic 
States aIld the Ilorthern Great Plains. 

Unlimited Feed Grain Acreage 

l:nder program IFe, regional acreage quotas are removed entirely for 
feed grains. These crops are restrained only by the total cropland acreage 
in each region and national demand requirements for these products. Wheat 
and cotton aereages are restricted only to the regional base acreage of each 
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crop. All land diversion is assumed to be voluntary, with compensation 
for this diversion computed as before. No payments are made for land 
diverted from 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 quotas 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. 

TABU; 20.-E.~!if1lated CD.S! of dit'erting [mId under the conditions ofprogram 
IFU, leithout restrictiDns on feed grains 

Item Wheat a Cotton Other b Total 

L"lIu5ed quota . ., • < mil. acres.. 16.9 4.5 36. 1 57.5•• , •••• "' •••• 

l.ised for feed grains. ..... , ........•.•.do.... 9.6.. . .. ... ........ 9.6 
Voluntary diversion •.•.•.•.•.•.•..... do. .. . 7.3 4.5 36.1 47.9 
Government cost c••••.•••.••••••• • mil. dol.. 66. ° 117.9 252.6 436.5 

Avc~~:~:(~s:~~r_:cre ..•.. '.~~~'_.~._._._.d_'_}I•.,_._.....:.1__9_._04-.:__2_6_._2_0....: __7_.0_0---,-__9_._1_1 

a Program costs are not included for land dh'erted from wheat to other field crops. 
b Hefers to .land normally planted to feed grains. Cost,; for this laud were computed 

as if it bad been diver/ed from feed grairH;. 
< The costs for othel' programs shown in table] 5 are in addition to the land diversion 

costs shown here. 

Land diversion is highly concentrated under program IFU (fig. 11). In 
South 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 pockets 
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 a~riculture and a 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 
539.11 per acre. This cost is computed, as mentioned previously, under the 
assumption of feed grain prices at a le\'el of 51.10 per bushel for corn with 
comparable prices for other crops. 

Dh'ersion costs for 7.3 million acres of wheatland are estimated at $66.0 
million, an average of .89.04 per acre. Diversion costs for wheatland are 
greater oul)' under a partially mandatory program (program IWL, table 
] 7). Costs for diverting the 36.1 million acres from feed grains, 57 per acre, 
were relatively low as compared to other programs. 

The .indi.cated land use pattern also could result from a program of nego­
tiable marketing quotas on feed grains equal to the feed grain demand 
requiremenls. 1£ quolas were exehanged 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 rue is desit!ned to simulate a condition which minimizes (a) 

costs of production and transportation and (b) Government costs of land 
diversion to attain the giren demand lerels and farm product prices. Sep­
arate regional acreage restraints for wheat and feed grains are completely 
remo\·ed. Only total available cropland is assumed to limit these crops 

ill each producing region. Cotton acreage is limited to 200 percent of the 
historical hase acreage in each region and soy beans are limited to 4.0 percent 
of available cropland in raeh region. l'\ational production of each crop 
is restrained hyits respectire demand requirements. 

The pallern represented by this solution also could result from negotiable 
nJarkf'tillg quotas. as deseribrd pre\·iously. In this case, areas of greatest 
("omparati\e ach'alltagr in productioll \Iould attract the quotas. Less effi­
('ient areas clentllally would shift out of crop production. Also, the same 
pallrrll I tabl!' II. J of productiot) might he eXI)('cted to result under long-run 
el]uilihriulll of a free market. 

l'nder long.run equilibrium market prices it is possible that demand 
quantities would br greater than tho"e u:-eci in the programming models of 
this st.ud). (In anothcr ;;illlulatcd program with larger product demands 
u:;sul1led to rp;;ult under lower price;;, only 2U) million acres of unused land 
\\ere int/i('ated for diversion. I II 

Figure 12 illu;:trates t.he areas of concentrated land diversion suggested 
by the linear programming solution under the conditions posed by IUU. 
The crop a~ricLlltur(' of tlw ~outlll'al'trrn l'nited States could virtually cease 
to ('xist ullder program II T. Of the a\ ailable eropland in South Carolina: 
Alabama. Georgia. '\liF"j;,:sippi, Louisiana. Arkansas, and Florida, 84. percent 
is indi('atpd to IJ(' diverted from tl](> sperified (TOpS. In Montana, Idaho, 
\ orth Dakota, and :-iouth Dakota .. 14 percent is so indicated. IThe results 
of }Iodd JIL hO\\('v('r, indicate that some land scattered throughout these 
areas would rema.in in production under such a program. Also, solutions 
of '\loclf'1 III indi('ate thl:' presrncl' of S(JIll(' land to be diverted in the most 
pJ'odut"ti\(' areas of the Corn BelLI 

Model IJ: Hc'lin'(1 C,'opland 

The eOJlstraint conditions of program II B\," are the same as those of the 

benchmark program .1 Jr\. except for a higher wheat price under the former 

H Thi, pro:rrall1, \I ith lar:rt'r upmanu requin'fl1rnts, was not inr']ud,'d in thl' r<,sults 

~ho\\n in this puhJieation, .It is f}H'l1tionl'd itt'rr' IWl"auol' Ihe u<<;urnrd ]lrier' levels were 
d()~" to tho,,· at'quin'd lh f'quilil,rium pri('($ in prngram IlT. Th(' rri'ulling ('fopland 
J"('quirr'lItr"ot, an" rH'rhaJl~, m(Jrf' indicative of I,hat would ("(·gull I1nt/r"r ('onditions of 
unrrstric,tl'll flwduetion lhan lh()~e ,ltcH\'n for program .I UU, 
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(ste earlier description of models). Approximately 42.3 million acres of 
cropland are diverted under program IIBN, a slight increase over the 
benchmark program. Approximately 69 percent of 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 crops than under program IBN. Still, 37 percent 
of the cropland ill Montana, Idaho, North Dakota, and South Dakota is 
diverted, and pockets of diverted land also occur in Minnesota, Wyoming, 
Kansas, and Ftah. 

