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SUMMARY 

This report presents results of a continuing research program 
dmed at increasing refinement in quantification of aggregate 
production capacity and optimal regional allocation of crop and 
1.ivestock production in the United States. A maj0r objective of 
this study is to formulate and test mathematical models that are 
more realistic in ac.counting for regional and commodity inter
dependence within agriculture than those used in previous studies 
which considered the wheat, feed grain, soybean, and cotton sectors 
of the economy. The number of commodity sectors has been 
expanded in this study to include forage, hog, beef, and dairy 
production. 

This analysis delineates 20 livestock-producing, product
demand regions and 157 crop-producing areas in the continguous 
United States. Requirements for final commodities are specified 
for each of the 20 consuming regions which represent domestic 
and net export requirements for two grades of beef, pork, fluid 
milk, manufactured milk products, and wheat. In addition to these 
final commodities, specifications are made for feed grains, soy
beans, cottonseed meal, and harvested roughages for industrial 
uses, domestic human consumption, export, and/or for use by the 
livestock and poultry sectors (not included in the analysis). These 
commodity requirements can be satisfied by production in one 
or more crop-producing areas within each consuming region or 
by interregional movements. Also specified is a national require
ment for cotton lint. Supplies are specified for four different 
categories of feed concentrates and roughages which are available 
for livestock feed from sources outside the crop sectors ana
lyzed. 

Models with coefficients representative of both 1954 and 1965 
were used. Several solutions for each model, representing different 
assumptions about demand levels and/or regional livestock pro
duction capacities, were obtained. 

Results represent optimal regional allocations of crop and 
livestock production in relation to the assumptions and parametric 
constructs underlying each solution. Hence, limitations of the 
results are a corollary of the models' mathematical structures 
and their coefficients. 

The different solutions obtained for the study are numbered 
1 through 26 for the 1965 model, and 71 through 75 for the 1954 
model. Solution 71 for the 1954 model and solutions 1, 19, and 24 
for the 1965 model are presented in this repone 
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Solution 71 represents a benchmark solution for the 1954 
model and solution 1 represents a benchmark for the 1965 model. 
Livestock capacity constraints were varied simultaneously from 
solution 1 up to 300 percent of their initial levels for solution 19. 
Then specified output requirements were increased from solution 
19 by 22.39 percent to obtain solution 24. 

Unused capacity of production resources is substantially 
higher in solution 1 of the 1965 model than in solution 71 of the 
1954 model. Total costs are higher in solution 1 than in solution 
71, as considerably greater output is required for solution 1. But 
computed commodity pricer- are lower for solution 1 than for 
solution 71. The lower implicit prices for livestock are related 
to better' feed conversion, lower feed prices, and lower nonfeed 
costs. Nonfeed costs for livestock were estimated to be lower 
for 1965 than for 1954 because of the economies gained from 
larger average sizes of the livestock enterprises. 

Nonland costs per bushel for producing grains changed very 
little between 1954 and 1965. But the increase in yields was sub
stantially greater than the increase in output requirements from 
1954 to 1965. Considerably fewer (but more productive) areas are 
used for grain production in solution 1 than in s!'~ution 71. Thus, 
derived grain prices are lower for solution 1 than for solu
tion 71. 

Although there is a wide geographical dispersion of land 
withdrawn from crops, the general crop production pattern follows 
existing areas of specialization. 

Solution 1 uses 74.9 million fewer acres than solution 71 for 
the production of feed grains, soybeans, cotton, tame hay, corn 
and sorghum silage, and wild hay (approximately 29 million fewer 
acres for harvested roughages and 46 million fewer acres for feed 
grains, soybeans, and cotton, but about 3 million more acres of 
wheat). Approximately one-third of the wheat production in solution 
1 is fed to livestock, whereas only 9.8 percent of the wheat pro
duced is fed to livestock in solution 71. 

Solution 1 uses 9.1 million fewer acres for cotton production 
(9.8 million fewer acres east of the Great Plains and 0.7 million 
more acres in Texas and the Southwest) than solution 71. 

The combined acreages of wheat, feed grains, and soybeans 
are lower in the Corn Belt and Lake States by 6.3 million acres, 
in the Great Plains States by 11.0 million acres, and in Montana 
and Idaho by 3.5 million acres. However, Colorado, Wyoming, 
Arizona, and New Mexico, and the Delta States have a greater total 
acreage of wheat and feed grains in solution 1 of the 1965 model 
than in solution 71 of the 1954 model. In the Pacific Coast States, 
increases in wheat acreage are nearly equal to reductions in the 
acreage of feed grains. 
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Solution 1 involves B.B million more fed cattle and 9.0 million 
more beef cows than solution 71, but 2.96 million fewer milk cows. 
Geographic patterns of beef production for solution 71 and solu
tion 1 follow those actually existing in 1954 and 1965, respectively. 
However, the models allow only minor regional adjustments in 
the beef sector. 

Hog production is conr;entrated in the Corn Belt and northern 
Great Plains in solutions 1 and 71. No hog production takes place 
outside these regions in either solution. 

Constraints on livestock production are uniformly relaxed in 
the 1965 model to obtain solution 19. Tbe greatest adjustments 
take place in the beef sector, since it is the most constrained in 
solution 1. Cattle feeding increases in the East, Southeast, Great 
Plains, and northern Rocky Mountain States. Substantial reductions 
take place in the number of cattle on feed in the Corn Belt, Delta 
States, Southwest, and Western regions. The total number of beef 
cows increases by 1.3 million head and the number of milk cows 
decreases by 1.1 million head. Increases in beef cow numbers take 
place in South Carolina, Georgia, Alabama, and the Great Plains 
States, with reductions in all other regions. The number of milk 
cows increases in Florida, Min'1esota, Wisconsin, Arizona, New 
Mexico, and California, with reductions in all other regions except 
the Northeast and Michigan. 

Hog production occurs in only four regions in solution 19: 
region 10 (Iowa, Illinois, and Missouri), region 13 (Kansas and 
Nebraska), region 14 (North Dakota and South Dakota), and 
region 15 (Montana and Idaho). 

Total "surplus" land is increased by 60.6 million acres, 
with an increase of BO.B million acres of surplus pasture land 
and::; decrease of 32.4 million acres of unused cotton and grain 
land. This change in the composition of unused land takes place 
as cropland is diverted to hay and pasture production. These shifts 
take place mainly in the Great Plains and northern Rocky Mountain 
States. Cropland is diverted to pasture in South Carolina, Georgia, 
and Alabama (region 4), and Florida (region 5). 

Associated with these shifts in livestock production is in
creased wheat and feed grain production in the Great Plains and 
Corn Belt States. All other regions, except New England, region 4 
(South Carolina, Georgia, and Alabama), and the Delta States, 
decrease the acreage of feed grain production in going from 
solution 1 to solution 19. Solution 19 obtains the same bill of goods 
as solution 1 at 2.5 percent lower total costs. 

Solution 24 features the same livestock capacity constraints 
as solution 19, but output of each commodity is 22.39 percent 
greater. Total costs are 24.9 percent greater than for solution 19 
and 21.B percent greater than for solution 1. The output of solution 
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24 can be deflated to exactly the same requirement3 specified for 
solution 1 and solution 19 by multiplying the level of each activity 
in solution 24 by l/1.22a9. Total costs would be reduced by the 
same factor. Thus solution 1, solution 19, and solution 24 (deflated 
by the factor 1/1.2239) give three alternative organizations that 
will meet the same output requirements. For identical output 
requirements, solution 19 ha s 2.5 percent lower costs than s0lution 
1, and solution 24 deflated has 2 percent greater total costs than 
solution 19, or 0.48 percent lower r.osts than solution 1. 

The small decrease in computed total costs from solution 1 
to solution 19 and the small increase in cost from solution 19 to 24 
suggest that a rather wide variety of alternative production 
patterns that are closely competitive, exist. That is, there is a 
rather broad plateau of production altArnatives near ehe optimum. 
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INTERREGIONAL ADJUSTMENTS IN CROP 

AND LIVESTOCK PRODUCTION 

ALinear Programmi~g Analysis 

Sy Ray F. Brokken and Earl O. Heady 

INTRODUCTION 

Productivity In American agriculture has increased very 
rapidly, particularly in the last two decades. The Nation's 
ability to produce food has grown considerably more rapidly 
than domestic demand. Even with rapidly expanding exports of 
agricultural products in the last decade, it has still been neces
sary for the United States to control the acreage of basic 
commodities as a means of supporting farm prices and in
come. 

World food needs over the next decade are likely to 
place heavier demands on U.S. farm output. Whether the problem 
becomes one of adjustments in output to prevent depres
sion of farm prices and income, or to expand output to 
meet greater world food needs, interregional competition studies 
are needed to provide a comprehensive analysis of food produc
tion potentials and structural adjustments in agriculture. 

This study has been made, among other reasons, to pro
vide basic information in appraisal of the Nation's food pro
duction potential and to evaluate the need and possibilities of 
interregional adjustments in land use for crop and livestock pro
duction. 

Previous Studies 

This is the sixth in a series of studies dealing with inter
regional competition in American agriculture. The five previous 
studies, made in collaboration with Heady by Egbert, Brokken, 
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Skold, and Whittlesey (~,~,.i, E,~, 10, and 12),1 indicate that 
large areas of land could be shifted to other uses if production of 
the major field crops were brought into balance with demand 
under assumptions consistent with free market equilibrium. For 
example, a substantial percentage of the cropland in the Appa
lachian areas, the Southeast, the Mississippi Delta States, the 
Great Plains, and fringe areas of the Corn Belt would be submar
ginal under the assumptions of these studies. But the possibility 
of interactions between the crop and livestock .sectors (providing 
for the possibility of allocating some of this unused land to the 
production of forages for livestock) was not considered in these 
studies. Also, livestock feeding accounts for a major part of the 
demand for feed grains and oil meals. Thus, adjustments in 
regional patterns of livestock production will cause shifts in the 
regional demands for feed concentrates. In turn, shifts in regional 
demands for feed will affect interregional flows of feed grains 
and oil meals--if not the location of their production. 

This study is designed to analyze crops and livestock simul
taneously in a spatial equilibrium or interregional competition 
framework. As in the previous studies, this analysis considers 
wheat, feed grains, soybeans, and cotton. In addition, land normally 
available for the production of these crops may be used alter
natively for production of harvested roughages andjorforgrpzing. 
Livestock activities considered are milk cows, beef cow-feeder 
calf, yearling feeders, and beef feeding. 

The overall objective, as in the previous studies, is the 
quantitative examination of cOrilparative advantage of the various 
producting areas. Emphasis is en the determination of geographic 
allocations of crop and livestock production and interregional 
commodity flows in a manner which (a) is consistent with regional 
comparative advantage, and (b) meshes production exactly with 
domestic and export requii""ements at the least total resource cost. 
The analysis is made with several linear programming models 
and solutions. Each model has 891 equations and 5,131 real 
variables. 

As a stage in the continuing analysis of interregional compe
tition in American agriculture, this study represents an extension 
of the previous studies mentioned. The results and problems un
covered here are useful both for improving methodology in future 
studies and for suggesting prospective trends in regional adjust
ments. In addition, the data assembled in the current stage will 
contribute importantly to the more complete steps in analysis 
and models which aJ.e to follow. 

I Underscored numbers in parentheses refer to items in the Literature 
Cited, p. 152. 
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The Specific Problem 

Livestock and the major field crops are analyzed simultan
eously in this study. The models used are designed to determine 
optimal patterns of production without production control and 
subsidy programs. 

The specific objectives of this study are: 

(1) to formulate models for analyzing interregional competi
tion and efficient resource allocation for production of wheat, 
feed grains, soybeans, cotton, beef, pork, and milk; 

(2) to determine optimal regional land use and production 
patterns for these commodities; 

(3) to determine alterations in these patterns of production 
reSUlting from (a) changes in crop and livestock production costs 
and technology, in output requirements, and in transpor'.ation costs 
in two different time periods (1954 and 1965), and rates of change 
in livestock production technology among the many livestock
producing regions within time periods; and (b) changes in specified 
output requirements within one time period. 

(4) to determine equilibrium returns to the various categories 
of land in each region; and 

(5) to determine equilibrium prices for the commodities 
analyzed, and examine possible limitations in the methodology as 
a basis for improving future investigations. 

ECONOMIC MODELS 

The Basic Model 

The mathematical structure is the same for all of the linear 
programming models used in achieving the stated objectives. 
Models differ only in specified levels of technology or commodity 
demands. 

The regional framework for each modelincludes the 157 crop
producing areas and 20 livestock-producing, product-consuming 
regions, shown in figures 1 and 2, respectively. Crop-producing 
possibilities are defined for each of the 157 areas in figure 1. 
Livestock-production pOSSibilities, feed supply equations, and 
demand restraints or equations are specified for each of the 20 
regions shown in figure 2. 

Each livestock-producing, product-consuming region contains 
one or more of the crop-producing areas as indicated in table 1. 
This distinction between tlregions tl and tlareas" is retained 
throughout this report. 
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(a) Area - Region 141 
(b) " " 147.. 148(c) " 
(d) " " 149 

Figure I.-Geographic location of crop-producing areas. 
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Figure 2.--Geographic location of livestock producing and consuming regions. 



Table l.--Crop-producing areas ,within each consuming (or livestock-producing) region 

Consuming 
region 

10 


11 


12 


13 


Crop
producing 

area 

57 

58 

59 

60 


145 


26 

36 

45 

46 

47 

48 

49 

50 

51 

52 

53 

55 


146 


21 

24 

25 


120 

121 

122 

123 

124 

137 

147 


1'.7 
88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 


100 

125 

126 

127 

128 

129 

130 

131 

132 

133 

148 

149 


71 


Grop-Consuming producingregion area 

72 

73 

75 

76 

77 

78 

79 

BO 

81 

82 

83 

B4 

85 

86 


150 


14 	 61 

62 

63 

64 

65 

66 

67 

68 

69 

70 


151 


15 	 101 

102 

103 

104 

110 

112 

152 


16 74 

105 

106 

107 

108 

153 


17 	 109 

134 

135 

154 


18 	 III 

155 


19 	 113 

114 

115 

156 


20 	 116 

117 

136 

157 


Consuming 
region 

1 


2 


3 


4 


5 


6 


7 


8 


9 


Crop
producing, 

area 

138 


1 

2 

4 

5 


1:39 

:3 

6 

7 

8 

9 


10 

14 


140 


11 

12 

13 

15 

16 

18 

19 

20 


118 

119 

141 


17 

142 


22 

23 

27 

28 

29 

35 


143 


30 

31 

32 

33 

34 

37 

38 

39 


40 

41 


144 


42 

43 

44 

54 

56 
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Crop-producing areas 

Crop-producing areas are based on those used by Egbert 
(~.~). However. where areas delimited by Egbert transcended 
the boundaries of the 20 consuming (also livestock-producing) 
regions. they were subdivided so that each crop-producing area 
was included within a single livestock-producing (or consuming) 
region. Thus. areas 1 through 137 encompass the same land area 
as Egbert's 122 regions (~) and the 144 areas used by Skold and 
Whittlesey (§A). 

Historically. areas 1 through 137 have produced approxi
mately 95. 97. 93. 84. 99. 99. and 99 percent. respectively. of 
the Nation's total production of wheat. corn. oats. barley, grain 
sorghum. soybeans. and cotton. These areas consist of contiguous 
counties. Each area is considered to be sufficiently homogeneous 
with respect to soil types. climate, historicyields. and production 
costs to serve as a producing entity for the purposes of the 
study (l, p. 10). 

Areas 138 through 157 for crops are the "white areas" not 
included in earlier phases of the study. They account for a very 
small percentage of the Nation's production of feed grains. wheat, 
cotton, and soybeans (the complements of the figures given for 
areas 1 through 137). They are of importance. however, in the 
production of harvested roughages and forages for grazing. 
Areas 138 through 157 represent the residual land and feed grain 
quantities within the livestock regions not included in the earlier 
phases of this series of studies. 

Livestock-producing, product-consuming regions 

Figure 2 delineates the 20 livestock-producing. product
consuming regions used in this study. Broad types of farming 
underlie the delimitation of these regions. Also, they represent 
subaggregates of the lO-region breakdown often used in U.S. De
partment of Agriculture statistical series. Only 20 regions were 
used for livestock because of the limited funds and computing 
capacity of the study. Livestock and livestock products were, in 
the construction of the model. allowed to flow among regions to 
satisfy final demand restraints. Crop products were allowed to 
flow among regions to meet programmed demands for livestock 
feed, or to meet specified final consumer demands for crop 
products. 

The model involves four types of quantitatively stated 
constraints. These include land constraints in each of the 157 
crop-prOdl.i.:ing areas, capacity constraints for livestock in each of 
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the 20 livestock-producing regions, supplies of concentrates and 
r-oughages from sources exogenous to the model, and consumer 
demand constraints in each of the 20 demand or consumption 
regions (the latter being identical with the livestock-producing 
regions). 

Land constraints in crop areas 

Land constraints were used to prevent the extension of 
individ:!al crops or aggregates of crops beyond the acreage 
available for them. In each area, there are five categories of 
land constraints, defined as follows: 

Land-1 - the acreage of cotton in 1953. 
Land-2 - land-1 plus the 1953 acreage of wheat, .com, oats, 

barley, grain sorghum, soybeans, corn silage, and sorghum 
silage. 

Land-3 - land-2 plus the 1953 acreage of all tame hay. 
Land-4 - the 1953 acreage of wild hay. 
Land-5 - a pasture constraint measuredin animal unit months 
(A. U. M.); (There is only one land-5 constraint for each of 

the 20 livestock regions. Hence, pasture acreages are 
aggregated for all of the crop-producing areas in each live
stock region.) Land-5 includes cropland pa sture, open per
manent pasture, woodland past'..lre, and pasture not in 
farms, eacb weighted by its appropriate A.U.M. coefficient; 
plus land-3 weighted by its appropriate A.U.M. coeffiCient, 
tben aggregated over all crop areas in each livestock 
region. 

The structure of land constraints supposes that (1) grain 
crops can be grown on all of the cotton land, but not vice versa, 
(2) hay can be grown on all of tbe grain and cotton land, but not 
vice versa, and (3) pasture can be grown on all land for crops 
and hay, but not vice versa. 

Livestock capacity constraints 

The level of livestock production in any region was limited 
by a capacity constraint for each type of livestock. These initial 
capacity constraints were set at the historic high for each class of 
animals in each of the 20 regions. 

2 One A.U.M. (animal unit month) is assumed to be equivalent to 410 
T.D.N. (total digestible nutrients). 
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These constraints, defined as the maximum historical number 
of each type of livestock in each region, were computed for: 

1. The number of milk cows, 
2. The number of beef cows, 
3. The number of cattle placed on feed, 
4. The Uveweight production of hogs. 

For different solutions, these constraints for livestock regions 
were varied. The variation in constraints was used to simulate 
different periods of time over which livestock-producing capacity 
might be adjusted. The nature of these variations in livestock 
capacity constraintR is explained in a later section of this report. 

Regional demand constraints 

Demand constraints for the 20 consuming regions were used 
for crops going into industrial uses and into direct human consump
tion. Regional demand constraints for these purposes were 
specified for wheat, feed grains, and oilmeals. A single national 
cotton lint demand constraint was used. Regional consumption 
constraints also were specified for five livestock products: 
grade 1 beef (I.e., beef from grain-fed cattle), grade 2 beef (I.e., 
nongrain-fed beef), fluid milk, manufactured milk products, and 
pork. The regional consumption constraints (based on population, 
per capita income, historic trends, and regional consumption 
patterns) were defined for both 1954 and 1965. 

Estimated export and industrial requirements for wheat were 
allocated among regions according to the location of flour mills 
and other wheat processors, past production of flour, and the 
relative Shipments of wheat from the various seaports. Industrial 
and export requirements for feed grains were allocated in a 
similar manner. Export requirements for cottonseed and soybean 
meal also were allocated to regions according to relative past 
Shipments from the various seaports. 

Feed requirements for classes of livestock (sheep, goats, 
horses, and mules) and poultry not expliCitly included in the model 
were estimated for each region from unpublished data secured 
from the U.S. Department of Agriculture. These requirements 
were treated as negative supplies of concentrates (feed units 
and protein) and roughages (I.e., the feed requirements for these 
animals were entered as negative quantities in the appropriate 
cells of the constraint vector). Pasture requirements for these 
classes of livestock were subtracted from the pasture supply 
constraints in each region. 

National average per capita consumption requirements for 
livestock products were adjusted for regional variations due to 
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differences in income and degree of urbanization. These regional 
estimates were then multiplied by regional population figures. 

Supplies of exogenous concentrates 

Concentrates are available for livestock production from 
sources other than the crops considered explicitly by the models. 
Estimates of the supplies of each of these concentrates (animal 
proteins, byproducts from brewers, distillers, millers, and so 
forth) were based on unpublished data of the U.S. Department of 
Agriculture. Activities were constructed to allow the various 
regions to compete for these exogenous concentrates at the 
observed regional prices of each type of exogenous concentrate. 

Activities 
Four sets of activities were used in the basic model: crop 

activities for each of the 157 crop-producing areas, livestock 
activities for each of the livestock-producing regions, feed 
transfer activities, and transportation activities to allow shipment 
of livestock and crops among regions. Each of these classes of 
activities is explained below. 

Crop-producing activities 

Each crop-producing area has potentially nine crop activities: 
cotton, wheat, feed grain rotations, feed grain-soybean rotations, 
feed grain-silage rotations, feed grain-soybean-silage rotations, 
hay, hay-silage rotations, and wild hay (table 2). Silage can come 
from either corn or sorghum. Feed grain rotations are defined 
by the proportions of the land in corn, oats, barley, and grain 
sorghums for each area. 

The cropping activities .and land constraints are structured 
so that land is available for successively less intensive uses. 
Thus, in situations where the more intensive land uses in a 
particular area are precluded (under the assumptions of the 
model) by competition from other areas, consideration would be 
given to transferring cotton land to grain production, then to hay 
production, then pasture, before being allocated to the "surplus" 
category. Similarly, "grain land" would be transferred first to 
hay production, then to pasture, before being allocated to nonuse; 
"hay land" can be allocated to pasture, then nonuse. 

Output of wheat, feed grains, soybean meal, and cottonseed 
meal from crop activities is expressed in feed units. A feed unit 
is that amount of a particular concentrate feed equal in feeding 

10 



Tabl.e 2. --Tabular illustration of the models without the identity matrix and 
transportation activities~ 

Number 
of 

rawa 2 

Row 
identi-
Neution 

Restraints Units 

\ 
Hay Wild 

hay 
Feed 
grains 

~ ~ Acres 

1 1 Oost row \Io11ars C 0 0 

64 2 Land_I' ncres 

157 ;l Land-2J acreu 1 

1.57 4 Land-J' acres 1 .1 

20 5 Land_53 A.U.M. 4 a a 

100 6 Land_I.J ncres 1 

20 7 Wheat demand ewt. P.U.' 

20 8 feed grain acct. ewt. F.U. -p 

2G 9 Soybean acct. cwt. 1".U. 

20 1Q Cottonseed ncat. awc. F.U. 

20 11 flay accounting ton -P -p 

20 12 Roughage ton 

20 J.j Feed units cwt. F.U. 

20 14 Protein cwt. 

1 1.5 Exogenous feed (Fl.) cwt. F.U. 

1 16 (1"2 ) ewt. p.U. 

1 17 (F) ) cwt. F.U. 

1 18 \Ft ) c,rt. r.u. 

20 19 SeeC calves head 

20 20 Yearling calves huad 

20 ~~l .BeeC, grade-l cw"C. 

';;\1 l~ Beef, grade-2 cwt. 

~)t) 23 Pork cwt. 

2Cc 2'.. Fluitl mill< cwt. 

2\) 2~ Manufactured milk cwt. 

1 26 Natl. cotton demand ewt. 

2(.) i!7 Milk eow limh head 

20 28 Fed c a t:r 1.. limU hend 

20 .19 BeeC cow liml t head 

20 .1(> Hog limit cwt. 

b 31 Exogenous roughage tons 

157 

See footnotes on page lb. Continued 

No", of act!vities 6 157 100 
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Table 2.--Taoular illustration of the models without the identity matrix and trans
'portation ac:tivities1 --Continued 

Row ,IF.G., IF.G., IF.G.,s.B·'1 Hay Iider.ti- S.B. silage silage silage Wheat Cotton Fl F2 

fication rotn. rotn. rotn. rotn. 


Acres Acres Acres C..-1;. F.U. em. F.U.~ ~ ~ 

1 C C C C C C C C 

:2 1 


3 1 1 1 1 1 1 


.. 1 1 1 1 1 1 


5 a a n a a a 


6 

.,, -p 

8 -p -p -p 

q -p -p 

10 -p 

11 -p 

1:2 -p -p -p 

13 -1 -1 

14 -f -f 

1" 1 

1b 1 

17 

1ll 

19 

2C 

21 

22 

2J 

24 

25 

26 F 

2'1 

28 


29 


3C 


31 
_~_"""'_~_r'_"< ..... - --,- -,.;.--.~.". > --..,-.. 

1v) 1 .. !> 
~----

1<'0 146 147 64 20 20 

Continued 
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Tab1e 2.--Tabular illustration of the models without the identity matrix and trans
portation activities1 --Continued 

'Row 
identi- F3 FI. 

F.G. 
to 

Soybeans 
to 

Cottonseed I Wheat 
to to 

Hay to 
roughage 

fication feed reed reei! .feed trnnsfex 
.1-

~~ Cwt.F.U. .£.wt.F.U. Cwt.F.U. ~ ~ 

1 C C 0 \) 0 0 0 

2 

:J 

4 

6 

7 1 

8 1 

9 1 

10 1 

11 1 

12 -1 

1:1 -1 -1 -1 -1 -1 -1 

14 -f -f -1' -f -f -f 

1'· 


It, 


1':' 1 


ll~ l. 

11 

" 

,1 

~~ " 

. ,~ 

C4 

" 
~t 

, 

...' 
~ ,I 

,1 

.~ 

~~--"~--

2 2" 2'1 

r,~on~iinue:1 
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Table 2.~-·rnbulur illustration of the model.s without the idenUty matrix and traruJ
portution activities.l--ContinUed 

Row Fluid milk td 
identi- manufoctured Milk Beef Yel,rlingJ CnU 1yearling+Ea~ternI Ex

cows cowsf1cut:ion milk transfer culves slaughter slaughter fer~~d !~~~;: 
-



Table 2.--Tabular iJl~tration of the models without the identity matrix and trans
portation activities1--Continued 

Row 
identi
fication 

Calves 
fed on 
silage 

Calves 
fed no 
silage 

Southern 
deferred 

calves 

Short-fed 
yearlings 

Yearlings 
fed on 
silage 

Yearlings 
fed no 
silage 

Hogs 
Exogenous 
roughage 
to roughage 
transfer 

Head Head Hea' ~ Head Head Cvrt. ~ 

1 C C C C C C C C 

2 

3 

4 

:; A A A A A A A 

6 

7 

8 

9 

10 

11 

12 F F F F F F F -1 

13 F F F F F F F 

1,. F F F F F F F 

15 

16 

1'1 

18 

n 1 1 1 

;''0 1 1 1 

'::1 Q Q Q Q 

22 

23 Q 

24 

;:'5 

2{, 

27 

ZS" 1 1 1 2 1 1 

2'1 

}', 1 

,1 1 
--, ..,.~~ .. ~---. 

...\: 2'"'. ;?O 21,: 2') 20 2{J b 
- ,,-.,~"-~--~-.----

r:ontinued 
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FootllOtes for table 2. 

l. The rows and activities represented a;:>ply to one region containing one crop
ping urea. 'rhe numbers or letters in ;:. p(lrticular culwnn and row indicate that a 
cE'rtain tunount of the resource or intenne<lll1i;i: product identified under the 
"Constraint" ,,01= is required fOl' Fluch uni, of the corresponding adivity. Where 
no number or lette~' appears in a column uppoaite a particular row, "the coefficient 
ie zel'O. i'bl,! C ',; in the 1'il'ot row reprenent ('octu per unit 01' the corresponding 
nctivit~· . 

2 The n\llllber in the first column oppoeite each row indL'uteu the n\llllber of 
~'e~ion'1 01' tlrpac wld"h have the r'o1'rcGponding re~\'traint Ol' lo'quation, 

Land "tl'tegol'iE'l~ lire deL'ined OIl page 8. 
" A.U,M, l1tn(1d,1 Cor !Ulilllsl unit months, For thiu study, one A.U.M. ll'l equivulent 

to.4lil T,D.N. tutll1 digcutiHe nutrien'to) . 
. ' F.lI, tltund" fur r"ed unito, One f'.U. io equivalen't in feeding va1.ue to one 

powld of corn. 
6 Indicuteothe numbE'r oC areas 01' regions for whh~h the correoponding activity 

was constructed. 

value to 1 pound of corn. Feed unit factors used in this study are: 
wheat, 1.050; oats, 0.850; barley, 0.920; grain sorghum, 0.985; 
soybean meal, 1.650; and cottonseed meal, 1.350. 

The output of the cropping activities in each area is entered 
into regional accounting rows with one exception: Lint output from 
all cotton activiHes is channeled into one national COttOIl lint 
demand row. Accounting rows for each of the 20 regions include 
(1) wheat demand, (2) feed grain accounting, (3) soybean meal 
accounting, (4) cottonseed meal acc.ounting, and (5) hay accounting. 
Transfer activities are employed to transfer commodities in the 
feed accounting rows to livestock feed supplies. However, before 
any of the commodities in these accounting rows can be used for 
livestock feed it is necessary to meet predetermined regional 
demands for wheat, feed grains, soybean meal, and cottonseed 
meal for human consumption, industrial uses, and foreign exports, 
and hay used for making alfalfa meal. These requirements are 
treated as negative supplies, as explained earlier. 

Each crop activity has a cost coefficient which enters the 
objective function. These coefficients differ among regions accord
ing to the technology used and the natural conditions surrounding 
production. 

Feed transfer activities 

Feed requirements are expressed in terms of f0ed units, 
protein, and harvested roughage. Feed transfer activities move 
the various types of feedstuffs from the regional accounting rows 
mentioned above to the livestock feed supply rows for the same 
regions. These transfer activities, five in each livestOCk region, 
convert (1) wheat to feed units and protein, (2) feed grains to feed 
units and protein, (3) soybean meal to feed units and protein, 
(4) cottonseed meal to feed units and protein, and (5) hay to 
roughage. For example, the soybean meal-to-feed transfer activity 
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takes one feed unit from the soybean accounting row and places one 
feed unit into the feed unit row and 0.273 pound of protein into the 
protein row.s Similarly, other feed transfer activities move feed 
units from the accounting rows to the joint components of concen
trate feed for livestock feed units and protein. Silage output is 
moved directly from the crop activity producing it, into the 
roughage row in hay equivalent units, 

In addition, five other transfer activities were employed in 
each region. Transfer activities were used to move feed from 
four national concentrate supplies, exogenous to the model, to 
feed units and protein of the regions. These concentrates, moving 
from exogenous national supplies, are: FI , oil meals excluding 
soybean oil meal and cottonseed oil meal; F2 , animal proteins; 
Fl , grain proteins; and F4,4 other byproduct feedsinc}udingwheat 
and rice mi1lfeeds, and miscellaneous grains. A transfer activity 
was also employed to move regional supplies of harvested 
roughages exogenous to the model (beet silage and pulp, citrus 
pulp, peanut hay, and others) to the roughage supply row. Estimated 
in hay equivalents, these regional supplies of exogenous roughages 
were forced into the roughage supply row at regional hay prices. 

