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SUMMARY 

The study reported here is a continuation of an 
investigation of national and regional adjustment 
problems in wheat and feed-grain production. 
Earlier analyses are reported in USDA Technical 
Bulletin 1241 (6). Much of the background ma
terial pertinent to this study is included in that 
publication. Empirical results, the implications and 
certain procedures are stressed in this report. 

The analysis attempts to answer both practical 
and methodological questions. Among these are: 
Is the grain surplus problem likely to persist? 
How might optimum fertilizer use increase total 
production potential? How might this fertilizer 
use, together with certain improved practices, 
change the structure of regional comparative ad
vantage? What regional patterns of wheat and 
feed-grain production are likely or possible with 
equilibrium in the wheat and feed-grain sector of 
agriculture? What regions are likely to gain or 
lose in comparative advantage with respect to these 
commodities? Finally, are certain programming 
models appropriate for analysis of interregional 
competition ? 

The analysis uses three general linear pro
gramming models: These are designated ex post, 
ex ante and production-distribution models. All 
three models are based on 104 relatively homo
geneous regions or geographic areas in the United 
States. These regions historically have produced 
more than 90 percent of national output. 

The ex post model is related to the 1954 pro
duction period. It represents a base period or 
starting point and was designed to answer these 
specific questions: With balanced production and 
needs, but with certain constraints and structural 
relationships in the economy, what would have been 
the "best" regional pattern for the production of 
wheat, corn, oats, barley and grain sorghum in 
1954? What was the degree of slack in the wheat 
and feed-grain economy in that year? And, how 
long could the production techniques in use at that 
time meet the needs of a growing economy? 

Three productive activities or production proc
esses were considered in the ex post model. They 
were food wheat, feed wheat and a feed-grain 
rotation. Production within each region was con
strained by the acreage planted to wheat and feed 
grains in 1953, a year without acreage controls and 
with an acreage base indicative of potential planting 
in the absence of controls. 

The formal objective of the analysis was to maxi
mize the total net returns to farmers as a group 
when output and requirements are balanced at 
particular but increasing levels. The initial level 
was an estimate of normal disappearance for a 
perfectly competitive equilibrium situation under 

zero demand elasticities or invariant demands and 
certain other assumptions. 

The ex ante model is not related to any particular 
period in the future. This model attempts to show 
the consequences of the use of fertilizers by farmers 
at most profitable rates and, in some regions, the 
consequences of a change of production methods by 
a shift from horse-drawn to tractor equipment. 
These are changes that may never be completely 
achieved in agriculture. The industry appears, 
however, to be moving rapidly in these directions. 
Hence, we attempted to specify the final con
sequence of such changes as one indication of the 
future structure of the industry. Furthermore, 
fertilizer represents a factor with one of the great
est agricultural output-increasing potentials avail
able. 

The 104 basic regions are the same for the ex 
ante model as for the ex post model; so, too, are 
the productive activities and the formal pro
gramming objective. 

The production-distribution model is, from an 
interregional competition viewpoint, more general. 
It is used primarily to indicate how well historical 
price differentials reflect distribution costs for 
wheat and feed grains. Hence, it suggests whether 
or not the ex post and ex ante models can be used 
as "short-cuts" for more general production and 
distribution models. 

In addition to the 104 basic production regions 
used in the other two models, the production-dis
tribution model employs 10 so-called consumption 
regions. These consumption regions provide the 
final distribution "points" for the output of the 104 
production regions. Production within and ship
ments into these consumption regions are con
strained by estimates of internal wheat and feed
grain needs. These estimated needs are based on 
normal per-capita consumption and the population 
in 1954, plus net exports, and are simple disag
gregates of estimated national requirements in that 
year. The programming objective of this model is 
that of satisfying the requirements of the 10 con
sumption regions at a minimum total cost of pro
duction and shipping. Again, this solution is 
analogous to perfectly competitive equilibrium 
under certain assumptions. 

Results of the ex post model show that the esti
mated needs of 1954, which approximate the actual 
disappearance of wheat and feed grains in that 
year, could have been supplied while leaving about 
29 million acres (or 14 percent) of the 210 million 
base acreage unused. The unused acreage is one 
measure- albeit an imperfect one-of the excess 
capacity of the grain sector of agriculture in 1954. 

When the output requirements are increased to 
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approximately the 1957 disappearance of wheat and 
feed grain, only 9.6 million acres are left unused 
by the model solution. Limitations in computer 
facilities did not permit solutions above this level 
of output. Estimates show, however, given the 
acreage base and technical coefficients used in the 
ex post model (i. e., 1954), that the potential pro
duction was less than the actual disappearance of 
1958. 

Given the production practices and factor prices 
of 1954, regions in the Southeast and high-risk 
areas of the Southwest show up as marginal grain 
producers. The intermediate or next lowe1· mar
ginal areas appear to be regions in eastern parts 
of the Mountain States, Michigan and the Appa
lachian area. 

The optimum regional pattern of wheat and feed
grain production was markedly different in the 
results of the ex ante model as compared with the 
ex post model. On the basis of the production co
efficient used, at production requirements of 1954, 
regions in Mississippi, Alabama and Tennessee were 
included in the optimum production plan as feed
grain producers. In an economic sense, and under 
the advanced fertilization techniques used for the 
ex ante model, these regions outcompete or have 
a comparative advantage over traditional feed-grain 
areas in Missouri, Indiana, Minnesota and Nebraska. 

The results of the ex ante model also show that 
estimated demands for wheat and feed grains in 
1985 could be met by using just 171 million acres, 
or 39 million fewer acres than were planted in 
1953. Capital inputs would be increased 81 per
cent, but labor inputs would be only 4 percent 
higher than in 1954 (assuming no other labor
saving or substitution techniques over the next 
few decades). The technical coefficients used in 
this model suppose the existence of farming prac
tices, farm organizations and, possibly, credit 
facilities that may not be achieved soon. They do, 
however, represent changes evident in agriculture 
today and may prove to be extremely conservative 
by 1985 in consideration of other changes that may 
likely occur in agricultural input-output coefficients. 

The production-distribution model, which uses 
the same technical coefficients as the ex post 
model, except for the shipping charges, produces 
a somewhat different optimum regional pattern 
of production from the ex post model. The pro
duction-distribution model is designed as a yard
stick for the other analysis. It can serve as a 
yardstick because it explicitly considers transpor
tation as an economic variable. The main differ
ence in the results of this model compared with 
those of the ex ante model is that more wheat is 
specified east of the Mississippi. This wheat sub
stitutes for that specified for the Northern Plains, 
Montana and Colorado by the ex post model. The 
results of the production-distribution model appear 
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a bit unrealistic in this sense. The degree of aggre
gation in the consumption regions and the omission 
of wheat qualities may explain this. 

Comparison of the results of the ex post and 
ex ante models leads to the conclusions: (a) If 
production techniques had remained at the 1954 
level, average per-capita consumption rates of the 
recent past could not have been maintained with
out a rise in the real cost of food. (b) Fertilizer is 
a factor with great output-increasing potential
this factor, nearly alone, could more than provide 
the additional food requirements needed by 1985. 
(c) If fertilizer were used at nearly optimum rates, 
it appears that the South could improve its cur
rent relative competitive position. 

Interpretation of the results of this analysis 
must be conditioned by certain limitations. These 
limitations are of two classes: data and compre
hensiveness. It is difficult to obtain complete data 
on crop enterprises for most regions in the country. 
Production coefficients necessarily were based on 
fragmentary data or, in some cases, were esti
mated by other data. Estimates of optimum fer
tilizer use, for example, were based on estimated 
input-output relationships which were the products 
of limited experiments and of judgment. 

Computer size and funds limited the "economic 
completeness" of the analysis. Ideally, we would 
have numerous activities representing the different 
levels of productive efficiency within each region. 
The result, then might not show entire regions 
"going out" of production as shown by the models 
used. Instead, they might show, perhaps, that 
only 80 percent of the farms in a particular re
gion were in an unfavorable competitive position. 
Ideally, too, we would consider in the analysis all 
the relevant alternatives, including nonfarm work 
alternatives, available to farmers. In this way, the 
results would not be conditioned by historic prices 
of certain factors but would be the result of "real 
opportunity cost." 

If research funds and data were not limited, we 
would have many demand regions and transporta
tion activities that would move products from 
one area of the nation to another similar to what 
we actually observe. For each of these demand re
gions, we would have demand functions repre
senting the long- as well as the short-run. We 
would then proceed to derive, step-by-step, general 
equilibrium solutions. Thus we would obtain more 
realistic results to serve as guides for adjustment 
problems in United States agriculture. Even though 
we were not able to complete such an ideal analysis, 
the results presented show the usefulness of "less 
complete" regional programming models. No claim 
is made that the results provide final answers. 
They do, however, give insights into current ad
justment problems of agriculture and suggest 
changes likely to occur in the future. 



Regional Changes 1n Grain 
• 1 
Production 

An Application of Spatia I Linear Programming 

by Alvin C. Egbert, Earl 0. Heady and Ray F. Brokken 

This study is the second in a series dealing with 
the apparent overcapacity of agriculture and the 
relative competitive advantages of different pro
ducing regions of the United States. Like the 
previous study, analysis is restricted to wheat 
and feed grains. Initial research was reported in 
United States Department of Agriculture Technical 
Bulletin No. 1241 (6). Interpretation and summary 
of this initial study, especially to provide back
ground information for the research reported in 
this bulletin, is given in a following section. 

Our problem was to determine how production 
to meet national demands for grains could be best 
distributed among regions to maximize net re
turns to farmers in aggregate or to minimize the 
cost of food requirements to consumers. 

The analysis reported here, as well as initial re
search, was based on a linear programming mode-I 
that reflects important spatial interrelations of 
United States agriculture. The spatial characteris
tic of the study was achieved by using different 
geographic regions as the basic production units 
of agriculture. 

Studies of the nature presented here have be
come possible because of major developments in 
quantitative concepts and computing facilities. 
The quantitative concept used-linear program
ming-permits the incorporation of many rela
tionships and variables into a set of equations and 
allows simultaneous determination of production 
patterns for many regions. The large-scale compu
tations required are possible only because of 
modern developments in computer technology. But 
a stage has been reached, perhaps, at which quan
titative concepts and computing facilities are su
perior to the available data. However, improve
ment in data inventory and more efficient solu
tions to problems can be best achieved perhaps 
only as models are formulated and solutions gen
erated. This report and the results presented in 
it represent a second step in formulating such 
models and the generation of solutions to problems 

' P roject 1 405 of t he Iowa Agr icul tural a nd Home Economics E x
periment Station. 

that cut across major geographic and commodity 
sectors of a complex industry-agriculture. 

The results of the study have practical value to 
the degree that they indicate the pattern of agri
cultural production that would be most profitable 
to farmers under assumed economic changes. The 
results also have methodological value in the sense 
that they require and promote data accumula
tion and conceptual developments which will lead 
to further and more detailed or efficient analyses 
of the interrelationships between regions and com
modities of American agriculture. 

Analysis is needed to provide improved know
ledge of interregional adjustment potentials and 
needs of the nation's agriculture. Analysis also is 
needed for policy and educational programs to 
attain needed adjustments and to reduce their costs 
on particular regions and population groups. Rapid 
change has been taking place in American agri
culture and in important elements in its structure. 
These changes have not, however, been taking 
place at equal rates over the many areas and com
modities which make up the industry. Some re
gions are gaining in their relative advantage in 
producing particular commodities, while some are 
losing ground as change takes place at differential 
rates. At the same time, however, national policies 
have provided price supports and production con
trols that have tended to maintain historical pat
t erns of regional production. 

There is a need, which provides the basis for 
this study, for information about the relative ad
vantage of different regions as producers of spe
cific crops and for information about the possible 
adjustments ahead for various regional and com
modity sectors of agriculture. Knowledge is needed 
also to indicate to what extent production patterns, 
which are encouraged by national policies, deviate 
from those that would occur with a more uncon
strained general equilibrium of agriculture. This 
same knowledge can be useful in specifying the 
changing advantage of regions as producers of 
particular commodities and the possible adjust
ments in store for these regions in future decades. 

In the early part of this research project, we 
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have concentrated on the wheat and feed-grain 
sector because this sector is, both in cropland area 
and in value, one of the largest in American agri
culture. Too, it currently is faced with adjustment 
problems of large magnitudes. 

The analysis considers wheat and feed grains 
(corn, oats, barley and sorghums) as an integral 
complex. In other words, we analyze the produc
tion of these crops simultaneously. This is done 
especially because wheat is both a food grain and 
a feed grain but also because these crops compete 
for the same farm resources. We recognize that 
wheat and feed grains are part of a greater pro
duction complex which includes livestock, oilseeds 
and other crops. This greater complex is the sub
ject of research now under way. Because of the 
magnitude and complexity of the analysis and avail
ability of data, the research must be developed 
a step at a time. 

The specific objectives of this study are: 

(a) To show the possible consequences of a static or 
unchang-ing- wheat and f eed-grain sector and a 
growing population on regional land-use patterns 
and acreage r equirements. 

( b) To show the possible effect s of raising the, level 
of fertilizer and machinery inputs in wheat and 
feed-grain production on r egional land-use pat
terns and on acr eage r equirem ents, given various 
population levels. 

(c) 'To compare the r esults of t he two ex treme cases 
given in objectives (a ) and (b) t o better describe 
and character ize the nature of the adjustment 
problem in th e wheat and feed-grain sector. 

(d) 'To test the appropriateness of an abbreviated 
linear programming model fo r interregiona l com
petition research by comparing its results with 
tha t obtained f rom a more general model. 

Background 
The current adjustment problem in agriculture 

is not a unique present-day phenomenon: It existed 
even in the 1920's. Farm legislation of the period 
and articles in the professional journals attest to 
this fact. Because this early trouble period was 
followed closely by the depression, the basic prob
lem of agriculture was obscured by the national 
problem of inadequate aggregate demand. Even 
so, toward the end of the 1930's, stocks began ac
cumulating under federal programs. But then 
World War II came along and provided outlets for 
accumulated stocks. 

After the war, while the output of European 
agriculture was recovering from shocks of the war, 
the demand for United States production rose 
rapidly; hence, farm prices increased. Higher 
prices, together with other wartime incentives, 
stimulated growth in domestic agricultural ca
pacity. This larger capacity was achieved primarily 
by the adoption of new technology and improved 
practices together with increased acreages of grain 
crops. Markets devoured the output of this expanded 
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farm plant until the end of the 1940's. In the mean
time, Europe went through its reconstruction 
period. As Europt! recovered and got its own agri
cultural plant into production, foreign demand for 
the products of United States agriculture tapered 
off. But the domestic agricultural plant continued 
to expand. Then, as agricultural stocks began to 
pile up again, the Korean War broke out, and the 
pressure of output on demand was temporarily re
duced. 

The decline in demand following the end of the 
Korean War and continued rapid expansion in ag
ricultural output brought lower farm prices through 
the mid-1950's. Lower prices brought about gov
ernmental assistance to overcome the dilemma of 
increased efficiency and reduced income. This as
sistance took such forms as price supports, acreage 
restrictions and the Soil Bank Program. Even 
with reduced acreages of wheat, corn and cotton, 
stocks continued to rise. This experience pointed 
up the need for detailed analysis of the agricul
tural sector with the objectives of (a) measuring 
the present output-consumption gap and (b) indi
cating the probable persistence of this gap in the 
future. It was then that the Farm Economics 
Division of the USDA and the Iowa Agricultural 
and Home Economics Experiment Station initiated 
cooperative research to study these problems. 

Early in the planning stage, it was decided that 
interregional competition or spatial equilibrium 
theory was the relevant framework for this re
search. The reasons were several. Without some 
criterion or ya1·dstick the term "production-con
sumption imbalance" is meaningless. 

Given national economic efficiency as the yard
stick by which we measure the production-consump
tion gap (be it positive or negative) , any measure
ment analysis must take into account these factors: 
(a) regional differences in productivity, (b) dif
ferential changes in regional productivity arising 
from new technology and (c) economic and non
economic institutions that have a bearing on ag
riculture. 

Interregional competition or spatial equilibrium 
theory can encompass all of these variables; and, 
from a practical viewpoint, there are several tools 
available for analyses in this general framework. 
These include budgeting systems, statistical supply 
and demand curves, and linear programming. All 
of these methods have been used in various de
grees of elaborateness in the past (9, 10, 11, 13, 14). 
In our previous analyses and in the ones reported 
here, we have relied mainly on the technique of 
linear programming. As will be shown later, the 
linear programming technique (with its numerous 
possible variations, and hence flexibility) can ap
proximately mirror the multitude of economic 
forces operating in a competitive economy-inter
regionally and intraregionally. 