An unusual feature of program IWU under Model J is the high employment 
of land in i\orth Dakota, South Dakota, South Carolina, and Georgia 
(fig. 9). When the additional cost was imposed on feed wheat through 
program IlWl', these States again have many acres of excess land. 

Model J1, with its one·price plan for wheat, results in higher Government 
costs of land diversion than Model I with a multiple.price plan. If land 
diverted from wheat production is rewarded in Government payments at a 
rate ('onsistent with the price of wheat assumed for l\lodel II, the cost per 
acre of diverted land is much higher than Model 1. In program IBN, U.5 
million acres of wheatland are diverted at a total cost of $80.5 million 
(table 16) when wheat is priced at $1.16 per bushel to represent its feed 
\'alue. If ('osts are eSlimaled l(jr program IBN with the assumption of wheat 
priced at $1.95 per bushel, the total cost of diverting the U.5 million acres 
is $312.8 million. Thus, commodity price le\'els used to compute diversion 
payments highly influence program costs. 

Model III: Hetired Ct'opland 

The unigue feature of Model II[ is its recognition of intraregional land 
quality difIercnces. l\lodel JII solutions result in a more diversified crop 
production pattern and a more intensive land use than solutions under 
Model L The result is a large acreage retired under Model III (table 9). 
It is the diverted land upon which this section is focused. 

The pattern of land diversion for solution IIIBN is presented in figure 14. 
Many areas of the Corn Belt and Great Plains which employed all cropland 
under simulated programs from Models 1 and II now have some idle land. 
However, concentrated regions of diverted land still exist in South Carolina, 
Georgia, and other Southeastern States. The northern Great Plains Statee, 
also cOI1tinue to experience a rather low rate of land employment. The 
resulling land disposal patterns of other solutions from Model III are similar 
in their comparisons with the solutions of Model I. 

The implications of l\Jodel I I I are quite important in the formulation of 
agriculLural 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 
re~ions. The comparative costs of such programs are probably similar if 
all diversion payments are governed by the productivity 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 productivity of average land, the 
program efficiency may be greatly reduced. 

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 defray 
establishment costs. Alternatively, farmers may be induced to establish 
cover crops by the expectation of future benefits. Undoubtedly the greatest 
short· run benefits from diverted land are derived when it is used for grazing, 
when Gonsidering all diverted lands collectively. 

In recent farm programs, farmers have not been allowed to graze or 
otherwise utilize crops from diverted land during the growing season. They 
have been 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 estimatf-.i the difTerence in diversion payments between grass-used pro­
grams ancl grass-not-used programs (1). When only llLl million acres are 
diverted, he estimated the costs per acre to be $1.20 and $3, 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 812.75, respectively_ When average cropland was 
assumed to be retired, the costs were much higher and with less divergence 
between alternath·es. In every instance the grass-not-used program was 
considerrd to be a more expensive land-retirement alternative to obtain a 
given acreage of idle land. 

Estimates of land diversion costs have not been made for a grass-used 
program 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 to utilize the 
cliverted acres. Other potential uses are probably of minor importance 
compared to beef. Therefore, using L.S. Department of Agriculture data, 
the beef that might be produced on the di\'erted land under several alter­
native programs has been e:::timated (5, 9). The impact this production 
might have on the supply and on the market price of beef also has been 
estimated. 

Potential beef production appears to be nearly proportional to the amount 
and productivity of unused land (table 21). Programs retiring land on 
the extensive margins (lWU and IUU) result in a slightly lower average 
production of beef per acre retired than programs retiring land on a more 
uniform basis (IFL). 
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TABLE 21.-Estimated acreages oj cropland diverted, annual supply oj beeJ 
Jrom diverted Land, percentage change in .mpply, and resulting change in 
beeJ prices, in simuLated land retirement programs --.- .. ,..,.....,,-.. 

Diverted 
Program cropland 

iHii. acres 
IWU••••••.•.•••••••••••. 38.2 

fBN .............•....... '10.5 

IWL•.................... 40.6 

[FU................•..... 47.9 

IFL...................... 36.1 

ruu ..................... 47.2 

!fBN .................... 42.3 

.U[[IN........•...•....... 48.6 

......--.....-	 ---~--

Quantity 
of heef .Percentage Percentage 

produced of total beef change in 
on diverted production beef price 

land in 1960 

Mil. lb. Percent Percent 
3,329.3 11. 6 -17.0 
3,605.5 12.5 -18.3 
3,634.9 12.6 -18.4 
4,352.7 15.1 -22.1 
3,370.6 11. 7 -1.7. I 
4,155.8 14.5 -21.2 
3, B55. 6 13.4 -19.6 
4,5,n.6 15.8 -23.1I----..-~~ . . 

The percentage change in total beef production, from an estimated 28.7 
billion 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 utilizat ion 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 to be smaller than indicated above. Also, 

changing structures for beef and high cross elasticities of demand with other 
meats would tend to cushion the price effect of any increased beef production. 
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