Concentrates and roughages transferred to the regional 
livestock feed equations could not be usedfor the regional livestock 
activities in the model until feed requirements for livestock 
(horses, mules, sheep, goats, and poultry) exogenous to the model 
had been met. As explained previously, these predetermined 
quantities were treated as negative supplies of harvested 
roughages, feed units, and protein. 

Livestock activities 

Twelve livestock-producing alternatives were defined for 
each of the 20 livestock-producing regions. These include milk 
cows, beef cows, hogs, yearling feeder calves, and the following 
eight beef-fattemng activities: eastern deferred calves; extended 
silage calves; calves fed on silage; calves fed no silage; southern 
deferred calves; short-fed yearlings; yearlings fed on silage; and 
yearlings fed no silage. The eight designated types of cattle feeding 
activities are indicative of the feeding systems considered. 
Variations were made for regional differences within these eight 
general feeding systems. 

S Soybean meal was assumed to be 45 percent protein. One feed unit of 
soybean meal is 1 : 1.65" 0.606 pounds of soybean meal. Pounds of protein per 
feed unit are: Soybean meal, 0.273; cottonseed meal, 0.304; wheat, 0.110; 
corn, 0.086; oats, 0.139; barley, 0.116; and grain sorghum, 0.112. 

4 Pounds of protein per feed unit for the exogenous COncentrates are: F l , 

0.224: F2 , 0.550; ~ ,0.193; and F
4 

, 0.144. 
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Table 2 indicates the general nature of resource require
ments and outputs of these activities. 

Nongraln-fattened beef (grade 2) is suppUec from (1) animals 
culled from beef cow and dairy herds and from vealed dairy 
calves, (2) slaughter of yearling feeder calves, and (3) slaughter of 
fet:der calves. Slaughter activities for yearlings and calves repre
sent alternatives to their use as inputs for grain-fed beef and 
provide the requirements of grade 2 beef in excess of that available 
from culled stock of dairy and beef cow herds. 

Transportation activities 

Transportation activities among regions are defined for each 
final and intermediate product. Production processes in each of 
the 157 crop areas and the 20 livestock regions thus can compete 
with processes in the other areas and regions for the various 
commodity markets. Commodities for which transportation activi
ties are defined include wheat, feed grains, soybean meal, cotton
seed meal, hay, feeder calves, yearling feeder calves, grade 1 beef, 
grade 2 beef, flUid milk, manufactured milk products, and pork. 

Transportation activities exist only among the 20 livestock
producing regions, which are identical with the 20 consuming 
regions. The crop products from the 157 crop-producing .areas 
are aggregated, through the accounting rows, into regional supplies 
conforming to the 20 livestock (consuming) regions. However, 
this procedure still allows each of the crop-producing areas to 
compete with the other 1'56 areas, the supplies of each crop within 
each area being determined within the model. Potentially, there 
are 20x19=380 transportation activities for each intermediate 
or final product; or, since there are 12 products, there are 4,560 
(380xI2=4,560) potential transportation activities in all (each 
region can ship commodities to each of the other 19 regions). Of 
course, some potential transport activities are not operable (e.g., 
cottonseed meal is not produced in the Dakotas). 

Mathematical Model 
As mentioned previously, the basic structure is the same for 

the three specific models expressing differences in constraints 
and technical coefficients. Subscripts and superscripts are: 

k = 1, 	2, ... , 157 where the values of k denote the crop-pro
ducing areas shown in figure 1; 

g =. 1, 	2, ... , 20 where the values of g denote the livestock
producing (or consumption) regions shown in figure 2; 
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k(g) 	 denotes those crop-producing areas contained in the gth 
region (table 1J; 

t = I, 	2, 3, 4 where the values of t represent the following 
categories of land. 


I - Land-1 

2 - Land-2 

3 - Land-3 

4 - Land-4 


= I, 2, "'s 9 where the values of j represent the following 
crop activities: 

1 - cotton 
2 - wheat 
3 - feed grain rotations 
4 - feed grain-soybean rotations 
5 - feed grain-soybean-silage rotations 
6 - feed grain-silage rotations 
7 - tame hay-silage rotations 
8 - tame hay 
9 - wild hay 

i = 1. 	 2, ... , 12 where the values of i represent the following 
livestock activities: 


1 - milk cows 

2 - beef cows 

3 - yearling feeder calves 

4 - calves, no silage 

5 - calves fed silage 

6 - calves on extended silage 

7 - calves, eastern deferred 

8 - calves, southern deferred 

9 - short fed yearlings 


10 - yearlings, no silage 

11- yearlings fed silage 

12 - hogs 


n::: 1, 	 2, ... , 6 where the values of n represent the following 
crop products: 


1 - cotton lint 

2 - wheat 

3 - feed grains 

4 - soybean meal 

5 - cottonseed meal 

6 - hay 
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m = 1. 2 •...• 5 where the values of m represent the following 
livestock products: 

1 - fluid milk 
2 - an aggregate of manufactured milk products 

measured in whole fluid milk equivalent 
3 - beef. grade 1 
4 - beef. grade 2 
5 - pork 

u =1, 2, 3, 4 where the values of u represent the following 
classes of exogenous concentrate feeds: 

1 - oil meals excluding soybean meal and cotton
seed meal 

2 - animal proteins 
3 - grain proteins 
4 - other byproduct feeds including wheat and rice 

millfeeds and miscellaneous grains 

e ...: 1, 2, 3 where the values of e represent the following types 
of livestock feed: 


1 - feed units 

2 - protein 

3 - harvested roughage 


h =1, 2 	where the values of h represent the following types 
feeder cattle: 


1 - 400-pound calves 

2 - 700-pound yearlings 


v = 1, 2, 3, 4 where the values of v represent the following 
categories of livestock production capacity restraints: 

1 - milk cows 
2 - beef cows 
3 - feeder cattle placements 
4 - hogs 

gg', g'g = 1,2, "., 20 but gf=g' wheregg' denotes transporta
tion from region g to region g', g'g denotes transpor
tation from region g' to region g, 

Input-output coefficients: 

Cl t ,
jk' 	 amount of the t-th land category required per unit of 

the j -th crop activity in the k-th area; 

P jk! 	 animal unit months of pasture required per unit of the 
j-th crop activity in the k-th area; 
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, 


'rig: 	 animal unit months of pasture required by the i-th 
livestock activity in the g-th region; 

8~k: 	 output of the n-th crop product per unit of the j-th crop 
activity in the k-th area; 

Efg: 	 requirement of the e-th category of livestock feed per 
unit of the i-th livestock activity in the g-th region; 

,;n: 	 quantity of the e-th category of livestock feed supplied 
per unit of the n-th crop product transfer activity in 
the g-th region; 

quantity of the e-th category of livestock feed supplied 
per unit of the u-th exogenous concentrate feed transfer 
activity in the g-th region; 

~~: 	 quantity of the e-th category of livestock feed supplied 
per unit of the exogenous roughage transfer .activity 
in the g-th region; 

II ~k: 	 quantity of the e-th category of livestock feed supplied' 
directly from the j-th crop-producing activity in the k-th 
area; 

vfg: 	 quantity of h-th type of feeder calf supplied per unit of 
the i-th livestock activity in the g-th region; 

~~: 	quantity of the m-th livestock product supplied per unit 
of the i-th livestock activity in the g-th region; 

T ~: 	 quantity of grade-2 beef supplied per unit of the h-th 
feeder calf slaughter activity in the g-th region; 

amount of the v-th livestock capacity constraint re
quired per unit of the i-th livestock activity in the g-th 
region. 

Activities: 

Xjk: 	 the level of the j-th crop activity in the k-th area; 

Yig: 	 the level of the i-th livestock activity in the g-th 
region; 
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Z ng: 	The quantity ·:>f the n-th crop product .transferred to 
livestock feed in the g..;th region; 

E ug: 	the quantity of the u-th exogenous concentrate trans
ferred to livestock feed in the g-th region; 

v g the quantity of the exogenous roughage transferred to 
livestock feed in the g-th region; 

n n 
A gg" Ag'g : the level of crop product transportation activities 

transporting the n-th crop product between regions 
g and g'; 

h m 
Bgg' 'Rg'g : 	 the level of feeder calf transportation activities 

transporting the h-th type of feeder cattle between 
regions g and g'; 

m m 
R gg" R g'g: 	the level of livestock product trane-portation ac

tivities transporting the m-th livestock product 
between regions g and g'; 

the level of the h-th feeder cattle slaughter activity in 
the g-th region; 

M the level of the activity which transfers fluid milk to 
g 

manufactured milk in the g-th region. 

Constraints: 

the acres of the t-th land category in the k-th area; 

the animal unit months of pasture available in the 
g-th region; 

n 
P g : 	 quantity of the n-th crop product (the quantity re

quired for human consumption, industrial uses, and 
exporti in the g-th region; 

the output requirement (demand level) of the m-th 
livestock product in the g-th region; 

national supply of the u-th exogenous concentrate; 

supply of exogenous roughages in the g-th region; 
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, 


quantity of the e-th type of livestock feed (equal to 
the quantity required for livestock and poultry exo
genous to the model) in the g-th region; 

capacity limit of the v-th class of livestock in the g-th 
region. 

The objective function is defined as one of minimizing the 
national cost of production and transponation of the crops (157 
areas) and livestock (20 regions) required to meet the demand 
constraints of the 20 consuming regions, including requirements 
for expons and for livestock not included in the model. The 
objective function thus is: 

Minimizef(c) =t T(Cx)jk xjk+rf (ciig yjg+r; (0) z; (I> 

+~ (cV>V + ~.~ (c) E 
U +:S~ (Ca>gngl Agnglg g g u e ug g n gf::g' 

n n 

+~ ~ (Ca>glg Ag'g +:s (0) Mg 


n g'::ig g 

h h h+~ ~ (~) I + ~ ~ (~> B II 

h gfg' g g h g'g g g g g 

h m m 
+.~:s (0) Sg +~ ~ (cdggl Rgg' 

g h m gf::g' 

) m R m(+~ ~ cr g'g g'g 
1!I g';ig 

The c coefficients in parentheses in equation (1) indicate the cost 
per unit of the variables they precede (zero coefficients precede 
transfer activities for which no cost is involved). Variables, 
subscripts, and superscripts are as defined previously. 

Equation (1) is minimized subject to relations (2) through (12). 

Land constraints for each of the 157 areas are: 

9 

:s (2)
j=l 

where t=l, 2, 3, 4 and k=l., 2, ,." 157. 

The above land constraints are structured as follows: 

Land-l 

t t 


a. jk X jk ::; L k (2a) 

where j =1, t=1; 

23 



Land-2 

7 
[ [ 

l: aJ"k Xj'- .:s L k (2b)
j=1 ... 

where t=2; 

Land-3 

(2c) 
j=l 

where t=3; and 

Land-4 

(2d) 

where j=9. t=4. 

Each region has a pasture constraint of this nature: 

8 1< 
l: l: ~jlc Xjk + l: 'Yig Yig :::: (A.U.M.) g (3) 
k(g) j=l 1=1 

The single national cotton lint demand constraint is: 

n 
l:k [)"

J.
k XJ"k ;::: pn (4) 

Where n=l. j =1. 

Requirements for food processing. industrial uses. and export 
of crop products are: 

8 

~ ~ [) n X + l: An "' An + Zn n 
- k(g) j=2 jk jk gr=g' gg' - g'#g g'g g:::: -Pg (5) 

wbere n=2.3•...6.g.g' =1.2•...• 20. 
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National supplies of exogenous feed concentrates are: 

20 u u 
:£ Eg = F. u=l. 2. 3. 4•...• 20. (6) 
g 

The supply of exogenous harvested roughages in the g-th 
region is: 

Vg = ct. (g=l. 2, ...• 20). (7) 

The livestock feed constraints in the g-th region is: 

7 
U e e 

E A V-:£ ~f.lk (8)g - g g k(g) j=5 j 

< _Ue 
- g 

where e=l. 2. 3, g=l. 2, ... , 20. 

The regional feeder calf supply is: 

Beef calves, 

2 8 

- ~ Vi 
h 

Yig + :£ (9)
i=1 g i=3 

where h=l, g.g'=l, 2, .... , 20; 

Yearlings, 

where h=2, and g,g'=1,2, ... , 20. 

The demand levels for livestock products in each region are: 

Fluid milk, 
m 

~ - M + :£ R~ - (11a)
ig 

Y ig g g':;ig g g 


where m=l, i=1, and g,g'=l, 2, ... , 20; 
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Manufactured milk products. 

m m m 
Mg + g'~g Rg'g - g~' R gg' 2: Qg (llb) 

where m=2. g.g'=l, 2•.••• 20; 

Beef. grade 1. 

m m+ ~Rn: Rgg' ~ Qg (llc)Y i g g';tg g g 

where m=3, g.g'=l, 2, ..•• 20; 

Beef, grade 2. 

2 2 
m m ~ ~~ Y + ~ ~ (lld)

i=1 19 ig h=l 
R gg, Q g 

where m =4. and g,g'=l. 2•...• 20; 

Pork, 

m 
~lg (He) 

where i::i2. m=5. and g.g'= I, 2•...• 20. 

Finally, the upper limit on livestock production is: 

12 

L (12) 
1:1 

where v=l. 2. 3. 4. and g=l, 2 •••• 20. 

A further constraint is, of course. that none of the activity 
levels can .be negative. 

Specific Models and Solutions 

Three empirical models were constructed within the overall 
mathematical structure outlined above. Solutions were obtained 
for two levels of technology and output requirements were esti 
mated for two models. the 1954 model and the 1965 model. The 
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third specific model uses the same level of crop technology as 
the 1965 model but uses a level of livestock technology for all 
producers equal to that of the more efficient livestock producers 
in each region. The third model is designated the E.M. (efficient 
management) model. 

The two study periods were chosen so that the net effects 
of changes in technology, consumer income, population growth, 
and relative shifts in population density on the optimal allocation 
of farm production could be ascertained. Thus, 1954. a year of 
no surplus stocks for the commodities studied, was selected for 
comparison with 1965, when surplus capacity and stocks were 
relatively large and output was restrained by various programs. 
For this purpose the optimal regional allocation of production 
was estimated for both periods within the model framework 
previously outlined. 

Several solutions were obtained for each model corresponding 
to variations in different levels of livestock capacity constraints 
and demand in each region. The solutions are coded as fol
lows: Solutions numbered 1 through 26 are for the 1965 model; 
31 through 56 5 are for the E.M. model; and 71 through 75 are for 
the 1954 model. Indices of the level of demand constraints, I~ and 
I~, and the livestock capacity constraints, I~ and I~ , for each 
solution of the 1965 and 1954 models are outlined below. Each 
solution has a unique combination of capacity and demand (con
straints). A summary of the combinations of the various solutions 
follows: 

A. 	 1965 model 

1. 	 Solutions 1 through 19;6 demand held constant at the 
level I~=1.0 and capacity at the 19 levels where I~5=1.0, 
1.1, 1.2, ... 2.9, 3.0. 

2. 	 Solutions 20 through 24; capacity held constant at the 
level I~5=3.0 and demand at the five levels I~5=1.05, 
1.10, 1.15, 1.20 and 1.22. 

B. 	 E. M. model 

1. 	 Solutions 31 through 50; demand held constant at the 
level I~=1.0 and capacity at the 20 levels Ic65 = 1.0, 
1.1, 1.2, ... 2.9, 3.0. 

5 Because of the magnitude of the study and the large volume of results 
generated, results of the E.M. model are not presented in this report. 

6 Parametric programming was employed with solutions printed at ap
proximately 10 percent changes in Tegionallivestock capacity constraints and 
at 5 percent changes in the regional demand constraints. 
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2. 	 Solutions 51 through 54; capacity held constant at the 
level I~=3.0 and demand at the four levels 1:=1.05, 
1.10, LIS, 1.2. 

3. 	 Solutions 55 and 56; capacity at the level Ie65 =1.0 and 
at the two levels Id= 1.05, 1.08. 

C. 	 1954 model 

1. 	 Solution 71; fct =1.0 and I~ = 1.0. 
2. 	 Solution 72; Ie!' =:1..0 and I~ = 1.4. 
3. 	 Solutions 73, 74, and 75; l~ =1.0 and Ie

54 
=1.45, LSD, 

and 1.56. 

The indices are the same for each of the 20 regions for all 
solutions. 

The index, l<J, defines the level of the minimum output con
straints on final commodities in relation to the first solution of 
each model. As noted below, I~=1.0 refers to demand at 1965 
levels; thus I~5=1.1 would refer to solutions made for 1965 tech
nical and restraint conditions, but demand levels 10 percent 
higher than 1965 actual conditions. A similar interpretation holds 
for the index of livestock capacity constraints Ie' For example, 
demand and capacity indices for solution 2 are Id =1.0 and 
I~ =1.1. Thus, for solution 2, the demand constraints are the 
sa me as for solution 1, at the 1965 level, while the livestock 
capacity constraints are 110 percent of their levels in solution 1. 
For solution 24 (l~5= 1. 22, I~ =3.0) the demand constraints are 122 
percent of their levels in solution 1 or solution 19, while the 
capacity constraints are 300 percent of their levels in solution 1 
but the same as in solution 19. Regional demand levels, constraints 
(4), (5), (8), and (l1a), were varied simultaneously and in the 
same proportions over all regions and categories offinal commodi
ties. 

In review, final commodities included in these constraints 
are grade 1 beef, grade 2 beef, fluid milk, manufactured milk 
products, pork, and cotton lint, as well as requirements for 
domestic human consumption, industrial uses, and export of 
wheat, feed grains, soybean meal, and cottonseed meal. A portion 
of the output requirements of these latter crop products is treated 
as intermediate resources for livestock production. 

Initial demand levels for solution I, tJ= LO, for commodities 
represented in equations (4), (5), and (l1a) through (lle) are 
estimated to reflect requirements for domestic human consump
tion, exports, and industrial uses in 1965, based on trends 
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observed through 1963.7 Feed requirements for livestock and 
poultry exogenous to the model, equation (6), are based on trends 
in feed requirements and trends in the numbers of animal units 
of each type of livestock and each type of poultry over a similar 
period. For solution 71 of the 1954 model, demand or minimum 
output requirements, I~ =1.0, are set at observed 1954 levels of 
domestic human, export, and industrial utilization of the various 
commodities represented in equations (4), (5), and (l1a) through 
(He). Solution 71 feed requirements for animals exogenous to 
the mode1s--equation (6)--are based on observed 1954 feeding 
rates and number of animals. 

The index, I~, or I~, defines the livestock capacity con
straints for each solution in relation to the levels of these 
constraints used in the first solution of each model. These 
capacity constraints, equation (12), also were varied simul
taneously and in the same proportions for each region and class 
of livestock. 

Initial livestock capacity levels for the 1954 model, I~=1.0, 
were based on the maximum number of each class of livestock 
produced in any year through 1963. The year in which the maximum 
number occurred in most regions was 1945 for hogs and 1954 
for milk cows. The maximum numbers for both cattle on feed and 
beef cows occurred in 1962 or 1963 for most regions. 

For the 1965 model these capacity constraints were based on 
the maximum number of livestock ever produced. The level 
I~ =1.0 was based on observed inventory levels through January 1, 

s1965, for beef cows and milk cows. For numbers of cattle placed 
in feedlots and for beef cows, capacity constraints I~ =1.0 were 
based on observations through 1964. In order to have some slack 
for regional adjustments in the beef sector, the latest observed 
numbers of beef cows and cattle on feed were multiplied by 1.1 
in each region. 

Because of space limitations and the great volume of results, 
only solutions 1, 19, 24, and 71 are discussed in this report. 

DATA USED 

A large amount of analysis was required to estimate produc
tion coeffiCients for the many commodities of each model. Coef
ficients had to be estimated for each commodity, region, and 

1 This procedure somewhat underestimated export demand for grains. 
It was used to estimate 1965 demand or consumption levels since formulation 
of t/"le model and data were started before 1965 • 

• For hogs and milk cows the capacity constraintS used for the 1954 model 
applied in most regions to the 1965 model. 
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model. Each activity required estimates oflabor, land, and capital 
requirements and of yield or output. Coefficients for feed grains, 
wheat, cotton, and soybeans were largely available from studies 
in collaboration with Heady by Egbert (b ~, .!), Skold (~, !.!., 12), 
and Whittlesey (Q., 15). Approximately 9 man-years were re
quired to develop and assemble the additional data for the three 
models used in this study. 

A different set of data was developed for each of the three 
models. Coefficients were estimated to represent average regional 
production input-output relations in crop and livestock production 
for 1954 and 1965. The third set of coefficients involved new 
estimates for only the livestock activities. They represent input
output relations achieved by the more efficient producers of 
livestock in each region. 

The average regional cust coefficients include charges for 
depreciation, maintenance, and interest on all items of machinery, 
equipment, buildings, and other facilities involved in production. 
They also include charges for labor, fertilizer, fuel, lubricants, 
insecticides, herbicides, seeds, prepared feeds, veterinary 
charges, breeding fees, and other direct costs incurred in produc
tion. No charge is made for land, however. Land costs are not 
included in the cost coefficients. If land has no major alternative 
uses except those included in the model, exclusion of land costs 
has no logical or theoretical shortcomings with respect to the 
solution vector and imputed product prices. Few other land use 
alternatives are important over the wide expanse of the Corn 
Belt and Northern Great Plains. However, in some areas, ex
cluded crops are of major importance in determining opportunity 
costs for land. 

A rather complete collection of recent studies containing 
input-output coefficients for farm enterprises was secured from 
all States. This collection included the publications listed in 
II Publications Containing Recent Farm Enterprise Input-Output 
Data," by Marlowe M. Taylor (14). Other publications also were 
reviewed, many being supplied by individuals at the various State 
agricultural colleges. All State agricultural experiment station 
bulletins and agricultural extension circulars from 1950 to the 
present were included. 

Even with this large collection of data, considerable difficulty 
was encountered in developing cost coefficients for hay and live
stock activities. Since hay is usually of minor importance relative 
to other farm enterprises, costs for hay are seldom studied in 
detail. Production costE" for any particular livestock enterprise 
vary widely even within regions, and similar procedures are not 
always used in aggregating their unit costs. 
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Because of space limitations and the large amount of material 
involved. it is not possible to detail the estimation procedures. 
data sources. and data used in preparing this report. Only a 
resume of the general nature of the various coefficients is given 
here. Details on estimation procedures for the constraints and 
coefficients used are provided elsewhere (1 p. 50-181 and 
p. 461-669). 

Crop Coefficients 

Crop costs include those for machine use. buildings. labor. 
and direct input items such as seed. fertilizer. etc. Estimates of 
1954 costs for crops other than hay were secured by first de
termining the machines used. the times over for each machine. 
and the time required per once-over for each machine operation. 
Production practices were separated into preharvest and harvest 
operations. Components of machine costs included depreciation. 
interest. taxes. insurance. grease. repairs. fuel. and oil. These 
components of costs were estimated for each machine. Estimates 
of labor use were developed at the same time by determining the 
labor hours by machine operations. In addition. estimates were 
secured for costs per acre of seed. lime. insecticides. herbicides. 
and irrigation. These estimates were developed by Egbert (~.~.!> 
for crop-producing areas 1 through 137. For areas 138 through 157. 
these coeffiCients were estimated in the same manner by the 
authors. 

For the 1965 model. costs for nonroughage crops were 
developed by Whittlesey (15) and Skold (11). Recent data on crop 
production practices were obtainable for only a few areas. To 
secure up-to-date estimates for crop production costs. an index 
of operating expenses per acre for each crop was developed for 
each State by years from 1949 to 1961. These indices were then 
projected linearly to provide costs for 1965. starting from the 
basic estimates for 1954. The projected 1965 index of costs per 
acre was then related to the 1954 index of per acre costs. The 
ratio so formed was then multiplied by the 1954 costs per acre 
estimated by Egbert (~) as follows: 

(13) 

where (165/154)ig denotes the ratio of the projected 1965 index of 
costs per acre to the 1954 trend value of the index of costs per54 
acre for the i-th crop in the g-th State. Cij denotes the per acre 
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costs estimated for 1954 by Egbert (2) for the i-th crop in the 
j-th area within the g-th State, and thus,cfj denotes the estimated 
per acre costs for 1965 for the i-th crop in area j. These coef
ficients were then checked with data on cost of production in 
areas for which up-to-date estimates were available. 

To eliminate stochastic weather results, nonforage crop 
yields for the 1954 model were estimated from the 1949-54 trend 
value for each crop in each crop-producing area, with the 1954 
point taken as the value. Where the trend was negative, the average 
yield over the period 1949-54 was used as the 1954 yield. For the 
1965 and E.M. models, the yields for these crops were estimated 
as follows: 

~ 

yif = (Yij /?ig) ig (14) 

II 
where Yig denotes the linearly projected value of the 1954-62 
trend in yield in the i-th crop in the g-th State (this yield was not 
allowed to exceed the highest historic yield of any particular crop 
in each State) and Yig denotes the average yield of the i-th crop 
in the g-th State for the 2 years 1954 and 1959, Yij denotes the 
average yield of the i-th crop in the j-th .area within the g-th 
State for the same 2 years, and thus Yij denotes the projected 
1965 yield for the i-th crop in area j. 

Cost coefficients for the tame hay, wild hay, and silage (corn 
and sorghum silage were combined) activities of the three models 
were developed in a manner similar to that outlined for the 1954 
nonforage crops. Preharvest costs were broken down into the 
following components: machinery, labor, spraying and dusting, 
fertilizer and lime, seed or sprigs, and irrigation. Coi:lts were 
estimated for each type of hay produced, with adjustments for 
years of stand and for the portion attributable to companion crops. 
The costs for the various tame hay crops were weighted by the 
proportion of total tame hay planted to each crop in each area. 
Harvest costs were estimated for each hay crop for each of the 
three methods of harvesting: baled, loose, and chopped. Cost 
estimates for mowing and raking were made on a per-time-over 
basis, then weighted by the number of estimated cuttings per year 
for each crop. Tame hayharvestcosts for each method of harvest
ing were then weighted by the frequency of each harvesting method. 

Wild hay was assumed to incur no preharvest costs. For the 
silages, preharvest costs for corn were used. All silage was 
assumed to be harvested by field forage harvesters. 

For the 1965 model, preharvest costs for hay and silage were 
estimated in a manner similar to that used by Skold (!.!) and 
Whittlesey (15) for nonroughage crops. Methods for estimating 
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1965 harvest costs for hay and silage were the same as the 
procedure outlined for 1954. Area yields for the forage crops 
were developed as in equation (14). 

The general procedures developed for estimating pro
gramming data for the 1954 set of livestock and transportation 
activities, demand reqUirements, livestock capacity constraints, 
and supplies of exogenous feeds were used also for estimating 
these data for the 1965 model. Hence, the following discussion of 
these data applies in general to both time periods. 

Livestock Coefficients 
All livestock coefficients had to be estimated anew for this 

study. Only crop coefficients were included in the previous inter
regional programming analyses. 

Milk cows 

Input-output coefficients for the milk cow activities include: 
nonfeed costs, pasture, harvested roughage, feed units, protein, 
milk, meat, and feeder calves. I:ach of these coefficients forms 
an element in the activity vector for milk cows in each region. 
Cost coefficients for milk cows were developed from data from a 
large number of State publications in conjunction with information 
on the distribution of methods of milking by size of herds and by 
States. Feed requirements and meat output per cow were es
timated mostly from unpublished data from the U.S. Department 
of Agriculture. Estimates of milk output per cow were taken from 
Dairy Statistics (17) for the 1954 model. For the 1965 model 
estimates were based on trends indicated from data in Dairy 
Statistics (17) and from Milk Production and Dairy Products (25) 
through 1964. Output of feeder calves per dairy cow was estimated 
to be 70 percent of the calves not kept for dairy herd replace
ments. Input coefficients for milk cow activities included both 
requirements for milk cows and requirements for herd replace
ments per milk cow. 

Beef cows 

Input-output coefficients for beef cows include all nonfeed 
costs, pasture, harvested roughage, feed units, protein, calves, 
and meat. Nonfeed costs were estimated from various State 
publications. Feed requirements were estimated from unpublished 
data and from the work by R. D. Jennings (.§.,2, 10). Meat output 
was estimated from unpublished data on inventory weights, multi
plied by estimated replacement rates adjusted for death losses. 
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Estimates of calf output per cow were 5-year averages of calving 
rates adjusted for death losses. Beef calves were assumed to be 
weaned at 400 pounds in all regions. 

Cattle on feed 

Eight different general systems were used for cattle feeding 
activities. Yearling feeders and calves could be fed varying 
combinations of forages and concentrates. Each of these general 
systems was varied according to general feeding practices of 
each region. Data from various State studies on cattle feeding 
were used to estimate nonfeed costs. Feed requirements were 
estimated by first developing a detailed outline by regions of the 
typical feeding phases and rates of gain within each feeding phase. 
Rations that would achieve the rates of gain estimated were then 
developed on the basis of experimental and survey information. 
Rates of gain for the various feeding systems were estimated 
from published surveys or from farm record studies. 

Yearlings 

The yearling activities represent an operation whereby a 400
pound calf is grown to 700 pounds on a ration of mostly hay and 
pasture. Coefficients for the yearling feeder producing activities 
were estimated in a manner similar to that used for cattle fattening 
activities. 

Hogs 

Feed requirements for hogs were estima ted from unpublished 
data. Total feed fed to hogs was allocated to each State by using 
unpublished estimates of the number of grain-consuming animal 
units' of hogs, multiplied by the feed units of concentrates fed 
per grain-consuming animal unit of hogs. These estimates were 
then divided by estimates of State liveweight production of hogs. 
Cost coefficients for hogs were estimated from various State 
studies and surveys of hog production costs and returns. 

Transportation Costs 
Cost coefficients among regions were developed for trans

portation activities by the authors and others, mainly from waybill 
sa mple statistics. Milk transportation costs were taken from work 
by Snodgrass and French <W. Commodities for which transporta
tion costs were estimated include feed grains, wheat, cottonseed 
meal, soybean meal, fluid milk, manufactured milk products, 
pork, beef, yearling feeders, feeder calves, and hay. 
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Quantitative Results 

As mentioned previously, results from only four of the 57 
solutions are presented because of the large amount of results 
involved and space limitations. The four solutions are 1, 19, 
and 24 of the 1965 model, and 71 of the 1954 model. 