Previous Research 

. To provide a background for this report, pre
vious related research is briefly summarized in this 
section. 2 The basic models used in the previous 
study are summarized here because they serve as 
the foundation upon which models for the current 
study are fashioned . 

All previous analyses were developed around 
104 regions (fig. 1). These regions include the 
major grain-producing areas in the United States 
and account for about 90 percent of total United 
States production. The primary criteria used to 
delineate these regions were homogeneity in pro
duction methods and yields, and degree of regional 
farm mechanization. Basic data for each of these 
regions were formulated on the basis of 1954 prices, 
costs and methods of production. The crops in
cluded in the analyses were wheat, corn, oats, bar
ley and grain sorghums. 

Optimum regional patterns of production were 
determined for five different linear programmin<T 
models of the United States grain economy. Tabl: 
1 summarizes the special characteristics of each 
of these five models. Each model was formulated 
for methodological as well as analytical reasons. 
For example, Model B was designed to answer the 

' United States Depa rtment _of Ag ricult1:re Technical Bulletin No. 1241 
(6) and sup plement (7) g ive t he details of previous r elated r esear ch . 
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Fig. I . Production region~, 

question: "To what extent does the opportunity 
c?s_t of l~nd used for grain production have a sig
mficant mfluenct on the regional pattern of pro
duction in the United States?" Model D was de
signed to answer the question: "If regions specia
lized i1: production of grain crops for which they 
have either an absolute or comparative advantage, 
what would be the regional production pattern?" 
These and other questions are important for mea
suring the supply and demand balance in agricul
t ure and the type and extent of adjustments re
quired as the nation experiences further technical 
and price changes. Means were not available to 
include in a single analysis all of the questions 
implied in the characteristics defining each of the 
models listed in table 1. Each model was formu
lated to add to our knowledge of the nature of the 
present imbalance in the grain economy or of the 
possible impact of certain changes that might oc
cur in the future. 

The results of these analyses provide some sig
nificant insight into: (a) The magnitude of the 
imbalance in agriculture, (b) the location of re
gions that are marginal in grain production and 
(c) the degree of absolute and comparative ad
vantage existing and developing between regions. 

In this report, we continue to explore the grain 
economy mainly by comparative statics or com
parisons of particular partial equilibrium situations. 
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Table 1. Summary of special characteristics of f ive models used in 
previous analysis of the wheat-feed grain economy. 

Specific cost 
Regional making up total Regional land Analysis 

Model activities activity cost constraints objective 

Food wheat Labo r O ne foe a ll Mini mum total 
Feed w heat Machinery activit ies cost 

A Feed-g rai n Chemi cals 
rotation a Seed 

Mi scell an eous 

F ood w heat La nd One for a ll Mi nimum tota l 
F eed w heat La bot· activities cost 

B Feed-g ra in Machinery 
rotation Chem icals 

Seed 
Miscell a neous 

Food w heat Labor One for wheat, Min imum tota l 
F eed w heat Machine ry o ne fo r f eed- cost 

C F eed-gra in Chemi cals grain rotati on 
1-otation Seed 

Miscella neous 

Food w heat Labor O ne for a ll M inimum total 
Feed wheat Machinery activities cost 

D Corn Chemicals 
Oats Seed 
B a rley Mi scell a neous 
Sorg h,um 

Food wheat Labor One for a ll M a.."Xi mum tota l 
F eed w heat Machinery activities p rofit 

E Feed-grain Chem icals 
rotation Seed 

Miscell aneous 

3 T~i s rotatio n included corn, oats, barley and sorghum , 'l,heir relative 
w eig hts were assumed to be the same as in the base peri od f or acre
ages, 1953 . 

First, we analyze the grain economy with no 
~hanges in p~oduction efficiency but with pro
J ected population growth. This is called the ex 
post model. Then we look at this economy under 
mcreased p~oduction efficiency generated by opti
~um f ert1hzer use and fully mechanized produc
t~on methods and_ th~ same projections in popula
tion growth. This 1s called the ex ante model. 
Finally, we use the production data of the ex post 
model, plus transportation data, to answer the 
methodological question : How well have we been 
able to simulate a general spatial equilibrium sys
tem? This is called the production-distribution 
model. Computer and resource restrictions pre
vented us from achieving a degree of detail and 
~conomic refinement that is conceptually possible 
m such analyses. National programming models 
become large and cumbersome for computations as 
det~ils and refinements are added. Hence, certain 
variables of some significance must be omitted or 
a;11al?zed in a "partial equilibrium" fashion if quan
titative knowledge of the complex interrelationships 
of the various sectors of agriculture is to grow. 
. The basic assumptions, limitations of the analy

tical models and data limitations of previous ana
lyses also are relevant to the study reported here. 
All are fully described in U. S. Department of Ao-
riculture Technical Bulletin No. 1241 (6, pages 6, 
9-10 and 35). 

The first section which follows presents the 
procedural steps involved in the analyses and de
fines the particular economic models used. The 
secti_on following presents optimum regional pro
duct10n patterns for wheat and feed grains; i. e., 
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the solution to ex post and ex an te models at sev
eral levels and combinations of national require
ments for wheat.and feed grain. The latter section 
also shows the optimum regional pattern for the 
production and distribution model. Finally, com
parisons of solutions are made, and conclusions are 
drawn concerning the implications of the results 
and the relative appropriateness of the two major 
methods of analysis used. 

METHOD OF ANALYSIS 

General Procedure 

Three general analyses w e r e made. These 
analyses are based on the ex post, ex an te and 
production-distribution models. Each of these 
models is unique in its specific formulation, but 
all are related in the general objective and em
pirical approach. 

Data for all models were assembled on the basis 
of the 104 regions shown in fig. 1. These 104 re
gi~ns were the basic building blocks or activity 
umts of all analyses. Production costs and yields 
for three productive activities-food wheat, feed 
wheat and a feed-grain rotation-were estimated 
for each region. In addition, regional production 
constraints were es timated as equal to the maxi
mum sum of acreages planted to the five grains
wheat, corn, oats, barley and sorghum-in thr 
last decade. This period included years in which 
supply control programs were not in effect and 
years in which ac1·eages of crops in particular re
gions approached historic records. 

Long-run average prices were estimated for each 
r egion for computing the corresponding activity 
net returns needed for the ex post and ex ante 
analyses. Net returns were calculated as the dif
ference between the estimated production costs and 
the value of the output per acre. 

Shipping costs for the production-distribution 
model were based on a schedule of tariffs furnished 
by the Agricultural Stabilization and Conservation 
Service, USDA. These transportation costs, plus 
production cost s, were used to construct activities 
to represent shipments of grain from the centers 
of the 104 production regions shown in fig, 1 to 
centers of the 10 consumption regions shown in 
fig. 2. The consumption centers r epresent the 
mean transportation cost locations of the regions . 

Domestic wheat and feed-grain requirements for 
the base period of 1954 were estimated as the pro
duct of "normalized" 3 per-capita consumption of 
each grain and United States population of 1954. 
All feed-grain quantities except those used for food 
were converted to corn-equivalent feed units. Na
tional requirements, so estimated, were allocated 
to the 10 consumption regions on the basis of 

3T his term is defined in su1mlement to USDA Techn ical Bu lletin 1 24 1 
(7 , pp, 53-55). 



Fig . 2 . Consumption regions and shipping destination . 

relative population for the production-distribution 
model. Actual net exports were taken as the best 
estimate of export needs. These exports were al
located to the 10 consumption regions on the basis 
of the actual port from which they were shipped. 
For example, the net overseas shipment of wheat, 
corn, oats and barley from the ports of Boston, 
New York, Baltimore and other cities in the North
east area made up part of the requirements or de
mand for wheat and feed grains in the Northeast. 

Linear programming was used to analyze these 
data under the assumptions of the various models 
explained later. The objective of each analysis 
was a regional production pattern under certain 
economic efficiency criteria. For reasons out lined 
subsequently, economic efficiency was not defined 
in the same way for each model. 

In the ex post model, net returns from wheat 
and feed grains were maximized for farmers as a 

Table 2 . Summary of Sf>ecial charactaristics of three models . 

Model 

Ex post 

Ex ante 

Prod uction
distr i.bution 

Region a l 
act ivities 

Food w heat 
F eed w heat 
Feed-grain 

rot.ation 
n . 31 2• 

Food wheat 
Feed wheat 
Feed-grain 

rotation 
n. 31 2 

Food w heat 
Feed wheat 
F eed-grain 

rotatio n 
E ach a.ctivity is 

replicated for 
every consum ption 
region 

n = 31 2 

Specific cost 
making up total 

act ivity cost 

Labor 
Machinery 
Chemicals 
Seed 
Mi scell a neous 

Labor 
Machine ry 
Chemicals 
Seecl 
Miscellaneous 

Freigh t 
Labor 
Machinery 
Chem ica ls 
Seed 
Mi scellaneous 

group for a range of outputs given (a) production 
techniques, (b) price r elations of 1954 and (c) 
various demand combinations. 

In the ex ante model, net returns from wheat 
and feed grains were maximized for farmers as a 
group and for a range of outputs given (a) im
proved production practices, (b) price relations of 
1954 and (c) various demand combinations. 

In the production-distribution model, total pro
duction and distribution costs for wheat and feed 
grains were minimized for the industry as a whole 
given (a) crop production techniques, (b) dis
tribution costs, (c) factor prices of 1954 and (d) 
wheat and feed-grain requirements of 1954. 

The special characteristics of these models are 
summarized in table 2. 

Economic Assumptions and Implications 

The methods of analysis just described involve 
certain economic assumptions and implications. All 
models have certain similarities in this respect. 
These assumptions and implications will be enum
erated first. Then their differences will be de
scribed. 

Common assumptions 

The regional "firm" is the basic producing or 
allocative unit. This assumption means only that 
autonomous firms within any one region respond 
uniformly to economic stimuli. 

Total grain acreage within any region cannot 
exceed the total acreage of all five grains planted 
in 1953. 

Given the total grain acreage available, regional 
firms may select any one or combination of three 
productive activities-food wheat, feed wheat and 
feed-grain rotation. 

Prod uction 
constraints 

One regional la nd 
co nstr a in t fo 1· a ll 
regio na l activities, 
0 1' 104 

On.e r egio na1 land 
constraint fol' all 
regio nal activities , 
or 104 

One regional land 
co nstrai n t for all 
regional activi
ties. 0 1· 104 

Demand 
con s traints 

Variable with in 
cer tain limits of 
nati.o na l w heat and 
feed-gra in demand sh 

Varinbl e w ithin 
cer tai n limi ts of 
n ation a l w heat a nd 
feed-grain demands 

Fixed wheat a nd 
feed-grain demand 
const raints fo r 
each consumption 
r eg ion 

Analys is 
objective 

Ma.x imum total net 
1·et u 1·n fo r each 
demand combinatio n 

Max imurn total net 
return for each 
demand co mbination 

Minimum total 
production and 
d istribution costs 

" The letter n r efers to the total number of real activiti es in each specific model. 
b The t e rm variable is used here to mean t hat demand for w heat migh t ra nge from 1 1ni ll ion to 2 million units , f or example; on t he other 
ha nd , fixed mean s t hat dem and is exactly 1 million units. 
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Each region specializes in the most profitable 
of the three crop alternatives or most profitable 
combination in light of its production costs and 
realized market prices. 

Ex post model assumptions 

All regions or basic allocative units use produc
tion methods similar to those practiced in 1954. 

Regional price differentials adequately reflect 
distribution costs between regions and account for 
quality differences. This simply means that all 
markets are tied together by actual or potential 
transfers of products and that the value of certain 
product qualities is reflected by price differentials. 

Requirements of wheat and feed grains are a 
function of the domestic population level and actual 
net exports. 

Ex ante model assumptions 

Structurally, the ex ante model is exactly the 
same as the ex post model. These models were 
purposely structured alike so that certain compari
sons could be made among the results obtained 
from each. The economic assumptions unique to 
the ex ante model are: (a) All firms apply fertilizer 
at optimum or maximum profit rates. (b) All firms 
use only tractor power and mechanized methods 
to produce grain. ( c) Regional price differentials 
adequately reflect distribution costs between re
gions and product-quality differences. (d) Require
ments of wheat and feed grains are a function of 
domestic population level and actual net exports. 

Production-distri bution model 

Economic assumptions of the production-dis
tribution model are: (a) All regional firms use 
production methods similar to those used to pro
duce grain in 1954. (b) Distribution costs are dom
inated by transportation costs. (c) Regions produce 
the most profitable alternative among the three 
considered activities-food wheat, feed wheat and 
feed-grain rotation- given market prices. (d) Grain 
is shipped to the market that yields the highest 
net return. 

These three models represent static analysis in 
that we do not specify the time involved in adjust
ments or trace developments leading to the equi
librium conditions and specifications. We are in
terested mainly in the consequences of the various 
conditions or changes implied by the assumptions. 
These consequences are important for: (a) charac
terizing the grain surplus problem; that is, the 
magnitude of the problem, its probable persistence, 
regional changes expected under various economic 
conditions and other possible structural changes in 
the industry; and (b) ascertaining the analytical 
superiority of one model over the other. 

All models represent perfectly competitive eco
nomic structures. Thus, solutions to these models 
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represent situations toward which an unrestricted 
atomistic industry may be moving. How closely the 
solutions approxi1I1ate long-run tendencies depends 
on how well the models reflect or incorporate im
portant interregional, spatial and other economic 
differences existing within the grain economy. 

Conditions for Regional Firm or Unit 

The quantitative results presented later are based 
on the assumption that a regional producing unit 
can represent a collection of farm firms in spatial 
programming models. The conditions necessary 
for the assumptions to be valid are outlined as 
follows. Only one region is used to illustrate these 
conditions which generally will be the same for n 
regions because of the independence in decision
making units. 

Let there be 

n farms 

m products 

p factors 

then let 

(i = 1, 2, 3, ... , n), 

(j = 1, 2, 3, ... , m), 

(k = 1, 2, 3, ... , p), 

Yi i = output of the jth product by ith farm, 

X iik = kth factor used to produce the jth 
product on the ith farm, 

Yij = fij (Xi j1, xi j2, x ii 3 , ••• , xi ;,,), (1) 

be the production function for the jth product on 
the ith farm. Assume that constant returns to 
scale exist, at least within the relevant range; i.e., 

KY ii = fi i (KXi;1, KXij 2, KX ij a, .. . , KXii ,,). 
(2) 

We can then express Yi; as a function of one fac
tor explicitly, say land, and some combination of 
all other factors (perhaps even a least-cost com
bination, but this is not necessary) implicity, as 
in equation 3. 

(3) 

xijl = Gijk(Xi; k) fo-r k,, (4) 

ai ; in equation 3 is equal to the total derivative of 
Y;; with respect to Xi ;i/s. Then the marginal cost 
or supply curve for any farm, i, and product, j, 
is given by equation 5 

pij - MC --
- IJ 

ai i 
or 

MCij = ki i, (5) 
y. . 

given the side condition l _,i <; A i, in which 
; zi j 

MCi; represents the marginal cost of Yi ;, Zi i is 
the yield per acre, A i is the number of acres on 



the ith farm and P ii is the price of the bundle of 
resources as given by function 64 

P ;j = Pxijl + Pxij2 G;j 2 (X;j 2) + Pxij 3 (G;j3) 
(Xija) + ... . + Pxijp, G;j p (X ij p). (6) 

If these conditions are fulfilled, then 

-- = - = (7) 
a , j 

whkh means that k1i = k 2i = ... = kn i• Hence, 
within a r egion the product supply curves are 
the same for all farms, even though they may 
have different resource organizations and con
straints . Therefore, the regional supply functions 
are given by 

P gl = K1 
P g2 = K2 

P gm = Km, 
and the regional side condition is 

(8) 

If the foregoing is the case, representing all farms 
in a region as an aggregate regional unit or firm 
in linear programming analysis is realistic. In 
reality, this probably will not be strictly the case. 
A rough approximation of these conditions, how
ever, would produce reasonably satisfactory results. 
This conceptual framework was used to guide 
delineation of the 104 production regions. 

Matrix Structure of the Ex Post and Ex Ante Models 

The structure of the ex post and ex ante models 
can be summarized as follows : 

Let 

X ;j = the output of jth product in the ith 
region 

r ;i the net return per bushel of the jth 
product m the ith region or (p ;j -
C;j ) , where P;i is the price per bushel 
and C; i is the cost. 