The results are presented in the subsequent figures and 
tables. Production patterns for crops represent allocations 
for 157 areas corresponding to the 157 areas shown in figure 1 and 
to the land constraints represented in equation (2). However, 
because of space limitations, tables presenting data on crop output 
are shown only for the 20 consuming (also livestock-producing) 
regions. The quantities of crop output presented in the summary 
tables showing crop output by regions are derived by summing over 
all crop areas within each of the 20 product-consuming, livestock
producing regions. 

Tables 3 through 10 show actual production for 1954 and 
1965 and the production resulting from solutions 1, 19, 24, and 
71 for each of several different crops and types of livestock. 
Solution 71 is the basic solution of the 1954 model. It features 
levels of technology and utilization of final commodities ob
served for 1954. Solution 1, the basic solution for the 1965 
model, features levels of technology and utilization of final 
commodities estimated for 1965. Demand levels for solution 
19 are the same as for solution 1 but the livestock capacity 
constraints for solution 19 are 300 percent of their levels in 
solution 1 (i.e., I~ = 1.0 and I~ = 3.0). Thus, solution 19 repre
sents a situation with virtually no limitation on the number of 
livestock produced in anyone region except for considerations 
of site and cost. For solution 24, demand levels for final com
modities are 22.39 percent greater than for solution 1 or solu
tion 19, and livestock capacity constraints are the same as 
in solution 19 (i.e., I~ = 1.2230 and I~5 =3.0). Thus, in tables 
3 through 10, 1954 actual production is compared with solution 
71, and 1965 actual production is compared with solution 1. 
Differences between solutions 1 and 19 are due only to changes 
in the livestock capacity constraints and differences between 
solutions 19 and 24 are due only to changes in specified levels 
of demand. 

Solutions 71 and 1 were selected for presentation because 
they are representative of basic demand and technological condi
tions for 1954 and 1965, respectively. Solutions 19 and 24 repre
sent terminal solutions for parametric operations on the livestock 
capacity constraints and demand constraints, respectively. Solu
tions to the E.M. model are not presented in this report. 
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Toble J. --Harvestec. acreage of wheat by regions, 1954 and 1965, and fow' solutions 

Region 19~4 t l' 11965 actual' 1 Solution 71 1 Solution 1 1 Solution 19 I Solution 24' 
ae un (1954 model) (1965 Ill<'del) (1965 model) I (1965 model) 

------------------------------- ThoU!Jand ncres --------------------------------

1 ....... 

Z••• ••• • 1,321 78" 
 1,177.; 
3....... 6?~ JSI 17~.9 618.4 618.t. 349.2
"' ....... 291 171 2,407.8 

~ ....... 23 

b ••••••• I~Jd JlJ« 
'I ....... J,O'JH. 2,J:ll 1/:.?~iC.8 1,219.3 1,219.3 1,232.0 
8 ....... 1,,'J(1 83" 3,·.77.1 
'J ....... 790 53) 1,17>.1 2,331.8 2,73(;.3 3,219.4 

10••••••• J,:W') 2,8JO 2,5U8.9 2,932.2 2,'JJl.2 3,791.7 
ll....... '.11 5~h 1,.;38.[' 1,'118.3 387.;, 2,lOC.l 
12....... ? Jl)\.)~' ?,97') 7.837.1 8,30),4 9,860.3 9,224.7 
ll ....... 13.l?b 12/)56 ~1,96?6 13,210.(. 13,1l4.~ 12,?JO. 7 
1.; ••••••• lO,4C'! 8,8~)O 2,)48.9 W.1l0.9 10,110.9 lU,110.9 
1, ...... 0. '1,9J? :'),101 '? ,3';(;1.1 3,813." 4,070 ....) 5,925.3 
1(" ...... l,Q)2 1,~·37 3,29b.1 3,'1l9.J '•• 189.1 4,529.5 
17....... 1.21) 22ry 360.8 Jbb.6 186.2 
11l....... 368 2,;[1 280.7 ;:81.7 ~1?'3 28,).7 
19••..... 3,1.J2 J,:J?B 4,193.4 ~,9.H.... ? ~~ ,9~'-1.8 /;,94 tJ .9 
20.j· ••. · . -""0 D'> 101.1 bJ6.J 7;4. ~) 982.8 

U.S. .... 'l~.,y)(, '.:),31J. :.1,Jll.~~ ~J4,20,.::'!.,. ~I:',809.a :'9,018.1 

1 L)CWY'e: (~

2 ,;~OUl'~t·: 
 f!i 

Table 4.--Hnrvcstcd nCl'cnge of feed grain..1 f ..'urn, Jnt3, barlt!y, grain sorghum;' by regions, 
1954 and 190;, and four ~"lutions 

l'V' t 1l.1 1%< 'tuolZ\solU1;ion 711 Soluticn 1 \ Solution 19 \ Solution 24 
'4 ao un I :> a. (1"';4 model; 1 i IJ6~ model, (1~b5 model; \1965 mod"l) 

------------------------------ Thounand acres ---------------------------------
1. .. , ..• 2..,':' !Jt) IB.7 108.6 109.5 89.1 .,.......... 4,")4t

:) 3 , 211 J,bJ2.b 2,663.7 J,C3J." 2,887.1 
J ...••.. 4,1... .1- ~, ...tJ2 4J428.~ 2,285.1 2,204.1 2,738.6 

7,61~' 3,48;) 
:1 ••••••• ,,,l~ 40'3 
b ....... ~,~'C·R ';::,2(:6 .1,312.5 334.1 334.1 621.6 
7 ....... 11,.Jt;..;~ S,qll 12, .)17.J 9,;80.4 5,839.3 10,171.4 
B••••••• 1,.!~ 2,lbO 1,598.2 1,192.7 1,668.9 
'J ••••••• 17,422 11,0'.17 9,9'55.4- 7,876.9 5,519.3 t.,bJ'.;.4 

1u....... 3~' I\"~'t 26,11b 2<.,879.8 21,J57.(j 25,216.7 31,257.4 
11....... 1,$'.]0 1,103 181.1 21tl.J :)2.3 ~..!~.l 
12••••... 11,522 8,304- 7,30~.2 2,%2.1 3,283. ? 4,017.7 
13....... l~ ,068 11,413 11,J~7 ..? 5,282.4 3,936.2 b,b41.S 
1'........ l~t,(;:'6b 10,220 u,379.9 24.0 1,624.7 3,2OC.7 
l~ .•••.•. ~, ,btl 2,31J .1 
16....... 1,58.) 1,18B 152.2 5.9 5.9 5.Q 

~,~1'7 ••••••• 038 .5 283.5 162.5 
18 .•••••• 257 2C3 .1 
1'1 ....... 1,71.; ~70 759.2 
20•.••..• 2-,402 1,902 1,W).] l,14Q . .l 1,051.1 802.8 

U..S'. 145,8,)9 98,956 84,004.J ~'j,"'2?2 53,565.5 70,861.5 

1 Source: (~).

Z Source: (!2.'. 
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•••••••• 

tnble 5.--Harvested 8"rIlUge of soybeans for benns, by regions,. 1954 nnd 1965, nnd 
four solutioM 

l'.ogion 1954 ,t 11 11965 t 121 Solution 71 I Solution 1 I rSolution 19 ISolution 24 
no un . no un (19~4 mode11 (1965 model) (1965 model) (1965 model) 

----------------------------- Thoummd Bcres --...,----------___________...________ 

1.......... 

2 •••••. ~. 284 41,) 

1 .. I ••• ~. 41.,;/, 1,203 ';'69.9 208.() 176.1 228.2 

~ ...... ". 27B l,2/.U 

II'J ......... 
 i!9 74 
b ......... 14'
. '. 1,044 678.5 	 28"1.5 
7 •••••••• .J,tl(ll 5,tMl 2,017.4 2,493.4 1,J98.9 2,702.1 
~ .. '" ... 1....9 460 
-I •• ~ ••••• 2,,',,;;?', J,321 1,92~.1 4J1.6 269.1 114.3 

1, ........ B,\t;lq lJ,'}8; LO,224.? 6,<95.8 6,772.9 7,961.1
ll.. , ..... 1, ~~~l 5,JGC Jli... 6 1,797.0 920. l t 1,326.3
1,'........ Jb 204 

1.1•••••••• I+"}t) 1,o:J4 3,161.4 "3.4 39.8 67.1 
1.4......... ;'lJ 50.4 1,.17?7 .2 16.4 32.3 

1', ........ I--

Ill ........ 

17••••..•• 
l~ ........ 

1·........ 

~c 

U...~;. r',',~·"1 ~,~,~/l 2':,16-1.3 11,279.4 9,:'13.6 12,77!l.9 

---------...----------------------- Thouoand a.!Tes -----------...------------------__ 

L ... , .. 

~ t.~; 0 :;. J~o~) 1bS.~ 	 154.8 
3/.•	" l,-~~~t> .. ~ 2 f7H4~2 

"f: .~~ ....... .6 76.2 
1'4 • .,4-0 •• 

f,C'" .. t 1.")"( .l 't...~.? 624.9 .......... 

4~ ....... 

,~ ....... 


1" ...... ""'1,-: •.5 3 ~t"" '\ '1~.~.7 164.7 

a ....... ~'"1...,~. "~,!;,, , j~:::.l J ~f 3.9 1,::13.0 

~ ~""'" ~,t:~l.. ' ,~ ", .,74' .. 1,~t,,""::' 9,,]J1,.4 1;1,1;)5.) 

J..5 ........ 


J............. 


1· ....... 

l·'....... ,~. .I. .... " 2~1.' ~:~4::' 'r":.? 1,044~2 

1-:-1' ........... L~ ..:. 

: ........ 
 .... ~,..,j:~.·h 	 l, ..:;:'~." _,.j..1.3 1,)41.3 1,)41.3 

c .. .... 1',::'......: :'" ,e..: .~ ~1, .:71.4- 1;"J6~. ll.,'-lPA.l 1~;,1(j9.4 
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Tuble 7. --tlilk cows: Inventories by regions, January 1, 1954 and 1965, lind four solutions 

. 1J 21 Solution 71 1Solution 1 1Solution 19 ~ISOlul.iOn 2LRegipn 1954 nc"unl 1965 nctunl (1954 model) (1965 model) (1965 model) (1965 model) 

-----------------------------------Thousand head--------------------------------- 

1 ....... 784 594 610.2 512.3 Sl2.3 647.0 

2 •••.••• 2,961 2,599 2,758.2 2,314.5 1,617.8 2,224.8 

J ....... 1,093 705 597.3 475.9 475.9 582.5 

4 ....... 96B 515 764.5 547.3 

5 ....... 187 184 187.0 1B7.0 SOl.0 561.0 

6....... 1,390 996 998.5 

7 ....... 1,642 1,055 1,986.0 1,986.0 1,039.6 2,141.4 

B....... 926 673 1,080.0 1,080.0 808.9 1,799.9 

9 ....... 4,094 3,785 4,42B.O 4,428.0 7,957.6 8,459.9 


10•.•••.. 3,050 1,')60 2,988.4 1,224.9 

U ....... 1,390 736 467.9 

12....... 1,413 735 1,462.2 856.7 1,048.6 

13 ....... 1,020 612 1,449.0 275.7 

14 ....... 75& 518 1~8.9 101.6 

15....... J53 277 422.6 288.& 71 88.6 

10....... 225 14& 260.0 315.0 132.6 102.3 

17....... 100 100 1ll.7 126.0 239.2 292.7 

18....... 128 U& 92.9 71.4 09.2 84.7 

19....... 516 402 256.1 2.38.1 146.7 291.4 

2('....... 900 8&7 900.0 900.tJ 1,2'"/5.2 1,242.7 


I1.S. .... 23,896 17,575 2O,u19.3 17,062.4 15,963.7 19,627.5 

1. ~our('.e: (;11 \ ~ 
(.11'~ Source: .. ~.,' . 

Table 8. --Ileaf ('O'Ne: In·.'el\torle~ by regions, January 1, H~,.. and l':)b~, and rour "olutions 

D< ~ •• l' IN'-" •• 12 !Solution 71 ISulution 1 \SOlutiOI1 19 \SOlutiOI1 24Region ".. n, .Ua v at .un ~l</J'~ model ~ ,1'JtJ~ model; (1965 model) (196~ model) 

-------------------. ------------- Thuunnnd head --------------------------------

1 ....... IB ,!,~ 

2....... rr· 2,t;, 
3....... Cfk I!. ... .,IJ2.!' 
~....... 1,2J? 1,111 1,2J7.il lJ?'12.",~ 4 ,130.3 4,13Q.3 
~, ...... Rt.8 8.18 ~~a.,_, B75." 576.5 565.& 
b ....... t)a~J lJ~q;: 6Al~ ...j 1,bJe.8 2,628.7 

" t ........ '/','1 ';'1" "B.L: 3"b.4 
R....... 1"1 l;?t, 

'l ....... 
It~ ..••••• 
U ....... 
12.•••••• 

I'".. ' 
;:tto9 1 
1,'1'Y' 
<',111 

t·'7c 
J, -,10.. 
I.:", ~l("{' 
"1,eJl 

)47,.(; 
;;,091.0 
1,997.0 
~f,311.rt 

101.! 
J ,621.. 2 
2:nB.6 
7,709.9 

i.,77b.2 
6,669.8 

4,694 .6 
J ,5J7.8 
7,567.0 

ll ....... 
14........ 
U ....... 
lb ....... 
17....... 
18 ....... 

~,89J 
l/'l~ 
l,J72 
1,3)0 
1,0'11 

L);4 

~j,4Jl 

;"024 
1,681
11:;")(, 

, 'v 
1,02) 

~)fU 

2,893.0 
1/'17 .(> 
1, J72 ..~'i 
l,33b.(1 
l,14G.0 

554.,} 

J,beS.O 
2, ~90.0 
1,960.8 
l,6':.f;~O 
1,189.1 

H2.7 

"',048.2 
1.,189.9 
2,810.8 
2,2.39.~ 
1,121.3 

6,631;.2 
4.587.2 
2,9J4.t. 
2,052.9 

992.J 

19....... 
20· ••. ••· 

7)9 
?()U 

1,039 
951> 

"')9~u 
291. .. 

7~8.0 
9'.;.8 

U.S. ... , 2;,iJS:. 32,796 .1],1.27.1.t J2,25) ... .13,562.4 40,)25.0 

1 SOllree; ,ill;· 

2 Soltrt'P! \.?£) • 
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Tob1e 9.--Numbers of "aLUe placed Oil feed by l'oglons, 1954 and 1965, and four solutions 

1954 1965 1 Solution?l 1 Solution 1 1 Solution 19 /solUtiOn 24 
nctunl.l 1 actun12 (19~4 model) (1965 model) (1965 model) (1965 model) 

RegIon 

------------------------------- ------Thousnnd hend-------------- - ------- - - ---- -- __ 

1 ......... ) II.A. 1S.0 17.6 

2 ......... 86,000 1:38.0 183.7 551.1 551.1 

3 ......... } II.A. 50.0 6O.~ 181.~ 181.5 

4 ......... 5 197 80.0 204.6 61:3.8 613.8 

~......... 138 40.0 48.4 84.8 86.0 

6 ......... 150 50.0 60.5 181.5 181.5 

7 ......... 423 b70 643.0 84).7 1,764.0 2,158.9 

6 ...... '" 111. 204 136.0 256 •.3 


• 121 

Of 

9 ......... 1 4JS 879 629.0 1,049.4 

10.........1 1,979 1,,566 3,588.0 5,718.9 3,944.6 6,699.8 

n ......... l 6 6~ 90.0 108.9 

12......... \ 199 1,446 360.0 1,413.7 2,769 • .) 3,094.1 

13 ......... 823 3,322 1,549.0 3,125.1 4,372.5 1.,538.4 

14 ••••.••• 0.1 280 '/6J 445.0 874.5 1,495.8 1,/"5"'.7

·1 164 437 299.0 449.9 1,34Y.7 1,)49.7 
16···· .. ···l 280 1,269 5\11.0 1,249.6 1,777.9 2,602.1 
17......... ; liB 8n 40<;.0 663.0 )28.1 139.0 
16 ...... • .. 1 79 194 151.0 205.7 
19......... 64 471 1~8.0 5U.6 
20 ..........j 350 .2,319 1,103.6 2,325.6 182.2 

15.. • .. • .. 

t 
U.S........ j 91,308 18,065 10,')20.6 19,372.6 19,414.) 23,835.8 


1 Scurce: U.S. Department ur AgriQulture. Aericul turn1 Stntinticc, 1955. 

2 Source: (11:). 

I Nut I1vnllnble. 
• Ne·. York, tic,,; Jerney, Dcln'Hnrej ~!aryland m't nvnllnb1e. 

) South Cnrcl1nn not Ilvnllable. 

6 touloinnn and Ar-knnoun nL'it uvnilnb:i.e. 


Rauion H' •• 1l11%" .t 111!luludon "J. ISOIUU<ln 1 1Solution H .Iswilltian 24 
b ; ... lh ..un B, us " 1-l'J4 model' ".19f', model: {196'-, model ~ (196j; mlol'jel i 

- .... - .... - ..- .... - .........- ... -------- .....-- ....."!'boU5snd hurldreJweight -~ ~--- ... ------------------...-- 
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It is not expected that the actual production for 1954 and 
1965 will be the same as the programmed production for those 
years. Actual patterns of production are not expected to be 
optimal; whereas, against the objective function and constraints 
employed, programmed results are optimal patterns. 

1954 Model, Solution 71 

Solution 71 represents optimal patterns of production and 
product distribution under regional average input-output rela
tions estimated for 1954. The restraints for the 20 demand 
regions represent domestic and export requirements for each 
final commodity. Livestock capacity constraints for the 20 
regions represent the historical maximum production of each 
type of livestock through 1963. Restraints for each of the 157 
crop-producing areas represent the acreages planted to the 
var.ious crops in 1953 (see page 8). 

Figure 3 shows the area and geographic production patterns 
for wheat, feed grains, soybeans, and cotton resulting from 
solution 71. Production patterns for harvested roughages are 
shown in figure 4. The acreage of each crop is summarized 
by the 20 regions in table 11. 

Under sblution 71, a total of 31.4 million acres of cotton 
and grain land is diverted to hay and pasture production and 
28.0 million acres is diverted to uses other than those specified 
by the model. An additional 32.8 million acres of hay and pasture 
land are diverted as surplus land to idle capacity•.A total of 
51 million acres of land devoted to pasture and crops of the 
base period, 1953, are not needed for these uses in 1954 under 
the conditions of solution 71. 

If allocated on an interregional optimum basis as specified 
by the model, crop and livestock products used in 1954 could 
have been produced with significantly fewer acres. The gain is 
posed as a possibility in restricting the production of that 
period in a manner which better utilized the comparative ad
vantage of the many producing regions. Also, some gain went 
into storage as publicly financed surplus; a use not incorporated 
into the activities of the model. Patterns of regional specializa
tion in crop production specified by the model follow generally 
the patterns expected. Hence, interregional shifts to improve 
efficiency in crop production appear feasible. 

Cotton 

Cotton production shows a westward shift as compared with 
actual 1954 patterns of cotton production (table 6). Region 3 
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Figure 3.--Geographic locations and acreage of grain and cotton production for 1954 model. solution 71. 
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Figure 4.-Geographic locations and acreage of harvested roughage production for 1954 model, solution 71. 



Table ll.--Lend in production, by crops and regions, solution 71 

Region Wlleat IFeed grains ISoybeans I Cotton ISilage ITwne hay IWild hay 

--------------------------- Thousand acres --------------------------___ 

1. ••.•• 18.7 290.5 1,830.4
2•..••. 1,177.5 3,632.6 796.5 6,75... 1 
3 ......... 179.9 2,428.7 469.9 168.9 24.5 2,162.7

4 .•...• 2,467.8 2,784.2 45.4 2,676.3 
5••..•• .6 9.9 110.9 
6•••••. 3,332.5 678.5 778.7 94.2 3,347.2
7 ••.••• 1,250.8 12,017.3 2,017.4 639.3 4,028.6
8...... 3,477.1 428.7 2,397.8 15.0 
9•••.•. 1,173.1 9,955.'~ 1,925.1 2,240.0 8,370.5 754.3 

10•.•.•• 2,5D8.9 24,879.8 10,224.7 743.7 1,921.9 7,953.8 159.4 
11. ..••• 1,438.6 161.1 314.6 5,.352.1 1,232.2 132.2 
12•.•••• 7,837.1 7,305.2 9,745.0 276.3 1,773.9 504.0 
13 ...... 11,967.6 l1,.35't'.7 3,161.4 661.1 ),575.2 .3,674.7
14•.••.• i?}'j48 .. 9 6, l7CJ.9 1,377.7 146.4 534.8 5,112.8 
1~ ..••.• 7,31,6.1 .1 40.2 2,170.0 826.1 
16•.••.. ),296.9 152.2 29.3.2 1,172.9 540.5 
17•...•• .5 281.3 37.2 589.0 17.8 
18 .••••. 280.7 .1 506.2 247.0 
19•..••• 4,193.4 '159.J 1,237.9 325.3 
20 ...... .. 161.1 1,00:1. :3 1,22'~ .9 1,361.5 102.1 

U.S. .. , ~1l,J11.5 8it ,004. J 20,169 . .1 21,0'19.4 7,94;.3 53,78;.9 12,411.2 

(West Virginia, Virginia, and North Carolina), region 4 (South 
Carolina, Georgia, and Alabama), region 5 (Florida), and region 
17 (Arizona and New Mexico) show reductions in cotton acreage. 
Increases in cotton acreage are shown for Tennessee, Missouri, 
region 11 (Mississippi, Arkansas, and Louisiana), region 12 
(Oklahoma and Texas), and region 20 (California). 

Grain 

Solution 71 proposes a total wheat acreage of 3 million acres 
less than was actually planted in 1954. Approximately 2.4 million 
tons of wheat are fed to livestock in three regions: 1.3 million 
tons in region 15 (Montana and Idaho), 1.0 million tons in region 
16 (Wyoming and Colorado), and 0.1 million tons in region 18 
(Utah and Nevada). 

Wheat production is concentrated in the traditional wheat
growing regions of the Great Plains, northern Montana, and 
eastern Washington and Oregon. Some wheat acreage also ap
pears in Missouri, Illinois, Wisconsin, Michigan, Ohio, Indiana, 
New York, Alabama, and Arkansas. 

Feed grain and soybean production is concentrated in the 
Corn Belt and on its fringes, as shown in figure 3. On the larger 
regional basis, regions 4, 5, and 8 show no feed grain production 
under solution 71. Region 7 (Ohio and Indiana) is the only region 
that shows a larger acreage of feed grains than was actually 
planted in 1954. The remaining 16 regions all show a smaller 
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acreage. Total feed grain acreage is 61.8 million acres less 
under solution 71 than was actually planted in 1954. Soybean 
acreage is approximately 3.2 million acres greater than was 
planted in 1954 (table 5). 

Diverted land 

Figure 5 shows the amount of land in the various categories 
not needed for wheat, feed grains, soybeans, cotton, hay, silage, 
and pasture. For the conditions and the formulation of the specific 
model, the amount of land so indicated could be considered as 
"surplus land" which can be diverted to noncrop uses or idle 
capacity. This land is located primarily in the Appalachian area 
and in the Great Plains. 

The top figure listed in each region of figure 5 represents 
total acreage not needed to meet national demand constraints 
under the models and solutions. (National demand constraints 
did not allow for movement of surplus production into storage, 
an operation which did take place to an extent in 1954.) The 
pasture portion of this total is measured in acres of open
permanent pasture equivalents. The second figure represents 
the acres of unused or idle pasture land measured in open
permanent pasture equivalent acres (land contraint-5, minus 
land constraint-3, minus pasture used). (See page 8 for the 
definition of land constraints.) The third figure represents the 
amount of original hay land not diverted to pasture and not used 
for hay (land constraint-3, pius land constraint-4, minus land 
constraint-2, minus land used to produce tame hay and wild 
hay). The fourth figure represents cotton and grain land not 
diverted to hay or pasture and not planted to cotton, feed grains, 
wheat, soybeans, or corn-sorghum silage (land constraint-2, 
land diverted to hay and pasture, minus land used to produce 
cotton, feed grains, wheat, soybeans, and corn or sorghum 
silage). 

Eight of the 20 livebtock-producing regions have no surplus 
land. Two additional regions (regions 1 and 19) use all available 
grain land for grain and Silage production but have some surplus 
land for hay and pasture production. 

Total acres of idle land for the United States are shown in 
the legend of each map showing the geographic distribution of 
surplus land. These totals are also summarized by solutions 
in table 39 in the section on aggregate results. 

Total 1and availabl(' in each category is: cotton land, 
25,528,800 acres; grain lar,d, 218,493,600 acres; and hay land, 
72,695,900 acres. Total surplus land for solution 1 is 51,003,900 
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Solution 71 

Id Ie lsnd - U.S. tots I (thousand 

Tots1 - 5l,003.9 
.. ' 

Pasture - 17,694.0 

Hsy 5,170.7 

Cotton and grain - 28,139.2 

Figure 5.--Geographlc locations of land diverted to surplus capacfty-1954 model. solutIon 71. 



.acres. Surplus hay land is 5,170,700 acres, and surplus cotton 
and grain land is 28,139,200 acres. Total land use for the various 
crops in solution 71 is: wheat, 51,311,400 acres; feed grains, 
84,004,100 acres; soybeans, 20,169,200 acres; cotton, 21,079,400 
acres; silage, 7,945,300 acres; and hay, 66,197,000 acres. 

Comparisons of the output of the various solutions are shown 
in tables 3 through 10. 

Livestock 

Figure 6 shows the geographic distribution of milk cows 
and beef cows for solution 71. Milk cows appear in every region 
except regions 11 (Arkansas, Mississippi, and Louisiana) .and 
12 (Oklahoma and Texas). Milk cow capacity constraints are 
limiting in only six of the 20 regions (5, 7, 8, 9, 13, and 20). 
Shadow prices on these constraints vary from $8.59 per head 
L'1 region 13 to $63.79 in region 20. That is, an increase of one 
cow in the milk cow capacity constraint in region 13 would reduce 
total costs by $8.59, and in region 20 an additional milk cow 
would reduce total cos.ts by $63.79. 

Beef cows appear in all regions except four (1, 2, 3, and 
8). Beef cow capacity constraints are not limiting in these 
regions or in regions 7 and 20. 

In the remaining regions, shadow prices on the capacity 
constraints range from $2.14 in region 9 to $38.25 in region 12. 
Shadow prices on beef cow capacity constraints are above $20 
per head in eight regions (4, 11, 12, 13, 14, 15, 16, and 17). 

The geographic patterns of cattle on feed, yearling feeder 
calves, and hogs for solution 71 are shown in figure 7. Region 20 
(California) has 197,400 head of excess capacity for feeding 
cattle. All other regions are limited by the beef feeding capacity 
constraints in solution 71. Shadow prices on the beef feeding 
capacity constraints in these regions vary from $3.08 per head 
in region 17 (Arizona and New Mexico) to $39.21 per head in 
region 12 (Oklahoma and Texas). Regions 1, 6, 11, 12, 13, and 
14 have shadow prices in excess of $30 per head on cattle feeding 
capacity constraints. 

Hogs are produced in only five of the 20 regions (7, 9, 10, 
13, and 14). Only regions 7, 13, and 14 have exhausted their hog 
production capacity constraints. Shadow prices on hog production 
in these regions are 15, 24, and 53 cents per hundredweight, 
respectively. 
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Milk cows - 2U,019.3 
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Figure 6.-Geographic locations and numbers of milk cows and beef cows--1954 model, solution 71. 
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Solution 71 

Livestock - U.S. total (thousand head) 

Cattle on feed - 10,520.6 ..' 
Year lings 14,231.5 


Hogs - 124,891.7 (thousand hundredweight) 


Figure 7.--Geographic locations and level of production for fed cattle, yearling feeder calves, and hogs--1954 model, solution 71. 



Land rents 

Table 12 lists the imputed equilibrium rents or shadow 
prices for all land categories in each of the IS'? crop areas. 
A shadow price indicates the amount by which total national 
costs could be reduced if one more unit of a particular land 
resource were available. 

The composition of these equilibrium rents can be illustrated 
as follows: The corn equivalent yield of wheat in area 106 in 
eastern Colorado is 4.40 hundredweight per acre .for 1954. The 
equilibrium price of wheat in consuming region 16 is $1.54 per 
hundredweight of feed units ($0.97 per bushel of wheat). Multiply
ing yield times price (4.40 x 1.54), a revenue of $6.78 per acre 
is indicated for area 106. Subtracting the nonland costs for the 
wheat activity in area 106 ($6.78 - 5.50 =$1.28) gives the land 
rent for the area. 

The difference of 1 cent per acre as shown in table 12 for 
land rent on land-2 for area 106 is due to rounding. In an area 
where some, but not all, of the available land is used, the 
equilibrium rent is zero. The equilibrium pric~ Gf wheat in a 
particular region may include two components: (a) the costs 
per unit of the highest cost-producing area within a consuming 
region, and (b) the cost of transporting the product from one 
region to another. 

In a wheat deficit region, the equilibrium price of wheat is 
derived from its highest cost source and includes both production 
and transportation costs. "In a region that neither exports nor im
ports wheat, the equilibrium wheat price is equal to production 
costs in the highest cost-producing area within that region. In a 
region that exports wheat, the equilibriur.. price of wheat is equal 
to the price of wheat in the region to which it exportfl., minus 
transportation costs. 

Equilibrium commodity prices are shown in tables 13 and 
14. The commodity prices and land rents seem low. Some of the 
reasons for the low prices are explained in the section on limita
tions of the model and data. In addition, the cost coefficients used 
il~clude no returns to management and only average reported 
wage rates for farm labor. Upward adjustments in the cost coef
ficients to reflect higher returns to labor and management 
would result in higher shadow prices. However, the derived 
prices are expected to be lower than observed prices, since no 
supply control or price subsidy programs are included in the 
model. 
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Table 12.--land shadow prices, by crop-producing areas, solution 71 

Area land-l Iland-2Iland-3Iland-4 Area land-l Iland-2Iland-3Iland-4 

_______ DollarR per acre_______ _______Dollars per acre________ 

1. .•• 0.63 4.26 63 .. 1.52 
2••.• 5.75 64 •• 1.17 
3 •••• 12.44 1.81 65 .• 1.25 
4.... 9.13 1.80 66.. 0.43 1.10 
5••.. 9.53 67 .• .14 1.19 
6•••• 8.89 68 •. 1.68 
. 7 •..• 6.30 69 .. 1..49 1..16 
8.... 70•. 2.32 0.79 1.81 
9...• .16 71 .• 7.19 .53 1.92 
..•. 72 •• 3.51 1.47 

11. ••. 2.65 73 •. 11.88 1.27 
12.•.. 74 .. 5.32 2.03 
13••.. 6.22 75 .. 1.89 1.40 
14...• 15.11 .29 76•. 2.93 1.59 
15.••. 14.69 .13 '17 •• 6.28 .21 2.32 
16•... 1.23 . 84 78 .. .39 1.71 
17 .••• 79 .. 1.62 
18.... 12.32 5.03 80.. 1.67 
19.... 1.68 81. • 1.45 

.... 21.81 1.00 82.. 1.61 
21. ... 3.92 83 .. .04 1.56 
22 •... . 66 84•. 2.16 1.65 
23 .... 12.21 3.55 85 •. 2.10 1.73 
2/•...• 
25 •..• 

11.03 
6.78 

3.56 
8.40 

•59 
4.• 49 

86.. 
87 .. 