The objective then is, 

max f (r) = ~ ~ X ;jr ii • (9) 
i j 

Obj ective 9 is maximized subject to these ,con
straints 

x ij > o, 
~ X ii a ;j ,< A ;, 

(10) 

(11) 

◄The index or subscr ipts h ave been a li g ned to avo id certain p r in ting 
d iff icu lties . T h us, t he ij l , ij2 a nd ij ;j o n t he x subsc ri pt f o r P al'e 
actua lly subscripts of x a nd not of P . 

j= 3 
(12) ~ . ~

2 
X ;j = D1, 

J= 
~ X ;1 = D2, • (13) 

in which a ii is the fraction of an acre of land in 
region i required to produce a bushel of the jth 
product, A ; is the acres of land available to pro
duce grain in the ith region . D2 is a variable 
representing the output of food wheat, and D1 is 
a variable representing the ouput of feed grain. 

Data Used in the Ex Post Model 

Most data on yields and cost were based on pro
duction practices existing in 1954. Because meth
ods of estimating particular data are described in 
detail elsewhere (6 and 7), only a summary de
scription will be given here. 

Yields or outputs 

The yields used are those expected in 1954 
under av erage weather and typical production 
practices in use at that time. Table 3 presents 
these yields. The a ;i of inequality 11 are in
te11)reted as follows: (a) The a ;1 is the reciprocal 
of the food-wheat yield in region i or the frac
tion of an acre required to produce 1 bushel of 
food wheat. (b) The a; 2 is the fraction of an acre 
required to produce, in region i, 1 bushel of feed 
units from wheat, 

1 
a i2 5 = -y K1, 

i 1 

(14) 

where Y i1 is the yield of wheat in the ith region 
and K1 = 1.121, the feed-unit conversion factor 
for wheat. 

The a ;a is the fraction of an acre required to 
produce 1 bushel of feed units from feed grain 
in region i and is computed as in equation 15, 

1 

. b ;2Yi2K2 + b ;3Y;3Ka + b ;.Y; .K, + b;sY;sKs 
(15) 

in which K2 = 1.000, K 3 = 0.495, K. = 0.789 and 
Ks = 0.981. The b's are the proportions of total 
grain acreage planted to each crop, and the K's 
are the corn-equivalent conversion factors. 

A creage constraints 

The acreage constraints (A ; in equation 11) 
are the acreage sums of wheat, corn, oats, barley 
and sorghum grain planted in each region in 1953. 

5T he second posit ion inde.x in equ a tio ns 14 a nd 1 5 does not relate t o 
t he same variable on t he left s ide of t he equ a lity s ig n as on t he ri g ht. 
On t he left s ide it s tands for progra mm ing a ct ivit ies whe re 1 = food 
wheat, 2 = feed wheat, 3 = feed-g ra in composite. On t he rig ht side 
i t stan ds fo r spec ifi c g n1in s w he re 1 = w heat, 2 = co rn. ;3 = oat s . 
4 = ba rley a nd 5 = s01·gh ums. 
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Table 3 . 

Reg ion 

l 
2 
3 
4 
5 
€ 
7 
8 
9 

1 0 
11 
12 
1 3 
14 
1 5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
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 
10 :i 
104 

Estimated net yields in bushels per acre for wheat and feed 
grains/' by regions, ex post data . 

Wheat Corn 

26.9 45 .6 
21.3 5 0.0 
18.1 4 5 . 9 
18.4 49.8 
21.2 3 9.6 
1 6.2 36.6 
19 .3 29.4 
18. 3 31. 2 
17.7 29.2 
17 .8 21. 3 
16. 5 18. 6 
1 6.6 16 .2 
16 .5 1 8 .9 
16.1 18.6 

1 5.0 
22 .8 20.9 
20.4 1 5.4 
19.6 21. 5 
15.7 19.8 
14.9 27 .6 
18.0 25.6 
17 .1 36. 4 
16 .6 32.6 
1 5.8 36.3 
17 .4 50.8 
23.0 51. 3 
26 .0 50.4 
24 .1 56 .6 
19.0 44.4 
19.1 39 .8 
24. 3 55 .6 
27. 0 56 .0 
26 .6 43. 4 
27.6 4 3.3 
20.6 44 .6 
27.3 58.6 
25 .2 59.9 
27. 1 57. 0 
18 .8 36.1 
19 .4 35 .2 
21.3 36.0 
19.7 28. 2 
22 .7 42.8 
1 5.5 46 .1 
14.7 50.1 
17 .6 51.4 
17. 0 47 .6 
13.6 9.5 
14.6 40. 3 

9.2 26.4 
8.0 20. 2 
7 .0 17 .8 
7 .5 17 .8 
7.9 22.1 
8 .1 19.0 
9.0 22.2 
8.6 29.7 
8 .5 21.6 
9.6 36.7 

16. 2 38 .9 
1 2.8 24 .4 
1 0.0 26 .4 
10 .6 :i2. 2 
11. 2 25.2 
17 .5 37 .0 
17.8 :n.5 
17. 9 25 .5 
17 .1 22 .1 
17.4 24 . 0 
1 0.8 22.1 
13. 3 22 . 2 
13 .8 21. 0 

9 .4 20.4 
7 .3 16.1 

1 2. 0 18.4 
1 3.0 1 6. 5 

6.6 11.2 
1 0.4 19. 5 
10.3 18.0 

6. 1 27 . 2 
7 .5 1 3. 7 
5 .0 14.5 
8.3 1 3.7 
4.5 11. 3 
5 .8 17. 7 
4.2 14.9 
4. 5 1 7.6 
4.5 1 7.1 
8.0 14.6 
8 . 9 1 6.4 
6.5 1 3.0 

10 .6 25.4 
8 . 7 24 . 2 
7.0 1 6. 8 
5.2 4 2.8 
2.5 1 6. 7 
1.6 1 0.0 

1 2.9 4 5.2 
9.9 :18 . J 

1 6.9 64. 5 
1 2. 6 52.5 
11.6 71. 7 
1 2.5 36.i 

9 .8 25 .4 

Oats 

39 .0 
36 .4 
29. 2 
J •) 2 
sit 2 
n.4 
32 .0 
32 .2 
29.9 
28 .2 
23 .1 
27 . i 
27. 2 
24 .0 
21. 2 
21. 7 
22 .1 
29 .5 
20.9 
25.3 
24 .4 
27.0 
27 .7 
:J .6 
27. 7 
37 .1 
40.9 
39.5 
30.0 
28 .5 
38 .0 
39.8 
37 .1 
37 .2 
37 .9 
53 .6 
41. 2 
36.6 
23.7 
25 .2 
23 .9 
24 .5 
27 .1 
28 .1 
31. 2 
37.1 
38.2 
32 .6 
33 .2 
30 .0 
24 .6 
24 .4 
25 .5 
25 .8 
22 .4 
25.5 
30 .0 
24 .2 
29. 5 
22 .8 
23.7 
24.4 
17 .8 
19 .2 
22 .7 
17 .4 
18.7 
20.9 
19 .9 
13 .7 
18.8 
19. 7 
1 6.0 
15.6 
1 3.5 
17. 3 
10.1 
15.7 
15.4 
16 .6 
17.9 
15 .9 
1 6.0 
14. 2 

1 6.6 

28 .0 
29 .4 
23 .9 
4 o. 6 
22 .8 
15.8 
17 .9 
11.9 
19. 7 
39.4 
4 9.4 
40.0 
37.6 
51. 5 
18. 2 
17.0 

Barley 

30.0 
37 .3 
26.2 
27 .2 
30. 7 
21.9 
29 .9 
30.6 
24.1 
21. 6 
17.0 
23 .6 
23 .6 
21.0 

14.9 
18.6 
19.0 
1 9.6 
24.4 
24.5 
29 .8 
32 .8 
;J9 .1 
24 .6 
26. 5 
25 .5 
26 .2 
28 .7 
32 .0 
33 .0 
38.4 
30.6 
26 .6 
25 .0 
25.5 
25 .9 
23 .3 
27 .8 
22 .4 
17 .8 
27 .5 
26 .9 
23 .6 
27 .8 
25 .0 
18. 7 
17 .6 
18.5 
18.9 
16.7 
17.0 
20. 1 
16 .4 
18.8 
16.8 
19.;J 
21.8 
12.7 
14.:l 
16. :J 
17 .6 
19 .2 
18.l 
1 8.5 
11. 7 
14 .3 
1 3. 3 
12.8 
1 0.3 
1 2.7 
11. 6 

7 . 3 
9. 8 

10.1 
12. 2 
1 2 .1 
1 3.2 
U.4 

9.1 

9.9 

29 .6 
27.0 
16.4 
:3 0 .2 
22 .5 
12. 7 
14 .8 
1 0.1 
1 0.6 
30 .6 
47 -~ 
:n.o 
30 .7 
33 .1 
23 .2 
n.1 

Sorghum 

19 .0 
14.8 
17 .1 
1 5.0 

19.2 

17.0 
16.1 
22 .3 

21. 4 
16.7 
1 5.3 
21. 5 
21.4 
30. 5 
25.5 
19.8 
1 7.5 
18.4 
19.8 
19.9 
18.6 
18.6 
1 7.0 
1 2.5 
14 .8 
1 2.9 
1 3.1 
14.7 
27 .5 
1 0.0 
15.0 

9 .1 
1 2. 7 
19.0 
16 .1 
15 .9 
23.6 

8.8 
1 6.5 

8.6 
1 0 .8 

33 .5 
36. 4 

"E stimated yie ld less seed per ac re; based on a composite ac re. 
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This was the greatest total acreage planted to 
these five grains in the 1950's. Acreage con
straints are given in table 4. 

Production costs 

Production costs included these items: 

(1) Labor. 
(2) Machinery inputs including fuel , oil, grease, 

repairs, taxes, insurance and depreciations. 
(3) Seed inputs were accounted for by sub-

tracting them from yields. 
( 4) Fertilizer. 
(5) Lime. 
(6) Pesticides and herbicides. 
(7) Other miscellaneous items which included 

costs for applying fertilizer and lime not 
spread by integral equipment or custom hire 
and the cost of water for irrigation. 

Table 5 presents the sum of these costs on a 
per-acre basis for each of he five grains. These 
are weighted costs for several production prac
tices. The C ; j used in computing r ;i in equa
tion 9 are the ratios of costs to yield per acre 
for food wheat, C; 1 , and for feed wheat, C;2 . The 
C; 3 (the C; j for feed grains) were obtained by 
calculating the ratio of weighted costs to weighted 
yields as in equation 16, 

Table 4 . Acre age restraints, by reg ions . 

Reg ion A cres 

(thousands) 

1 ········ •·········· 603 
2 ........................ 2,480 
3................ ........ 4 45 
4 ..................... 298 
5..................... 208 
6............... .. ... 561 
7...... 325 
8 ......... ... 370 
9 .......... ............. 1, 42 1 

10 ......... ....... 290 
11............. ........... 26 1 
1 2 ........................ 3,1 00 
1 3 ........................ 434 
14 ........... .. ... ........ 107 
15 .......... . ............. 542 
16 ........................ 91 
17.. ...................... 727 
1 8 ................... .. .. . 1,230 
1 9 ..... ... .. ........ ...... 1,228 
20........... .. ........... 969 
21.. .......... .. .......... 853 
22 ........................ 1,0 69 
23........................ 261 
24........................ 329 
25 ................. ...... 57 4 
26................ 411 
27 ······· ··•······ .1,067 
28 ........................ 4,9 35 
29. ............... ....... 757 
30 ....... 1,902 
31 .. 4,760 
32. . 996 
33 .1, 649 
34. . ....... 2,3 17 
35. 994 
36 ........................ 2,29 7 
37 .............. .......... 7,754 
38 .............. .. ....... .4,841 
39 ..................... ... 1, 133 
40 ........................ 1,0 13 
41.............. .. ........ 693 
42 ........................ 1, 535 
4 3 ....................... .4 ,795 
44 ........................ 4, 263 
45 ...................... 1 0,879 
46 ............. ........... 4, 107 
47 .......... .............. 2,7 11 
4 8 ............... ......... 2, 561 
49 .... .................... 1, 304 
50 ................. .. - ... 4,827 
51.. ....... 7 ,898 
52 ...................... 2, 790 

Reg ion Acres 

(thousands) 

53..... . .. .. .. 5, 016 
54..... . ........ 1,075 
55 ....... 2 ,101 
56. . ...... .4,155 
57.... . ............ 1,404 
58.. . ..... . 1 ,0 1 3 
59... ... .. . ...... 3,264 
60 . . ... 3, 874 
61. .... . ... 441 
62 ..... . .. .4,282 
63.. ..... . ........ 1,990 
64 ....... ··· ···•········· 2,509 
65.. ... . .............. 4,718 
66 .............. .. ....... 1,2 20 
67 ........................ 788 
68 ........................ 7 58 
69 ........................ 1,1 1 9 
70 ........... .. .... ....... 1,79 2 
71 .......... .... ... ....... 1,371 
72 ............... 2,735 
73 ............. .. 7,664 
74 ........................ 5, 114 
75........................ 420 
76 ........... .. ... .. ...... 2, 739 
77 ... ....... ........ .... .. 2,9 11 
78......... .......... ..... 504 
79 ........................ 2,025 
80 ...... ...... ............ 2,88 1 
81.. ................... ... 1 ,955 
82 ....... ....... .... .. .... 1,17 6 
83 ............ ......... ... 369 
84... ... .......... ....... . 98 
85 ............... ...... .. . 439 
86... ............ ......... 108 
87 ... ........ ............. 326 
88 ... ... .... ......... ..... 610 
89 .. ........ ......... .. ... 6,493 
90 ..... ....... ............ 3,83 3 
91. ............... . 611 
92 ...... ........ .......... 691 
93 . .. ...... 830 
94.. ········ .. 4,293 
95 .. ....... . 609 
96 ......... .. .. ... ... ... .. 561 
97. ............. .. ........ 544 
98 ... .... . ..... ... 1, 750 
99 .. .............. .... 51 9 

100 .. ................ 4 ,685 
101.. ...................... 2, 785 
102 . . ......... 544 
103. . ......... 55 3 
104 ....................... 1,0 1 5 



Table S. Estimated per•acre" production costs for whea t and feed 
grains, land omitted, by region, ex post data. 

Region \Vheat Corn Oats Barley Sorghum. 

~ _ .. :-_-_-_-~ $~ui 
3 ----- --- ------- -- -- 29 .86 
4 28 -14 
5 24.36 
6 -- --- -------------- · 25.25 
7 32 .35 
8 30 .17 
9 --- ----------------- 28.35 10 __ ______ ,,. _______ _ 22 -79 

11 27 .24 
12 23 _37 u -----------·------ ~ui 
15 
16 
17 
18 
19 
20 
:n 
22 
23 
24 
25 
26 
27 
28 
29 
30 
n 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
tiO 
61 
62 
63 
64 
65 
06 
67 
68 
69 
70 
71 
n 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

10 0 
101 
102 
103 
104 

-------··------- 23. 36 
------------------- 23 .7 3 
_,, __ ,, .. ___ ...... -• 23. 42 
... , _______ .. , .. ---- 22.87 
...... ..... -- .. --- - 25 .84 

~2.60 
.. ........ .. ____ .. , 24.25 

26.68 
___ .... __ .,....... . 28.04 

25.9 3 
29.64 
30.28 

____ ., __ .. __ ,,_____ _ 25.7:l 
____ .... ____ .... ___ _ 26.2 5 
.... __ ,, __ ,, .... ---- 20.68 

23.70 
.. __ ,. ___ ...... _ .... 20.45 

28.11 
_ .. ., ____ ...... --- 30.45 

__ ,. ,_ __ .. _ .. _______ 21.85 
____ ..... ___ _, .... -- 21.5 7 
_ ___ ....... ,_,. ___ . 20 .37 
_ .... ____ ........ --• 18.52 
.. ,, ____ _ .,_,, .. __ 20 .65 

_____ .... ___ ........ 18 .74 
...... ____ ., .. _., 20.06 

....... ___ ,,_ .. __ . 20.79 
___ .. _ ...... _, ___ .. 19.86 

_ .... -.. ........ -- -- 16.59 
14.74 

___ _ .. .. ., _____ _ .... 16.90 
__ ,,., __ ., .... __ .,,. 17. 67 

____ _ .. .. ,_ ____ _ 14.71 
,, ____ ,, ...... --.. 13.4 0 
··· ·····--·· -·- -- · 8.52 

----- ........ -- .... , 6.57 
5.84 
7.23 

...... _ ...... --- - 8.25 
___ __ .. ___ .. _...... 6.16 

7 .23 
10. 23 

_____ .... _ .. __ .. 7.01 
____ _ .... _ ...... -- -- 10.1 2 
...... _____ .. , . .. -.. 11.74 

7_ 20 
____ .,_ .... .. .... --- 7.05 

__ ....... _ .. ___ . 10.28 
6 .44 

12.68 
17 .56 
18.91 
20 .20 

____ .. .,_ .. .,,..... . 16 .65 
.. _,. ____ .. _,,_ .. , 9.2 1 

11 .21 
9.49 

_ .. . -.. .. .. , . .. --- 5.80 
_ .............. -.. 3.88 
-.... -_ .. .. .. ... 15.40 

9.41 
___ ., .. ___ ,,.______ _ 6.08 

10.93 
7 .55 
4.90 
5.54 
5.13 
7 .06 
5.19 
7 .15 

_______ ,, ____ ,,_____ 4.77 
____ ,, ,, ___ ,,____ __ 7 .73 
____ ., ...... ., __ .. .. 6.30 
____ .,_ .... ,.,_ .... , 5.07 
------•oo-------• .. • 6,83 

6.76 
____ ............ --.. 8 .88 
____ .. ., ___ .. ___ .... 8 .61 
___ _ ,. .. __ .... .. 5.50 

-- -- -· 7 .63 
3.61 

__ ............ --.. 4 .04 
___ .. _.,.,., .. __ .,., 10. 56 
--- ____ .. ., ____ .,,. 10.36 
__ _______ ,, .. ____ ___ 10.95 

6.76 
8.65 

............... -.. 1 0.11 
,,,, ____ .. .,_ .. .,_ .. 9.21 

nBased on a composite acre. 