2.28 
.61 

.01 
4.42 

26..•. 5.91 6.15 5.25 88 .. 2.87 .15 3.35 
27 .... 3.22 .09 89 .. 3.39 .62 4.24 
28 .... .99 90.. .88 3.56 
29•... 2.55 .39 91. . 2.75 1.75 .55 3.35 

.... 3.59 92 .. 39.34 7.73 
31. ... .06 93 .. 7.61 1.58 1.80 
32.... .55 94.. 24.89 2.79 
33.... 1 •• 10 1.25 95 .. .82 2.68 
34.... 96.. .49 4.31 
35.... 11..70 .13 97 .. 7.92 .61 4.16 
36..•. 1.77 98 .. 3.14 
37•... 7.25 . 19 99 .. 13.16 3.51 
38 .... 9.13 100.. 13.48 4.59 3.82 
39.... 11.66 . 13 101. • 1.04 3.71 

.... .98 2.44 5.65 102.. .02 3.84 
41. ••. 2.27 5.80 103 .. 1.63 
42 .... 3.31 104 .. .56 4.07 
43 ..•. 2.26 2.81 4.68 105.. .01 
44 •... 6.48 3.12 4.45 106.. 1.29 3.11 
45 .... 2.31 3.36 107.. .68 2.19 
46 .... 11.23 108.. .17 
47 .•.• 109.. 2.03 5.86 3.49 
48 .... 110.. 2.11 
49.... 1.24 5.77 111.. .04 6.11 

.... 6.24 112.. 2.01 5.74 
51.... 2.65 .03 6.89 lD.. 6.03 1.22 5.15 
52.... 2.08 114.. 4.09 2.71 7.64 
53 .... 2.41 2.91 115•. 2.71 1.16 6.03 
54.... 6.98 3.09 4.42 116.. 2.. 16 8.28 
55 .... 1.75 2.23 117.. 72.56 5.32 8.20 
56.... 6.1.0 3.16 4.84 118.. 
57 .... .05 2.18 4.70 119.. 2.74 
58 .... 5.80 3.77 120.. 14.93 .13 
59 ••.. .00 1.4y 3.91 121. . 29.26 .46 4.78 

.... .70 2.68 122.. 1.00 4.57 
61. ••• 
62 .... 

1. 51, 
1 <;1 

123 ..,..,/ /. 36 
4.28 

Continued 
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Table 12.--land shadow prices, by crop-producing areas, solution 7l--Continued 

Area land-l I Land-? I Land-J I Land-4 Area Land-l Iland-2 Iland-3 iland-4 

-------Dollars per acre------- -------Do11ars pe~_acre--------

l25 ••• 4.06 3.37 l42•.. 2.23 B.60 
126•.• lolB 3.74 l43 ••. 8.32 0.2l 
127••• 3.3l 4.l6 l44•.. 4.94 
12B . .. 3.32 4.42 l45 ••• 3.34 
12.9 ••• 7.BO 3.04 l46•.. 8.7~J 5.24 
UO.. 35.70 4.35 l47 ... 26.03 3.94 
U1. .. 1.77 5.63 l4B ... 3.51 .20 3.93 
U2 ... l.BO l49 ..• 
U3 ... 7.49 lSO.•. 1.21 
U4 ... 26.B5 l5l•.. .67 
U5 •.. 5.B2 l52 ... , 10.56 2.3J 2.B3 
U6••. 19.;37 l53 ... 19.05 .53 
U7 ... .27 4.90 l54 . .• 7.69 7.64 
UB •.. . 63 lS5 ... 5.30 4.93 
U9 ... 1.47 lS6 ... 2l.22 2.B5 
l40•.. .23 . 59 l57" . 122.0l 6.66 3.12 
141. .. .30 

Interregional and commodity flows 

Interregiomil commodity flows .for solution 71 are shown in 
figures 8 through 14. Some flows of cottonseed meal, soybean 
meal, and grain seem unrealistic. The deficiencies are explained 
as follows: 

(l) The exogenous concentrates, which are largely high 
protein concentrates, are allocated to only 11 of the 20 regions. 
Livestock feed in regions 1 and 19 consists entirely of these 
exogenous concentrates. Regions 4, 11, and 17 feed only soybean 
meal or cottonseed meal. Regions 15 and 18 feed only wheat and 
no high protein feeds. 

(2) Data on consumption of high protein feeds .from which 
protein requirements were estimated seem to have a. downward 
bias, particularly for milk cows and hogs. 

(3) The level of hog production, as explained in the limita
tions section, is low. 

(4) The beef activities selected by the model require rela
tively less concentrates and more roughage than the average of 
existing or observed cattle feeding systems. These deficiencies 
can be eliminated by the suggested modifications discussed in 
the section on limitations of the model and data. For the current 
phase of this continuing project, a much more detailed model 
has been developed which incorporates the suggested modifica
tions. 

Problems encountered with solution 71 also apply to other 
solutions. Hence, conclusions drawn are based largely on dif
ferencesfrom one solution to another. The discussion that fol
lows deals mainly with differences from one solution to another. 
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Table 13. --Crop product shadow prices, by regions, solution 71 

CottonseedRegion lnnd-S meal 

Dol. LA. U.M. Dol./ton Do1./bu. Do1-Lcwt. Dol. (bu. DoIJcwt. 

1. ••••• 13.76 1.50 l.B6 1.67 2,51 
2 •••.•• 1.;/1 15.72 1.43 1.B5 1.62 3.20 
3 •••••. 14.15 1.39 l.91 1.62 2.88 
4 •...•• 10.22 l.25 1.94 1.49 2.00 
5...... .24 16.87 1.38 2.01 1.59 2.77 
6••.••. 13.23 1.26 l.63 1.41 2.51 
7 ••.•.• .71. 14.38 l.26 1.39 1.43 2.60 
8•.••.. .72 13.1.0 1.25 l.65 1.55 2.79 
9 •••••• 10.6J .98 1.29 1.24 2.25 
D ..... l.~q 13.72 1.14 1.17 1.28 2.;)6 
lo1 ••... .~:? W.% lo.O') 1.80 1.49 2.33 
12no •. 12.01 .\15 1.44 l.51 2.04 
D ..... 1.J ,',l'/ .d4 1.18 1.24 2.28 
14 ..... 10.1" .!:l1 1.04 1.12 2.06 
l~ ••..• 1~.5? .7"" 1.;19 1.5;) 2.44 
lb..... 12.9\1 .\ll 1.S4 1.41 2.53 
1'J • •••• 23.08 1.Y, 1.96 1.8~ 2.83 
18..... .4~ !'} .1'} .q" 1.7~) 1.b2 2.68 
1'1..... 17.1" 1.,)8 1.8~ 1.65 2.01 
2\"j ••••• 1.("; 17. J5(~ 1.28 1.98 1.57 2.67 
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Ol 

Solution 71 


Origin-----Amount .Destination 


Wheat -----_ 


Feed Grains - - - --_ 


Figure B.-Interregional flows of wheat and feed grains--1954 model, solution 71 (1,000 hundredweight of feed units). 



CJ1 
,;.. 

Solution 71 

Origin ---Amount .Des tina tion 


Soybeans ----


Cottonseed - - - --


Figure 9.-lnterregtonal flows of soybean meal and cottonseed meal--1954 model, solution 71 (1,000 hundredweight of feed units). 
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CJ1 
CJ1 

_ 2,t69~~
Yr.;;.;::--_ 

Solution 71 

Origin---Amount • Destination 

Pork ----

Figure lO.--Interregional flows of pork--19S4 model, solution 71 (1,000 hundredweight). 
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Solution 71 

Origin---Amount ..Des tina tlan 

Calves ---- , 

YearlingB - - - - -

Figure ll.--lnterregional flows of feeder calves and yearling feeder calves--1954 model. solution 71 (1,000 head). 
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Solution 71 


Origin---Amount ~Des tination 


Mfg. Milk -- 
..'" 

Whole Milk-- ---

Figure 12.-lnterregional flows of manufactured milk products and whole fluid milk--1954 model, solution 71 (1,000 hundredweight). 
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00 

Solution 71 

Origin---Amount .Destination 

Beef---
.. ' 

Figure 13.-lnterregional flown of beef, Grade 1--1954 model, solution 71 (1,000 hundredweight}, 
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Solution 71 

Origin---Amount .Oestination 

Other Beef ----

Figure 14.--Interregional flows of beef, Grade 2--1954 model, solution 71 (1,000 hUlldredweight). 



Table 15. --Land ill production, by crops and regions, solution 1 

Region Wheat I Feed grains ISoybeans I cotton I Snage ITame hay I Wild hay 

--------------------------- Thousand acres ---------------------------- 

1. ...... 108.6 135.5 1,095.2 

2••••••• 2,663.7 755.0 2,827.9 

3•••..•• 618.4 2,285.1 208.0 3'7.1 375.9 

4 ........ l.34.2 1,426.5 

~} ... ,. .. .- ... 3(;>.9 

0 •••..•• 3Jt..l 75.4 1,617.2 

7 ....... 1,219.) 9J~8().4 2,493.4 597.5 .3,120.7 

8 •.•••.• 1,798.2 339.8 1,W3.7 

9 ....... 2,J31.8 7,870." 431.6 1,949.4 2,25).4 715.9 


10....... 2}932.2 21,J~1? .U 6,295.8 427.1 5,885.5 1 .. 6.1 

11. ...... 1,'118.3 .."lb.!,f 1,797.0 J.9 1.1.0.0 1,176.5 (;>5.7 
12... '''' a;pJU!,t ... l~ 2 j 96J-I.l 9,860.0 658.2 1,440.) 
1.1 ••••••• 1),21:1.(' 5,282.4 ~3.~ ',,",'••• 5 2,12.3.1 

')1......... lV,lle.'} 21..LI ... '('r'.8 1,97;3.3 1,971.2 

l~ .......... .l,81.L? a8.5 1,847.6 759.1 

16....... j,71:.:).3 2?~.9 1.71.5
~." 
17........ Jb~I.B 283.' 7',8.:' 24.2 474.3 

18....... 2$.1.7 27 ... 571.1 

L/ ....... 4 

j 
f.)Jt. .. ·., 17.0 1,222.9 32~.J 


2\\••••••• f,)t'.J L,1·d.3 I,J41.J 2,08b.8 102.1 

U.~;. ..... ~,,+ J 2f); ..... l"i'"J 
j 
<f',\r.".2 11,,)'7:i.~ 11,963.7 7,452.5 -l3,700.3 <,,085.4 

1965 Model, Solution 1 

Solution 1 presents opdma1 patterns of production and prod
uct distribution under regional average crop and livestock input
output relations estimated for 1965. Regional demand constraints 
represent domestic and export requirements for each final 
commodity. Livestock capacity constraints limit production of 
each type of livestock to its historical maximum production in 
each region. 9 

Figure 15 shows the area and geographic production pattern 
for wheat, feed grains, soybeans, and cotton resulting from this 
solution. The acreage of each of these crops is listed by regions 
in table 15. Geographic patterns of crop specialization under 
solution 1 are very similar to those specified in the basic models 
of Heady and Skold (.5, !..L 12) and Heady and Whittlesey (Q, !d>. 

Table 16 shows comparisons of solution 1 of the 1965 model 
with solution 33, model I, of Whittlesey's model (Q). Solution 33 
of Whi~tlesey's models most neal'ly resembles solution 1 in the 
structuring of land constraints. However, important differences 
in the structuring of the land constraints between the two models 
still exist. Also, Whittlesey's models featured 31 consuming 

9 The historical .maximum limitation on number offed cattle was insufficient 
to meet the IIpecified demands for grade 1 .beef. About 0.3 percent more total 
capacity was required. The constraints on fed cattle capacity were then 
mu!Uplled by 1.1. 
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Solution 

~UO thou••nd 
acres thou••nd acre. 

IJht"at II• 
feed Craina C)• 
S.ybeana ... 11 

Cotton X 

Figure 15.--Geographlc locations and acreage of grain and cotton production for 1965 model, solution 1. 



Table 16. --Per~entage allocation 01' specified crops among region" 1'or solution 1 and for Whittlesey's solution 33~ of his model I 

'" '" 

Wheat Feed grains Soybeans Cotton 
Region 

Solution 33 I Solu":.ion 1 Solution 33 Solution 1 Solution 33 Solution 1 Solution 33 Solution 1 

------------------------------------------------------------Percent----------------------------------------------------------

1. ......• 0.19 
2..••.... 1.10 3.75 4.78 
j .....•.. .60 1.14 3.51 4.10 1.84 
4........ 1.04 .39 2.82 
5 •••.•.•• 
6.......• .88 2.53 .be 2.39 
7•....... .36 2.25 16.17 17.19 8.10 22.10 
8 ........ .87 1.18 2.87 .69 
9•....... 4.65 4.30 12.51 14.13 4.22 3.83 

10....... , 2.01 5.41 38.34 38.32 46.21 55.82 
11. ....... 1.00 3.17 .39 5.88 15.93 0.03 
12 ....•... 18.86 15.32 4.95 5.32 .38 86.97 82.41 
13 ........ 18.85 24.37 13.38 9.48 28.60 .47 
14 •.•..... 22.68 18.65 1.78 .04 .68 
15.••...•. 9.72 7.04 
16.....••. 7.2'1 6.86 .01 00 
17 ........ .66 .67 .92 .51 6.34 
18........ .51 .52 
19........ 7.60 9.11 
20.•..•... 1.29 1.17 2.06 13.03 11.21 

1 .)our;!c: l§..) • 



, 


regions and 144 crop-producing regions (areas) as against 20 
consuming regions and 157 crop-producing areas. Whittlesey's 
model dealt with only wheat, feed grains, soybeans, and cotton. 
Results can be compared only crudely by aggregating the pro
duction of the above crops in 31 regions into the 20 regions 
featured in the current study. Since the total acreages are sub
stantially different for some crops, general production patterns 
for the two models are shown in terms of the percentage of 
total acreage by regions for each crop. Reasons for the dis
crepancies in total acreages are presented later. 

Solution 1 indicates no cotton production for areas east of 
Texas, except for area 137 in west-central Arkansas. Wheat 
production is located mainly in the northern Great Plains, north
eastern Colorado, northeastern Montana, eastern Washington, 
northeastern Oregon, and western Kansas. A substantial amount 
of the wheat produced in these areas is used as feed grain. Ap
proximately 14.5 million tons or roughly 34 percent of total wJ;1eat 
production is used as livestock feed under solution 1. Figure 15 
also indicates some scattered wheat production in California, 
Utah, Wyoming, western Colorado, the Corn Belt, the Delta 
States, and North Carolina. 

In addition to the heavy concentration of feed grain production 
in the Corn Belt and Lake States, solution 1 shows production of 
feed grains for California, Arizona, Texas, Nebraska, North 
Carolina, Pennsylvania, Maryland, and the New EnglandStates. 

Soybean production is located mainly in the Corn Belt, with 
additional production in eastern Nebraska, southeastern South 
Dakota, Minnesota, Wisconsin, Arkansas, Louisiana, and North 
Carolina. 

The geographic distribution of harvested roughages for solu
tion 1 is shown in figure 16 by crop-producing areas. Harvested 
roughages tend to be concentrated in only one or a few crop
producing areas within each livestock-producing region. These 
results, due to the lack of geographic coincidence in livestock
producing regions and crop-producing areas, provide a distribu
tion which is unrealistic in terms of transport costs and intra
farm use of resources. 

The shadow prices of hay-producing activities are low in 
many of the areas where the solution specifies a zero hay output. 
Hence, the solution is nearly indifferent between the pattern of 
hay production exhibited in figure 16 and a pattern which exhibits 
hay production distributed more widely over each region. Shadow 
prices on hay activities not in solution 1 are distributed as 
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Figure 16.--Geographic locations and acreage of harvested roughages for 1965 model, solution 1. 



follows: Fifteen areas have shadow prices of $1 per acre or 
less.10 Thirty-four areas have hay-producing activities with shadow 
prices of $2 per acre or less and 118 areas have hay-producing 
activities with shadow prices of $.'5 per acre or less. By distrib
uting the hay among additional areas within livestock-producing 
regions, the reduction of hay production in one area would be 
compensated for by surplus hay land or pasture land, or by 
pasture usage, in other areas. 

The hay land constraint explained earlier could be used only 
for hay or pasture activities. However, the land constraint for 
cotton and gra.ins could also produce hay. Thus, as the solutions 
divert cotton or grain lands to hay, production in a rather small 
area results in sufficient hay supplies to support all livestock in 
rather large regions. A greater dispersion of hay production 
within regions would have only a small effect on total costs, but 
might result in a different geographic pattern of livestock and 
crop production. 

In solution 71, hay and silage production are widely dis
persed (fig. 4). The basic models for solutions 1 and 71 are 
the same. They differ only in demand levels and technical coef
ficients. However, solution 71 for the 1954 model, having lower 
yield coefficient, exhibits much less excess production capacity 
than solution 1. Hence, specified demands for solution 1 allow 
greater use of excess capacity in grain and cotton production for 
hay production by individual areas within regions. 

The extreme specialization in hay production, sometimes 
specified by the solutions, would not occur if crop-producing and 
livestock-producing regions coincided. However, the number of 
equations required for such a model exceeded available compu
tational capabilities. 

Figure 17 presents the amount of land in the various cate
gories not needed for wheat, feed grains, soybeans, cotton, hay, 
silage, or pasture. For the conditions and the formulation of the 
specific model, the amount of land so indicated could be con
sidered "surplus land" which can be diverted to noncrop uses. 
This land is located primarily in the Appalachian area of the 
East, in the Great Plains, and in the fringes of the Corn Belt. 

All regions, except California and Florida, have some sur
plus land under solution 1. In region 4 (South Carolina, Georgia, 

10 The shadow prices indicate the amount by which total costs would change 
if one more unit Of a particular activity or resource were added. A shadow 
price of $1 on a hay-producing activity would mean that total costs would in
crease by S I for every acre that was substituted for the present source of 
hay. LIkewise. if the per acre costs were S I lower, the activity would replace 
one Of the existing hay activities. 
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Figure 17.-Geographic locations of land diverted to surplus capacity-1965 model, solution 1. 
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and Alabama) about 9 million acres are specified as surplus, or 
to be diverted from cotton and grain. Since no production of 
cotton, wheat, feed grains, or soybeans appears in regions 4, 
about 2.4 million of the 11.4 million acres of cotton and grain 
land are diverted to hay and pasture production. In region 10 
(Iowa, Illinois, and Missouri) about 12 million acres of land are 
specified to be diverted from grain to the surplus category. 
Unused grain land also appears in regions 2, 3, 6, 7, 8, 9, 13, 14, 
and 15 (fig. 17). Cotton and/or grain land was used entirely for 
cotton, feed grains, wheat, soybeans, and silage, or diverted to 
hay and pasture, in regions 1, 4, 5, 11, 16, 17, 18, 19, and 20 
(fig. 17). Hence no land was left idle in the latter set of regions. 
Total surplus land for solution 1 is 102.7 million acres. Of this 
total, 9.9 million acres are pasture measured in acres of open
permanent pasture equivalents. Surplus hay land is 19.0 million 
acres, and surplus cotton and grain land is 73.7 million acres. 
Total acreages for the various crops in solution 1 are: Wheat, 
54.2 million acres; feed grains, 55.7 million acres; soybeans, 
11.3 million acres; cotton, 12 million acres; silage, 7.4 million 
acres; hay, 33.7 million acres; and wild hay, 4.1 million acres. 

This larger acreage of surplus land for 1965 compared with 
the parallel 1954 solution is due to the fact that the growth in 
agrIcultural technology, or yields, over the ll-year period was 
greater than the growth in food requirements, or demand, as 
reflected. in the constraints for the 2 years. Hence, the two sets 
of trends (except for some large "abnormal" increments such as 
greater international food aid or effective supply control pro
grams) suggest that surplus capacity in American agriculture 
will continue to exist. 

Figure 18 shows the geographic distribution of milk cows 
and beef cows for solution 1. Milk cows appear in every region 
but region 6 (Kentucky and Tennessee). However, the shadow 
price for the milk cow activity of region 6 for solution 1 is only 
7.6 cents per head. Hence, milk production could take place J.n 
region 6, with only negligible effects on production efficiency 
and national costs for the 1'hill of goods" prescribed in the demand 
constraints. 

Solution 1 proposes beef cows in all regions except region 1 
(New England), region 2 (New York, New Jersey, Pennsylvania, 
Maryland, and Delaware), and region 8 (Michigan). Shadow prices 
for beef cow activhies not in the basis are $36.52, $11.52, and 
$4.15 per head, in regions 1, 2, and 8, respectively. 

Regions that use all "available capacity" for milk cows are 
5, 7, 8, 9, 16, 17, and 20. Beef cows are limited by the beef cow 
capacity constraints in 12 regions (3, 4, 5, 10, 11, 12, 13, 14, 15, 
16, L 7, and 18). The shadow prices on milk cow capacity constraints 
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Solution 

Livestock - U.S. total (thousand head) 

Milk cows - 17,062.3 

Beef cows - 32,253.4 

Figure 18.--Geographic locations and mnnbers of milk coW!! and beef cows-196S model, solution 1. 



for solution I range from $123.53 to $28.67 per head in regions 
that exhaust these constraints. For beef cows the corresponding 
range in shadow prices is $32.77 to $0.04 per head. 

The geographic patterns for the production of cattle on feed, 
yearling feeder calves, and hogs in solution 1 are shown in 
figure 19. Region 17 (Arizona and New Mexico), and region 20 
(California) have 302,300 and 132,900 head, respectively, of 
excess capacity for feeding cattle. All other regions are limited 
by the beef feeding capacity constraints of solution 1. Regions with 
the highest shadow prices on beef feeding capacity are regions 3, 
15, and 16. 

Solution 1 produces a total of 8.9 million head of yearlings of 
which only J.8 million head are placed in feedlots. The remaining 
7.1 million head are slaughtered for grade 2 beef. Of the 19.4 mil
lion head of cattle fed, approximately 17.6 million head are 
placed in feedlots as calves rather than as yearlings. 

The model tends to selt'ct beef feeding activities that use 
relatively large amounts of furage and produce relatively heavy 
animals. In the Midwest, Southern, and Ea.stern regions, these 
activities are the deferred feeding systems. In the Great Plains 
and northern Rocky Mountain States the extended silage system 
is specified by the model. Calves on silage and yearlings are the 
two cattl"!-feeding activities selected by the model in the Western 
States. The extended silage and the deferred feeding systems 
start with calves which are fed over a relatively long period of 
time on high roughage rations before being finished on high 
concentrate rations. These systems provide only a small portion 
of the finished b8ef actually produced. However, under the condi
tions of perfect knowledge and single-valued expectations implied 
in the models, these systems would become more universally 
employed. 

Hogs are produced in only nine of the 20 regions. Regions 
with the highest shadow prices on hog capacity are region 13 
(Kansas and Nebraska), region 14 (North Dakota and South 
Dakota), and region 15 (Montana and Idaho). These regions also 
have relatively high shadow prices on the fed cattle capacity 
constraints. 

Interregional product flows for solution 1 are shown in 
figures 20 through 26. As in solution 71, the transportation pat
terns for soybean meal and cottonseed meal appear unrealistic. 

Table 17 lists the imputed equilibrium rents or shadow 
prices for all land categories in each of the 157 crop areas. As 
noted earlier, these shadow prices indicate the amount by which 
total costs would be reduced if one more unit of a particular 
land resource were available. Equilibrium commodity prices 
for solution 1 are shown in tables 18 and 19. The commodity 
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Solution 

Livestock - U.S. total (thousand 

Cattle on feed - 19,372.6 

Yearlings 8, 9U6. 9 

Hogs - 160,900.6 (thousand hundredweight) 

Figure 19.--Geogr-aphic locations and level of production for- fed cattle, yeading feeder- calves, and hogs--1965 model, solution 1. 
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Solution 1 


Orig1n---Amount .Destination 


\O;llea t -----


Feed Grains------


Figure 20.--Interregional flows of wheat and feed grains--1965 model, solution i (1,000 hundredweight of feed units). 



'-l 
N 

Solution 1 


Origin---Amount .Oestination 


Soybeans -----


Cottonseed - - - - - ---

Figure 21.--lnterregional flows of soybean meal and cottonseed meal--1965 model, solution 1 (1,000 hundrecweight of feed units). 
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Solution 1 


Origin---Amount .Des tina t ion 


Mfg. Milk ---


Whole Milk-------


Figure 22.--Interregional flows of manufactured milk products and whole fluid mllk--1965 model, solution 1 (I,OOO hundredweight). 



-..J 
,::.. 

Solution 1 

Origin---Amount .Destination 

Pork ------- . ". 

Figure 23.--Interregional flows of pork-1965 model, solution 1 (1,000 hundredweight). 
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Solution 1 

Origin--~-Amount .Destination 

Calves----------

Yearlings -- - - - - --

FIgure 24.--Interregtonal flows of feeder calves and yearling feeder calves--196:: "1ooel, soIutilm 1 (1.000 head). 
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Solution 1 


Origin------Amount .Destination 


Beef----


Figure 25.-lnterregional flows of beef, Grade 1--1965 model. solution 1 (1,000 hundredweight). 
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Solution 1 

Origin---Amount .,Destination 

Other Beef ----

Figure 26.--lnte••egional flows of beef, GI"8de 2--1965 model, solution 1 (1,000 hundredwaight). 
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Table 17.--Land shadow prices, by crop-producing areas, solution 1 

Area Land-II Land-2 1Land-3 I Land-4 Area Lund-1 I Land-2 1 Land-3 I Land-4 

-------Do11ars per acre------ ------Do11ars per acre-------

1. ••• 3.78 
2•.• , 4.14 
3 ..• , 
4 •.•• 19.90 
5•••. 20.84 
6 .••• 9.75 
7 .... 6.32 
8 •.•• 
9.... 
.... • 03 

ll•.•• 
12..• , 
13 .... 
14.... .71 
15.... 
16.... 

~ 

17 .... 
18.... 
19 .••• .12 

.... 
21. ••• 
22., •. 
?3 •••• 
24 .... 5.13 
25 .... 8.86 4.14 
26•••• 9.49 .79 
27 .... 
28 .... J.94 
29 .... 

.... 
31. ... 
32••.. 
33 .... 1..02 
34.... 1.35 
35 •••. 7.24 1.37 
36.... • 23 
37•••• 3.54 7.29 
38.... 7.56 
:39 •••• 8.88 

.... 1.96 
41. ... 
42.... 
43 .... 
44...• 2.92 
45.... 
46 ... , 10.4:3 
47 .... 
48.•. , 
49 .... 1.60 •86 

.... .94 
51.. •.• 5.37 
52.... 
53 .... 4.12 
54 .... 2.00 4.29 .26 
55 .... 1.04 
56.••. 11..43 • 29 
!)7 .... .26 
5$ .... 7.51 . 23 
59 .... .24 

.... 10.!)7 .16 
61.. ••. .25 .54 
62•.•. .!)O .!)4 

63 •• 
64.. 
65 .. 
66 .. 
67 •• 
68 .. 
69 .. 
70 .. 
71.•• 
72.. 
73 •• 
71... 
'15 .• 
76 .. 
77 .. 
78 .. 
79 .. 
80 .. 
81.. • 
82 .. 
83 •• 
84.. 
85 .. 
86 .. 
87 .. 
88 .. 
89 .. 
90 .. 
91.. • 
92 .. 
93 .. 
94 •• 
95 .. 
96.. 
97 .. 
98 .. 
99 .. 

100.• 
101.. • 
102 .• 
l03 .• 
l04•• 
105.. 
106.• 
In'',' • ., 
108 .• 
109•. 
110.. 
111. . 
112 .• 
113 .• 
114 .. 
115 .. 
116.• 
117.. 
118 •. 
119 .• 
120.. 
121.. . 
122•• 
123 •• 
124•• 

1.06 0.54 
.41 
.44 

2.91 
5.l6 
6.58 
3.54 

5.87 

.44 
6.40 
7.96 

17.71 1.45 

21.49 1.64 
82.94 14.44 
30.59 
81.26 1..4l 

2.1.9 

10.98 .57 
2.35 

22.40 
33.92 4.90 

3.73 1.66 
1.35 
1.47 
2.01 

3.55 

4.01 
4.67 .07 

8.28 
2.51 

20.8: 4.81 
19.36 .81 7.08 
12.18 1.67 7.36 
4.16 20.64 8.95 

270.49 28.98 13.20 

2.36 4.a 

4.86 3.0l 

Continued 
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Table 17.--land shadow prices, by crop-producing areas, solution l--Continued 

Area 

125... 
126••. 
127... 
128... 
129 ..• 
130... 
13l. .• 
132•.. 
133 ... 
134... 
135 ... 
136... 
137•.. 
138... 
139... 
140... 
14l. .. 

Region 

1. ... . 
2... .. 
3 ... . 
4 ... . 
5•.•• 
6 ..•• 
7 .. .. 
8 ... . 
C) •••• 

10•... 
11. .•. 
12.. .. 
13 ... . 
14... . 
15 .. .. 
16...• 
17... . 
18 .. .. 
19 .. .. 
20...• 

land-l-r land-2 ! Land-3! Land-4 Area Land-l ILand-2 ILand-3 Ir..a:nd-4 

-------Dollars Eer acre------ ------Dollars Ee~ acre-------

142 .. 
12.22 143 •. 

144•. 
145 •. 0.13 
146 •. .7939.74 5.73 147 .. 

6.88 148.. 
20.48 149.. 
48.73 0.50 150.. 

4.71 24.32 151.. 
3l.09 •10 152•. 0.70 .078.89 25.27 153 .. 3.56

7.53 .85 4.52 l54•. 14.97
10.09 155.. 


156 •• 16.64 2.39
.77 
157.. 135.25 3.10 3.82 5.18.24 

'~'ab1e 18.--Crop product shadow prices, by regions, solution 1 

CottonseedLand-5 I Hay I Wheat I(~::~ ~~~1Soybeans I meal 

Dj1.!AUM. Dolo/ton Dol./bu. Do1./cwt. Dol. bu. D01./cwt. 