$3 4.76 
33.08 
29.29 
32.36 
30 -59 
32.1 2 
39 .01 
32 .57 
35 .4 8 
30 .85 
31. 93 
25 _4 9 
27 -56 
30.08 
26.53 
35.09 
29.61 
29 .17 
28 .65 
28.61 
24.12 
30.64 
28 .35 
30.33 
33 .07 
34.72 
34.78 
32.85 
30 .96 
20.82 
26.99 
26 .4 5 
29. 57 
30.40 
30.93 
30 .34 
')3 89 
18: 52 
20 .14 
22 .7 0 
23 .34 
23 .34 
21. 7 8 
21.58 
19.43 
21. 67 
25. 08 
19.51 
23 . 22 
18.70 
17 .83 
19.41 
16.26 
16. 39 
11.53 
11 .62 
17 .50 
11 .53 
1 6.45 
14.40 
14.50 
20 .1 2 
18.68 
17 .06 
17. 57 
18.01 
21.83 
22 .47 
19. 77 
16. 23 
18 .53 
19.28 
11. 22 
17 .20 
19 .97 
21.89 
13.30 
19. 36 
16 .89 
22 .6 2 
11 .35 
21. 25 
1 2.79 

9.52 
14.07 
14.47 
16 .30 
13.11 
32 .38 
35.8 4 
34 .48 
44.9 2 
23.57 
12.35 
22 .71 
14. 3 :J 
16.4 6 

3.4 0 
50 .30 
51.48 
57 .58 
73 .17 
40. 25 
31. 36 

$28 .34 
26.40 
28.28 
27 .58 
24. 31 
26.87 
32. 31 
29.04 
28. 22 
23. 62 
24.53 
23 .39 
21.90 
24. 57 
25 .4 9 
28 .85 
28 .66 
28 .21 
22 .9 2 
24 .55 
19.89 
23 .62 
25.84 
27 .07 
27 .16 
24 .03 
26 .02 
21. 15 
22.8 1 
18.8 2 
20 .75 
18.67 
23.45 
29 .6 2 
24.03 
21.28 
18.85 
14.17 
15 .09 
14.40 
17 .1 2 
16.91 
16. 76 
14.08 
11.40 
12.6 3 
18.69 

9.65 
14 .66 
12.57 

8.53 
8.50 
9. 16 
9.92 
7. 75 
8.00 

12.88 
8 .71 
9 .4 4 

10 _24 
11.7 2 
13.50 
16.07 
12.20 

, 11. 80 
14. 20 
14 .88 
15.97 
12.8 2 
12.54 
12.28 
10.6 2 

8.85 
6.45 

16.7 0 
9.67 
7.75 

1 2.03 
8.4 3 
5.58 
7.49 
6.56 
8.54 
7. 77 

9. 24 

9 .4 2 
18.46 
13.71 
24.44 
15.53 

9.60 
15. 21 
10.4 0 
15.59 
26.60 
31.1 9 
17 .28 
13.18 
27. 77 
13.28 

9. 33 

$2 8.64 
25 .14 
30.61 
27.81 
24 .31 
24 .9 2 
32 .38 
30 .1 6 
28 .56 
24 .08 
25 .4 3 
23.49 
22 .30 
25 .91 

24 .40 
19.53 
23.5 3 
26 .29 
27 .57 
21.65 
24 .16 
26 .4 9 
21.75 
20 .95 
17. 81 
19.1 2 
17 .24 
26 .40 
28 .68 
22.33 
22 .06 
19 .78 
15.77 
16.1 0 
15.57 
19. 85 
18. 32 
23 .29 
17. 20 
11 .94 
1 2.45 
18.39 
13.9 3 
13.59 
11. 77 

8. 70 
8.75 
9.31 

10.15 
7.64 
8.05 

1 2.83 
9.62 

1 2.20 
11.14 
10 .70 
14 .16 
14.80 
10.82 
10 .57 
1 2.83 
1 2.84 
16. 70 
14. 25 
10. 54 
10 .42 

9.19 
7 .52 
6.03 

15. 29 
8. 79 
6.6 5 

11. 20 
7 .41 
5.39 
6.69 
6.06 
7 .92 
7.09 

8.06 

9.11 
14.10 
12.56 
20 .90 
16. 59 

9.07 
15.94 

9.2 1 
15.21 
20.56 
31. 31 
16.66 
14.90 
23 . 09 
14. 25 
14.17 

22 .21 
21.60 
26 .01 

13 .31 
16.0 4 
15.53 
20 .75 
16 .17 
1 4.1 9 
15 .71 
19 .26 
17 .68 
18.83 
16.41 
16.82 
15.57 
10.05 

8.54 
17 .85 
17 .16 

9.06 
17 .23 
10.65 
1 3.78 

8.04 
9. 10 
8 .68 
8 .55 

1 3.47 
1 3.48 
13.6 6 
10.54 

1 0.92 
19 .98 
1 2.90 
16. 28 

32 .90 
16 .11 

C; 3 = (b ;aC ;a + b ;.C;4 + b ;5C; 5 + b ;6Ci 6) a ; 3 

(16) 

in which the notation is the same as m equation 
15 and a ;3 is the reciprocal of the weighted yield 
as given by equation 15. 

Other data 

The base or mm1mum food-wheat and feed
grain requirements (D2 and D,, respectively, in 
equations 12 and 13) were based on normal per
capita consumption, United States population of 
January 1955 and net exports of the 1954 crop 
year. These estimated values are 677 .5 million 
bushels of wheat and 3,548.9 million bushels of 
feed grains, in corn-equivalents. 

The grain prices P ;i , used in computing r ;j in 
equation 9, were derived from averages of 1945-
54 average state prices and nonnal within-state 
price gradients. These prices are included m the 
Appendix. The price of corn was used to repre
sent all feed grains, because output of other feed 
grains was expressed in terms of corn-equivalent 
feed units. 

Data Used in the Ex Ante Model 

Yie lds or outputs 

The yields of the ex ante model are those ex
pected when fertilizer is applied at optimum rates. 
(See later definition of optimum.) Fertilizer use 
and optimum yields were determined by fitting 
functions to fertilizer response data presented in 
USDA Handbook No. 68 (17). The response 
data given m this publication are for each of the 
major plant nutrients-N, P 20 5 and K20-when 
it is assumed that each of the other two are used 
at unlimiting rates.6 Because the data were pre
sented in this way, simple quadratic functions of 
the fonn Y - a + b N + c N2 (in which Y is 
the estimat ed yield, N stands for nitrogen, and a, 
b and c are estimates of the true parameters ) 
were fitted to the nitrogen response data in most 
cases. In some areas, where little response to 
nitrogen was evident m the data, a P 20 5 or K20 
production function was fitted and used if it 
showed evident response because of the nature 
of the data. These fitted functions were consid
ered as reduced form functions in which the re
sponse to the other nutrients are accounted for 
in the estimated parameters a, b and c. 

If the explicit r elationship between N and the 
other nutrients were known, then the optimum 

dY 
rate for N would be dN - [P 11 + P P g(N) + 
Pk h(N) J Py. Given N, then P 20 5 and K20 would 
be given by g(N) and h (N) which represent 
phosphorus and potash, respectively, as functions 
of nitrogen. In the absence of these explicit func-

'See USDA Ha ndbook 68, p . 3 (17). 
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tions, optimum rat es were found by successive 
approximations as follows: 

(a) An optimum yield (Y') was estimated. 

(b) 

(c) 

(d) 

For this yield ti.N, ti.P20 5 and ti.K20 (where 
ti. represents a small change in the specific 
nutrient) were computed. 
A price was computed by the following lin
ear combinations : 

ti.N ti.P 20 5 ti.K20 
P'r= --P11 + --- Pp+ ---Pk, 

ti.N ti.N ti.N 
m which P' r is the aggregate price of fer
tilizer inputs, P 11 is the price of nitrogen, 
et c. 

dY 
P '1 was set equal to Pr and N was 

A dN 
solved for, Y was then derived. 
A 

( e) Y was compared with Y'. 

(f ) If Y was near ly equal to Y', then N was 
taken to be the optimum nitrogen applica
tion, and P 20 5 and K 20 wer e found by lin
ear interpolation from the data given in 
Handbook 68 (17) . 

(g) If Y was not nearly equal t o Y', then steps 
(a) through (d) wer e repeat ed until Y was 
nearly equal to Y'. 

This procedure gave the optimum yields by 
states. These yields were compared with economic 
optimum yields estimated by USDA agronomists 
at Beltsville, Maryland. 7 In about 50 percent of 
the cases, the separate estimates were vecy close. 
When they differed by as much as 2 bushels, the 
new optimum yield was estimated by averaging 
the two independent estimates. Finally, the in
tercept value of the fitted fertilizer response func-
tions was adjusted so that Sr was equal to this 
average. Hence, fertilization rates did not change 
because of yield adj ustments. To estimate r egional 
yields a further assumption was made. We assumed 
that the response curves of fertilizer use within 
states were the same and that yield differences 
observed for the same application of fertilizer in 
separate regions were due to different levels of 
nutrients in the soil. Therefore, optimum yields 
for regions differed only because of differences in 
the grain and ferti lizer prices. There was, of course 
a wide range in fertilizer application rates within 
states. Table 6 presents the estimated optimum 
yield by crops and regions. 

Product ion costs 

Labor costs m the ex ante model were made up 
of the labor inputs of the fu lly mechanized pro
duction activities used in the ex post model plus 

7Unpubli shed data of t he Fa 1·m E co nomics Div isio n , U. S . Depart men t 
of A g ricu ltu re. 
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Table 6. Estimated net• yields for wheat and feed gra ins (in bushels), 
optimum fertilizer use, by regions, ex ante data . 

Region Wheat 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2 
1 3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
9 3 
94 
95 
96 
97 
98 
99 

100 
101 
10 2 
103 
104 

29.4 
22 .0 
25 .4 
26.2 
32 .9 
24. 9 
28.0 
28.4 
25.0 
22.0 
22 .0 
23.5 
22. 6 
23.0 

.................... 26.2 
..... .. 24.9 

26 .5 
....... ............. 20.8 
................... . 25 .0 
······- ............ . 23.5 
................... . 23 .9 
.............. .... .. 24.4 
................ .... 24.6 
.................... 30.5 
................... . 30.8 
................... . 30.8 
................... . 30 . 7 
................... . 31. 2 

32.2 
.............. ...... 31. 2 
.................... 31. 4 
.................... 34.2 
... ................. 33 .9 
............. .... ... 31. 3 

31.1 
31. 7 

............... .. ... 32. 8 

.......... ....... ... 32.6 
·······••······· .... 32.6 
............... ..... 25. 8 
............. .. ..... 26.2 
......... ......... .. 27.1 

24.2 
19.7 

.................... 20.1 
21. 5 
19.8 

........ .. .......... 19. 3 
.................... 12 .4 
................... 12 .4 

11. 3 
.................... 13. 4 
..... ....... ........ 14 .5 
............. ..... .. 14 .6 
...... .. ............ 18.0 
.................... 15 . 7 
.................... 15.6 
.................... 15.8 
.............. ...... 23.1 
......... ........... 16.0 
.................... 1 2.5 
......... ........... 16.8 

.. .... 15.6 
······ ·············· 24.3 
.................... 20 .6 
.... ................ 19.9 
.................... 20. 1 
.................... 19.9 

16.3 
................... . 1 9.6 
............... ..... 20. 1 
.... ................ 13.1 
.................... 10.6 
.................... 18.5 
...... .............. 1 9.9 
·······•· ... ........ 14.3 
.................... 17.7 

17 .9 
11 .3 

........... _.. ..... 14.4 
9.6 

.................... 1 6.2 

............. ....... 11 .5 

........ ............ 9.4 

.................... 9. 3 

............... .. ... 9. 3 

.................... 9.3 
.................... 9.7 
.. .................. 9.0 
···················· 10.3 

10.2 
.................... 9 .0 
·········........... 9.3 
···················· 7.7 
... .. ............... 3.7 
···················· 3.2 
•······ ·········.... 14 .3 
.................... 11. 7 
···················· 17.0 
····· ············ ··· 14 .6 
······ ··· ... · .. ·•··· 14.7 
······· ········ ····· 13. 1 
···•···· ···· ········ 1 4.9 

Corn 

68 .8 
82.0 
69. 2 
70.8 
84.5 
78.4 
75.6 
74.8 
75 .6 
65.9 
62.6 
59.6 
65.9 
61. 7 
55 .5 
61. 6 
61. 6 
60. 3 
72.6 
73 .0 
67.4 
61.5 
59.8 
59 .8 
77.6 
78.3 
77.7 
78.2 
78.6 
74 .7 
78.3 
77 .6 
53 .5 
53.5 
7 3.1 
73.7 
85. 9 
87.5 
86.7 
85.8 
65.2 
65 .3 
71. 4 
84.7 
79.6 
76.0 
64.0 
61. 2 
60.7 
49.8 
37 .8 
37 .8 
37.8 
38. 2 
41.1 
4 2.4 
42.8 
41 .9 
42 .8 
44 .3 
42.5 
44 .3 
44.3 

. 43.9 
44. 3 
3'7.1 
36.3 
36.0 
35.9 
36. 4 
36.0 
35.6 
36. 0 
35.6 
47 .8 
47 .3 
47.9 
48.8 
48 .3 
48.8 
46.9 
45.9 
47 .5 
47 . 4 
47 .9 
47.9 
46.4 
44 .9 
27.2 
27.8 
25.8 
27.4 
24.4 
44 .2 
45.1 
4 2. 4 
36.2 

64 .4 
74. 3 
93 .1 
93.1 
60 .1 
61.0 

Oats 

50 .1 
34. 3 
29. 1 
32.2 
47.0 
46.8 
66.3 
67.0 
59 .2 
43.4 
45.3 
48.8 
44.4 
42.8 
4 6. 5 
5 6.6 
52.9 
56.0 
38.9 
54.6 
52. 7 
50 .8 
48. 7 
49 .. 2 
50.8 
51.3 
51.5 
50.8 
65.5 
67 .9 
65 . 4 
66.1 
56 .4 
5 6.4 
60.8 
60.6 
68.3 
73 .0 
72.3 
73 .. 0 
52.2 
52.6 
55.8 
58.1 
50.2 
55.4 
52 .7 
50.3 
50.3 
48 .6 
43.2 
4 3.8 
42. 2 
43.1 
42.4 
4 3. 6 
43. 2 
43. 2 
43 . 3 
39.1 
40.9 
4 5.1 
40. 1 
42. 8 
42.8 
27.0 
26.4 
26.4 
26.4 
26.2 
26.0 
26 .6 
26 .8 
22. 9 
48.4 
50.1 
42 .2 
47.3 
46 . 2 
43.6 
47 .7 
42.3 
4 9.4 
44 .9 

47.9 

53. 7 
52. 7 
52.8 
53.2 
50.7 
50. 3 
42.4 
37. 3 
:J2.1 
48.2 
5:J .5 
56. 2 
72 .6 
72.2 
33.9 
31. 0 

Barley Sorghum 

48.0 
41.1 
30.4 
39.3 
40.9 
3 4.7 
43 .4 
43.8 
39.5 
27. 5 
27 .6 
29. 4 
28.0 
28.7 

41. 4 
40.2 
41.4 

36.8 
35.6 
29.9 
29. 3 
29. 3 
30.6 
34.7 
37. 7 
34.0 
41.4 
38.0 
41. 0 
41. 0 
69. 5 
69.5 
55.0 
55.2 
42.3 
40 .5 
39 .8 
40 .0 
29.7 
30.2 
31.9 
32 .2 
26.8 
31. 3 
34.2 
31. 0 
30.8 
28. 3 
24.9 
25. 6 
24.6 
24. 9 
22.2 
23.3 
23.0 
22.8 
22.9 
18 .5 
19.8 
22 .7 
19. 5 
20 .. 7 
20 .9 
24.2 
23 .7 
22.9 
23 .5 
23 .1 
23.5 
22.9 
22 .4 
20.8 
22. 1 
23.2 
19 .2 
21.8 
21.4 
26 .9 
29.7 
26.6 
30.7 
27.9 

29.9 

29.6 
28.3 
27 .4 
30.3 
22.7 
23.0 
21.2 
16.5 

46.7 
47 .7 
48.0 
51.9 
51. 6 
23.2 
28.0 

28.0 
28 .5 
28. 6 

27.2 
26.4 
22 .5 
27 .2 
26.6 
30.5 
29.9 
29.1 
29.0 
28.8 
29.5 
28. 9 
28.9 
29.0 
28. 1 
25.8 
25.2 
25.5 
26.0 
25. 7 
30.0 
27. 1 
26.1 
27 .4 
27. 1 
27 .6 
27. 7 
26.5 
25.5 

8.8 
17.7 

8. 6 
11.5 

41. 2 
38 .8 

8 Seecl has been subtracted from yield: yields based on composite acre 
w h ich includes cultivated summer-fa l1ow. 



additional labor costs associated with the increased 
yields. 

Machinery costs, as for labor, include those as
sociated with mechanized methods of the ex post 
model plus costs associated with increased yields. 

The seed and lime inputs were the same as those 
used in the ex post model. 

Given the regional yields, the steps used to calcu
late fertilizer costs by crops and by regions were 
as follows: 

(a) With regional yields of 1954, and the par
ticular fertilizer production function, N' 
(nitrogen associated with 1954 yield) was 
derived from the functions of the type Y = 
a + bN + cN2

• 

(b) This N' was subtracted from N (nitrogen 
associated with Y) to obtain the additional 
nitrogen required to produce optimum 
yield. 

(c) Additional quantities of P 20 s and K20 as
sociated with the increment in N were ob
tained by interpolation from data given in 
USDA Handbook 68. 

( d) Total fertilizer costs for each crop were 
finally computed by weighting the addi
tional quantities of N, P 20 s and K20 by 
their respective regional prices and then 
summing these costs and adding the sum 
of 1954 estimates of fertilizer costs. 

Miscellaneous costs were adjusted to include the 
cost of applying additional fertilizer. 

Table 7 presents a summary of these costs for 
the individual crops by region. 

Matrix Structure of the Production-Distribution Model 

The matrix structure of the production-distri
bution model can be summarized as follows :8 

Let 

X ii k = the quantity of the kth crop produced in 
the ith production region and shipped to 
the jth consumption region, 

Ciik = the cost of producing the kth crop in the 
ith production region and shipping it to 
the jth consumption region, 

Bi ik = the land required to produce one unit of 
the kth crop in the ith production re
gion (Bi ik are the same for all j) 

T i - acreage of land available for grain pro
duction in the ith region, 

a ik = the consumption requirement of the kth 
product in the jth consumption region. 

The programming objective is to 

8T he s ize o f t he programming m a t rix could h a ve bee n reduced by 
defining separate tra nsporting act iv it ies to transfer w heat from the 
food sectors (constra ints) to t he feed sectors of each r eg ion. H owever. 
t he matrix was con structed as descr ibed beca use of t he method used t o 
obtain the solution. T h is ,.-va s m ade necessary by t he s ize of t he 
computer used. 

Table 7 . Estimated costs per acre for wheat and feed grains, land 
cost omitted, optimum fertilizer use, by regions . 

Region Wheat 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2 
1 3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

1 00 
1 01 
1 02 
103 
104 

····· ············ ·· · $40.0 
······· ···· ·· ······· 44 .7. 
······ •············· 41.4 
···················· 40. 4 
······•····· ····· ··· 36.7 

31.8 
······•·······•····· 34.7 
···················· 33 .0 
·············--····· 31. 2 
............... ..... 25 .6 
·············· •····· 32. 5 
······ ········ •····· 26. 2 
...... ... ... ........ 28.6 
.................... 32.1 

.................... 20.5 
•············· ······ 22. 3 
..... ............... 24. 2 
···················· 22. 1 
.................... 29.9 
··· ···· ······· •····· 25.8 
····· ·•············· 31.4 
·············--····· 36.4 
................ .. .. 39.3 
··············--···· 37.1 
•··················· 34.8 
···················· 32.2 
•··················· 29.4 
•·····•·········· ··· 35 .4 
······ ····· ··--····· 33. 9 
······•·······••···· 28. 5 
·····•····· ········· 23.1 
..... ............... 35.6 
•····· ············ ·· 34.8 
············ ········ 31.8 
············· ······· 27.4 
....... ............. 27.6 
·· ······· ··········· 21. 3 
.................... 41.1 
•······· ············ 38. 5 
......... .. ......... 24.5 
............. ....... 26.l 
.................... 26.0 
.. ...... ............ 25. 6 
······•············· 19.8 
······· ······•······ 18.1 
.............. .. .... 23.1 
............. ....... 24.2 
..... .... ...... .... . 21.1 
······· ······--····· 12.4 
.. ........... ....... 9.8 
············ ········ 8 .9 
·············· ······ 11 .2 
......... .... ....... 12.6 
............. .. ..... 10.9 
... ... ..... .. ....... 13.7 
········· ···-- ······ 15.4 
··················· · 1 2. 2 
........ .. ..... ..... 14.6 
············ ········ 18.9 
·· ·················· 10.8 
·· ··· •······· •······ 9.7 
·· ·····-- ········· ·· 16. 2 
..... ... ............ 10.9 
...... .............. 19.8 
......... ........... 19.9 
........... ......... 20.7 
.................... 22.8 
········ ···•······· · 18.8 
·· ········•··· ······ 13.5 
···················· 16.3 
······· ····· ··· ····· 14 .5 
.............. ...... 8 .8 
·········· ••······· · 6.5 
............ ........ 17.7 
.................... 11.8 
········· ···••······ 8 .7 
············--······ 13.5 
··········•········· 10.8 

8.1 
.................... 9.9 

...... 7.9 
.................... 12 .0 
······ ···· •········· 9.4 
············· ·····-- 9.4 

7 .9 
··········•········· 10 .7 
·········· •····· ··· · 9. 3 
•·········•·······-- 7. 5 
··· ········ ········· 6.8 
···················· 11.4 
......... ......... .. 8.9 
··· ··············· ·· 8 .6 
···········•--· ····· 8 .1 
·· ········•········· 10.3 
......... ... .. ...... 5.0 
............. ... .... 5.1 
.................... 12.7 
.................... 11.9 
....... ............ . 11 .2 
.... ................ 8.2 
....... ............. 10. 5 

11.8 
14 .9 

Co rn 

$53.4 
59.3 
56.4 
57. 2 
50 .2 
52.3 
57. 5 
53 .9 
55 .1 
53. 1 
50 .8 
42.8 
52.7 
50.2 
50.9 
50.8 
45.2 
43.2 
38 .9 
48 .8 
45.3 
47.4 
47 .1 
48 .6 
44.7 
49. 3 
50. 3 
41.4 
54.6 
46 .2 
44. 5 
43.0 
40 .0 
41.1 
57 .6 
40 .1 
46 .4 
45.3 
57.0 
59.5 
48.0 
62.3 
47 .0 
45.8 
39.4 
39.1 
39.9 
36.6 
39.6 
30.9 
28.4 
35.6 
32.5 
21.8 
27.1 
26 .1 
25.5 
26.0 
20. 3 
18.5 
25 .4 
31.1 
27.0 
28. 1 
28.1 
19 .3 
27 .1 
29.6 
25 .7 
23.6 
25 .6 
26. 8 
19 .3 
2 6.9 
28 .0 
44 .2 
39.2 
40.6 
38. 8 
39.7 
38.8 
4 2. 7 
34.7 
35 .0 
23. 1 
36.4 
33 .3 
31.1 
4 3.1 
35.8 
35.2 
38.6 
23 .5 
26. 5 
26. 3 
27.6 
40.4 

64.4 
74 .3 
9 3.1 
9 3.0 
60 .1 
60.0 

Oats 

$33 .7 
26.9 
28. 3 
27.6 
32 .1 
30.6 
35.1 
31.9 
31.5 
24.7 
30.7 
28.3 
25.6 
29.5 
32.2 
36 .6 
35. 8 
35 .0 
23 .6 
34. 5 
28. 3 
33. 0 
34.4 
36. 3 
39.8 
30.9 
29.4 
25 .4 
35.7 
34. 0 
31.5 
29.6 
37 .0 
43.1 
35 .9 
25 .4 
26.1 
28. 5 
36.1 
35 .3 
25 .6 
23.3 
24.8 
23 .2 
19.1 
21.5 
28 .7 
26.1 
28.5 
27.0 
14.8 
15.0 
14 .8 
15.8 
14.4 
14.1 
17.4 
15. 0 
14. 2 
15.7 
17 .5 
20.1 
23 .4 
19.9 
18.4 
20.0 
18.7 
19.6 
17 .0 
19.7 
16.8 
15.0 
14.6 
11.1 
26.0 
18.9 
16.3 
20.7 
17 .0 
21. 8 
17 .0 
22 .8 
27.9 
25 .9 

27.7 

16 .6 
25.2 
21.5 
28.4 
23.1 
18.7 
22. 3 
17.4 
15.3 
34.0 
31 .5 
26.4 
27. 3 
37. 1 
22 .5 
17 .7 

Barley 

$40.5 
26.6 
34.7 
39. 3 
32. 6 
31. 9 
34.9 
32 .5 
33 .0 
24.0 
29.7 
23 .2 
23.6 
28.7 

35 .2 
29.4 
32 .8 
35 .6 
34. 2 
28 .4 
29.4 
30.0 
26 .2 
31 .7 
25.4 
28 .8 
26.3 
51.4 
52.1 
38.2 
35.2 
24.6 
24. 7 
26.9 
25.9 
19 .9 
21.1 
24.6 
23.2 
18.7 
13.2 
22.5 
19 .3 
14.3 
14.0 
13.5 
1 4.7 
14.1 
14 .8 
11.5 
14.4 
15.1 
14 .0 
15. 2 
12.4 
10 .8 
15.5 
19.0 
14.9 
1 3.6 
1 3.4 
17.3 
21.4 
19.1 
19.8 
18.3 
17.4 
1 5.7 
14.6 
22. 3 
17.4 
15.1 
19.9 
15 .7 
16.6 
15.7 
16.6 
21.2 
20.7 

22. 6 

8.6 
14.7 
20.6 
21.0 
16.7 
15.2 
19.9 
13.0 
16. 2 
30.2 
31. 3 
25 .6 
23 .3 
30.1 
14.2 
14 .2 

Sorghum 

$28.1 
31.6 
31.l 
28.1 

29.6 
34.1 
34.1 

18. 3 
23 .5 
21.1 
25.4 
2 0.7 
14. 2 
20.4 
28. 2 
28 .1 
28 .5 
25.6 
25. 6 
25.3 
19.6 
18.6 
29.0 
26.4 
19.8 
28. 3 
20.4 
17 .8 
20.4 
21. 3 
25.7 
23. 3 
23.2 
25.8 
25.1 
22 .3 

10 .9 
20.6 
12.9 
16 .7 

36.4 
18.7 
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subject to these constraints 

:::s :::s xi jl, Bijk < T i, 
j k 

Data Used in the Production-Distribution Model 

(17) 

(18) 

(19) 

(20) 

The production costs used in the production
distribution model were the same as those used in 
the ex post model and are given in table 5. 

Freight cost or shipping charges for each pro
gramming activity were derived from tariffs fur
nished by the Transportation and Storage Division 
of the Commodity Stabilization Service. 

The specific freight charges used for pro
gramming are presented in Appendix tables A-2 
through A-6. The charges listed in tables A-2 
through A-6 represent two tariff schedules -
Commodity and Class I. Commodity tariffs are 
available only for routes and commodities for which 
the volume usually shipped warrants the setting of 
a special rate. If this is not the case, Class I rates 
prevail. The Class I rates are higher than Com
modity rates in nearly all cases. 

The activity cost of the production-distribution 
model were computed by adding the appropriate 
production cost and shipping charges as given in 
equation 21, 

(21) 
where t; i" is the estimated cost of shipping the 
kth commodity from the ith production region to 
the jth consumption region. 

The t ii1/s in equation 21 were computed as fol-
lows: 

For food wheat: t ij1 = t' ;i, (22) 

F 
t ijl 

or feed wheat: t ? - - (23) 
IJ.- K1 

For the composite feed-grain activity : 

t ij 3 = 
Y;2bi 2t\ j2 + Yiabiat 1 ij3 + y i4bi .t\ j4 + y i5bist\ j5 

Y;2b i,K2 + Y isb; aK3 + Y j.,b j,,K. + Yiib isKs 

In which the t\ iz stands for the cost per unit 
of shipping corn from the ith production region 
to the jth consumption region: t\ i3 represents the 
same cost for oats, t' ;i• is the same cost for barley 
and t\ is is the cost for sorghum. All other sym
bols have the same meaning as used in the ex 
post model. 

The acreage constraints function 18, were the 
same as thos.e in the ex post model. 

Regional consumption requirements (apJ were 
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calculated by allocating national requirements of 
1954 t o regions on the basis of normal consump
tion rates, population and livestock numbers. Ac
tual net exports •were allocated to consumption 
regions by the port of exit. 

QUANTITATIVE RESULTS 

Results of the ex post and ex ante models will be 
presented first. Charts or maps will be used for 
presentation of most quantitative results. Then, 
comparisons will be made of regional production 
patterns specified by solutions to these two models 
to show how production location might change with 
(a) change in regional production techniques and 
(b) change in national requirements or needs. Next, 
certain results will be presented in tabular form 
to allow comparison of changing resource needs 
arising from changes in resource combinations and 
changing national requirements. Following this, 
the results derived by the production-distribution 
model will be presented. Finally, this result will 
be compared with the result of the ex post model 
for comparable output mix and national require
ments levels. 

As stated earlier, optimum regional patterns of 
production for the ex post and ex ante models 
were defined for several levels of wheat and feed
grain requirements. These locational patterns were 
derived by the technique of variable resource of 
parametric programming. By this technique, a 
unique program (or, in technical terms, a unique 
basis) is obtained for each level of a particular 
resource or combination of resources. In the 
analysis of wheat and feed grains, a program (or 
regional production pattern) was obtained for nu
merous combinations of wheat and feed-grain out
puts or demand levels. Although a large number 
of programs (i. e., the specific grains and quantities 
to be produced in each region) were available for 
presentation within certain ranges of the require
ments variables, only a few of the possible pro
grams will be presented. These should provide a 
general picture of how regional adjustments in 
production might occur under demand expansion 
and technological change.9 

In the following section, production specifications 
will be stated in terms of net production. As used 
here, net production of wheat is equal to gross 
national production of wheat minus (a) the seed 
wheat required to produce the net production, (b) 
wheat used for feed and (c) wheat produced in the 
unnumbered areas (fig. 1). In 1954, the sum of 
these three items was about 200 million bushels. 
For feed grains, the term net production refers to 

ttNote that for certai n changes the production pattern appea rs quite 
stable, whil e for other cha nges the production pattern appears qu ite 
dynami c. Such phe nomena are due to the economic structure as 
postulated in a linear prog ramming fram ework. Consta nt input-output 
coefficients with pal"ticulat· bound s lead to g reat stabili ty in some 
in stances. In othe 1·s, they lead to s ignificc:i nt cha nges. 



the gross national production of the four feed 
grains (stated in corn-equivalents) minus (a) 
seed required to produce the net production (b) 
corn consumed as silage and (c) feed grains pro
duced in the unnumbered areas of fig. 1, p lus wheat 
used for feed . The sum of these four items in 1954 
was about 750 million bushels in corn-equivalents.10 

Regional Production Pattern, Ex Post Model 

The ex post model uses data related to the year 
1954. The objective is to define a regional pro
duction pattern that would give farmers, as a group, 
the greatest net return while, at the same time, 
keeping output in balance with particular wheat 
and feed-grain requirements or consumption mixes 
at the national level. 