13.';5 1.34 1.71 1.55 2.30 
9.28 1.25 1.63 1.54 2.91 
7.5'1 1.29 1.63 1.52 2.66 

1l.13 1.31 1.63 1.37 2.31 
1.40 8.0? 1.47 1..98 1.49 2.61 

10.25 1.28 1.331.50 2.25 
8.57 1.00 1.22 1.35 2.48 
7.90 1.08 1.45 1.43 2.60 
;;.56 .99 l.14 l.33 2.46 
6.78 .98 .92 1.17 2.18

.27 9.65 1.26 1.64 1.38 2.15 
3.28 6.13 .78 1.24 1.45 1.81 

5.32 .65 1.201.00 2.24 
6.W .58 .97 1.17 2.16 

11.68 .J7 1.51 1.58 l.90 
.1t, 4.25 .49 l.06 1.08 2.05 
.80 15.10 .99 1.5<3 1.76 2 . .13 
.J5 11.55 .89 1. 55 1.67 2.48 

15.93 .96 2.02 1.77 2.61 
1.03 17.15 1.12 1.75 1.68 2.36 
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Table 19. --Livestock and livestock product shadow prices, by regions, solution 1 


Beef 

Manufac-

Region 
Beef 

calves Yearlings 
Grade 1 Grade 2 

Pork Fluid 
milk 

tured 
milk, 

fluid milk 
equivalent 

,-

DoLLhead Do1.Lhead Do1.Lcwt. Do1.Lcwt. Do1.Lcwt. Do1.Lcwt. Do1.Lcwt. 

1 .....•.• 7~.17 120.67 31.24 32.06 12.79 3.21 3.01 
2 ........ 77.16 117.03 31.10 31.78 12.68 2.98 2.98 
3........ 78.02 113.96 31.02 30.95 12.62 3.01 2.99 
I•.• .... •. 81.26 110.84 30.70 30.10 12.45 3.22 2.97 
5........ 76.84 111..60 31.29 31.12 12.89 3.82 3.03 
6 ........ 79.84 110.99 30.1.4 30.14 12.18 3.38 2.94 
7 ........ 79.79 116.41 30.49 31.10 11.85 2.87 2.87 
8 ........ 80.66 114.7~ 30.29 .31.16 12.06 2.81. 2.84 
9 ..•..... 81.25 109.68 29.06 29.79 11.12 2.76 2.76 

10.•.•.•.. 83.69 112.84 29.26 30.65 11.27 2.86 2.86 
11. •...•.. 80.00 109.51 30.3) 29.74 12.59 3.39 2.96 
12•...••.. 79.29 108.84 29.29 29.15 12.69 2.85 2.85 
13 ....•••. 83.65 109.87 28.96 29.66 11.44 3.05 2.88 
14•..••.•. aO.03 109.05 28.61 29.43 11.32 3.02 2.84 
15 •...•.•. '16.76 110.47 27.89 30.00 12.09 2.89 2.89 
16 ........ 83.57 109.98 28.40 29.87 12.4.3 2.87 2.87 
17 .....••. 79.92 111.98 27.99 30.41 13.22 3.04 J.04 
18•.....•. 81.04 112.12 28.03 30.45 12.90 2.99 2.99 
19.•....•• 81.BIt 120.72 29.60 31.72 13 •.31 3.48 .3.04 
20 .••...•. 86.11l 120.46 29.85 32.27 13.83 3.08 3.08 . - ~.--.-

prices and land rents are, for reasons presented earlier, some
what low. 

Many changes have taken place in circumstances affecting 
spatial equilibrium among commodity sectors between 1954 and 
1965. These changes are the basis for the differences between 
solution 71 and solution 1. Technological changes have taken 
place at different rates among regions producing a particular 
commodity, as well as among commodities produced in a par
ticular region. Changes in aggregate demands for the various 
products have also taken place at varying rates. In addition, 
relative changes in population among regions have affected the 
site advantage or disadvantage of the various regions. Since 
transportation costs from points of production to points of con
sU,\1fption are relatively more significant for some commodities 
than for others, relative shifts in population among regions might 
be very influential in affecting the geographic configuration of 
production among commodities. To determine the net effect of 
these changes, the differences between solution 71 of the 1954 
model and solution 1 of the 1965 model are examined. 
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Changes From Solution 71 to Solution 1 

Crop output per acre and livestock output per unit of feed 
are generally higher in the 1965 model than in the 1954 model. 
Costs per acre excluding land costs for the various crops are 
higher in the 1965 model, but are offset by higher yields. Costs 
per unit of livestock product are lower in the 1965 model than 
in the 1954 model, due to increased feeding efficiency and lower 
feed costs. Total costs for solution 1 are higher than for solution 
71, as considerably higher output is required for solution 1. How
ever, the increased crop yields and improved livestock feed con
version more than offset the effect of the higher output require
ments on commodity prices (hogs and soybeans excepted). 

Shadow prices 

The percentage changes in national shadow prices from 
solution 71 to solution 1 are: wheat, -1.03; feed grains, -5.6; 
soybeans, +1.5; fed cattle, -21.0; hogs, +5.5; and milk, -36.3. 
Changes in product shadow prices from solution 71 to solution 1 
by regions are given in table 20. As detailed earlier, this change 
results because of a growth in production technology which ex
ceeds population and demand growth during the ll-year period. 

Several factors are involved in the relative price changes 
among the various products. The large decrease in milk prices 
between solution 71 and solution I is related to the following 
factors: (a) Milk output per cow increased much more between 
1954 and 1965 than feed inputs and nonfeed costs per cow; (b) the 
pricl' q; feed is lower for solution 1 than for solution 71; (c) while 
totaI demand for milk increased, this increase was relatively 
small compared to the increased output requirements for other 
commodities; and (d) in relation to total milk consumption, less 
.fluid milk is transported between regions in solution 1 than in 
solution 71. 

Surplus land 

As shown in figures 5 and 17, regional patterns of idle land 
for these two solutions are quite different. In solution 71 no idle 
lane appears in regions 2, 5, 7, 8, 10, 11, 18, and 20. However, 
sume cotton land and/or grain land has been diverted to hay or 
pasture in all of these regions. Regions 1 and 19 have some 
surplus pasture and hay land, but no surplus grain land. The 10 
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Table 20.--Percentage changes in shadow prices of crop and livestock products from solution 71 to solution 1 by regions 

Manu- !Beef Beef, Beef, Fluid Feed CottonRegion Y.;arlings I'ork l'actured ""'heat ISoybeanscalves grade 1 grade 2 milk milk g:::-ains seed 

-----------------------------------------------------------------Percent--------------------------.----------------------------

1. ••... -17.1 -9.5 -17.2 -11.5 3.5 -26.0 -26.4 -10.7 -8.1 -7.2 -8.4 
2 ••••.• -15.6 -13.1 -17.2 -11.9 3.6 -26.6 -26.6 -12.6 -11.9 -4.9 -9.1 
3 •••••• -16.9 -12.6 -16.4 -12.6 6.1 -26.4 -26.4 -7.2 -14.7 -6.2 -7.6 
4 .••••• -15.8 -13.1 -16.9 -13.1 5.9 -23.7 -26.7 4.8 -16.0 -8.1 -11.2 
5•.•.•. -18.7 -9.7 -16.3 -9.7 6.4 -20.7 -26.1 6.5 -1.5 -6.3 -5.8 
6•..••• -16.2 -13.4 -17.0 -13.4 5.2 -15.7 -26.7 1.6 -8.0 -5.7 -10.4 
7•••••• -13.7 -11.2 -17.4- -12.6 4.4 -27.3 -27.3 -20.6 -12.2 -5.6 -4.6 
8•••••• -11.6 -13.6 -17.5 -12.3 4.1 -27.6 -27.6 -13.6 -12.1 -7.7 -6.a 

(Xl 9.••••• -11.9 -13.9 -18.0 -12.7 4.1 -28.1 -28.1 1.0 -11.6 7.3 9.3 
N 10...... -11.5 -11.6 -17.9 -11.6 4.6 -26.5 -26.5 -14.0 -21.4 -8.6 -7.6 

11•••••• -18.3 -13.7 -17.4 -13.7 7.4 -25.2 -26.9 15.6 -8.9 -7.4 -7.7 
12...... -17.6 -11.7 -19.5 -13.0 6.9 -41.2 -29.3 -17.9 -13.9 -4.0 -11.3 
13 ...... -12.0 -11.8 -18.0 -12.3 6.1 -21.6 -26.0 -22.6 -15.3 -3.2 -1.8 
14...... -12.8 -12.2 -18.3 -12.7 6.4 -24-.9 -2'1.4 -28.4- -6.7 4.5 4.9 
15 ...... -15.9 -14.6 -20.1 -13.2 2.6 -26.8 -26.8 -51.9 8.6 5.3 -22.1 
16...... -9.9 -12.9 -18.8 -11.4- 8.8 -27.5 -27.5 -49.5 -31.2 -23.4- -19.0 
17...... -15.0 -11.7 -19.5 -11.7 6.8 -32.7 -26.0 -23.8 -20.2 -4.9 -2~.7 
18...... -11.6 -11.7 -19.8 -11.7 7.6 -26.4 -26.4 -10.1 -8.8 3.1 -7.5 
19•••••• -11.0 -8.8 -18.5 -11.7 6.4- -17.9 -25.9 -11.1 9.2 7.3 29.9 
20•••••• -9.8 -9.8 -14.6 -9.7 8.2 -25.8 -25.8 -12.5 -11.6 7.0 -11.6 



remaining regions all have surplus cropland tut five of them 
show no surplus pasture or hay land. 

In contrast, only two regions show no surplus land in solu
tion 1 (regions 5 and 20) and have diverted some cropland to 
hay and pasture. Regions 3, 12, 14, 16, and 17 show less surplus 
land in solution 1 than in solution 71. Regions 5 and 20 show no 
change, having used all available land in both solutions. Again, 
these results stem from differential interregional changes in 
technology and/or demand over the 11-year period. 

The geographic patterns of crop production are shown in 
figures 3 and 4 for solution 71, and in figul·es 15 and 16 for 
solution 1. Changes in crop production are shown in tables 3 
through 6, .21, and 22. Table 23 shows percentage production 
allocations of wheat, feed grains, soybeans, and cotton among 
regions for solutions 71 and 1. 

Feed grain acreage in areas on the fringe of the Corn Belt 
is substantially reduced under solution 1 compared with solution 
71. Many of these areas showing feed grain acreage for solution 
71 have zero acreage in solution 1. The acreage of feed grains 
is decreased in the Corn Belt itself, but feed grain output is 
higher there compared with solution 71. 

In comparing feed grain production of solution 1 with that 
of solution 71 the most significant fact is that acreage decreases 
and output increases. Total feed grain acreage is reduced from 
84.0 million acres to 55.7 million acres, yet feed grain output 
is increased by 13.2 percent. 

Wheat acreage increases relatively little, from 51.3 million 
acres to 54.2 million acres, between solutions 71 and 1. Yet 
wheat output increases 48.8 percent between the two solutions. 
An increase also occurs in the amount of wheat fed to livestock. 
In solution 71, the 2.4 million tons of wheat comprise 3.3 per
cent of the grain fed to livestock while the 16.1 million tons of 
wheat in solution 1 account for 17.9 percent of the livestock 
grain. Thus, 58.8 percent of the increased wheat production was 
used for feed. 

Regional changes include the following: The wheat acreage 
of regions 2, 4, and 8 drop to zero. In regions 7, 15, and 18, wheat 
output increases despite lower total acreages. Wheat acreage in
creases in 11 of the remaining 14 regions. Regions 1, 5, and 6 
have no wheat production in either solution (table 20). South 
Dakota drops a substantial amount of wheat acreage in solution 
1, while North Dakota adds 10.1 million acres (fig. 15). 
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Region 

Table 21.--Changes in crop and livestock production from solution 71 to solution 1 by regions 
--r---

Wheat Feed 
grail.s Soybeans Cottonseed ~.arvested Milk cows Beef cows Fed cattlemeal roughage 

Hogs 
( live weight) 

1,000 tons 1.000 tons 1,000 tons 1,000 t.ans 1,000 ions 1,000 heads 1,000 head 1,000 head 1,000 cwt. 

O:l
.::.. 

L ••.....•. 
2.......... 
3.......... 
4.......... 
5.......... 
6.......... 
7.......... 
8.......... 
9.......... 

10.......... 
11. ...•..... 
12.......... 
13 .......... 
14 .•.•...... 
15.......... 
16.......••. 
17 ....•..... 
18.•..•..... 
19.......... 
20.•.•....•. 

(1,2) 
-%0.4
453.4

2 -1,561.:3 
(1.,2) 
(1,2) 
580.8

2 -2,957.7 
1,032.7 
1,153.1 

735.9 
4,190.3 
6,939.4 
6,674.8 
1,114.3 
J.,874.4 

194.1 
101.5 

3,250.6 
439.0 

6:3.8 
-25L4

1,165.1 
(1,2) 
(1,2) 

-2,526.4 
12,55C4 
1 2,517.2 

1,965.8 
8,773.4 

76.5 
1,082.9 

-1,092.4 
-3,(1)5.4

2_0.1 
-86.2 
565.3 
2 0.1 

-512.5 
-81.1 

(1,2) 
,l.,2) 
-224.2 

(1,2) 
(1,2) 
-464.2 

Ii 110. 3
( ,2, 

-1,019.3 
-1,009.6 
1{"2:-.3 
( J 2) 

-2,50S.3 
-')43.6

(1,2) 
\1,2) 
(1,2) 
(l.,2) 
(ll2) 
(1,2) 

(1, 2l 
(1,2 

2 024.4 
2 -391.0 

-0.1
2 -127.8 

(1,2) 
e,2)
(1,2) 

2 -125.5 
-932.2 

1,028.8 
e,2)
( 1,2) 
(1,2) 
(1, ~) 
466.7 

(1,2) 
(1,2) 
660.3 

-1,:372.1 
-5,4-.34.5 

-498.8 
-574.6 
-062.2 

-1,328 . .;1 

425.5 
-707.8 

-9,619.3 
-5,268.9 

740.9 
1,319.1 

-4,881.1 
224.4 
591.4 

-1,448.7 
294:5 

-114.4 
436.2 

3,269.8 

-097.9 
-383.7 
-121.4 
-217.2 
--2 -998.5 
--
--
--

-1,763.5 
1 467.9 

1 1,462.2 
-1,173.3 

-27.4 
-134.0 

55.0 
14.3 

-21.5 
-18.0 
--

e,2) 
(1,2) 
1932.8 

475.7 
27.6 

950.8 
278.4 

(1,2) 
-246.1 
930.2 
781.6 

2,398.9 
792.0 
879.0 
594.8 
314.0 
49.1 
58.7 
9.0 

-200.6 

2.6 
45.7 
10.5 

124.6 
8.4 

10.5 
200.7 
120.3 
420.4 

2,130.9 
18.9 

1,053.5 
1,576.1 

429.5 
150.9 
658.6 
258.6 
54.7 

354.6 
1,222.0 

(1,2) 
(1,2) 
(1,2 ) 
(1,2) 
(1,2) 
(1,2 ) 
--

e,2) 
1,873.8 

17,381.1 
1 6,000.1 
17,877.7 

--
--

1 1,590.4 
1 1,285.9

( 1,2) 
(1,2 ) 
(1,2) 
(l,2) 

U.S......... 23,254.9 10,610.8 

1 No production in solution 71. 
2 No production in solution 1. 

-3,533.6 603.6 -24,008.9 -2,957.0 9,025.9 8,852.0 36,009.0 



Table 22.--Percentage changes in numbers of mllk cows, beer cows, fed cattle, 
and hogs from solQtion 71 to solution 1 

r,egion Milk cows I Beef cows I Fed cattle I Hogs 

Per~ Percen't Percent Percent 

1............. 
2.....•...•.. 
3•... , •.••.•. 
4 .•.••......• 

-16.04 
-13.91 
-20.32 
-28.41 

(~., 2) 
(~, 2.1 
(3 l 

38.46 

17.33 
;>3.12 
21.00 

155.75 

e,2) 
(1,2) 
\ 1,2)e, 2) 

5•••.•.••.••• 
&•••••••••••• 2 

0 
-100.00 

3.25 
138.00 

21. ;)() 
21.00 

(1,2) 
(l.l 2 ~b 

7•.........•. 
8 ..........•. 

0 
0 

1.09.41 
(1,2) 

31.21 
88.46 

0e·, 2) 
9 .•..••..•.•. 0 -70.89 66.84 25.40 

10 .................. 
11 .•.....•.... 
12.•.........• 
13 ...•.•.....• 

-59.01 
e. 
:,3) 

-80.97 

34.57 
39.14 
45.17 
27.38 

59.39 
21.()O 

292.64 
101.75 

27.11e)e}
0 

1.:...•..•.••... -21.18 51.19 96.52 0 
15....•...•... -31.71 43.35 50.47 (3} 
It............. ,.., 
,.1., ............... 

21.15 
12.80 

23.~:J 
4.31 

111.44 
63.85 

(3) 
(~ 2) 

18 ......••••.. -23.14 lQ.6\.' 36.23 (1,2) 
1'1............ -7.03 1.22 224.43 (1,2) 
2·.· •••••••••••• 0 -68.84 110.73 (1,2) 

u.n. .... ~ .... -14.77 38.80 84.14 28.83 

1 No production in solQtion 71. 

2 110 prodUction in solution 1. 

3 Positive change from zero in solution 71. 


Total cotton acreage is 9.1 million acres (43 percent) lower 
in solution 1 than in solution 71, but total lint output is 9.2 per
cent greater. Cotton acreage east of the Great Plains (area 
137 in west-central Arkansas excepted), totaling 9.8 million 
acres in solution 71, is reduced to zero in solution 1. Area 137 
in Arkansas, producing no cotton in solution 71, shows 3,900 
acres in solution 1. Other changes in cotton include increases 
in acreage in Texas, 115,000 acres; New Mexico and Arizona, 
477,200 acres; and California, 116,400 acres. 

Total harvested roughage measured in hay equivalent is 
18.6 percent lower in solution 1. The decrease in roughage output 
is mostly attributable to the substitution of grain for roughage 
in the feeding of milk cows and a 3.0 percent reduction .in the 
number of milk cows. Another contributing factor is the relative 
shift in the milk cow population from the northern regions to the 
southern regions, where lower quantiti,es of harvested roughages 
per cow are fed. In addition, there are lower roughage require
ments for animals exogenous to the model in 1965 than in 1954. 

The pattern of hay production also changes significantly. 
Hay is produced in only 67 areas in solution 1 (fig. 16) compared 
to 148 areas in solution 71 (fig. 4). RegIons 20, 11, and 12 show 
the g rea t est increases in harvested roughages (table 21) 
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Table 23.--Percentage production allocations of specified crops among regions for soluticns 71 and 1 

Wheat Feed grains Soybeans Cotton 


Region "-----~----------~------------_.------------+_----------~--

________~---SO-1-u-t-i-o-n--7~~~~ticn 1 Solution 71 Solution 1 Solution 71 Solution 1 Solution 71 Solution 1 

-----------------------------------------------------------Perc~------------------------------------------------------------

1. ••••.•. 0.02 0.19 

2 ...••••• 2.29 4.32 4.78 

3" ...... .29 1.14 2.89 4.10 2.33 1.84 0.80 

4 ....••.. 4.81 13.21 

5•.....•. 

6........ 3.97 .60 3.36 3.69 


.-. I .... '"7 ........ 2.44 2.25 J.~ • .:JV 17.19 10.00 22.10 
8....... , &.78 2.87 

co 9....•... 2.29 4.30 11.85 14.13 9.54 3.83 

'" 10........ 4.89 5.41 29.62 38.32 50.69 55.82 3.53 
11. ....... 2.80 3.17 .21 .39 1.:56 15.93 25.39 0.04 
12 ........ 15.27 15.32 8.70 5.31 46.23 82.41 
13 ...•.•.. 23.32 24.37 13.52 9.48 15.67 .47 
14•......• 4.97 18.65 7.59 .04 6.83 
15•....... 14.32 7.03 
16.....•.. 6.42 6.86 .18 
17..•••... .67 .51 1.33 6.34 
18........ .40 .52 
19..•..... 8.17 9.11 .90 
20 ......• , .19 1.17 1.91 2.06 5.81 11.21 



with 56.5, 45.0, and 34.2 percent increases, respectively. Regions 
7, 14, 15, 17, and 19 show only small increases. Decreased 
roughage output occurs in regions 13, 16, 18, and all regions 
east of the Great Plains (except regions 7 and 11). The decreases 
in acreage from solution 71 to solution 1 within each category 
of roughage are 6, 37, and 67 percent, for regions 13, 16, and 18, 
respectively. 

This trend towards a greater regional concentration of 
grains and forages is one which has been taking place despite 
Government programs. It also is one posed as potential for the 
future by agronomists. I] 

Livestock 

The significant changes in total livestock production (detailed 
in tables 21 and 22) can be summarized as follows: 

Percent 

Milk cows - - - - - - - - - - - - - - - -14.77 
Beef cows - - - - - - - - - - - - - - - + 38.66 
Fed cattle - - - - - - - - - - - - - - - +84.14 
Yearlings for grade-2 beef - - - - - - -37.39 
Hogs- - - - - - - - - - - - - - - - - - +28.83 

Table 24 shows the percentage produc~j.on allocations of milk 
cows, beef cows, cattle on feed, and hogs among regions for 
solutions 71 and 1-

Cattle feeding is limited by the fed cattle capacity constraints 
in all regions except region 20 (California) in solution 71. Hence, 
if the capacity constraint is increased by one unit in any of these 
regions, cattle feeding in California would decrease by one unit. 
In solution 1 all regions except two, region 17 (New Mexico and 
Arizona) and region 20 (California), are limited by the fed cattle 
capacity constraints. These two regions have shown the greatest 
gains in beef feeding efficiency in terms of feed conversion but 
are not in a better competitive position than in 1954. Lower grain 
prices tend to offset the importance of their gains in feeding ef
ficiency. 

11 Iowa State University Center for Agricultural and Economic Adjustment 
(.1): w. D. Shrader and F. F. Riechen, .. Potentials for Increasing Production 
in the Corn Belt." pp. 61-75; Andrew R. Aandahl, "Potentials for Increasing 
Wheat Production in the Great Plains," pp. 76-86; R. W. Pearson, "Cotton 
Production Trends," pp. 87-109; and L. B. Nelson, "Physical Potentials for 
Crop Production," pp. 110-124. 
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Table 24.--Fercentage prod~ction allocations of specified types of livesto~k among regions for solutions 71 and 1 

Milk cows Beef .:lOWS Cattle on feed Hq; production 

Region 

Solution 71 I Solution 1 Solution 71 I Solution 1 301ution 71 I Solution 1 Solution 71 ISolution 1 

------------------------------------------------------------Ferc:pnt---------------------------------------------------------- 

1. ....... 3.05 3.00 --- --- 0.14 0.09 --- ,...-
2........ 13.78 13.92 --- --- 1.31 .95 --- --
3 •. '.•• ~ '* • 2.98 2..79 --- 2..89 .47 .31 --- --
4 .....•.. 3.82 3.21 5.32 5.31 .76 1.06 --- --
5........ .93 1.09 3.65 2.71 .38 .2.5 --- --
6 •..•. , .. 4.99 --- 2.95 5.W .47 .31 --- --
7 ........ 9.92. 11.64 .2.9 1.07 6.11 4.35 22.67 17.60 

8........ 5.39 6.33 --- --- 1.29 1.32 --- --

00 9........ 2.2.12 2.5.95 1.49 .31 5.98 5.42 5.91 5.75 

00 10••... , .. 14.93 7.18 11.58 11.23 34.10 29.52 51.34 50.65 

11. ..•. , •. --- 2.74 8.60 B.61 .85 .56 --- 3.73 
12 ........ --- 8.57 22.86 23.90 3.42 7.30 --- 4.B9 

13........ 7.24 1.61 12.45 11.42 14.72 16.1.3 1.3.14 10.20 

14........ .64 .59 7.38 8.05 4.23 4.51 6.94 5.44 

15........ 2.11 1.69 5.91 6.10 2..84 2.32. --- .99 

16........ 1.30 1.85 5.75 5.11 5.91 6.45 --- .8e 

17........ .56 .74 4.90 3.69 3.85 3.42 --- --
18........ .46 .42 2.38 1.90 1.43 1.06 --- --
19........ 1.28 1.39 3.18 2.31 1.58 2.64 --- --
20 ........ 4.49 5.27 1.25 .28 10.49 12.00 --- --

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



Solution 19 

Solution 19, along with other solutions from 1 through 18, was 
obtained by parametric programming on the livestock capacity 
constraints. These constraints were relaxed by intervals of ap
proximately 10 percentage points from 100 percent up to 300 
percent of the initial levels. Thus, for solution 19, I ~ = 1.0 and 
Isg =3.0. Results for solution 19 are summarized in figures 27 
through 38, and tables 25 through 28. Discussion of the results 
will emphasize the differences between solutions 1 and 19, rather 
than the direct quantitative characteristics of solution 19. Dif
ferences between solutions 1 and 19 are due entirely to the dif
ferent levels of the livestock capacity constraints. 

Wher>.t 

Total (United States) wheat production for solution 19 is 
55.8 million acres, about 1.6 million acres greater than for 
solution 1. Wheat output totals about 48.7 million tons of feed 
units, 1 million tons greater than for solution 1. All of the addi
tional wheat is fed to livestock. In solution 19, 35.1 percent of 
the wheat output was fed to livestock; in solution 1, 33.7 percent. 
The eight consuming regions showing increased wheat production 
are: Minnesota and Wisconsin; Texas and Oklahoma; and all six 
regions west of the Great Plains. Reductions in wheat output occur 
in the Delta States and in region 13 (Kansas and Nebraska). 

Fourteen changes occur in the interregional movements of 
wheat. Region 7 (O~io and Indiana) diverts wheat exports from 
the New England States to New York under solution 19. Texas 
and Oklahoma increase shipments into Tennessee and Kentucky, 
and also supply the Delta States, which have substantially reduced 
wheat production. Kansas and Nebraska ship wheat to the New 
England States. (This shipment does not occur in solution 1.) 
Kansas and Nebraska also replace most of the shipments into 
Michigan and the Northern Plains. North Dakota and South Dakota 
cease wheat shipments to regions 1 and 6 and reduce shipments 
to region 8. Region 15 (Montana and Idaho) ceases all shipments 
of wheat, having shipped to regions 9, 18, 19, and 20 in solution 1. 

Feed grains 

Total feed-grain acreage for solution 19 is about 53.6 mil
lion acres--2.6 million acres fewer than in solution 1. Feed
grain output is 87.6 million tons of feed units, or about 3.5 mil
lion tons less than in solution 1. 
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Figure 27.--Geographic location"! and acreage of grain and cotton production for 1965 model, solution 19. 
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Figure 28••.-Geographic locations and acreage of harvested roughage production for 1965 model, solution 19. 
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Figure 29.--Geographic locations of land diverted to surplus capacity--1965 model, solution 19. 
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Figure 30.--Geographic locations and numbers of milk cows and beef cows--1965 model. solutillil 19. 
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Figure 31.-Geographic locations and level of production for fed cattle, yearling feeder calves, and hogs--1965 model, solution 19. 
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Figure 32.--1nterregional flows of wheat and feed grains--1965 model, ~olution 19 (1,000 hundredweight of feed unitll). 
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Figure 33.-lnterregional--n=s of soybean meal and cottonseed meal--1965 model, solution 19 (1,000 hundredweight of feed Units). 
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Figure 34.--Interregional flows of manufactured milk products and whole fluid milk--1965 model, solution 19 (1,000 hundredweight). 
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Figure 36.--1nterregional flows of feeder calves and yearling feeder calves--1965 model. solution 19 (1,000 head). 
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Figure 37.-Interregional flows of beef. Grade 1--1965 model. solution 19 (1,000 hundredweight). 
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Table 25.--Land in production, by crops and regions, solution 19 

Region Wheat tFeed grains JSoybeanS1 Cotton I Silage ITame hay IWild hay 

-----------------------------Thousand acres---------------------------- 

1. ...... 109.5 135.3 1,084.0 
2....... 3,033.6 584.2 2,170.8 
3 ....... 618.4 2,204 .1 176.1 172.2 241.9 
4••••••• 129.1 1,264.3 
5 ....... 66.8 
6....... 334.1 35.2 488.4 
7 ....... 1,219.3 5,839.3 1,398.9 377.4 2,125.8 
8....... 1,192.7 266.1 1,083.0 
9••••.•• 2,730.3 5,519.3 269.1 3,349.0 4,001.4 715.9 

10....... 2,932.2 25~216.7 6,772.9 154.0 1,598.5 146.1 
11. •••••. 387.5 52.3 920.4 3.9 73.9 569.5 65.7 
12....... 9,860.3 3,283.5 9,931.4 612.0 1,378.8 
13 ....... 13,114.5 3,936.2 39.8 1,054.2 3,206.1 
14••••••• 10,110.9 1,624.7 16.4 1,222.9 3,110.5 1,971.2 
15 ••••••• 4,076.5 88.5 1,847.6 759.1 
16••••••• 4,189.1 5.9 258.2 441.4 
17•••••.• 366.6 162.5 707.5 33.6 518.1 
18 .. " ... 517.9 15.0 313.5 
19.•••••• 4,951.8 .8 267.5 325.3 
20 ....... 734.5 1,051.1 1,341.3 2,086.8 102.1 

U.S•••••• 55,809.8 53,565.5 9,593.6 11,984.1 8,561.6 27,864.7 4,085.4 

Changes in feed-grain production take place in 18 of the 
157 areas for solution 19 compared with solution 1, with in
creases in 8 areas and decreases in 10 areas (6 of these areas 
decrease production to zero). These 18 areas are located in 12 
of the 20 regions, 5 of them showing increases in feed-grain pro
duction (regions 1, 2, 3, 12, and 14) and 7 showing decreases 
(regions 7, 8, 9, 11, 13, 17, and 20), although none of the regions 
decrease output to zero. 

Seven changes take place in interregional shipments of feed 
grains. Region 7 increases shipments to region 1, replacing 
some feed-grain movements to that region from region 10. 
Region 7 decraases feed-grain shipments to region 2. Region 10 
decreases shipments of feed grains to regions 1 and 6 but in
creases shipments to regions 4 and 11. Region 13 substantially 
reduces shipments to region 20. 

Soybeans 

Since soybean production is considered a source of feed, 
soybean acreages are dependent upon the demand for feed con
centrates and not for soybean oil. 