Figure 3 represents the economic optimum pat
tern of regional grain production to produce 663 
million bushels of food wheat and 3,561 million 
bushels of feed grains. This figure results from a 
model (E in table 1) formulated for previous 
analysis and is explained elsewhere (6, p. 54). It 
is presented here to provide a benchmark with 
which to compare results. Figure 3 presents a 
regional pattern that reasonably might have oc
curred in 1954 with production in balance with 
10The reasons fo r u s ing net productio n in the a na lysis are g iven in 
USDA Technical Bullet in No. 1 241 ( 6) . 
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SCALE & LEGEND 
Food-Wheat: 40 Mil-;- Bu. -• 
Feed-Grain: 40 Mi l . Bu. - ■ 

·, 
I 
I 

' 

Feed-Wheat: 40 Mil. Bu. -A Less than -A 
Unneeded Land: 400 Thou. Acres -X Less than-~ 

demand, as characterized by discrete demand con
straints. In interpreting this figure and others 
that follow, remember that the analysis objective 
was to determine, within the limitations of our 
model, a pattern of production that would yield 
United States farmers, as a whole, maximum net 
r eturns. Furthermore, the regional prices used 
in the programming model were generated by a 
slightly different regional configuration of grain 
production than that depicted in fig . 3. Even so, 
the pattern shown in the figure resembles our a 
priori preconceptions of a balanced grain produc
tion, given the assumption of regional producing 
units as aggregates. 

Figure 4 shows the regional production pattern 
to produce 700 million bushels of food wheat and 
4,000 million bushels of feed grains. In other words, 
the "discrete" demands or requirements have been 
increased over those upon which the results in fig. 
3 are based. Compared with fig. 3, grain produc
tion "has moved" into "marginal" regions in Michi
gan, western Kentucky, southern Alabama, north
ern Wisconsin, east central Texas and northeast 
North Carolina. 

Finally, fig. 5 shows the regional production pat
tern to produce 800 million bushels of food wheat 
and 4,000 million bushels of feed grains. Com-

PRODUCTION 
Food- Wheat 663 Mil, Bu. Net 
Feed- Gra in 3,5 61 Mil. Bu . Net 

Fig. 3. Economic optimum pattorn of regional grain production for specified production levels, ex post data , 
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SCALE & LEGEND 
Food-Wheat~Mil~-. Less than- 0 
Feed-G ra i n: 40 Mi l. B u. - ■ Less t h a n- □ 
Feed-Wheat: 40 Mi l. Bu. - 4 Less tha n-A 
Unneeded Land: 400 Tho u . Acres- x Les s tha n->-

PR ODU CTION 
Food-Wheat 700 Mi l. Bu. Net 
Feed-G rai n 4 , 000 Mil . Bu . Net 

Fig . 4. E·conomic optimum pattern of regional grain production for specified production levels, ex post data . 

SCALE & LEGEND 
Food -Wlieat: 40 Mil, Bu .-. Less 
Feed - Gr a i n : 40 Mil. Bu" ■ Less 
Feed - Wheat : 40 Mil. Bu. -4 Less 

Unneeded Land : 400 Thou. Acres -X 

than- 0 
t han- 0 
than- A 

Less than->-

PRODUCTION 

Food - Wheat 800 Mil. Bu. Net 
Feed - Grai n 4,000 Mi l . Bu . Net 

Fig . 5 . Economic optimum pattern of regional grain production for specified production levels, ex post data . 
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pared with fig. 4, grain production now moves into 
regions 20 and 21, which include parts of Tennessee, 
Missouri and Arkansas, and into central Texas
region 87. These regions supply the wheat with
drawn from region 33 in southern Michigan and 
shifted to feed-grain production. The rest of the 
additional 100 million bushels of wheat required is 
supplied by region 86 (Texas), regions 17 and 18 
(Alabama) , region 10 (South Carolina) and region 
68 (Kansas). 

If demand or requirements had been raised even 
higher, regions in addition to those shown in fig. ·5 
would have been drawn into production. Limits in 
the computing facilities at the time prevented us 
from specifying additional production (i. e., raising 
demand or requirements levels) to the point that all 
available land area for crops was used and all na
tional demand constraints filled. Of course, such a 
point could be reached with an infinite number of 
combinations of outputs or regional production pat
terns for wheat and feed grains, but only one com
bination would satisfy the criterion of profit maxi
mization. 

Regional Production Pattern, Ex Ante Model 

In developing the data used in the analysis we 
assumed that (a) farmers applied fertilizer at maxi
mum profit rates and (b) only mechanized produc-

. :-- ...... , : ... ....., ...... . . . . . 
\ ., . 

. • I . ' 
D \ f'-• • • ' 

' . -·-- . " ,.,, ii• --\J : .. 

SCALE & LEGEND 

' . . 
' ' ' ' ' 

Food-Whe'at:40 MIT:'"7l'u .• • Le ss t han - 0 
Feed -Grain: 4 0 Mil. Bu. - ■ Less t h an- □ 
Feed-Wheat: 40 Mil. Bu.- & Less than - t,. 

Unneed ed Land: 400 Thou. Acres - X Less t ha,n -A 

tion techniques were used to produce wheat and 
feed grains. These changes in production technique 
are perhaps those. that have had, and promised to 
have, the greatest impact on output and shifts in 
comparative advantage over time. Again regional 
production patterns are presented for several com
binations of wheat and feed-grain outputs or na
tional requirements level. 

Figure 6 presents the optimum pattern of grain 
production, under the ex ante model, to meet food
wheat requirements of 678 million bushels and feed
grain requirements of 3,549 million bushels . The 
figures are in net terms and are approximately 
equal to the disappearance of 1954. If we compare 
fig. 6 with fig. 3-the figure showing the pattern 
of the ex post model at a comparable requirements 
level-we see that these two figures differ signifi
cantly. The acreages in the Corn Belt fringes have 
shrunk considerably. The same is true, but to a 
lesser degree, for the acreages of wheat in the Great 
Plains. Part of the contraction in the Corn Belt 
results from increased per-acre yields because of 
much higher rates of commercial fertilizer use in 
the more productive parts of this area. Part of 
the contraction is due to a substitution of grain 
acreage in the Delta, the eastern and western Ap
palachian area and the Southwest. This latter re
sult indicates that these southern areas could in-

PRODUCTION 
Food - Wheat 678 Mil. Bu. Net 
Feed - Grain 3 , 549 Mil, Bu. Net 

Fig . 6 . Economic optimum pattern of regiona l g rain production for specified production levels, ex ante data . 
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crease their competitive positions in grain produc
tion if more intensive cultivation methods were 
used to produce corn and other feed grains. The 
changes in cultural practices implied in the pro
duction coefficients underlying the yields (tables 
6 and 7) of the ex ante model are greatly different 
from those of the present. Fertilization rates are 
assumed to be much higher than those cunently 
being used. And this change requires that (a) 
farmers be aware of the output-increasing effects 
of fertilizer use and (b) they have the money to 
buy it. The latter perhaps is a significant obstacle 
to raising the competitive advantage of the South
east in grain production. But the use of mechanized 
production methods in many areas not only means 
sizable investments in machinery but also may 
mean farm consolidation sufficient to cause the 
necessary machinery inputs and outputs to be 
economically attainable. Such changes may take 
time and involve considerable adjustments in the 
economic and social structure of an area. None
theless, these results suggest that improvements in 
the relative competitive positions of these areas 
are possible, if not probable. 

Figure 7 shows, for the ex ante model, the re
gional production pattern when the wheat require
ment is increased to 700 million bushels and feed
grain requirements are increased t o 4,000 million 
bushels. These figures represent increases of ap
proximately 3 and 12 percent in wheat and feed 
grain, respectively, as compared with the require
ment levels used for fig. 6. They are met as pro
duction is extended to region 89 (Montana), region 
53 (North Dakota) , region 46 (Minnesota and 
Iowa) , regions 7 and 8 (North Carolina) and region 
32 (Indiana) . A shift in production from wheat 
to all feed grains takes place in region 38 (Illinois). 

Figure 8 shows the regional production pattern 
to meet national requirements of 700 million bushels 
of wheat and 5,000 million bushels of feed grains, 
supposing that farmers used the fertilization and 
mechanization techniques outlined. The additional 
1,000 million bushels of feed grains are to be pro
duced in region 43 (Missouri and Illinois), region 
12 (South Carolina and Georgia), region 31 (Indi
ana) and regions 7 and 9 (North Carolina) ; and by 
some shifts in acreages from wheat to feed grains 
in region 7 4 (Kansas) and region 32 (Indiana). 

Similarly, fig. 9 shows the regional production 
pattern to meet demand requirements at levels of 
700 million bushels of wheat and 5,600 million 
bushels of feed grains with these production prac
tices. The additional 600 million bushels of feed 
grains (as compared with fig. 8) are forthcoming 
from regions 39 and 43' (Missouri and Illinois) and 
region 14 (Georgia). 

Figures 10 through 12 show the changes in re
gional production patterns when wheat production 
is raised from 700 to 800 million bushels and feed-
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grain production is then increased stepwise from 
4,000 to 5,600 million bushels. Comparing figs. 
7 and 10, we see that the additional 100 million 
bushels of wheat are forthcoming by extending 
production to region 53 (North Dakota) and region 
38 (Illinois). The feed grain replaced by wheat in 
region 38 is supplied in region 2 as feed wheat 
( eastern Pennsylvania). By comparing figs. 10 
through 12, we can trace the regional changes and 
extensions of production that take place as the 
requirement for feed grains is increased from 4,000 
to 5,600 million bushels while the national require
ment for wheat is held constant at 800 million 
bushels. At the highest level (fig. 12) , the South
east (except for mountain areas) concentrates 
heavily in grain production. 

The quantities of wheat and feed grains esti
mated to be produced by the regions shown in fig. 
12 under the assumed production coefficients are 
approximately equal to projected national demands 
of 1985. These demands are 1,120 million bushels 
of wheat and 182.4 million tons of feed grains.11 
Because we are dealing with net production in this 
analysis, the figures presented are not identical. 
However, the demand figures can be reduced to 
comparable output figures by subtracting, from the 
estimated wheat disappearance or use, wheat usu
ally used for feed , that used for seed and the wheat 
normally produced in the unnumbered areas in fig. 
1 and by subtracting from the estimated feed
grain disappearance or use (an amount equal to 
182.4 million tons after conversion to corn-equiva
lent bushels) the corn fed as silage, feed grains 
used for seed, and feed grains normally produced 
in the unnumbered areas of fig. 1, and then adding 
wheat used for feed (in corn-equivalent). 

The analysis, thus, indicates that one output-in
creasing factor-fertilizer-would insure adequate 
supplies of wheat and feed grains to meet the 
projected population and other needs of 1985. The 
fertilization technique is known, and the assumed 
rates to be used are economically optimum in terms 
of fertilizer and crop prices. It was supposed, of 
course, that capital and farmer knowledge is avail
able. No new biological techniques, except those 
technically related to higher fertilization rates, are 
assumed. And it appears that increased fertilizer 
use alone would provide additional needs beyond 
that year because the production program (fig. 12) 
specified to meet the 1985 wheat and feed-grains 

llThese values represent liberal extrapolations based o n the work of 
Rex Daly ( 4 ) . For e.-xamp le, if a population of 17 9 m illion a nd 230 
m illion for 1 960 and 1 975, respectively, are assumed . a nd t he im pliecl 
linear rate of increase in populat ion is extrapolated to 1 985 (i. e., 
257 .2 m ill ion) a nd the t rend in per-cap ita consumption of w heat like
wise is extrapolated. t he ind icated requ irements of w heat for 1 985 
a re 1 1 38 million bushels. or j ust 1 8 million bushels more t han t he 
esti m~te. A vopul ation of 230 m illion for 1 975 is t he u pper li mit 
of current popu lation estimates. Daly's h ighest rat.e of increase in 
feed-grain consumpt ion from 1 952-53 to 1975 would amount to 53 
percent over 1 952-53 if t h is rate wer e extrapolated to 1 985 . H ow
ever, t he 1 82.4 mill ion tons of feed g ra ins is 159 percent of 1952-53 
disappearance. 
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Feed- Gra in 4 , 000 Mil. Bu, Ne t 

Fig . 7 . Economi-c optimum pattern of regional grain production for specified production levels, ex ante data . 
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PRODUCTION 
Food -Wheat 700 Mi l, Bu. Ne t 
Feed - Gr ain 5 , 000 Mil , Bu , Net 

Fig . 8. Economic optimum pattern of regional grain production for specified production levels, ex ante data. 
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Food - Wheat: 40 ~u.- • Less than- O 
Feed - Grain: 40 Mil. Bu .- ■ Less than - □ 

Feed - Wheat: 40 Mil. Bu. -• Less than-A 
Unneeded Land: 400 Thou. Acres- X Less than7 >,. 

PRODUCTION 
Food-Wheat 700 Mil. Bu . Net 
Feed - Grain 5 , 600 MiL Bu. Net 

Fig . 9 . Economic optimum pattern of regional grain production for specified production leve ls, ex post data . 

SCALE & LEGEND 

Food -Wheat: 40 Mil , Bu , - • Less than-O 
Feed-Grain: 40 Mil; Bu,- ■ Less than-□ 
Feed -Wheat: 40 Mil. Bu ,- .A Less than-A 
Unneeded Land: 400 Thou. Acres - X Less than->,. 

PRODUCTION 
Food - Wheat 800 Mil, Bu. Net 
Feed - Grain 4 , 000 Mil, Bu . Net 

Fig . 10. Economic optimum pattern of regional gra in production for specified production levels, ex ante data . 
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Food-Wheat : 40Mil. Bu. - • Less 
Feed- Grain : 40 Mil. Bu. - ■ Less 
Feed-Wheat : 40 Mil. Bu . -A Less than -A 
Unneeded La nd : 400 Thou . Ac r es - X Less than 

Food - Wheat Bu. Ne t 
Feed - Grain 5 , 000 Mil. Bu. Net 

Fig . 11 . Bconomic optimum pattern of regional grain production for specified production levels , ex ante data . 
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Feed - Grain: 40 Mil, Bu. - ■ Less than -□ 
~eed - Wheat: 40 Mil . Bu . ·• Less than-A 
Unneeded Land: 400 Thou. Acres - X Less than - >--

PRODUCTION 
Food - Wheat 8QO Mi l. Bu. Net 
Feed - Gr ain 5,600 Mil. Bu . Net 

Fig . 12. Economic optimum pattern of reg ional grain production for specified production levels, ex ante data. 

1003 



needs leaves approximately 39 million of the 1953 
base acreage idle ( table 8) . Everi if the yield of 
these 39 million acres were only 30 bushels of feed 
grains, a billion bushels more than the 5.6 billion 
used in table 8 (last row) could be produced. Or, 
on the other hand, this same acreage could produce, 
with wheat yields at a conservative 15-bushel aver
age, an additional 600 million bushels of wheat. 

Fertilizer is only one of several factors that could 
greatly increase production potential of grain 
during the next few decades. Other practices such 
as improved hybrids, insecticides, pesticides, herbi
cides, and new crop rotations also would have out
put-increasing effects. Hence, they would allow 
further expansion in production before 1985. At
tainment of 1985 domestic food needs appears easily 
possible. The problem for agriculture is more nearly 
that of balancing supply and demand and making 
interregional adjustments to change rather than 
seeking new means for keeping up with domestic 
needs. 

Resources Required for Specified Production Levels 

The quantities and kinds of resources needed to 
produce future wheat and feed-grain needs are 
of considerable importance. They are important 
because they indicate the nature and magnitude of 
adjustments required for an important sector of 
agriculture. Data, which are generated on the re
sources needed along with the production results 
just presented, have been summarized for the 
nation as a whole. Only the aggregates for the 
United States are presented here because of space 
limitations. The figure showing regional location 
of production, together with other data given in 
the Appendix, however, will permit calculation, if 
desired, of the resources needed in each region. 

Table 8 shows the total acres of land required 
to produce specified levels of wheat and feed grains 

hble 8 . Land resources required for specified levels of wheat and 
feed-grain production, ex post and ex ante models. 

Combinations of 
food -wheat and feed
grain production° 

Ex post model 

Difference of 
10:;a acreage 

Acreage and acreage 
required required 11 

Ex ante model 

Difference of 
1953 acreage 

Acreage and acreage 
required required 

(mil. bu.) · (m il. acres) (mil. acres) (mil. acres) (mil. acres) 
F-W 678 181. 2 28.8 1 22 .6 87.4 
F'-G 3.549 

F-W 700 
F-G 4,000 

F-W 700• 
F-G 5,000 

F-W 700 
F-G 5,600 

F-W 800 
F-G 4,000 

F-W 800 
F-G 5 ,0 00 

F-W 800 
F-G 5,600 

19 5.1 14.9 

200.4 9.6 

•Production levels are in net terms-see text. 
"The 195 3 acreage was 210 million acres. 
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134.4 75 .6 

154.6 55 .4 

167.6 42.4 

138.4 71.6 

158 .3 51.7 

171.1 38.9 

-both for the ex post and ex ante models. The 
first columns under the headings ex post model 
and ex ante model• indicate the acreage needed to 
produce the food-wheat (F-W) and feed-grain (F
G) requirements given in the first column of the 
table. The figure in the second column under each 
model indicates the acreage not needed, as compared 
with the acreage actually used in 1953, to meet the 
food-wheat and feed-grain requirements in the 
column at the left. For example, 28.8 million acres 
used in 1953 are not needed to meet demand re
quirements of 678 million bushels of wheat, and 
3,549 million of feed grains under the ex post model, 
and 87.4 million acres are not needed to meet these 
requirements under the ex ante model. As noted 
before, the range in output combinations which 
would be specified for the ex post model was re
stricted because of (a) the maximum production 
that could be attained in the system and (b) com
puting facilities available. Consequently, the acre
ages required for only three combinations of output 
under the ex post model are given in table 8. 

With the technology implied in the ex post model, 
it would require 181.2 million acres to produce 678 
million bushels of wheat (net) and 3,549 million 
bushels of feed grains (net) . On the other hand, 
these same quantities could be produced under the 
assumptions of the ex ante model with only 122.6 
million acres. When the requirements are increased 
to 800 million bushels of wheat and 4,000 million 
bushels of feed grains (quantities approaching aver
age 1956-61 annual disappearance), the acreage re
quired under the ex post model is 200.4 million, 
while the comparable figure for the ex ante model 
is 138.4 million. Hence, as compared with 1953 
base acreage, 71.6 million acres of cropland are 
surplus in the sense of "not being needed" to pro
duce these requirements under the ex ante model. 
Even when the net requirements are set at 800 
million bushels for wheat and at 5,600 million bush
els for feed grains, the projected demand of 1985, 
only 171.1 acres are required to produce this mix. 
Compared with the 1953 base acreage, 38.9 million 
acres would still be in the surplus position for wheat 
and feed grains if the technology implied by the 
ex ante model were attained by 1985. 

Only at the highest level of demand explored does 
the acreage requirement under the ex ante model 
approach that needed by the ex post model to sup
ply 1954 requirements. Furthermore, the ex post 
model could supply, at most, about 800 million bush
els of wheat and 4,500 million bushels of feed grains. 
This mix is approximately equal to the actual dis
appearance of wheat and feed grains in 1958 (18) 
and less than the actual disappearance in 1959. This 
relationship points up this fact: Our present level 
of per-capita consumption could not prevail very 
long from domestic sources without the adoption 
of some output-increasing technologies or improved 



practices. Even though output-increasing tech
nologies have been adopted at a faster rate than the 
resulting production could be absorbed in the mar
ket at reasonable prices over the last decade, elimi
nation of all technological development in agri
culture would lead to higher food prices as popu
lation expands. On the other hand, the results of 
the ex ante model indicate that technological de
velopments already possible or in prospect could 
easily cause output to increase more rapidly than 
domestic demand in the next two decades. 

Let us turn now to other resources required .to 
produce certain levels of wheat and feed-grain out
put. Table 9 presents the level of labor, capital 
and land required under the assumptions of the 
ex post and ex ante models. The resources needed 
to produce only one combination of wheat and feed
grain outputs have been summarized for each model. 
This level is equal to 1954 consumption for the 
ex post model, but, for the ex ante model, it is equal 
to the projected consumption of 1985. 

Table 9. Estimated resources needed to produce specified require• 
ments, ex post and ex ante models. 

Model 

Requirements 0 

Food 
wheat 

(mil. bu.) 

Feed 
grains Labor 

(mil. bu.) (mil. 

Resources needed 

Capital Land 

man-hours ) 
(mil.$) 

1 ,8 17 
3,2 9 7 

(mil. acres ) 

1 81. 2 
171.1 

Ex post .... ... ... .. 67 8 :J.5 4 9 630 
Ex ante ....... ... 8 00 5,6 00 65 4 

8 Dema nd or requireme n t level is a p p rox imately equ a l to tha t of 1 9fi 4 
for t he ex post model a nd the projected le vel of 1 985 for t he ex ante 
model. 

The indicated labor required to produce the 
estimated 1985 wheat and feed-grain needs under 
the ex ante model is 654 million man-hours. This 
is only 24 million more than required to produce 
the 1954 output mix under the ex post model. It 
was assumed for the ex ante model that no labor
saving techniques or substitutions are involved 
except those associated with the mechanization 
assumption. It is likely, of course, that other labor
saving devices will be adopted and that the 1985 
projected production levels can be met with less 
labor than that indicated in table 9. The magnitude 
of the surplus labor existing is perhaps better de
scribed by examining man-hour requirements for 
the ex ante model when requirements also are at 
the lower level of 678 million bushels of wheat and 
3,549 million bushels of feed grains. At this level, 
the ex ante model specifies only 428 million man
hours, as compared with the 630 million for the 
ex post model. The figures of the ex post model 
should approximate those actually used in 1954 to 
produce wheat and feed grains in the programmed 
regions. They do not, of course, include labor for 
other crops and livestock. 

Capital, on the other hand, increases by 81 per
cent from 1,817 million dollars under the specifica
tions of the ex post model to 3,297 million dollars 

under the specifications of the ex ante model tor 
requirements approximating those of 1985. Al
though this incr~ase in capital represents some 
additional machinery inputs, additional fertilizer 
inputs make up the bulk of this increase. Methods 
of aggregating per-acre crop cost prevented us 
from breaking down capital cost into its several 
components. This step can be done for any output 
combination that might be selected; however, the 
task would involve much time and many computa
tions. Hence, we have presented only one illustra
tive comparison in table 9. This comparison does 
point out important changes in the levels of re
source use in the future. 

In conclusion, the foregoing analysis reveals 
several things: (a) If production techniques had 
remained at the 1954 level, average per-capita 
consumption rates of the recent past could not 
have been maintained without a rise in the real 
cost of food. (b) Fertilizer represents a factor 
with tremendous output-increasing potential-this 
factor, nearly alone, could more than provide the 
additional food requirements needed by 1985. (c) 
If fertilizer were used at nearly optimum rates, it 
appears that the South could improve its current 
relative competitive position in the grain economy. 

We now turn to results from a model that at
tempts analysis of the wheat and feed-grain 
economy in a more general spatial context. The 
computations of the production-distribution model 
are more cumbersome, even in the imperfect cur
rent form of this model, than those used in the 
foregoing analysis. The results of the produc
tion-distribution model are used for comparison 
with the results that have been presented for the 
ex post and ex ante models. 

Regional Production Pattern, 

Production-Distribution Model 

The production-distribution model specifies not 
only where wheat and feed grains would be pro
duced under economic efficiency criteria but also 
to which destination they would flow. It specifies 
the regions (given in fig. 1) where each grain 
is to be produced as well as the centers or regions 
(shown in fig. 2) to which this grain flows for 
consumption. Both primary production costs and 
distribution costs make up the objective to be 
minimized in the model. The national requirements 
of food wheat and feed grains were distributed 
among the 10 consumption regions in fig. 2 as 
shown in table 10. This distribution was made on 
the basis of the January 1955 population in each 
of the 10 regions, U. S. average per-capita con
sumption rates and actual net exports shipped from 
each of these 10 regions. 

Figure 13 presents the location of the regions 
where production is to take place under the for
mulation of the production-distribution model. Be-
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Table 10. Requ irements of food wheat and feed g rains by consump• 
tion regions. 0 

Consum ption 
region Food wheat 

(1,000 bu.) 
Northeast .. .................................. 22 7, 348 
Appalachian ............... .. ............... 46 ,184 
Southeast ... ................................. 41 ,369 
La!ce States ................................ 39,435 
Corn Belt ................................. ... 87,6 26 
Delta States ................................ 59,850 
Northern Plai ns .......................... 1 3,808 
Southern Plains .......................... 70,1 50 
Mountai n .................................... 5 
Pacific .......... .............................. 91,680 

Total ...................................... 677,4 55 

Feecl grainsb 

(1,000 bu . ) 
426,222 
235 ,1 33 
212 ,3 70 
386,9 1 4 

1,384,35 6 
1 29, 167 
359,603 
187,201 

58,646 
168 ,904 

3,548,516 

•These require·ments are net fi g ures and a re t he differences be tween 
gross require1nents and t he estimated amoun ts produced in t he un
numbered a reas of fig. 1. 

hThese figures are in terms of corn-equ ivalen t feed units. 

fore turning to the distribution pattern of this 
specified production, we shall compare fig. 13 with 
fig. 3. Figure 3 is for the ex post model, which 
used the same production coefficients and output 
specifications. 

First of all, we see that more regions are speci
fied to produce two products in fig. 13 than in 
fig. 3. This phenomenon is simply the function of 
the number of demand constraints in the system 
and the number of activities available per region. 1 ~ 

1::If the number of dema nd constraints is eq ua l to or g reater t ha n 
t he number of activities per region, t hen al l activities of a ny one 
reg ion could be specified by a production pl a n. Whil e such is th e 
case f or o ne r egion, it cannot be tru e f or a 11 , because t he number of 

' ......... , ' ...... ....,, ,' ...... . 
' ' . . 
\ .. . 

•• I 
0 ·-. ,:...__ ' " ' ...... __ . 

",v -;- ... _ \/ : --

SCALE & LEGEND 

' ' . . 
' ' ' . 

Food - Wheat : 40 Mi~ -• Less 
Feed-Gra in : . 46 Mi l. Bu. - ■ Les s than -0 
Feed - Wheat: ··40 Mil . Bu. -.t. Less tha n -"-
Unneeded Land: 400 Thou, Acres -X Less than 

Figure 13 shows that the location of food-wheat 
production has moved eastward as compared with 
that shown in fig. 3. For example, in fig. 3, wheat 
production is specified in only three regions east 
of the Mississippi. These are in southern Wiscon
sin, east central Wisconsin and southern Alabama. 
On the other hand, fig. 13 shows that either all 
or pai-t of 13 regions are designated for food-wheat 
production by the solution to the production-dis
tribution model. Likewise, in the Pacific States, fig. 
3 designates regions 100, 101, 102 and 103 for 
wheat production earmarked for feed. But fig . 13 
shows all or part of three of these regions-100, 
101 and 103-earmarked for food wheat. 

The ex post model, upon which fig. 3 is based, 
implies that wheat for food would be shipped to 
the West Coast from regions east of the Rocky 
Mountains, presumably from the Northern Plains 
States. The production-distribution model (fig. 

(footnote 1 ~ cont'd .) 
non-zero activity levels ca!lnot be g reate r t ha n t he number of con
s traints. For exam ple, we could not h ave two non-ze ro activ ities for 
each of 100 regions if t here are but ] 99 constraints. One s ig nificant 
point he re is t hat regional di vers ifi cation is n ot precluded beca use 
linear input~output coefficie nts ::u·e u sed. Fu1t he rmore. we could say 
Lhe same would be true :fo r ind ivid ua l firms if t hey we re la rge e noug h 
to expe ri e nce tlrice ch a n ges with changes in output . H ovvever, a 
direct awareness of pri ce ch a nges would not be necessary for firms 
to practice di versification because of adjustment to price. See t he 
su ppleme nt to USDA Tech. Bui. 1 24 1 (7, pp, 2.3) for an e laboration 
on t h is poi nt. 

Food- Wheat 678 Mi l . Bu. Ne t 
Feed- Grain 3 , 549 Mil. 

Fig . 13 . Economic optimum pattern of regional grain production for specified production levels, production-distribution model. 
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13) indicates, on the other hand, that such a pro
duction allocation is not the most economic spatial 
production pattern. This model indicates that it 
would be cheaper to produce all of the food wheat 
locally and to import some feed grains instead of 
producing, as implied by the ex post model (fig. 
3), all required feed locally (as wheat) plus some 
for outshipment. 

The two models also differ concerning the pro
duction of feed grains in the Mountain States. 
Inasmuch as the feed wheat produced by regions 
89 and 90 (Montana, fig. 13) is equal to the feed
grain needs of the Mountain States, production 
specified for regions 89, 90, 93 and 99 by the ex 
post model exceeds the needs of Mountain States. 
Hence, the ex post model implicitly specifies ex
ports off eed from this area. 

There are also differences between the results 
of the two models with respect to food-wheat pro
duction in the Northern Plains. The ex post model 
specifies food-wheat production for regions 55 and 
56 (South Dakota). The production-distribution 
model, in contrast, specifies feed grains for these 
regions. Another example: The ex post model 
specifies food wheat for regions 51, 52 and 53 
(North Dakota) and region 69 (Kansas), whereas 
the production-distribution model specifies no pro
duction of grains for these regions. 

The foregoing comparisons simply mean that, 
when distance and shipping charges are taken into 
account, the Northern Plains loses its relatively 
prime competitive position in grain production. 
However, countervailing factors other than ship
ping charges appear to be important in establish
ing the actual competitive status of any one area. 
Some of these factors will be discussed later. 

The food-wheat and feed-grain requirements of 

all 10 consumption regions (table 10) are not sat
isfied by the production region pattern shown by 
fig. 13. By this w~ mean that the specified aggre
gate output of all the production regions contained 
in the outlines of the 10 consumption regions, group 
by group, do not match these consumption re
quirements, and, hence, surpluses and deficits ex
ist. Production surpluses of certain consumption 
regions, of course, must be distributed to con
sumption regions with deficits. The analytical 
model used solves the production and distribution 
problems simultaneously. Figures 14 and 15 show 
the regional shipments of food wheat and feed 
grains, respectively, which balance the implied 
surpluses and deficits as designated by the model 
solution. 

Figure 14 shows that most of the food-wheat 
shipments specified by the solution are to the 
Northeast. Of a total of 211 million bushels of 
food wheat going to the Northeast 27.7 million are 
from Ohio, 26.8 million from Indiana, 69.7 million 
from Michigan, 4.5 million from Illinois and 82.5 
million from Kansas. Kansas also is designated 
to ship 37.2 million bushels of wheat for food to 
the Appalachian area and 29.1 million to the Delta 
States. 

Again, fig. 15 shows that most feed-grain ship
ments are to the Northeast under the production
distribution model. Of the 296 million bushels to 
be shipped to this area, 278.9 million are to be 
supplied by Ohio and 17.5 million by Indiana. In
diana also ships 118.4 million bushels to the Ap
palachian area and 159.9 million to the Southeast. 
Illinois ships 39 million bushels to the Southeast, 
also. Nebraska ships 129.2 million bushels of feed 
grains to the Delta States, and also 21 million bush
els to the Southern Plains. Finally, Kansas is desig-

PR DUCTION AND 
FEED GRAINS 

(Numbers) =M1llum - Bushels of Gram 

Numbers = Onginatmg Region 
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REGIONAL SHIP MENTS OF FEED GRAINS TO MINI I E RODUCTION AND 
DISTRIBUTION COS T OF BOTH FEED GRAINS AND FOOD WHEAT 

NORTHERN 

PLAINS 
65 

nated to ship 7 4.3 million bushels to the Pacific 
States. (Other shipments within consumption re
gions can and are expected to take place, of course, 
but are not specified. For example, feed grain can 
flow from Iowa to Illinois or Missouri, or wheat, 
from Colorado to Arizona.) 

Derived Regional Prices 

The dual solution to the production-distribution 
problem provides t h e competitive equilibrium 

Table 11 . Programming delivered price of wh eat and corn. 

Area x,• x,, X s• 

WHEAT 
Northeast ............... .... . $1 .4 8 $1.19 $1.1 4 $2 .0 3 $2 .05 
Appalachian ·········------- 1.53 1.17 1. 18 2.05 2.06 
Sout heast ------------····---- 1.39 1.17 1.16 2.06 2.06 
Lake States ... 1.11 1.08 1.05 2 .03 1.99 
Cor·n Be lt ..... ................. 1. 04 1.07 1.08 1.99 2.0 0 
Delta States .................. 1.2 2 1.11 1.18 1.99 1.97 
Northern Plai ns .......... 0.73 1.03 1.02 2 .03 2 .00 
Southern P lains .... .... .. 1.2 1 1.0•1 1. 02 1.99 1. 98 
M ountain States .......... 0.77 0•.99 0 .95 1.95 1.87 
Pacif ic ··········------········ 1.28 0.99 1.0 8 2 .02 2.09 

CORN 
Northeast ··· ·········· ·······$1 .05 $1. 01 $1.00 $1. 79 $1.69 
A1;>Palachi an ············-··· 1.16 1. 02 1. 00 1.66 1.66 
Southeast ······ ······ ········ 1.24 1.0 4 1.0•4 1.64 1.6 3 
Lake States ..... .... - ....... 0 .88 0•.86 0.86 1.48 1.51 
Corn Belt ........ •··--········· 0·. 67 0.82 0•.81 1.52 1.5 2 
Delta States .... ....... •-····· 0 .98 0.95 0.98 1.61 1.63 
Northern Plains .......... 0 .65 0. 76 0.79 1.43 1.4 3 
South ern Plains 1.08 0·.84 0.83 1. 50 1.50 
Mountain States ... -.. .... 0.69 0.98 1.0·7 1.77 1.88 
Pacific ·· ················· ··· ·· 1.12 1.00 1.07 1.82 1.89 

a.Delivered 1;>, rices at center o,f consu m ption region . 
hAverage of average 1 936 -4 5 prices for states in consumption region. 