Soybean acreage in solution 19 is 9.6 million acres, com
pared to 11.3 million acres in solution 1. Increased soybean 
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'l'able 26.--Land shadow prices, by crop-producing areas, solution 19 

Aren Land-l ILnnd-2 1 Lnnd-3 I Land-I. Area Lnnd-l I Land-2 1 1.and-3 1 1.and-4 

------ Dollars Eer acre ------ Dollars Eel' acre 

1. •.. 0.10 6::1. • 1./,7 0.84 
2.•.. 1.51 61. •• .64 
3., .• 65 .• .70 
I, •••• 16.96 66 .. 
5.... 15.53 67 •. 
6 ••.. 68 •. 
7 ...• 6.2"> 69 .• 
8 ...• 70 .. 
9 .•.. 71 •• 1.62 

10 .... 72 .. 3.81 
11. .•. 73 .. 5.2/• 
I? ... 71, •• 8.55 
13 .... 75 .. 
11\ •••• . 69 76 .. 4.52 
lt1 •••• 77 .. 
16.... 78 .. 
17 .... 79 .. 
18 .... 80 .• 
19 .••. • 23 B1. • 
20 .... 82 .. 
21. ... 83 .. 0.61 
22 .... ~Vt •• 1.05 
23 .... 85 .. 5.05 
2/, •••• 5.37 86 .. 6.62 
2S .... 8.31 1,.83 87 .. 
~6 .... 9.66 . 79 88 .. 3.8/, 
27 .... 89 .. 16.95 5.21 
28 ...• 3.9/, 90 .. 
29 .... 91. . 20.63 5. /..4 
JO •••• 92 .. 82.9/• 16.96 
:31 •..• 93 .• 30.1,/. 3.15 
32 .... 9/, •• 80.25 5.14 
J3 .... 9.5 .. 5.32 
J/, •••• 96 .. 2.30 
35 .•.. 7.21 1.37 97 .. 10.2.3 4.35 
36 .... .:n 98 .. 6.08 
37 .... loBe) 6.25 99 •. 2.3 .1.3 1.92 
38 .... t •• 44 100.• 33.88 7.74 
)9 .•.• 9.38 101. . 5.81 1.65 
1.0 •••• 1.96 102.. 1.34 
41. ... 103 .. 1.47 
1.2 •••• 104 .. 2.00 
'd .... 
't/..... 1 •• 56 

10!> .. 
106.. 7.23 

,.5 .... 107.. .3/, 
46 .... 10.1,9 108 .• 6.33 
47 .... 109 .. 2.92 
1.8 •••• 110.. 
1•.<) •••• 1.59 . 86 111.. 9. ',V. 
5ll •••• .9'. 112.. 2.49 
~1. ..• 5.45 113 .. 20.90 I. ,1,0 
52 .... 11/•.• 20.17 .0/• 6.63 
~·L ... 4.1.1 11S •. 13.06 .83 6.91. 
5/•.... 7.56 .72 116.. 5.37 17. /.8 8.68 
1)5 •••• 1.01 117.. 267.69 25.49 12.80 
'lb •••• 12.88 .79 118 .. 
')7 .... 1 . .37 .75 119 .. 
% .... 9.61 .62 120 .. 
59 .... . 65 121.. 
60 .... 11.0l. .4/. 122.. 2.10 4.91 
61. •• , 1.07 .85 123 .. 
62 .... . 99 .8/. 124 .. 6.02 3.01 
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Table 26.--Land shadow prices, by crop~t)roducing areas, solution 19--Continued 

Area Land-l I Land-2 1 Land-3 I Land-I, Area Land-l I Land-2 1 Land-3 I L!.Uld-4 

------ Dollars Eer acre ----- ------ Dollars Eer acre -----

125 ... 0.95 142 .• 2.19 
126.•. 15.18 143 .. 
127... 0.73 144•.. 
128 ... .09 145 ... 0.48 
129... 2.25 146 .. .79 
130... 39.43 8.77 147 .. 
131. .. 9.91 148 .. 
132... 23.'.6 149.. 
133 ... 1,9.40 3.16 150 .. 
131.... 24.67 151 .. 
135 ... 26.79 152.. .66 .06 
136 ... 6.38 2J ,1.1 153 •. 9.55 
137 ... 6.41 .57 5.28 154 .• 14.7/, 
138 ... 10.08 155. , 
139 ... J.56 .. 17.45 1.98 
1/.0 .•• 157 .• 132.28 4.04 .84 .4.88 
141. •. .27 

production takes place in three crop-producing areas within 
consuming rl;!gion 14. Decreases in soybean production take 
place in 8 crop-producing areas within 4 regions--7, 9, 11, and 
13 (tables 5 and 25). 

Soybean meal movements from region 2 to region 10 are 
replaced by movements from region 7. Region 10 increases soy
bean meal shipments to regions 3, 4, 5, and 11, and decreases 
shipments to region 8. Region 14 ceases shipments to region 9, 
using all domestic production for feed. 

Cotton 

The acreage of cotton for solution 19 is 11,984,000 acres 
compared with 11,964,000 acres in solution 1. Cotton acreage 
is reduced in consuming region 17 by 51,000 acres and is in
creased in region 12 by 71,400 acres. Total production of cotton 
lint remains unchanged, but cottonseed production decreas(~s 

by 52,500 tons of feed units of cottonseed oil meal. 
Changes in shadow prices of crop products from solution 1 

to solution 19 are shown in table 29. 

Harvested roughages 

Changes in harvested roughages take place in 18 of the 20 
consuming regions from solution 1 to solution 19 (table 25). Total 
production of roughage decreases by 8.4 million tons of hay 
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Table 27.--Crop product shadow prices, by regions, solution 19 

Region Land-5 I Hay IWheat IFeed grains II I Cottonseed
(feed units) Soybeans meal 

Dol.LA. U.M. Dol-Lton Do1.,/bu. Do1.Lcwt. Do1.,/bu. DOI-Lcwt. 

1. ... 13.35 1.36 1.71 1.56 2.31 
2 .••• 8.29 1.25 1.54 1.50 3.06 
3 .... 6.12 1.29 1.63 1.53 2.81 
4 ...• O. )\1 11.73 1.32 1.63 1.38 2.46 
S•... .61 8.41 1.49 1.98 1.50 2.62 
6••.• 10.25 1.29 1.50 1.34 2.40 
7 •... 8.21 1.01 1.12 1.31 2.42 
8 .... 7.90 1.14 1..45 1.44 2.62 
9•••• 5.90 1.01 1.20 1..25 2.26 

10..•. 6.78 .98 .92 1..18 2.20 
11.... .70 10.0S 1.28 1.64 1.39 2.30 
12.•.• 1.32 6.06 .79 1..22 1.46 1.95 
13 .... .71 5.80 .65 1.00 1.21 2.25 
14 ••.. .44 6.92 .64 1.01 1.20 2.24 
15 •..• 11.67 .43 1.51 l.61 .93 
16•.•• 1.48 4.97 .79 1.37 1.27 2.33 
17 .... 1.19 15.33 .94 1.49 1.76 2.01 
18 •... 11.34 .91 1.74 1.70 2.50 
19•.•. 15.62 .96 2.03 1.78 2.62 
20••.• 1.94 16.90 1.13 1.76 1.69 2.37 

Table 28.--Livestock and livestock produot shadow prices, by regions, solution 1'1 

Beef 
Manufac-

Region Beef 
calveG Yearlings 

Grude 1 Grade 2 
Pork Fluid 

milk 
tured milk, 
fluid milk 
equivalent 

DoLLhend Dol.Ljwad Dol.Lcwt. Dol.Lew•. Dol.,ccwt. DOl.,ccwt. Dol.,ccwt. 

1. .•....• 58.63 100.11 24.28 26.46 11.13 3.36 2.71 
2 ..•....• ;8.06 9G.75 23.98 26.20 11.03 3.03 2.69 
3 .......• 6C.69 iJ.3.4C 2~.lJL 2).J7 le.97 3.10 2.69 
4 ........ 5S.44 9').28 ;'J.43 24.52 IG.80 3.33 2.68 
5.•...... ~b.::'4 89. II 23.S3 24.17 11.23 2.73 2.7.3 
6 ........ 59.'3) 'l0.92 2.l.3J 24.69 10.52 3.16 2.64 
7 •••.•••• 61.3') 9Q.J~~ 23.40 25.65 10.56 2.65 2.63 
8 ........ 58.98 13.91 23.33 2~.51 10.40 2.58 2.58 
'J •••••••• ~7.87 89.CI:: 22.2~ 24.19 10.27 2.47 2.47 

10.•....•. 60.31 92.23 22.;30 2~.05 9.62 2.92 2.56 
11. ...•... '.l7.00 88.95 22.87 24.16 10.95 3.39 2.67 
12 ........ 55.91 87.26 21.83 23.70 11.0'- 2.83 2.66 
13 •••.••.• 5').32 88.64 21.84 24.010 10.:>3 3.09 2 • .58 
14 ......•. ':>7.78 88.49 21.~9 23.77 9.76 2.80 2.54 
15 ....•... ~7.11 90.13 22.'-7 24.48 1J.53 3.07 2.67 
11 •••••••• 0.19 92.)5 22.;33 24.10 11.09 2.96 2.64 
1" •••••••• '.it .93 90.7~ 23.72 2! •. 65 11.0 2.67 2.67 
1~ .•..•... 61.'73 90.89 23.67 2".66 11.36 3.11 2.69 
IJ •••••••• 58.C6 97.04 24.1'] 26.20 11.75 3.64 2.75 
2'J ........ 58.74 97.60 2!,.74 26.51 12.27 2.73 2.78 
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Table 29.--Percentage change in shadow prices of crop products from solution 1 
to solution 19 

Region Wheat I Feed grains 1 Soybeans I Cottonseed 
-----------+----------~--------

--------------------------~------------------------------
1. ••...••.•••• 1.5 0 0.6 0.4 

2•..••.•..••.• 0 -5.5 -2.6 5.2 

3 .••••.•.•.••. 0 0 .7 5.6 

4•.•••••••.••• .8 0 
 .7 6.5 
5 •••••.•••••.• 1.4 0 .7 .4 
6•.••.••...•.• .8 0 .8 6.7 
7••••••••••••• 1.0 -8.2 -3.0 -2.4 
8•..•••.••.•.. 5.6 .70 -.8 
9•..•••.••.••• 2.0 5.3 -6.0 -8.1 


10.•...•.••••.. 0 0 .9 
 .9 
11. .••...•.••.. 1.6 0 .7 7.0 

12•••.•.••..•.• 1.3 -1.6 .7 7.7 

13•..••••••.... 0 0 .8 .4 

14•.••..•••.•.. 10.3 4.1 2.6 3.7 

15•.••••..•.... 16.2 
 0 1.9 -51.1 
16.•....•.••... 61.2 29.2 17.6 13.7 

17•...••....•.• -5.1 -5.7 0 -5.6 

18••••••..•..•• 2.2 12.3 1.8 .8 

19•....••..•... 0 .5 .6 .4 

20..•.......... .9 .6 .6 .4 


equivalent. 12 Silage production increases by 4.0 million tons, 
while hay production decreases by 9.9 million tons. Decreases 
in total production of roughage take place in five regions--5. 9, 
13, 14, and 17. No change takes pIece in regions 15 and 20. 

There are no interregional movements of hay in either 
solution. 

Diverted land 

Total acreage diverted to idle capacity increases from 102.7 
million acres in solution 1 to 163.4 million acres in solution 19, 
an increase of 60.7 million acres. However, cotton and grain land 
diverted to id.le capacity decreases by 32.4 million acres as 4.1 
million acres of cotton land and 28.8 million additional acres 
of grain land are diverted to hay and pasture under solution 19. 

Cotton land is diverted to hay production in regions 5 and 17 
and to pasture in regions 4 and 17. Cotton land diverted to pasture 
decreases in regions 5 and 12, but 71,500 and 661,000 acres of 
cotton land are still diverted to pasture in these two respective 
regions. 

Total surplus pasture land increases from 9.9 million acres 
in solution 1 to 90.8 million acres in solution 19. No region has 

12 One ton of hay equivalent roughage if; equal to 1,000 pounds of T.D.N. 
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a reduction in surplus pasture land. Regions showing more sur
plus pasture capacity are 1, 2, 3, 6, 8, 10, 18, and 19. 

The rise in pasture land results from the shift of cropland 
to pasture, with the subsequent shift of pasture land to nonuse. 
This interrelated shift was not allowed in recent land withdrawal 
programs which took surplus capacity out through crop reduc
'don. Pasture land was left in production. Obviously. if more 
productive cropland were shifted to pasture, with the latter idled, 
the acreage withdrawn from production would be greater than 
under existing programs which shifted 60 million acres from 
crops to nonuse. 

Surplus hay land increases by 12.3 million acres, with in
creases occurring in regions 1, 2, 3, 6. 7, 8, 10, 18, and 19. De
creases occur in the amount of unused hay land in regions 9 and 13. 

Milk cows 

The total number of milk cows decreases by 1.1 million 
head, to 16.0 million, in solution 19, as relatively more cows 
are milked in regions of high milk production per cow. 

Changes in the number of milk cows take place in 17 of the 
20 regions. Thirteen regions show decreases in milk cow num
bers and four regions increase milk cow numbers between 
solutions 1 and 19. Regions 5 (Florida), 9 (Minnesota and Wis
consin), 17 (Arizona and New MexiCO), and 20 (California) show 
increases. Regions 1, 2, and 6 show no change. 

Region 6 has no milk cows in solution 1. The shadow price 
on the milk cow activity in region 6 is 7.6 cents per head in 
solution 1, indicating that this region would make little economic 
sacrifice in supplying its own milk under the conditions of this 
solution. In solution 19, the shadow price for this activity in
creaSes to $25.47 per cow. 

The percentage changes in the shadow prices of fluid milk 
and manufactured milk are shown in table 30. Fluid milk prices 
increase in 10 regions and decrease in nine regions. The national 
average price of fluid milk decreases by 8.6 percent as indicated 
in table 30. Manufactured milk prices decrease in every region. 
Only one region, 5 (Florida), exhausts its milk cow capacity 
constraint in solution 19. The shadow price on the milk cow 
capacity constraint in Florida is $26.60 per head. 

Beef cows 

The total number of beef cows in solution 19 is 33.6 million 
head, compared With 32.3 million head in solution 1. More beef 
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Table JO.--Perceutagc change in livestock and livestock product shadow prices from 

solution 1 to solution 19 


Beef 
Manufac-

Beef Fluid tured milk,
Ro!gion Yearlings Pork fluid milkcalves milkGrade 1 Grade 2 equivalent 

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

1........ -22.0 -17.0 -22 •.3 -17.5 -13.0 4.7 -10.0 
2••••••• -24.8 -17.3 -22.9 -17.6 -13.0 1.7 -9.7 
3•.•.•.. -22.2 -18.0 -22.1. -18.0 -13.1 3.0 -10.0 
4 •.•••.• -28.1 -18.6 -23.7 -lS.? -13.3 3.4 -9.8 
5 ••••••• -27.1 -22.3 -23.S -22.3 -12.9 -2S.5 -9.9 
6 .•••.•• -2~.0 -lB.l -23.4 -lS.1 -13.6 -6.5 -10.2 
7••••••• -23.1 -17.2 -23.3 -17.5 -10.9 -7.7 -8.4 
8•••..•. -26.9 -18.2 -2.3.0 -lS.l -13.S -9.2 -9.2 
'l ••••••• -::?8.S -18.8 -23.4 -18.8 -7.6 -10.5 -10.5 

10••..... -27.9 -16.3 -2.3.8 -lS.J -14.6 2.1 -10.5 
11...••.. -28.8 -18.8 -24.6 -18.S -13.0 0 -9.8 
12 ....... -29.5 -19.d -25.5 -18.7 -13.0 -.7 -6.7 
11.••..•. -29.1 -19.:1 -24.6 -18.9 -S.O 1.3 -10.4 
14 ...•••• -::'1.8 -111.9 -24.5 -19.2 -1J.8 -7 •., -10.6 
15 ....... -':~.tJ -lS.4 -19.4 -lS.4 -12.9 6.2 -7.6 
lb .••••.• -28.0 -16.0 -21.4 -19.3 -10.8 .3.1 -8.0 
17....... -28.8 -190ft -1~.3 -18.9 -12.0 -12.2 -12.2 
IS ....... -2J.S -18.'1 -15.6 -lS.9 -11.9 4.0 -10.0 
19••••... -29.1 -19.6 -18.3 -17.4 -11.7 4.6 -9.5 
20....... -.11.$ -l'J.O -17.1 -17.8 -11.3 -9.8 -9.8 

cows are required for solution 19 to offset the reductions in 
both calf supplies and grade 2 beef from the dairy sector. Milk 
cows contribute from 0.29 to 0.39 calf per cow to the cattle 
feeding sector. In addition, veal calves, culled milk cows, and 
culled replacement heifers from the dairy sector contribute 
meat to grade 2 beef. The beef sector supplies grade 2 beef from 
culled cows, bulls, and replacement heifers, and from 400-pound 
calves and/or 700-pound yearlings. However, milk cows provide 
more grade 2 beef annually per cow (88 to 154 pounds carcass 
weight) than beef cows (52 to 76 pounds carcass weight). A given 
quantity of beef can be secured with a variable number of cows 
depending on how large their offspring are when slaughtered. 
The larger the offspring when slaughtered, the fewer cows re
quired per pound of beef produced. 

Cull animals from the dairy sector and from the beef breeding 
herd are insufficient to satisfy the specified requirements for 
grade 2 beef under solution 19. This deficiency is satisfied by 
slaughtering yearling beef calves directly from grass (without 
grain feeding). Thus the shadow prices for grade 2 beef are 
determined by the cost of producing yearling feeders. In every 
region and for all solutions, shadow prices are higher for grade 
2 beef than for grade 1 beef. Part of this difference stems from 
the fact that limits in production of fed beef originate indirectly 
from the final restraint in the number of feeders produced, 
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as reflected in actual markets. Of course, this premium, ex
pressing the final source of constraints, is capitalized into land 
prices under the functioning of the market. 

If a transfer activity had been employed to substitute the 
higher quality grade 1 beef for the lower quality grade 2 beef, 
transfers would have taken place until the price of grade 2 beef 
did not exceed the price of grade 1 beef. The resulting inventory 
of cows and types of beef feeding activities then would be the 
same as if only one grade of beef were included in the model. 
Had the grade 2 beef requirements been low enough to be sup
plied entirely from culled animals from dairy and beef breeding 
herds, the shadow price of grade 2 beef would have been zero. 
In this case, grade 2 beef would have been treated as a byproduct 
of the grade 1 beef activity. 

These results and potential results indicate the need for 
use of demand functions with their appropriate cross elasticities 
for the different grades of beef in general models of the type 
being discussed. With low grain prices such models would still 
tend to place the demand quantity of grade 2 beef near the 
supply of cull cattle from breeding herds. The number of' cows 
required would still vary with calf weight at slaughtering time. 

The fact that some yearlings, and consequently some beef 
cows, are produced to satisfy grade 2 beef requirements has 
some repercussions on the grade 1 beef sector. The model 
selected beef feeding activities which produce somewhat lighter 
carcasses than fed yearling activities. Hence, a few more cows 
are required to supply calves to the grade 1 beef sector than 
are required if more yearlings are fed out for grade 1 beef. 
Slaughter of these cows supplies a portion of grade 2 beef re
quirements, thus reducing the number of yearlings required to 
satisfy grade 2 beef requirements. 

Six regions show increases in the number of beef cows (regions 
4, 11, 13, 14, and 15). Regions 1, 2, and 8 have no beef cows in 
either solution. Beef cow numbers drop LO zero in regions 3, 6, 
7, 9, 10, 18, 19, and 20 under solution 19. The remaining regions 
(5, 12, 16, and 17) decrease beef cow numbers, but not to zero, 
in going from solution 1 to solution 19. In solution 19, since every 
region has slack beef cow capacity, all shadow prices on beef 
cow capacity are zero. 

Fed cattle 

The total number of fed cattle increase by 41,600 head to 
19.4 million head in solution 19, an increase of only 0.2 percent. 
AU regions produce fed cattle in solution 1, but regions 1, 8, 9, 
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11, 18, 19, and 20 drop fed cattle to zero in solution I? Regions 
10 and 17 reduce production to 3.9 million head and 0.3 million 
head, respectively. All other regions increase fed beef produc
tion as the livestock capacity constraints are relaxed in solu
tion 19 (table 9). 

Yearling feeder calves 

The total production of yearling feeder calves drops by 1.9 
million head to 7.0 million head under solution 19. However, 
regions 4, 5, 6,13,14,17, and 18 increase production of yearlings, 
while regions 2, 11, 15, 16, and 20 decrease production. Of the 
7.0 million head of yearlings produced, 6.9 million are slaughtered 
for grade 2 beef. 

Since hog production is measured in hundredweight of dressed 
meat and the specified national pork requirements are the same 
in both solutions, no change in total pork production takes place. 
However, some change takes place in individual regions. Regions 
that expand hog production, compared with solution 1, are 10, 14, 
and 15. Regions 7, 9, 11, 12, and 16 drop hog production to zero. 
A decrease in hog production also taKes place in region 13. Only 
region 15 has no excess capacity for hog production in both 
solutions 1 and .t 9. 

Commodity shadow prices 

Shadow prices, or implicit product prices for livestock prod
ucts, are lower for solution 19 than for solution 1. Net grain 
prices are higher, however, as increased grain prices in some 
regions outweigh the decreases in others. The percentage changes 
in commodity shadow prices from solution 1 to solution 19 are 
shown in tables 29 and 30. 

Resume of Changes From Solution 1 to Solution 19 

A large number of changes in the equilihrium basis take place 
as a result of changes in regional livestock capacity constraints. 
However, total national costs, the magnitude of the objective 
function, are only 2.5 percent lower for solution 19 than for 
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solution 1. Shadow prices for livestock products are considerably 
lower: fed cattle prices decrease by 23.6 percent, and hogs and 
milk shadow prices decrease by 15.9 and 8.6 percent, respec
tively. The shadow prices of wheat and feed grains increase. 
The wheat shadow price is 2.7 percent higher in solutiori 19 
than in solution 1 and the feed grain price is 0.8 percent higher. 
The total transportation bill for product distribution is also 
higher in solution 19. Thus, the price decreases in livestock 
products are partially offset by higher grain prices and greater 
total transportation costs. 

Total surplus land increases from 102.7 million acres in 
solution 1 to 163.4 million acres in solution 19. Much more of 
the diverted land in solution 19 is surplus pasture (90.8 million 
acres vs. 9.9 million acres) since more cropland is diverted 
to hay and pasture. Total wheat production increases in region 12 
(Texas and Oklahoma), region 9 (Minnesota and Wisconsin), 
:.1nd all six regions west of the Great Plains. Total feed grain pro
0uction decreases, but regions 2, 10, 12, and g show increased 
feed grain production. The major decreases in feed grain pro
duction are in the eastern Corn Belt and in Nebraska and Kansas. 

Fed cattle production decreases in the New England States, 
the western Corn Belt, and the Far West. Increases in fed cattle 
production take place in the Great Plains, the northern Rocky 
Mountain States, the East, and the South. 

The total number of milk cows decreases by about 1 million 
head as milk cows are shifted to regions with higher average 
milk production per cow. The total number of beef cows increases 
to offset the reduction in both calves and grade 2 beef from the 
dairy sector. Increases in beef cow numbers occur mainly in 
the South and Southeast (regions 4 and II), in the northern Great 
Plains, and in Montana, Idaho, Wyoming, and Colorado. Beef 
cow numbers decrease in the southern Great Plains, the West 
and Southwest (regions 17, 18, 19, and 20), the Corn Belt, and 
Lake States. Hog production increases in region 10 (Iowa, 
Minnesota, and Missouri) and region 15 (Montana and Idaho). 

All regions, except Florida, have excess capacity for milk 
cows in solution 19. For beef cows, excess capacity appears in 
all regions. Excess capacity for hogs appears in all regions 
except region 15. Capacity for fed cattle is exhausted in regions 
2, 3, 4, 5, and 15. 

Results under intermediate solutions 

Some regions showing increased production of a particular 
type of livestock in solution 19, compared with solution 1, have 
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even higher production at intermediate solutions. For example, 
hog production in region 10 is highest in solution 8 when the 
capacity index (I ~) is at 1.721. In region 7, hog production in
creases through solution 2 (I 65c = 1.101) and then goes to zero in 
solution 14 (I~5= 2.394). Region 13 increases hog production 
through ,solution 4 (I 

65 
c = 1.313) and then falls to zero in solution 

7 (I~ = 1.619). No regions show increases in hog production sub
sequent to a downward trend. Similar changes occur for milk 
cows: Regions 7, 8, and 12 increase the number of milk cows 
in lower index levels on livestock capacity constraints and then 
show decreases for subsequent solutions. 

Regions i, 9, 19, and 20 show no production of beef cows 
after solution 1. Region 18 shows an increase in beef cow numbers 
in solution 2 compared to solution 1, but produces none in 
solution 3. Beef cow m::nb::rs rise in region 10 from solution 1 
through solution 2, then drop to zero in solution 8 (I~= 1.721). 
In region 12 beef cow numbers fall from solution 1 to solution 2, 
rise from solution 2 through solution 4, fall from solution 4 to 
solution 10, then remain sta.ble at approximately 6.7 million 
head. A stable level of beef cow numbers is attained in nearly 
all regions by solution 8 (I~ == 1.7214). 

Regions 4, 11, 13, 14, and 15 are among those having the 
largest increases in beef cow numbers. 

Fed cattle numbers exhibit more orderly patterns of chanl:;e 
in going from solmion 1 to solution 19. Region 10 increases 
through solution 3, then decreases to a low of about 3.5 million 
head in solution 14. Regions 1, 8, 9, 11, 18, 19, and 20 drop the 
number of fed beef to zero in going from solution 1 to solution 
19. Regions 7, 12, 13, 14, and 15 are among those in which the 
largest increases of fed cattle numbers occur. 

Only a 2.5 percent decrease in total costs is achieved in 
going from solution 1 to solution 19, but substantial changes 
occur in regional patterns of production and land diverted to 
surplus or idle capacity. In view of model limitations and the 
large adjustments required, a 2.5 percent gain in costs might 
be considered quite negligible. Such changes are likely to take 
a considerable amount of time. Meanwhile, output require
ments are likely to increase. In solutions 20, 21, 22, 23, and 24, 
output requirements are increased in 5 percent increments with 
livestock capacity constraints set at the levels of solution 19. 

1965 Model; Solution 24 

The A matrix and the cost coefficients are the same for all 
solutions in the 1965 model. In going from solution 1 to solution 19, 
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the regional livestock capacity constraints are varied by 200 
percent, or to 300 percent of the levels of these constraints in 
solution 1. Starting with the level of livestock capacity con
straints at solution 19, the specified levels of demand for all 
commodities are increased simultaneously and in the same 
proportion, with solutiOilS printed out at approximately 5 per
cent demand increments up to a 22.39 percent increase. Thus, 
in solution 24, the index level of the livestock capacity con
straints is the same as for solution 19 (I~ =3.00), while the index 
level of demand constraints is 22.39 percent greater than in 
solution 19 (1 ~= 1.2239 in solution 24). 

The results of solution 24 are summarized in figures 39 
through 50 and tables 31 through 39. 

Changes From Solution 19 to Solution 24 

Wheat 

Total wheat acreage in solution 24 is 59.6 million acres, 3.8 
million acres greater than in solution 19 (table 35). Total output 
is 3.6 million tons greater. However, wheat used for livestock 
feed decreases by about 3.5 million tons. Thus about 7.1 million 
extra tons of wheat are needed to satisfy the 22.4 percent increase 
in domestic nonfeed and export requirements for Wheat under 
solution 24. Seven of the 20 regions show increased wheat pro
duction (regions 7, 9, 10, 11, 15, 16, and 20), and six show de
creases (regions 3, 12, 13, 17, 18, and 19). No wheat production 
takes place in regions 1, 2, 4, 5, 6, and 8 for either solution 19 
or solution 24. 

Thirteen changes occur in interregional shipments of wheat. 
Region 7 ceases shipments to region 1. Region 12 increases 
wheat movements to region 4, but ceases shipments to regions 
6 and 11. Region 13 initiates shipments into region 3 and increases 
shipments to regions 1 and 2, while shipments to region 8 cease. 
Region 14 initiates shipments to region 6 and increases shipments 
to region 8. Wheat shipments from region 15 are initiated to 
regions 7, 18, and 19 under solution 24 compared with solu
tion 19. 
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Figure 39.--Geographic locations and acreage of grain and cotton production for 1965 model, solution 24. 
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Figure 40.--Geographic locations and acreage of harvested roughage production for 1965 model, solution 24. 
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Figure 41.--Geographic locations of land diverted to surplus capacity--1965 model, solution 24. 
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Figure 42.-Geographic locations and numbers of milk cows and beef cows--1965 model, solution 24. 
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Figure 43.--Geographic locations and level of production for fed cattle, yearling feeder calves, and hogs--1965 model, solution 24. 
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Figure 44.-lnterregional flows of wheat and feed grains--1965 model, solution 24 (1,000 hundredweight of feed units). 
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Figure 45.--Interregional flows of soybean meal and cottonseed meal--1965 model, solution 24 (1.000 hundredweight of feed units). 
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Figure 46.--Interreglonal flows of manufactured milk products and whole fluid milk--1965 model, solution 24 (1,000 hundredweight). 
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Figure 47.--Interregional flows of pork--1965 model, solution 24 (1,000 hundredweight). 
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Figure 48.--lnterregional flows of feeder calves and yearling feeder calves--1965 model, solution 24 (1,000 head). 
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Figure 49.--Interregional flows of beef, Grade 1--1965 model, solution 24 (1,000 hundredweight). 
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Table 31.--Land in production, by crops and regions, solution 24 

Region Whea t TFeed grains rSoybeans TCotton ISilage ITame hay IWild hay 

-----------------------------Thousand acres-----------  __________________ 

1. .••...• 89.1 138.9 1,366.0 
2•••••••• 2,887.1 715.6 2,687.4 
J •....... 349.;> ,,738.6 228.2 154.8 315.4 358.7 
4 ........ 129.1 1,264.3 
5 .••..•.. 76.2 66.8 
6 ..••.••• 
7 ..•.•••• 
8.....•.. 
9...•..•• 
10•..•••. 
11 ..•.•.• 

1,2.l2.0 

3,219.4 
3,791.7 
2,106.1 

621.6 
10,171.1. 
1,668.9 
6,630.4 

31,257. 4 
128.1 

287.5 
2,702.1 

174.3 
7,961.1 
1,326.3 

624.9 

164.7 
1,598.0 

113.2 
619.3 
514.9 

3,111.1 
614.0 
77.7 

2,768.0 
3,913.1 
2,725.6 
5,782.2 
3,793.9 

461.3 

754.3 
146.1 

65.7 
12 ...•.•• 9,224.7 4,017.7 10,105.3 714.8 1,771.0 
1:3 •.••••• 
14....... 
15....... 
16....... 

12,730.7 
10,110.9 

5,925.3 
4,529.5 

S, 6>'.l. 8 
3,200.7 

5.9 

67.1 
32.3 

1,035.5 
1,156.1 

90.4 
329.7 

2,934.8 
2,940.7 
1,973.4 

563.6 

1,971.2 
826.1 

17 ....... 186.2 1,044.2 26.6 649.4 
18•••.... 283.7 22.2 463.5 
19....... 4,945.9 7.1 638.2 325.3 
20•.•.•.. 982.8 802.8 1,341.3 2,086.8 102.1 

U.S••..•. 59,618.1 70,81;;1. 5 12,778.9 15,109.4 9,731.6 39,208.7 4,190.8 

Feed grains 

Total feed grain acreage increases approximately 27.3 million 
acres to 70.9 million acres, an increase of about 32 percent over 
solution 19. Since demand constraints are increased by 22.4 per
cent under solution 24, some additional production of feed grains 
is required to offset the reduction in the use of wheat for live
stock feed. Eight regions show increases in feed grain production 
(regions 7, 8, 9, 10, 11, 12, 13, and 14) and five show decreases 
(regions L, 2, 3, 17, and 29). Regions 12 and 13 reduce wheat 
production and increase the production of feed grains, as changes 
in relative prices make the higher yielding feed grains more 
profitable. 

Eight changes take place in interregional shipments of feed 
grains. Region 7 increases shipments to regions 1 and 2 and 
initiates shipments to region 8. Shipments into regions I, 4, 6, 
and 11 from region 10 increase, while region 13 initiates ship
ments of feed grains into region 20. 

Soybeans 

Total soybean acreage increases by 3.2 million acres to 
approximately 12.8 million acres or by 33 percent compared to 
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Table 32.--Lp"Q shadow prices, by crop-producing areas, solution 24 

Area Land-l I Land-2 I Land-3 1Land-:' Area Land-l I Land-2 ! Land-3! Land-4 

------Dol1ars Eer acre------- ------Dollars Eer acre-------

1. •.. 4.66 63 •. 0.66 1.70 
2•••• 1.89 4.62 64•• 1.30 
3••.• 65 •• 1.40 
4••.• 22.56 66 •. 
5•.•. 22.11 67 •• 
6 •••• 13.88 68 •• 
7•••. 10.74 69 •. 
8•.•. 70.. 
9 •••• 3.00 71.. 2.33 

10.•.• 3.98 72 •• 3.53 
11. ••• 73 •. 5.11 
12•.•• 74 •• 11.01 
D ..•• 75•. 
14.••• 5.11 3.95 76 •• 4.15 
15•••. 77•. 
16•••. 78 .. 
17•... 10.01 79 •. 
18••.. 80 •. 
19..•. •48 81. . 
20.•.• 82 .. 
21. ... 83 •. 
22 .... 84 .. 0.44 
23 ••.. 17.21 .64 • 21 85 •• 4.84 
24•••. 5.81 86•. 6.09 
25 •.•. 10.45 6.13 87 •• 
26 .•.• 12.31 2.39 88 .. 7.47 
27 ..•. • 61 89.. 28.13 7.76 
28 .... 5.20 90•. 3.42 
29...• 91. • 32.87 8.66 
30..•. 92.. 106.68 24.97 
31. •.. 93 .. 1.2.41 5.33 
32.•.. 94•. P.02.21 7.37 
33 .... 
34.... 2.47 

2.88 
1.24 

95•. 113.51 
96.. --

1.16 
3.94 

35 ..•. 10.82 2.12 97.. 20.37 7.27 
36 .•.. .80 1.95 98.. 0.:;0 8.36 
37.... 2.71 10.07 99 .• 35.55 6.17 
38 ...• 8.64 . 88 100.• 50.71 12.43 
39.... 17.27 101. . 6.31 3.86 
40•... 5.12 1.19 102 .• .01 4.16 
41. ... 103 .. 3.73 
42 .... 1.17 104.. 4.47 
43 ..•. 1.66 105 •. .64 
44.... 8.34 1.56 106.. 8.84 
45 .•.• 4.77 107 .. 1.02 
46•..• 15.07 108.. 7.07 
47•••. 
48 .... 1.80 .04 

109.. 
110 •• 

3.73 
2.44 

49.•.. 5.34 2.62 111.. 10.89 
50.•.. .92 2.86 112 .. 6.17 
51 .... 9.11 113 .. 26.35 4.43 
52 ••.. 1.25 114.. 24.54 .10 6.66 
53 •..• 6.61 1.44 115•. 16.97 .90 6.97 
54•... 
55 .... 4.82 

10.32 2.14 116.. 
117 .. p45.91 

3.08 21.02 
31.12 

10.34 
15.25 

56 ..•. 17.38 2.35 118 .. 
57 .... 4.51 .01 2.29 119 .• 
;,8 .... 
59 ..•• 

12.54 1.84 
1.91 

120.. 
121. . 1.71 

60.•.• 10.20 1.31 122•. 4.23 6.23 
61. ... .73 1.72 123•. 4.14 
62•... .27 1.70 124.. 8.54 2.99 
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Table 32.--Land shadow prices} by crop-producing areas} solution 24--Continued 

Area Land-l I Land-2 I Land-3! Land-4 Area Land-l I Lalld-2 1 Land-3 1 Land-4 

-------Oollars per acre------ ------Oollars Eer acre-------

125 •.. 16.14 142 .. 6.97 
126.. • 30.82 143 .. 
127... 3.49 144•. 
128 ... 3.85 145•. 1.56 
129 ... 1.43 3.25 146•. 0.45 2.39 
130... 60.02 12.36 147 .. 7.98 
131. .. .32 13.57 148.. 
132 ... 36.80 1.65 149.. 
133 ... 83.rrI 9.66 150.. 
134 ... 37.73 29.73 151. . 
135 ..• 70.35 5.64 152.. 8.52 3.42 
136.•. 1.7.92 26.05 153 .. 12.64 
137... 25.38 2.60 6.70 154.. 19.41 
138... 
139... 
140... 
141... 

11.69 

.33 

155 .. 
156•. 
157.. 189.77 

21.43 
1.11 3.29 

2.02 
6.69 

solution 19. Only region 9 shows a decrease in soybean production. 
Region 9 substitutes a pure feed grain rotation for feed grain
soybean rotations. Regions 7, 10, II, 13, and 14 have increases 
in soybean production (table 35). 

Nine changes in soybean oil meal shipments occur. Region 6 
initiates shipments to region 3. Region 10 reduces shipments 
into regions 3 and 12 but increases shipments into regions 4, 5, 
8, and 11. Regions 13 and 14 initiate shipments into regions 16 
and 9, respectively. 

Cotton 

Total cotton acreage increases by 3.1 million acres to 15.1 
million. Increases take place in regions 3, 5, 6 (the Southeast), 
10 (southeastern Missouri, the cotton area of the region), 11 
(Delta States), 12 (Texas), and 17 (Arizona and New Mexico). No 
regions show decreases in production in solution 24 compared 
to solution 19. 

Harvested roughages 

Total roughage production increases by 29.9 million tons of 
hay equivalent. Hay acreage increases by 11.5 million acres, 
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Tuble 33.--Crop product slmdow prices, by regions, solution 24 

Region Land-5 
I 

Hay 

I Wheat Feed grains\feed units) 1-"uoybeans 
1Cottonseed 

meal 

!Jol.[A. U.M. Dol./ton DoL/bu. Dol./ewt. Dol./bu. Do1./ewt. 

1 ..... 13./.4 1.45 1.89 1.70 2.57 
2 ..... 
3 ..... 
4 ..... 1.24 

9.52 
8.19 

13.01 

1.34 
1.42 
1.50 

l.72 
l.70 
1.81 

1.62 
l.68 
1.53 

3.01 
2.76 
2.71 

5..... 
6•..•. 
7 ..... 

1.30 
.79 
.42 

11.2/. 
11.30 
9.62 

1.66 
1.40 
1.23 

2.16 
1.68 
1.JO 

1.64 
1.46 
1.43 

2.87 
2.60 
2.6J 

8 ..... 
9 ..... 

10..... 
11. .... 
12..... 
lJ ..... 
14..... 
15••..• 
16••..• 
17 ..... 

1.11 
1.25 

.70 
1.49 
2.24 
2.00 
1.69 

.79 
2.62 
2.12 

8.69 
6.97 
7.83 

10.79 
6.86 
6.27 
7.82 

14.54 
5.1.3 

17.07 

1.20 
1.11 
1.15 
1..39 

.97 

.74 

.71 

.50 

.97 
1.11 

1.67 
1.43 
1.1(1 
1.82 
1.49 
1.lJ 
1.11 
1.6.3 
1.56 
2.08 

1.59 
1.49 
1.32 
1.53 
1.61 
1.3J 
1.34 
1.75 
1.50 
1.91 

2.87 
2.73 
2.46 
2.55 
2.21 
2.47 
2.43 
1.09 
2.71 
2.38 

18 ..... 
19 ..... 
20 ..... 

.99 

3.0) 

11.94 
15.64 
Ul.48 

1.0) 
1.10 
1.24 

1.8J 
2.16 
1.89 

1.84 
1.91 
1.S1 

2.82 
2.80 
2.55 

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

Table 34.--Liveatock and livestock produot ohadow prices, by regions, solution 24 

Deef 

Mnnufae

fieghm Beef Yenrlil1!1f, Grade-l Gl'aJe-2 Fluid tured milk,Pork'~alveo ,carenSG ,car~nS3 milk fluid milk 
weight) weight) equivalent 

Dol./head Do1.Lhead Do1./cwt. Dol., cwt. Do1.LC...t. Do1.Lc'Ilt. Do1.Lcwt. 

..1 ........ (,'7. ~." 11.... 02 ::':.2R 30.55 12.06 3 . .36 2.84 

'2 •••••••• 71.)1 111. 53 27.15 .30.29 11.'15 3.09 2.81 

l. ....... 71.b>.) 1(18.'.6 2~·.m 29.46 11.89 3.20 2.82 


~......... 6!L3Z 10~.34 o:?b.6~ 
 28.61 11.72 3.45 2.80 
~b.';f, 104.1"7 ;;".('~ 28.27 12.16 2.85 2.85 


b ........ t<1.98 1\'''.64 2(:.·;9 28.69 11.45 
 3.25 2.77 
7 ........ n.n 1l1.Ob 26.16 29.65 
 1l.'~9 2.74 2.74 

8 ........ 

I 
,9.JC LJIl.1l4 26.33 29.56 11.33 ?b7 2.67 


9 ........ [".)5 ll>:.D 2~.32 28.28 11.26 
 2.59 2.5Sl 
10. ....... 7l.llJ 10,7.23 2 .... 31 211.14 
 10.'4 3.04 2.69 
11........ b7. 3~ h.~.(ll 2t.0i) ';8.2~ 11.88 3.;5 2.80 
12........ bl·.q~ 11.:":.",0 ~~I.tJ~ 27.6,,) 11.96 2.96 2.79 
13 ........ 7L'.t<~ 10~).O":' 2cl.'Jl 2'3.15 11.26 3.22 1.71 
14........ bB.r{~ 1.,·,.HC 24.t'b 27.82 10.7'; 2.93 2.67 
15•.....•• (.~.Jl h,it.• 9"t 1',."" 28.70 11.~3 3.30 2.g0
16.•.•.... '·~1.2':' 1. ~.~.: ~~}.':"l 28.5b 12.01 3.06 2.77 
17...... " t,'f'. ":lq lJ? .18 2",~ .lr:' 29.11 12.5t 2.1l1 2.81 
l~ ........ '·'2.Y.l 1"'....'1 2.6 ••~~) 29.15 12.35 3.20 2.82 
19 ........ ~2.-,-) 11':.lC .:!"o2b .1U.42 12.75 3.62 2.87 
20•••••••• bl:l.(',' 11, •. c';';' .;.;7. ttl 30.97 1.3.'27 2.91 2.91 
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Table J5. --MII-j 111 produHi»n, t,y !'jcr.G~ing regions~ ~hange free!. Bolution 19 to 
c,JlutLm 24 

Regiun 'NheB~ I",.d grains 1':~Yle3r_' I .... !t;,n I .3ilage ITwne hny IWild h,y 

... _... _...... __________________ ... _ .. t. '1..i.'IlfiJ 
:l ~ren --------- ...-- ...----- ----------- --

-20. j 3.S 282.1 


..... ~ ..... -140.5 In.5 516.7 

1....... 


' ....... ~ -2<..9.2 -21J.5 154.8 143.2 116.8 


'........ 76.2 

t ... ~ •••• 624.9 78.1 2,279.6 

12.7 042.~ 65.8 241.9 1,787.3 

>........ :"16.2 248.8 1,642.5 

I ••••••• l "B·J.1 1,111.1 -90\.9 -237.9 1,780.B 38.4 

~ ......... i . ~?,).S ?2J.(' 575.6 164.7 460.1 2,195.) 
... 1....... 1J., i.~.6 1, ~')<..l 3.7"5.8 4C5.9 - tOS.2 
11....... · -b35.0 "34.2 1/3.9 102.7 392.2 
.ll........ ~ -1~l.9 2,~,1. ".; 27, J -18.6 -271.4 
::'l~ .. ........ i :., ~·~h. '" lS. J -66.8 -169.S 
lot; •••••• ..- ';'J~q.~ 2.0 125.8 67.0 
1£. ••••••• )4,'.•• 122.1~l.t. 

l·~•.....• ..18t, • .". -162. f) jJt,. ry -~.0 131.3 

18 .•••••• -2JI:.2 7.1 149.9 

1'·)....... -5.9 6.2 370.7 

2;....... 248.3 -,,"-e.) 

·"... i .••••. j,pt:~.2 --. J2~t'·;'i J-1~.6 3,12~. ) 1,169.~ 1,1.,)1.).7 105.4 

Tntle 'b .......Land Jiverteu tD ~!;her "'r~p::l, ty ',th;uming reglvnn, .:-har.gc (roo solution 

t.J t\- ;~chIt i~n ;,... 

I. '·.·ttem lan<ll \.:ot ton 1andtC<lt~"r. land I"rllin 7';;;011\ "rain lalld [Illay lan~J5.;""pland to
Reg-ion t,,' to t·, ~,_~ to to h\'y, past.ure, __~!~:: "ay land r~t:.rp 1ar.~1 t.ay land "asture land pauture land or td~ 

_....__.........._____..____________ ..________ Thouvanti a,'.:res -----------------------------------

1..... 
257.0 

'1: .. ~ .... 1,214.8 -664.6
,;, ....... 


...... 7 ..'n.'; ~.'7 -4.7 -76.2f'1 ...... 

,,"tlt , J;~96.'1 541.3 -1, 34f.!.':' 
2, XJ4.1 JJ9.J -5,~1'.b 

8 ..... 

(1 ••••• 

4111 ... 2,lY'.7 74/•• 6 

J ..... C",t;(;a. ., -1,8:>1." -1,24£.5 
', ....... 2, ... ),,'.3 " ,l,.JB.? -8,739.41'· ..... 

11. .•.• -1,./"1 # .... 1 -) ,2(h.... "7 1'15.0 -3,794.8 
t",~ ...... -l'YJ. oJ -~r1.2 -376,1. -391.1 

11..... 
 -::r,jiJb ....; 24c.~ -2,)06.7 

1~ ••... 
 -l,~_l,_:.~ l~?l 1, Sl(). 5 

~.'~ J. "' -1':"/.9, -1,~5 ','!l~ ....... 

-~14. ) -U).2 -414::1 


17 •• ", ... In.~\ -ll~.~ 

tt ..... 

_ ~ }.4 U.l 
18..... 263.1 211.b 226.& 
N ..... 
,,1,' ••••• 

U.;;. .. -lo.'.~ 1<0.5 -1,11~.7 42'•• ) 8,2M l.Y- e,eR?) -24 ,229 .7 
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Table 37.--Idle land by consuming regions, change £rom solution 19 to 
solution 24 

P.egion Cotton 

I Grain Tame hay 

I Wild hay I Pasture Total
land land land land land landI I 

-------------------------- Tho~~and acres ---------------------------
1..... 265.3 -1,001.7 -1,267.02..... 758.6 -1,978.6 -2,737.23 ..... -154.8 -509.8 -1,282.4 -7,200.0 -9,147.0
4 ..... 

5..... 

6 ..... -884.9 -4,711.8 -2,758.9 -9,583.7 
 -17,939.3
7..... -8,803.7 -2,117.1 -10,920.8
8 ..... -3,301.6 -1,203.6 -548.1 -5,053.4
9 ..... -3,916.2 -38.4 -3,954.610..... -743.7 -11,006.9 -7,607.7 -19,007.5 -38,365.9
11..... 


12 ..... 

13 ..... 

14 ..... 

15 ..... -2,350.6 
 -67.0 -2,417.616..... 
17 ..... 
18..... 36.5 -361.1 -20,463.7 -20,861.419 ..... -371.1 -5,898.1 -6,269.320..... 

U.S. " -1,783.4 -34,564.1 -14,678.0 -105.4 -65,681.4 -118,933.5 
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Table 38.--Percentage 	changes in commodity shadow prices by regions, from 
solution 19 to solution 24 

Beef 	 Manufac-Beef 	 FluidYearlings 	 Pork turedRegion calves 	 milkGrade 1 I Grade 2 	 milk 

----------------------------------Percent--------------------------------- 

1. •..••.• 15.5 13.9 12.4 15.5 8.4 0 4.8 

2........ 22.8 15.3 13.2 15.6 8.3 2.0 4.5 

3........ 18.0 16.1 12.5 16.1 8.4 3.2 4.8 

4 ........ 16.9 16.7 13.7 16.7 3.6 4.5
8.5 

5........ 18.6 16.9 13.5 17.0 8.3 4.4 4.4 

6........ 16.8 16.2 13.5 16.2 8.8 2.8 4.9 

7........ 16.8 15.3 11.8 15.6 8.8 3.4 4.2 

8........ 17.5 15.9 12.9 15.9 8.9 3.5 3.5 

9•••.•..• 19.1 16.9 13.8 16.9 9.6 4.9 4.9 

10........ 18.4 16.3 13.5 16.3 9.6 4.1 5.1 
11. •....•• 18.1 16.9 14.1 16.9 8.5 4.7 4.9 

12........ 19.8 17.4 14.8 16.8 8.3 5.3 4.9 

13........ 19.1 18.5 14.5 17.0 6.9 4.2 5.0 

14........ 18.9 18.4 14.2 17.0 10.1 4.6 5.1 

15........ 19.6 18.7 13.7 17.2 9.5 7.5 4.9 

16........ 18.4 17.5 13.8 18.5 8.3 3.4 4.9 

17........ IB.7 18.1 14.5 18.1 8.0 5.2 5.2 

IB ........ 18.1 18.1 13.0 18.1 8.7 2.9 4.8 

19........ 25.0 15.4 12.7 16.1 8.5 -0.5 4.4 

20........ 16.8 16.8 12.4 16.8 8.1 4.7 4.7 


Wheat I Feed grains Soybeans Cottonseed meal I 
1•.•....• 6.6 10.5 9.0 11.3 
2........ 7.2 11.7 8.0 -1.6 
3 ........ 10.1 8.0 9.8 -1.8 
4........ 13.6 11.0 10.9 10.2 
5•...••.• 11.4 9.1 9.3 9.5 
6........ 8.5 12.0 9.0 8.3 
7 ........ 21.8 16.1 9.2 8.7 
B........ 5.3 15.2 10.4 9.5 
9........ 9.9 19.2 19.2 20.8 

10........ 17.3 19.6 11.9 n.8 
n ••••••• , B.6 n.o 10.1 10.9 
12........ 22.8 22.1 10.3 13.3 
13 •••••••• 13.B 13.0 9.9 9.8 
14........ 10.9 9.9 11.7 8.5 
15 ....... , 16.3 7.9 8.7 17.2 
16........ 22.8 13.9 18.1 16.3 
17........ 18.1 39.6 8.5 18.4 
18........ 13.2 5.2 8.2 12.8 
19........ 14.6 6.4 7.3 6.9 
20••....•. 9.7 7.4 7.1 7.6 
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Table 39.--Cruu.5es in crop and livestock production, by regions, from solution 19 to solution 24 

Feed Cotton Harvested Milk Beef Fed HogRegion Wheat Soybeansgrains lint roughage cows cows Cattle ( liveweight) 

1,000 tons 1,000 tons 1,000 tons 1,000 tons 1,000 tons 1,000 head 1,000 head 1,000 head 1,000 on. 

1. ••••...•. (~,2 ) -13.8 (1,2) (~,2 ) 452.8 114.7 (~,2 ) (1,2) (l,2) 
2.••...•.•• (l,2) -209.1 (l,2 ) (l,2 ) 1,502.6 407.0 (l,2) (l.• 2) 
3•••.•.••.. -236.5 599."- 54.8 127.8 774.9 106.6 (l,2 ) --- (~,2 ) 
4•••..•.•.• (~,2 ) (l,2 ) (1,2 ) --- --- (1,2) --- ( ~,2) 
5.•...•..•. (1,2 ) ( ~,2) (~,2 ) ~ 12.8 --- --- -10.9 1.2 ( 1,2) 
6..••....•. (~,2 ) 317.7 ~ 303.0 ~ 191.8 3,734.7 (1,2 ) ~ 2 628.7 (l,2 ) 
7.••.•..••• 16.4 8,186.8 1,465.1 (l,2 ) 4,578.6 1,101.8 ( i ,2) 394.9 l 14 232.1 
8•....•.•.. ( l,2) 750.0 (l,2 ) (1,2 ) 4,023.1 991.0 (1,2) (1,2 ) ( i ,2) 

W 111.3 3,599.7 502.3~- 9.•...•.... 557.6 1,522.4 ( l, 2) (l,2 ) ( l,2) (1,2) 
W 10•..•....•. 659.9 9,446.4 1,248.0 l33.8 8,506.4 (l,2 ) 4,694.6 2,755.2 19,067.6

11. •..•...•. 1,640.4 70.5 407.3 354.3 -158.4 ( 1,2) -1,238.4 (1,2 ) 

12•••....... -345.3 674.2 (1 2) 22.5 1,223.5 191.9 897.2 325.1 

D .......... -335.1 4,139.4 29.0 (l, 2) -524.2 (1,2) -414.0 165.9 728.4 

14.•...••... --- 1,662.7 12.9 (l, 2) 337.8 (1,2 ) 397.3 -38.1 1,999.3

15 ....•.•..• 1,462.9 (l, 2) (l, 2) (l,2 ) 262.1 16.2 123.6 

16...••.•.•. 250.9 --- (l,2 ) (1,2) 810.1 29.7 -186.5 824.2 (l,2) 

17.....•..•. -95.7 2 -324.1 ( 1,2) 155.8 167.8 53.5 -129.0 -189.0 (1,2 ) 

18•...••..•. -119.1 (l,2 ) (l,2 ) (l 2) 410.6 15.5 (l,2 ) (l,2) (l, 2) 

19...••.••.• 5.4 (l, 2) (1,2) (l 2) 849.2 144.7 (l,2 ) (l,2 ) (l,2) 

20 .....••••. 151.2 -202.4 (l,2) --- -32.5 (1,2) (l,2)
--- 182.2 
U.S ••••••••• 3,602.2 26,619.9 3,631.4 798.8 31,599.7 3,642.4 6,762.6 4,421.6 36,027.4 

l No production in solution 19. 

2 No production in solution 24. 




while acreage planted to corn or sorghum silage increases by 
1.2 million acres (table 35). Only three regions show no change 
in roughage production between solution 19 and solution 24. 
Decreases in silage production in regions 9 and 17 are offset 
by increases in hay production. However, regions 13 and 14 
decrease both silage and hay acreage. The remaining regions 
(1, 2, 3, 6, 7, 8, 10, 12, 15, 16, 18, and 19) all increase produc
tion of both hay and silage. 

Diverted land 

Total acreage diverted to idle capacity decreases by 118.9 
million acres to 44.4 million acres from solution 19 to solution 24. 
Idle pasture acres decrease by 65.7 million acres to 25 million 
(tables 36 and 37). 

In solution 24, cotton land diverted to other uses is less com
pared with solution 19 in regions 5, 11, 12, and 17, but greater 
in regions 6 and 10. Increases in diversion of grain land to hay 
and pasture take place in regions 6, 7, 8, 9, 10, 15, and 18, \yhile 
less grain land is diverted to hay and pasture in regions 11, 12, 
13, 14, and 16. 

Cotton and grain land diverted to idle capacity occurs in only 
regions 2 and 3 in solution 24, while idle tame hay land occurs 
in four regions (1, 2, 3, and 19). Two regions (1 and 19) have 
surplus pasture land; surplus wild hay land occurs in regions 
8, 10, 11, 1.2, 13, 14, 16, 17, and 18. 

Milk cows 

The number of milk cows for solution 24 is 19.6 million 
head, an increase of 3.6 million head over soluti.on 19 (table 39). 
The number of milk cows in region 20 decreases by 32,500 head. 
Milk cows do not appear in regions 4, 6, 10, 11, 13, and 14 in 
either solution, but in all other regions, the number of milk 
cows increases. 

Beef cows 

Beef cow numbers increase by approximately 6.8 million 
head to 40.3 million head in solution 24. Decreases in the num
ber of beef cows take place in five regions (5, 11, 13, 16, and 17). 
Beef cows are not produced in regions 1, 2, 3, 7, 8, 9, 18, 19, and 
20 in either solution. Regions 6, 10, 12, 14, and 15 show greater 
numbers of beef cows in solution 24 than in solution 19 (table 39). 
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Cattle on feed 

The total number of fed cattle in solution 24 is 23.B million 
head, 4.4 million head more than in solution 19. As can be seen 
in table 39, six regions (1, B, 9, 11, IB, and 19) show no fed 
cattle in solution 24. Thesp. regions, and region 20 as well, 
show not production of fed cattle in solution 19. Only regions 14 
and 17 show a decrease in the number of fed cattle, while regions 
5, 7, 10, 12, 13, 16, and 20 have greater production of fed cattle 
in solution 24. 

Yearling feeders 

The number of yearling feeder calves increases by 1.B 
million head; nearly all of these additional yearlings are 
slaughtered for grade 2 beef in solution 24. 

Hog production 

Hog production is shown in five regions in solution 24 com
pared to only four in solution 19 (tables 39 and 10). Region 7 is 
brought into hog production in solution 24 as regions 10, 13, and 
14 increase hog production. Region 15 produces hogs to its full 
capacity in both solutions. 

Excess livestock capacity 

Excess capacities exist in both solutions 19 and 24 in all 
regions for beef cows, in all but region 5 for milk cows, and in 
all but 5 regions (2, 3, 4, 6, and 15) for cattle on feed. Capacity 
constraints in solution 24 limit hogs in two regions (5 and 14) in 
solution 24, but only in one region (15) in solution 19. 

Resume of Changes From Solution 19 to Solution 24 

The changes from solution 19 to 24 are due to the increase of 
22.4 percent in the demand requirement specified for all final 
products in solution 24. The increased demand results in a 24.9 
percent increase in total costs. Surplus land decreases from 
163.4 million acres to 44.4 mIllion acres with only 4.9 million 
idle acres of cotton and grain land. 
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Many of the regional adjustments under solution 24 are 
characterized by expanded production of the commodities which 
were produced in the same region under solution 19. However, 
in some regions the output of certain products is reduced while 
production of others is expanded. Because few broad systematic 
adjustment patterns are observable, the nature of these changes 
is best summarized by regions. These changes are summarized 
for crop and livestock production in table 39. Certain interactions 
among commodity groups are evident from the positive and 
negative changes in production. 

For example, in regions 1 and 2 feed grain production is 
decreased; grain imports and roughage production are increased 
to support increased numbers of milk cows. In region 4 no changes 
take place. 

Regions 7, 8, 10, and 15 increase the output of all products, 
while region 9 decreases soybean production but increases the 
output of grain, roughage, and milk cows. 

Other regions exhibit positive changes in the output of some 
products and negative changes in the output of others. These 
changes are accompanied by changes in interregional flows of 
the various commodities. For example, region 11 increases the 
output of wheat and feed grains to compensate for reduced 
inshipments of these commodities from regions 10 and 12. Region 
12 shifts land from wheat, much of which had been fed to live
stock, to feed grains. A change in relative prices of wheat and 
feed grains induces the shift away from wheat production to the 
higher yielding feed grains in region 12. A similar shift takes 
place in region 13. Region 12 increases feed grain production 
and also reduces exports of wheat and feed grains, using the 
increased supplies to increase production of fed cattle and hogs. 

In regions 17, 18, and 19, the production of harvested roughages 
is increased as more milk cows are brought into production. In 
region 17 the number of beef cows and fed cattle is decreased. 

The production of wheat and fed beef is increased in region 20, 
while the production of feed grains and milk cows is decreased. 

Aggregate Results 

Table 40 presents the total value of the objective function 
(total costs) and the change in total costl'i for solutions to the 
1965 model. The index Id shows the levels of specified output re
quirements In relation to the output requirements specified for 
solution L. A similar interpretation holds for the index Ie on the 
Levels of livestock capacity constraints. 
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Total costs for the 1965 model decrease by only 2.5 per..:ent 
as regional livestock capacity constraints are increased to 300 
percent of initial levels (solution 19: IJ = 1.00, Ie =3.ll0). Toral 
acreage diverted to idle capacity is increased from 102.7 million 
acres for solution 1 to 163.4 million acres for solution 19 (tableB 
41 and 42). However, the amounr of surplus land on which conon, 
feed grains, wheat, soybeans, and corn or sorghum silage could 
be planted decreased from 73.7 million acres to 41.2 million 
acres as cropland was diverted to hay and pasrun'. Surpluf' 
pasture increased from 9.9 million a<..rt>s in solution 1 t,) \}(I.l:i 

million acres in solution 19. 
Some of the major shifts in production between $oli.ltwm; 

1 and 19 are as follows: Beef production is inCre3Sl:d in rbt .. 
northern Rocky 1\lounrain States, in the Great Plain;:;, :u~d iii tlh 
Southern States, at the expense of production in oth... r P:.lrfS I)t 
the counrry. Hog production is increased in rht, Llk';. '-l:.ih'B d,1'...i 

the Corn Belt, and milk cows are increast:'d in Florida, HI" 1 . .1)(, 

States, the Southwest, and California. As intlk~itvJ it! lui,!,. ." 
41 and. 42, some land is shifted from morl.. l!.r':llS1\' L',." .. " ~ 
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j :. ~!~J". :",~n.~ :a!1J .... n - ~. ~:~'';~,':-~,. J. ,,"':t~t'!" ,~ ... =nJ~ ..:~I 1 !"_'l:" ;Tme:t~, -teei .:r.uim~ I !i'}¢ t'E-tinS, 
f" . j ,,~."C • 

... :',",1'" ~_n •. · ~:l!,'..!M. r:· ':!,·it;~·~·~ " .. j:':,i~"· ..rp r;. .. :, ~:,=,j "', p·,d ... ."t' h3;'. 
I, ',d' ,. '!': '''~ : :" ....;:"t !"I •• ~-·',t~ "::'.t'.I.i .. rt!j ;n .;:.t.:r.. ~\(':"-=..l=.Clr::": ~+.1~~·.;rt~ f r .. ivulen+ '1::!rt:n. 

hay and pasture. These shifts take place mainly in the Great 
Plains and in the Southern States. 13 

While total costs decrease by 2.5 percent as livestock 
capacity constraints are relaxed to 300 percent of the initial 
levels, the average national price 14 of cattle on feed decreases 

13 No charge was made for diverting cropland to pasture. The assumption 
implicit in the land use alternatIves is that all land is initiaily in pasture. If 
crop production is profitable, a certaIn amount can be withdrawn from pasture. 

14 National average prices are computed by multiplying the shadow prices of 
a commodity in each region by the production in each region, summing over 
regions and dividing by total production. 

138 



by 23.6 percent (table 43). At the same time, the average live
weight price of hogs decreases by 15.9 percent and milk prices 
decrease by 8.6 percent. The price of soybeans decreases by 3.9 
percent (tables 44 and 45), but the prices of feed grains and wheat 
increase by 0.8 and 2.7 percent, respectively. 

This increase in feed grain and wheat prices occurs despite 
a reduction of .1.7 percent in total concentrates fed (table 46). 
The competition in land use among forage and grain crops re
sults in shifting wheat and feed grains into some higher cost 
rq;ions. In addition, the adjustments in patterns of livestock 
and crop production between solutions 1 and 19 result in higher 
transportation costs for production distribution. 

While the prices of fed cattle, hogs, and milk are lower in 
solution 19 than in solution 1, table 43 reveals that the costs due 

Table 4,3.--Nation1.1 average product prices with comparisons 

Go1ut.ion 

Fed cattle 

1965 model: 
1. ••.•••.••..•.•.•..••• 
19 •..•..•...••• ···•··• • 
24 •...•..•..•••• ••···• . 
26 .•••.....••.••• ·••·· • 

195'. model: 
71••.•.•...•• ···•···•· • 
72•.•••••....•.•.•.•••. 

1965 model: 
1. .................... . 

19..•.•..•.••• ·•·•·•• .• 
24•..••••...•...••• · .•• 
26 ••.•••.•••••• ·••··•• . 

1954 model: 
71. .••..•...•• ·•••·••· . 
72 •....•.. ·•·····•···• . 

19(>:> model: 
1.......... ··········· . 

19••.•.••.•• ··••··••·· • 
24 ••••..••.......•..• · . 
26 .•.•.•••.• ·.••··••·· • 

1954 model: 
71. .....•........ ····· . 
72 •.••.••. ·····•••·••• • 

Price Price 
weighted by weighted by 

production consumption 

_______________________Do1./cwt. 

17.33 17.90 
13.24 13.92 
15.07 15.74 
88.95 89.53 

21.09 21.65 
16.60 17.32 

8.417.79 
7.366.55 

7.22 7.99 
8.45 9.05 

7.36 7.97 
7.23 7.86 

3.022.92 
2.67 2.94 
2.78 3.04 
2.82 2.92 

4.113.98 
3.96 4.20 

Costs due to 
transportation ~ 

____________________-

0.57 
.68 
.67 
.58 

.56 

.72 

.62 

.81 

.77 

.60 

.61 

.63 

.10 

.27 

.26 

.10 

.13 

.24 

t Derived by subt.r!l~ting national average price weighted by produ':!tion from 
national average pri;:)e weighted by consumption. 



Table 44.--~hltl.:mal nverage. prices ;Jf feed grains, soybeans, am wheat 

feed grains SoybelUlS Wheat 

pi, 1 ICh:1nge from Price IChange from Price IChenge fromr "" solution 1 solution 1 solution 1 

fhl./bu. Dol./bU.~ ~ Do1./bu.
lllJ~ rudel: ~ 

1. ..... \) '7i\ 0 1.31 0 0.75 01 •.••.•• .'71 1.4 1.27 -3.1 .77.......... .78 14.3 1.42 8.4 .90 20.0
,,~........ ~ .," 

:!.7 


.'" l.J6 3.8 .82 9.3 

."4 .1. 5 1.,)3 J?J
-5.4 1.('7 3.9 

1 ter tll!lhel COrn equivalent. 

rUble 45.--Relut Lm.:;hips "f mtLmal average product prices among solu1.ions 
S01uticn

'!,'::!raricono '~l"rn I 'NIleat I Soybeans Ifed cattle Milk J Hogs 

1. ......... .7,_ 1 ~) ...,~ 1.31 2 17.33 2

1 

2.92 2 7.791),/1) ••.•.•.•• 1.,')14 1.,'27 .909 .764 .914 .84124.·1 .......... 1.1.14 1.2l1l1 l.084 .870 .952i~ 1fj ••••••••• J..\J9} :.:'69 1.118 1.138 1.041 
.927 

2f 1 .......... 1,,'7 1.:J93 1.;)33 5.133 
1.102 

71. 1.......... 1.1)5~ l.J?J .985 
.9to 1.085

1.217 1.3&3 .945 

1 D\,llnrs per b.lshel. J Elecents in rows 2thr·:~ut:h ( are rat i :JS. 

Table ~6. --Ccncoen"!.:ra tea fed in speC'ified sclut.ions 

Index level
Index: cfEx~gencuc I r:nJ~g"'nous To:a1 ~h.nge of li'lesiock'!:;!w!en·,ra,tes :!0n !en"'.rates =on~en+ ratee demandin capa,ityr"d' i red 1 fed' !.o~al levels Id constraints 

i Ie 

~,.)r.~I,,".':' 1,000 tons I,OOC tons 

........... 21,153.(; !,-'l, !.t~.0 122.322.6 
 C 1.0000 1.0000.!........ ~1,15J. 5 <~9,61B.J 120.771.5 2 -1.27 1.0000..o
.~ ........ 21,1'3. :r 1.1011
-19,109.5 120.263.: -1.68 1.0000 1.2019~ 1•••••••• ~1,15J.5 96, '-176.1 118,129.6 -3.43 1.0000 3.(1000Z"i- •••• _••• ;:'l,l:\~.; 124.t36/';.~ 145,513.7 218.% 1.2239 3.00004t .... _... ":;1 ,1'" ~.6 1;>",387.1 141, ?4(). 7 2 15.71 1.0846 1.0000"1........ lB,1'i3.~ 138,97 2.6 IJ7,126.1 2 -12.42 1.0000 1.0000"........ IS,153.'- 86,395.1 104,54 8.5 ) -2.41 
 1.0000 1.4000·'1":1 •••••••• lB,15J.~ 85,931. 4 104,C·~4.9 ) -2.84 l.OCOO 1.5573 

f'N.11 ,..nits.

'·tJr'f'r.'ta.ge ~har.ge fr~'r.l s..:'I-lut;J..-m 1
r#'r't'~~"'t;1"' 't!lrge fr-:.;m s(..~l!.ltL.."r. 71. 
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to transportation increase significantly. Hence, savings in the 
cost of livestock production are partially offset by increased 
distribution costs and higher prices for wheat and feed grains. 
The net reduction in total costs is only 2.5 percent. IS 

Implicit beef prices are substantially lower in solution I than 
in solution 71. This is somewhat surprising in light of the much 
greater output requirements. Beef consumption per capita in
creased substantially between 1954. and 1965. This increase, 
together with the larger population, requires 31.8 percent more 
beef output in solution 1 than in solution 71. Estimated output 
requirements for grade 1 beef are 80.8 percent higher. Calf 
output per cow is only slightly higher for the 1965 model than 
for the 1954 model. No change in the feeding efficiency of beef 
cows was observed between the two periods, but average nonfeed 
costs in solution 1 are slightly lower per cow, due to the larger 
average size of beef herds. 

Coefficients in the 1965 model, solution 1, reflect increased 
feeding efficiency in the fed cattle sector as compared with the 
1954 model. solution 71. Greater gains were observed for the 
Western regions than for the regions east of the Great Plains. 
The greatest gains in feeding efficiency took place in the Southwest. 

Due to larger average sizes of feedlots, nonfeed costs were 
lower. Regions in the Great Plains showed more change in the 
feedlot size distribution than other regions. Relatively small 
changes in the average feedlot size took place in other regions. 
However, in the Southwestern and Western regions the average 
feedlot operation was quite large in 1954. 

The large drop in beef prices is due to (a) the increase in 
feeding efficiency and lower feed prices, and (b) lower average 
nonfeed costs. In addition, the effect of greater feeding efficiency 
and economies due to large-scale feedlots is magnified by shifts 
in production. Regions with lower nonfeed costs and regions 
that have made the greatest reductions in costs produce a larger 
proportion of the total grade I beef. 

Hog prices increase due to higher nonfeed costs and feed 
requirements. 

The shadow price of soybeans increases, despite higher 
yields and lower output. This increase in the national average 
shadow price is due to a shift in soybean production to higher 

15 The changes in relative product prices resulting from the regional shifts 
in livestock production could have substantial feed-back effects on the demands 
for the various commodities--in turn, further effects on regional patterns of 
production. To analyze these interactions, demand functions must be incorpo
rated into the models explicitly. For the models used in this study completely 
inelastic product demands were assumed. This formulation was dictated by com
putational capabilities. 
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cost regions. This shift is a result of the change in yields and 
production costs of soybeans, relative to production costs and 
yields of feed grains and wheat. 

Shadow prices for wheat and feed grain decrease despite 
greater production requirements for both. Production costs 
per acre increase, but yields increase also. Production cost per 
bushel is estimated to have decreased only slightly in any given 
area. Because of substantially higher yields, fewer of the low 
yielding areas are needed. Thus the relatively large reduction 
in average costs per bushel is due to the elimination of the 
high cost areas rather than the lowering of production costs in 
individual areas. 

The geographic distribution of the various categories of 
surplus land for solution 71 is shown in figure 5, and for solution 
1 in figure 17. 

Total surplus land for solution 71 is 51.0 million acres 
compared with 102.7 million acres for solution 1. Total surplus 
land for each land category due to solutions 71 and I, respec
tively, are as follows: pasture, 17.7 million acres vs. 9.9 million 
acres; hay land, 5.1 million acres vs. 19.0 million acres; cotton 
and grain land, 28.1 million acres vs. 73.7 million acres. 

In solution 24 for 1965, consumption requirements for the 
various products are increased by 22.39 percent, with livestock 
capacity constraints set at the levels of solution 19: Id =1.2239, 
Ie =3.00. 

Total surplus land decreases from 163 million acres in 
solution 19 to 44 million acres in solution 24. Of the 44 million 
acres, 29 million are surplus pasture, wild hay land, and tame 
hay land (tables 41 and 42). 

Total costs increase by 24.9 percent from solution 19 to 
solution 24. Percentage increases in the prices of fed cattle, 
hogs, and milk are 13.8, 10.2, and 4.1, respectively (tables 39, 
43, and 45). Prices of feed grains increase 10.3 percent and 
soybean and wheat prices increase 11.8 and 16.9 percent, re
spectively. These increases in product prices are due to the 
extension of production into higher cost regions. However, 
higher product prices are partially offset by a lower transporta
tion bill for product distribution. Some regions that would nor
mally import various products reduce or cease importation as 
overall increases in demand extend production into these regions. 

From the information at hand, several alternative geographical 
production patterns can be constructed for specified regional 
demand levels which are identical to those in solutions 1 and 19. 
Solutions 20 through 24 were obtained by successive increases 
in the demand levels for all commodities as indicated by their 
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index levels of demand. The output of these solutions can be 
deflated to the levels of solutions 1 and 19 by dividing each ac
tivity by the appropriate demand index. Total costs could be 
deflated in the same way as shown in table 47. Thus, we can 
derive seven different geographical patterns of production and 
distribution for the levels of demand specified for solutions 1 
and 19. The deflated cost ratios are shown in the right column 
of table 47. 

The deflated solutions represent rather divergent geo
graphical patterns of production and distribution, yet there are 
only small differences In deflated costs. For example, compare 
figures 27 through 38 for solution 19 with the corresponding 
figures for solution 24, figures 39 through figure 50. Yet, as 
indicated in table 47, solution 24 can be deflated to solution 19 
output levels at only two percent greater total cost. 

These results indicate a very high long-run aggregate sup
ply elasticity. In a model of the type used in this analysis, this 
high elasticity of supply can result only if surplus capacity exists 
and can be brought into production with only nominally increasing 
cost for additional increments of output. These results also sug
gest that there might exist many alternative geographical pat
terns of production over a broad range of demand levels which 
have only small differences in total production cost and com
modity prices. 

Table .::. --.:omparioon of aggreeatc outpuL and cost of selected solutions with 
solution 19 

(J)-~"~t:= ··l~,,=~,~;-'o-u-t~~~r--T-o~ta~:~-~s-)t: all Deflated costs as 
l'Olnpl\I'ed us l\ pl)r~enL of u percent of a percent of 

solution 19 solution 19 soluUon 191 

____ ____ . _---L______~ 

100.00 102.'>0 102. SO1. ............. 

100.0019 •..•.••...•..• lUG.OO 100.00 

l<l~.m l00./'O20 .............. F}'l.lI, 

100.80llC.2~> 111.20 

11~.l8 116.')() 101.30
21. •.......... · . 

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

23 .............. 
 120.31 122.'·0 101.80 


24 .............. 1~~"I. ls) 124.9{) 102.00 


1 ,'olunul \ I) ill derivml by dividing "olumn (2) by column (1). The deflaLed 
~m1tl; in'li'llte thp',J,:t lev!!! of cadI solution a}; a percent of solution 19 
,'m~ts if ',utnl output ',f eOl'h fin.ll .~ommodit.y were adjusted to the same output 
level n,' 'Ha.: .;pt>,:,ified Cor ,'o1ution 1'). 

Total surplus land in solution 71 is 51 million acres com
pared with 102.7 million for solution 1 (table 42). Despite sub
stantially greater Output requirements for the 1965 model, total 
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Table 48.--Tota1 acres of wheat, feed grains, soybeans, and cotton, 
specified solutions 

Solution Wheat I Feed grains I Soybeans I Cotton 

------------------------Thousand acres-----------------------

1 ••••••••••••• .54,202.3 .5.5,727.1 11,279.4 11,963.7 
19••••••••••••• .5.5,809.8 .53,6.56.4 9,.593.6 11,984.1 
24 ••••••••••••• .59,618.0 70,861.3 12,778.9 1.5,109.4 
26••••••••••••• .56,097.3 67,500.4 12,809.3 12,796.4 
71. .••••••••••• .51,311.4 84,004.4 20,169.2 21,079.4 

crop acreage is lower in every solution than for solution 71 of 
the 1954 model. The acreage of every crop except wheat is 
greater in solution 71 than in any of the solutions for the 1965 
model (tables 41, 32, 48, and 49). AS shown in table SO, a substantial 

Table 49. --Crop output in feed units, specified solutions and crops 

Solution Wheat I Feed grains I Soybeans ICottonseed meal 

-----------------Thousand tons-------------------------------

1. •....•..•.•• 47,645.0 91,U3.7 13,087.1 3,672.6 
19••••••••••••• 48,673.9 87,632.5 11,406.7 3,620.1 
24 •.• '" ••••••• 52,265.9 114,252.5 14,815.6 4,454.7 
26••••.•••••.•• 49,456.2 109,177.4 14,804.4 3,99.5.6 
71 .•••.•..•.••• 24,390.0 80,.523.0 16,620.5 3,063.8 

part of the greater wheat output for solutions to the 1965 model 
is fed to livestock. In the Southern Plains (where practically 
all wheat produced is fed to livestock in the solutions), crop 
areas switch from wheat to feed grains for livestock feed as 
higher levels of output are specified, and before crop areas on 
the fringe of the Corn Belt are brought into grain production. 
Production costs per feed unit are lower for wheat than for feed 
grains (grain sorghum), but feed grain yields are higher than 
wheat in the Southern Plains areas. 

The estimated per acre production costs for wheat are 
substantially higher in 1965 than in 1954. Yields increase rela
tively more than costs, however, resulting in lower shadow 
prices for wheat in all solutions of the 1965 model than in solu
tion 71 of the 1954 model. 

Production costs per bushel of feed grains change very 
little between 1954 and 1965 for a particular crop within a par
ticular area. However, shadow prices for feed grains are lower 
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in solution 1 of the 1965 model than in solution 71 of the 1954 

model for two reasons: (a) The composite feed grain acre in the 

Corn Belt contains more corn, and production costs per feed 

unit are lower for corn than for oats; and (b) feed grain acreage 

is more concentrated in areas that have lower costs per feed unit. 

Production costs per bushel of soybeans within a particular 

region are generally lower in 1965 than in 1954, but shadow prices 

for soybeans are higher in solution 1 than in solution 71. The 

higher shadow prices result because the Corn Belt, which has 

low production costs relative to other soybean production regions, 

has less of the total soybean output in solution 1 than in solution 71. 

Beef and milk shadow prices are considerably lower in 

solution 1 than in solution 71, but shadow prices for hogs are 

higher. Lower feed prices and better feed conversion are the 

major factors underlying the lower shadow prices for milk. In 

addition to these factors, beef prices are affected by relative 

changes in the geographic patterns of production. All regions 

increase the number of cattle on feed. However, regions which 

have lower production costs and which have made the greatest 

Table 50.--l'Iheat and 	 feed grains for livestock feed, specified solutions 

._-_._'. - -- ~~-~.~~--.- -.~-~:T.--- Feed Percentage Percentage Wheat fed ~ 

Solution Wheat grains for of wheat of feed feed grains
. for feed feed fed 1 grains fed 1 fed 

Mil. tons Mil. tons Percent Percent 

1. ...... 16.07 73.65 33.7 80.8 0.22 


19....... 17.10 70.15 35.1 80.0 .24

.1424 ....... 13.62 96.77 26.1 84.7 

.1626 ....... 15.21 96.69 30.8 88.6 


71. .•.... 2.40 69.92 9.8 86.8 

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

1 Percent of ou~put used for livestock feed. 

progress in beef feeding efficiency have a greater portion of 

total beef output in solution L Changes between solution 71 of 

the 1954 model and solution 1 of the 1965 model parallel those 

that actually took place in beef production over that time period. 

The estimated feed requirements for hogs are higher in the 1965 

model than in the 1954 model, also causing higher shadow prices 

for hogs. The higher feed requirements more than offset the 

slightly lower feed prices. 
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LIMITATIONS OF THE MODELS AND DATA 

Limitations of the models used were dictated mainly by the 
capacity of the computer. However, computer capacity is only one 
of the factors limiting development of more detailed models. 16 The 
scarcity of uniform and current input-output data, especially for 
production costs, is currently a greater obstacle than computer 
capabilities. 

Interpretation of the results must be conditioned by certain 
characteristics of the basic model, as well as by certain char
acteristics of the coefficients. In the following discussion, the 
effects of certain of these characteristics on the results are 
presented. 

General Model Limitations 

Whether the patterns of production designated by the solutions 
are optimal in relation to specified output requirements depends 
on the structure of the model and the accuracy of the input-output 
coefficients. No claims are made that the results from these 
models, or even much more detailed models, would show strictly 
optimal geographic patterns of production for other objective 
functions. The study focuses on the results for particular areas 
and regions. However, conclusions for such models are more 
accurate with regard to aggregate production capacity. The 
levels of shadow prices for activities' not included in the results 
indicate the degree of confidence which may relate to the results 
for individual regions. For example, if an activity has a rela
tively high shadow price, a large reduction in its cost would be 
required before it would appear in the solution at the expense 
of another activity. A low shadow price means that only small 
adjustments in costs or yields would be necessary to cause the 
corresponding activity to appear in the basis. 

A more detailed model would show some surplus land in 
areas where the solutions show no surplus land, and some land 
use in areas shown to have no crop production. Heady and 
Whittlesey (2, .!.§) found a broader distribution of crop production 
using a model that featured a breakdown of three qualities of land 
within each area. However, their basic and general conclusions 
were not changed by this added detail. 

16Several efficient routines have recently become available for solving linear 
programming problems of several thousand equations. The number of equations 
common to all regions by virtue of interregional exchange of commodities is 
still quite limited. Computer capacity for this study was limited to 1,024 
equations. 
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The degree of regional specialization tends to be exaggerated 
in the models used because crop activities in any particular area 
are constrained only by available land or by national demand. 
This effect is somewhat obviated, however, by the fact that soy
bean-feed grain activities are combined in rotations somewhat 
proportional to the historic rates of these crops. 

Transportation activities are defined for commodity move
ments from one market center to another. Because of the large 
total number of equations involved, only 20 such centers could 
be used to represent the entire United States. The formulation 
of the model thus requires all crop-producing areas within a con
suming region to compete on the same spatial basis with all 
other areas in the region. If the model were expanded to include 
more market centers, some changes within regions might be 
expected. However, previous work on the wheat, feed grain, 
soybean, and cotton sectors suggests that production costs are 
much more influential than transportation costs in affecting 
interregional production patterns @, 1, .§, .§, 1]., 12). 

Movements of feeder cattle are probably understated by the 
models because they do not include sufficient detaH in inter
seasonal beef supplies. Supplies of feeders in the northern areas 
of the United States are high in the fall. A cattle feeder in 
Colorado may buy most of his feeder calves locally in the fall, 
but find few available from local sources in winter, spring, or 
summDr. Southern States have higher supplies of feeders for 
the winter, spring, and summer markets. While Colorado has 
sufficient annual supplies of feeders to fill the Colorado feedlots 
throughout the year, surplus supplies and price patterns in the 
fall force sale of some of these feederr' to other regions. 

Cost coefficients present the greatest difficulty of all esti 
mates. In areas with high yields of a particular crop, rather 
large errors in the cost coefficients may not affect the resulting 
interregional patterns of production. However, errors in the 
ratios of costs between crop activities within an area might affect 
the allocation of land among crops therein. While errors in cost 
ratios could distort the geographic patterns of production, their 
cumulative effect on the resulting total quantity of surplus land, 
as suggested by the previous studies of this series, is likely to 
be negligible. 

For example, suppose two areas, A and B, are competing 
for wheat production: Area A produces 30 bushels per acre and 
area B produces 25 bushels per acre. Estimated costs are $1.05 
per bushel for area A and $1 per bushel for B. The model 
selects area B and shows idle cropland in area A. Cost estimates 
may be in error; suppose that actual costs are $1.06 per bushel 
in area A and $1.10 per bushel in area B. The model then selects 
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the less productive area and shows insufficient surplus land. 
However, at the same time, the opposite situation might occur 
in feed grain or soybean production, with the result that effects 
on total surplus land are offsetting. Even with a consistent bias, 
the cumulative effect of errors in cost coefficients on total sur
plus land is not likely to be large. 

The errors for individual ar.eas can be quite large, however. 
A situation might exist where two areas with identical average 
yields are competing for the marginal output requirements. 
Either region could be selected to meet the marginal output 
requirements without affecting the resulting total surplus capacity. 
More realistically, the better land of each area would be brought 
into production. This larger reflection of comparative advantage 
then would allow a smaller total acreage for meeting the specified 
demand levels. 

The above limitations exist to some degree for any model 
of the type used In this study. The merit of a model of the type 
used in this study, compared with other methods of analysis, 
is that it incorporates aggregate and regional demand con
straints within a framework of comparattve advantage and inter
regional competition. In addition, in contrast with most previous 
interregional competition studies, the present analysis con
siders a large number of commodity sectors and crop-producing 
areas. 

However, the results have greater meaning with respect 
to national production capacity and adjustments for the 20 broad 
regions (as indicated by activity levels and their shadow prices) 
than for exact specifications of adjustments for the 157 individual 
crop areas. 

Specific Model and Data Limitations 

The lack of geographic coincidence in crop-producing areas 
and livestock-producing regions results in excessive area 
specialization in the production of harvested roughages. In the 
specification of the models, cotton and grain land 17 in each 
area can be used for hay or pasture. By shifting cotton land and/or 
grain land to hay production, it is possible for one or a few 
areas in a region to specialize L1 hay production and supply 
sufficient roughage for all of the livestock in a rather large 

17 Cotton land is equivalent in meaning to land-I, or Lk in equation (la). 

Grain land LOJ this bulletin refers to land-2 minus land-I, or L~ - L~ in the k~·th 
area. 
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region. The effect of the programming model, then, is to shift all 
land from grain to pasture in areas not required for grain pro
duction. However, shadow prices on many of the producing ac
tivities not in the basis are low. Hence, hay costs would not be 
greatly affected by reallocating hay acreage among areas within 
a livestock-producing region. 

As indicated in table 10, there is a considerable discrepancy 
between actual liveweight hog production and the hog production 
resulting from the programmed solutions. Total liveweight hog 
production for solution 71 should be nearly identical to the actual 
i954 hog production. The same is true for actual 1964 production 
compared with solutions 1 and 19. Analysis of the estimation 
procedures revealed an inconsistency between the dressing 
coefficient used in the input-output matrix and that used to esti 
mate pork consumption requirements. In the absence of this 
inconsistency, approximately 25 percent more hogs requiring 
about 8 percent more grain for the livestock and pou!try sectors 
would have been required to satisfy the levels of pork consumption 
specified. 

Three possible sources of bias exist for crop yield co
efficients. Two result from the structuring of the model; the 
third from the method of estimating feed grain rotations. First, 
outputs of feed grains, soybeans, wheat, and cottonseed from 
areas within each of the larger regions were placed in regional 
accounting rows corresponding to each of these commodities. 
Transportation activities could transfer each commodity to a 
corresponding accounting row in another region. Feed transfer 
activities then could place each of these crops, as a joint product, 
into the "feed unit" row and the "protein" row in each region as 
appropriate feed for livestock. The composition of feed grains 
in a particular region depends on the crop areas brought into 
production by the program. But feed unit-protein combinations 
were calculated on the basis of all producing areas in a region. 
Further, the implied ratios of feed units and protein in feed 
grains produced in a given region would change when feed grains 
were transported to another region, as the composition of the 
feed grain aggregate differs from one region to another. Thus, 
if a particular feed-surplus region, which produces predominantly 
corn, ships feed grains to a feed-deficit region which produces 
predominantly barley, the receiving region would transfer the 
in-shipped corn to the livestock feed rows as barley. Since barley 
has a higher protein content than corn, this construction of the 
model causes an upward bias in the total protein contributed by 
feed grains. This bias may cause too much land to be allocated 
to feed grains and too little to soybeans in the solutions. To pre
vent the bias, separate accounting rows for each type of feed 
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grain are needed--an additional 60 equations and several hundred 
additional transportation activities. 

However, a second source of bias in yields has the opposite 
effect on allocation of land to feed grains and soybeans. This 
second source of bias relates to the choice of feed units and 
total protein as joint measures of relative feed values for the 
various concentrates. The feed unit factor is influenced by the 
protein in feed. Thus soybean meal and cottonseed meal are 
given rather large feed unit weights (1.65 and 1.35, respectively). 
This bias results in one region feeding only soybean meal and 
cottonseed meal as concentrates. Four other regions also feed 
relatively high proportions of high protein feeds. The price 
ratios generated by the various solutions indicate that such a 
result would be prevented by the use of T.D.N. (total diges
tible nutrients) or net energy, rather than feed units. 

The T.D.N. weights for soybean meal and cottonseed meal 
are 0.789 and 0.784, respectively, while the T.D.N. weight for 
corn is 0.801. This problem was anticipated and calculations 
were made prior to accepting the feed unit measures in feeding. 
Existing corn-soybean price ratios indicate that, on a cost basis 
for "energy," soybean meal would not have been used in excess 
of minimum protein requirements in the sblutions. However, the 
derived prices for soybean meal are lower relative to observed 
prices than are the feed grain prices. 

As a third source of bias, feed grain yields are calculated 
on the basis of a IO-year average of the proportions of the vari
ous feed grain crops (corn, oats, barley, and grain sorghum). 
Recent downward trends in the proportion of oats in the feed 
grain rotation have resulted in a substantial increase in per acre 
yield of feed grains, even without yield trends by individual 
crops. The measure used results in an upward bias in acrea~e 
required for feed grains. 

The total numbers of milk cows, beef cows, and cattle 
placed on feed are quite consistent with 1954 and 1965 require
ments (tables 7, 8, and 9). This result indicates that output 
coefficients are consistent, on the average, witb actual occur
rences. Difficulties can arise in reflecting the quantity of a 
commodity, such as grade 1 beef, back through the weight of the 
animals slaughtered, dressing percentages, calving percentages, 
and death losses, to derive the appropriate number of beef cows. 

Such difficulties are apparent in the feed grain-soybean 
sectors (tables 4 and 5). Table 4 shows a substantial difference 
between the 1965 acreage of feed grains and that resulting from 
solution 1 of the 1965 model. A small part of this difference is 
accounted for by the usc of wheat for feed grains (about one-third 
of the whl'at produced in solution 1 was used for livestock feed). 
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One would also expect the acreage of feed grains generated by 
solution 1 to be smaller than the actual 1965 acreage, as feed 
grain production is more concentrated in regions with higher 
yields. The fact that the solutions show some substantial geo
graphic shifts in livestock production also accounts for some 
savings in feed grain requirements. Such savings are rather 
significant in the dairy sector. The average grain requirement 
per unit of milk is substantially reduced in the solutions, com
pared with the actual figures for 1954 and 1965. This difference 
re~:lUlts because regions with relatively high milk output per cow 
account for a greater proportion of total milk production in the 
programmed solutions. 

Estimated 1965 requirements of wheat, feed grains, and soy
beans for export are also low relative to actual export of these 
commodities. Estimated export requirements for solution 1 of the 
! 965 model are low in relation to actual 1965 exports; the ratio 
of the estimates used in the model to the preliminary estimates 
for actual 1965 exports is 0.62 for wheat, 0.46 for feed grains, 
and 0.60 for soybeans. Correction for these requirements would 
have required 17.9 percent more wheat production, 12.5 percent 
more feed grain production, and 34.3 percent more soybean 
production in solution 1. Specified output requirements in solu
tion 24 are 22.39 percent greater than in solution 1. 

The solutions show cattle feeding activities of the Corn Belt 
and other regions east of the Great Plains to be "deferred feed
ing systems." These systems involve purchasing of calves in the 
fall, light winter feeding, and summer grazing, followed by grain 
feeding for an additional gain of approximately 250 pounds. The 
widespread occurrence of these systems in the solutions implies 
a large substitution of hay and pasture for grain in the production 
of grade 1 beef. If the deferred feeding systems were excluded 
from the model, considerably more grain and soybean production 
would have been required for the fed cattle sector. Shadow prices 
indicate that fed yearling activities would have been selected if 
the deferred systems were excluded. Substituting the yearling 
feeding system for deferred systems would have required about 
3.5 percent more total concentrates for liVE" tack and poultry 
(about 25 percent more for the grade 1 beef sector). 

In table 5, soybean acreage shown for solution 1 is only 37 
percent of the actual 1965 acreage. Factors explaining the dif
ference between total feed grain acreage for solution 1 and actual 
1965 acreage also apply to the differences in soybean acreage. 
In addition, errors in protein requirement coefficients may exist, 
especially for milk cows and hogs. Indicated average protein 
content in nonforage feeds fed to hogs and milk cows nationally 
are 10 and 11.5 percent, r.:spectively. 
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This downward bias in grain production also results in down
ward biases in the equilibrium prices derived from the solutions. 
However, feed grain prices increase by only 7 cents per bushel, to 
78 cents per bushel (corn equivalent) between solutions 19 (1:= 1.0) 
and 24 (ld 

t!6 =1. 2239), even though the specified output is increased 
by 22.39 percent. Evidently, surplus capacity to meet 1965 de
mands is sufficiently high that a much larger output is possible with 
only a lO-percent increase in programmed equilibrium prices. 

While correction for some of the biases mentioned would 
result in slightly higher shadow prices, adjustments for other 
biases mentioned would result in lower shadow prices. 

The limitations discussed have been divided into those of the 
general model, those of the specific models, and those of data 
used. In work now underway, we are including refinements to 
significantly reduce limitations of the data and of specific models. 
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