( Numbers)= M1ll1on ~Bushels of Groin S 

Numbers= Or1g1na.t1ng Region 

prices of 10 consumption regions. It can be shown 
that these prices are equal to the cost of the mar
ginal unit that fulfills the demand or consumption 
requirement in each region. Hence, they are com
petitive prices from the supply viewpoint, and 
they are equilibrium prices under the assumption 
of zero demand elasticities, or predetermined de
mand. 

Table 11 presents imputed prices given by dual 
solution for each of the 10 regions along with 

x,1 Compar ison 

$2.04 X1 and x, 
2.04 
2.04 X, a nd X, 
1.95 
2.00 X, a nd X,, 
1. 96 
2.04 X, and X, 
2.03 
1.89 X, and Xn 
2. 10 

$1. 53 X1 and x, 
1.50 
1. 45 X1 and x, 
1. 35 
1. 41 X, a nd X, 
1.4 2 
1. 32 X, and x, 
1.39 
1.80 X, and x, 
1.76 

Coeffi cient of determin ation (r' ) -

Of 
all 

prices 

0.71 

0.66 

0.34 

0.51 

0.26 

0•.47 

0.0 4 

0.26 

0.0,5 

0.0 1 

W ith prices omitted for-

Mountain States 
Northern Mountain and 

Plains States Southern 
P lains 

(wheat (corn (corn 
only) only) only) 

0 .74 

0.6 7 

0. 70 

0.72 

0.58 

0.74 0.94 

0·.53 0.90 

0.42 0·.55 

0·.37 0,,52 

0,.2 8 0. 34 

c1 936- 45 average price f or state contai n ing deli very center for consu m ption reg ion . 
<!Average of average 1936 -45 prices f o r states in consum ption region. 
r1936 -4 5 average price for state contain in g deli very cen ter f or consumption region. 
r1948-5 7 average price for state contai ni ng deli very cen ter for consumption region . 
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several formulations of aggregate historical prices. 
The Xi's in this table are the dual prices. The 
X/ s are the averages of the 1936-45 state average 
prices for all states in a consumption region. The 
X/ s are the 1936-45 average prices for the state 
(s) in the approximate center of the consumption 
region. The X,'s and X/ s are the same in construc
tion as X/ s and Xa's, but are for the period 1945-54. 
Finally, the X/ s are similar to the X/ s but are 
for the period 1948-57. Coefficients of determina
tion between the dual prices and each of the his
toric price series are given at the right-hand side 
of the table. 

Several items of interest are evident in the coef
ficients of determination: 

(a) The degree of association between the dual 
prices and the historic prices is less for the more 
recent time period (1945-54, X,) than for the 
earlier time period (1936-45, X 5 ). This difference 
in association may result from the price-support 
program of the recent period. If this is true, it 
could have happened in two ways. First, the price
support system could reduce the differences in 
relative or absolute prices between regions. This 
indeed seems to be the case, especially for wheat. 
The variance of regional wheat prices declined from 
44 to 10 for those two periods (in terms of cents 
per bushel). On the other hand, the variance of 
corn price increased for the same period, but the 
coE.:fficient of variation declined from 0.10 to 0.08, 
which indicates a decrease in the relative price 
variance. Second, the price-support program could 
have distorted the competitive regional price struc
ture. This phenomenon would, of course, reduce 
the correlation between the two price series. 

(b) As shown in table 11, additional coefficients 
of determination were derived with certain pairs 
of regional prices omitted. For wheat, the pair 
omitted was the programmed price and the his
torical price for the Northern Plains. This pair 
appeared to be the most inconsistent of the lot, 
and, as can be seen in the table, the r 2 is increased 
for all comparisons when this pair is dropped, but 
more so for recent time periods. 

(c) For corn, first the pair of prices for the 
Mountain States was omitted, and then, in addi
tion, the pair for the Southern Plains was dropped. 
An r 2 was computed at each step. The values for 
the r 2 for each of the price series comparisons are 
given in the last two columns of table 11 under 
corn. As with wheat, the value of r 2 increased for 
each comparison as pairs were sequentially omitted. 
Tests of significance of the r 2 were not made be
cause of the ways in which the price series were 
derived. 

To sum up, we have shown that there is a fairly 
high degree of association between the dual prices 
obtained by linear programming analysis and his
torical prices. There is not, however, a one-to-one 

correspondence. The historical prices of more re
cent periods are higher, on the average, than the 
dual prices. This . is expected, given surplus pro
duction under price supports. The dual prices 
would not be expected to be identical to the his
toric prices, even under market equilibrium, be
cause of aggregates involved in deriving the dual 
prices and because regional demand was considered 
to be predetermined. The omission of quality from 
the programming analysis may explain some of 
the discrepancy between the dual price and the his
toric price for wheat in the Northern Plains. Also, 
price-support programs that hold wheat at food
price levels, rather than letting it gravitate nearer 
feed-grain prices, constitute another possible 
explanation of the difference in the price levels. 
The surplus grain situation may partially explain 
this discrepancy for corn in the Mountain States. 
But the use of wheat in the analysis as a perfect 
substitute for corn is another important reason 
for the discrepancy. 

Limitations of the Analysis 

In addition to assumptions inherent in linear 
programming that do not mirror the economic en
vironment, other limitations are evident in the re
sults just presented. These limitations stem largely 
from the inadequacy of the computing facilities. 
Limitations of the maximum-profit models (ex 
post and ex ante) and the minimum-cost model 
(production-distribution) will be discussed in that 
order. 

The maximum-profit models assume that pro
duction specifications in any one region depend on 
regional price differentials and not on profits. 
This is an important point in appraising these 
models. If the solution program implies a set of 
regional price differentials other than the set of 
historical prices used in the analysis, the solution 
cannot be strictly correct. For example, suppose 
that a programming solution, when analyzed, shows 
that feed-grain production specified for California 
is less than actual requirements. Hence, feed grain 
must be shipped into the state. Feed grain will 
be shipped into California from some surplus area 
only if the price differential (a given constant in 
the analysis) is great enough to cover the trans
port costs involved. If this is not the case, some 
regional production plan other than the one derived 
would be more efficient economically. Even so, 
results may not differ greatly from the best plan. 

Analysis of this point, the realism of the regional 
price differentials used in the ex post and ex ante 
models, was attempted with the production-dis
tribution model. We pointed out that the dis
crepancies between solutions of the two types of 
models may result from such things as degree 
of aggregation or quality differences of regional 
products and not from using the wrong set of 
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price differentials f o r programming. Though 
quality is not taken into account directly in the 
"maximum-profit" models, some weight is given 
to this factor by price differentials. Specifically, 
regional prices below the national average, because 
of low-quality grain produced in a region, would 
be reflected in price differentials of the region. 

The production-distribution model has these ap
parent limitations: (a) The consumption regions 
are much too broad. These broad regions obvi
ously cannot generate a completely satisfactory 
regional price structure, and they can distort the 
regional production patterns given by the program
ming solution. (b) Quality is not considered in 
the model indirectly or directly. If it had been, 
certainly more of the hard spring and durum wheat 
production areas would have been included in the 

solution. Also certain regions in the southeast 
probably would not have been shown as wheat
producing area~ because of their history for gar
licky wheat which is highly discounted. (c) The 
model assumes that consumption occurs near 
production, except for interregional shipments. 
This assumption, too, probably has had consider
able effect on the programming solution. (d) The 
production-distribution model assumes that milling 
takes place enroute to the consumption centers 
or near production locations. Given the present 
location of mills, the solution depicted by fig. 13 
may be unrealistic. 

Data, too, place limitations on the results of 
all models. Because these limitations have been 
discussed fully elsewhere, we will not elaborate 
on them here. 

APPENDIX 

This Appendix includes two sets of data used 
in the programming analysis of the text. Table 
A-1 includes the estimated normal wheat and corn 
prices by regions for 1954. Table A-2 includes 
freight tariffs per bushel of wheat by origin and 

destination-while table A-3 includes the same in
formation for corn. Tables A-4, A-5 and A-6, re
spectively, provide the same data for oats, barley 
and grain sorghum. 

Table A-1. Estimated normal w heat and corn prices per bushel by regions, 1954. 

Region 

1 ···•···························· 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

1010 

Wheat 
price 

$1.88 
1.86 
1.91 
1.90 
1.9 2 
1.92 
1.96 
1.96 
1.94 
1.9 3 
1.94 
1.9 3 
1.93 
1.9 2 

1.90 
1.91 
1.9 2 
1.8 3 
1.9 2 
1.87 
1. 87 
1. 90 
1.89 
1. 88 
1.88 
1.88 
1.86 
1.86 
1.86 
1.83 
1.85 
1.87 
1.88 
1. 86 

Corn 
pri ce 

$1.66 
1.68 
1.66 
1.65 
1.68 
1.60 
1.68 
1.68 
1.6 2 
1.6 2 
1. 62 
1.6 2 
1.67 
1.69 
1.66 
1. 66 
1.66 
1.68 
1.63 
1.66 
1.60 
1.60 
1.6 2 
1.61 
1. 55 
1.60 
1. 58 
1.51 
1.55 
1.54 
1.49 
1. 51 
1.52 
1. 54 
1.52 

Reg ion 

36 ............................... . 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

Wheat 
price 

1.85 
1.85 
1.87 
1.87 
1.87 
1.86 
1.85 
1.83 
1.88 
1.88 
1.90 
1.92 
1.91 
1.94 
1.95 
1.94 
1.94 
1.94 
1.92 
1.89 
1.9 2 
1.9 3 
1:89 
1.92 
1.87 
1.76 
1. 79 
1.86 
1.86 
1.87 
1.88 
1.87 
1.86 
1.86 
1.86 

Corn 
price 

1. 51 
1.51 
1.5 0 
1. 51 
1.51 
1.52 
1.56 
1. 54 
1. 52 
1 .50 
1.46 
1.40 
1. 38 
1.40 
1.38 
1. 36 
1.48 
1.46 
1.36 
1.4 5 
1.40 
1. 37 
1.45 
1.46 
1.50 
1.58 
1.57 
1.47 
1.49 
1. 50 
1.51 
1.51 
1. 51 
1.51 
1. 49 

Region 

71 ······ ···················· ·· ·· 
7 2 ····•· ························ 
73 ············· ··············•·· 
74 ................... . 
75 •·························· ··· 
76 ···· •······················ •·· 
77 .. ···· •······················ 
78 •····· ···•···········•··· ····· 
79 ·· ··· ·····················•··· 
8 0 ...................... ... .... . 
81 •···· •·· ······•··········· ···· 
82 ··············•··•·· ···· ······ 
83 ········ ·········· 
84 ····• ··········•······ 
85 ·· ·· ·•········· ········· ······ 
86 ····· ·············· ······ ····· 
87 ···· ············•············· 
88 ······•·············· ······ 
89 ········••· •··········•······· 
90 ·· ···•····················•• ·· 
91 ·····•·· ··· ·· ···· ············· 
92 ······ ············ ············ 
93 •·····•······················· 
9 4 ········· ···· ················ · 
95 ••············ ······ ·········· 
96 •····················· ········ 
97 ············· ···· ·•·· ········· 
98 ······•······················· 
99 ·· ····· ··· ···················· 

100 ················· ············· 
101 •····························· 
10 2 ••· ······ •········ ············ 
10 3 ·············· ········ •······· 
104 .......... ................... . 

Wheat 
price 

1.88 
1.85 
1.85 
1.84 
1.85 
1.85 
1.84 
1.85 
1.8 4 
1.84 
1.85 
1. 85 
1. 85 
1.85 
1.86 
1.86 
1.87 
1.87 
1.79 
1.7 4 
1. 79 
1.74 
1.76 
1 .76 
1.8 3 
1.8 3 
1.81 
1. 72 
1.73 
1.85 
1 .86 
1.88 
1.95 
1.9 5 

Corn 
price 

1.50 
1. 51 
1.52 
1.54 
1.50 
1.51 
1.55 
1 .50 
1.53 
1. 54 
1.48 
1.48 
1.48 
1.50 
1.49 
1.49 
1. 50 
1.50 
1.6 0 
1.65 
1.6 0 
1.64 
1.58 
1. 58 
1 .57 
1.58 
1.54 
1.80 
1.88 
1.79 
1.83 
1.85 
1.89 
1.89 



Table A-2. Freight tariffs per bushel fo r wheat, by orig in and destination. 

Originati.n &: 
production 

re&"ion 

Nor th
east 
(1) 

1 ······· .............................. . 
2 ................. .............. ...... . 
3 ............ ............ . 
4 
5 ········ ······························$ 0•.65 
6 ·················--·········· •·····•·· 0.68 
7 ················•····················· 0.74 
8 ··· ·······--········ -- ················ 0.79 
9 ········· ·························· ··· 0.78 

10 ········· ·········--·········· .. ······ 1.26 
11 ······································ 1.35 
12 ···················· •················· 1. 33 
13 ····•·········•· ··················· ·· 1. 39 
14 ··· ···················--·············· 1.34 
15 ······································ 
16 ..................................... . 1. 34 
17 ···········--························· 1.22 
18 .......... ............ 1.25 
19 ····· ································• 
20 ············•······················•·· 1.16 
21 ......................... ............. 1.30 
22 ·······················•············· · 1.06 
23 ············· .. ··········· ···· 1.0 3 
24 ······· ······················ ········· 0.78 
25 ······································ 0 .30 
26 ····· ··············· ···· ·············· 0.29 
27 ··················· ····••············ 0 .29 
28 ·····••················ ·········· ····· 0 .30• 
29 ······ ··· ·········· 0·.38 
30 ·····•············ ····· •·········· ··· 0•.42 
31 ...................................... 0.38 
32 ······················· ·········· ····· 0. 33 
33 ........ ............................ .. 0. 34 
34 ·········· ·········· •· ·········--····· 0.34 
35 ·····•·····························• 0.48 
36 ··············--······················ 0•.45 
37 ·················· ················· 0 .46 
38 ··············· ·· ·········· ·•········· 0 .44 
39 ······· •·······•······· ······ 0•.44 
40 ·······•······· ······················· 0.44 
41 ··························· ···· ······· 0•.44 
42 ···· ···········•·····-·•••·········· · 0.61 
43 ························· ····· ········ 0.52 
44 .. ··············••········· •········· 0.60 
45 ················•··········· 0.5 5 
46 .. ······•·········--················· 0.53 
47 ··· ••········•••······ 0.57 
48 ······································ 0.61 
49 ....... ................ .............. . o•.6 3 
50 ..................... ................. 0.67 
51 ·············•···· ··················· 0.69 
52 ········· ············· 0 .75 
53 ········· ····· ·············· 0•.73 
54 ············ ·············· 0.6 3 
55 O·. 77 
56 ····••·················· ··· 0.66 
57 ·············· ············ 0.64 
58 ··········· 0.66 
59 ·········· ················ ··········• 0.6 2 
60 ····•········••··· 0•.6 2 
61 ·························· ············ 0.77 
62 ·······•········•····················· 0.8 3 
63 ···· ············--···················· 0.67 
64 ··· ······· ···················•······•· 0.69 
65 ................. ..................... 0.58 
66 ················ .. ·· ········· ········· 0.5 9 
67 ······· ················ ···••··· ····· ·· 0.61 
68 ························ ············· · 0.62 
69 ·················•·· ················· 0.62 
70 ···················· 0.66 
71 ········ ·· ················ ············ 0.60 
7 2 ...................................... 0 .5 9 
73 ················ .. ··· ·· ·-- ········-· 0.69 
74 ·······•························ ···-· 0.66 
75 ...................................... 0,7 3 
76 ················ •··· ·····•••········· 0.78 
77 ·······--················· •· ······· ··· 0.85 
78 ·······--················ • 0.85 
79 ·········· ······••······· --··········· 0.89 
80 ························· ············· 0.86 
81 ·····•······•················ ······ ·· · 0.92 
82 ················ ·················· ··· 0.93 
83 ······•····················· ·········• 0.86 
84 ····••·······--····· .... ........ ....• 0.95 
85 ·······················•• 0.84 
86 ····••················•--············ · 0.87 
87 ··· ············· ····················· 0.85 
88 ............. .. ...... .......... ....... 0.85 
89 ·············•············· ··········· 0.88 
90 ····•······ ······ ····•··············· 0.9 3 
91 ·············•························ 0.86 
92 ····••···············--······ 0.9 3 
93 ······································ 0.81 
94 ···················-- ················ 0.78 
95 ........................... ........... 0.78 
96 ·····················•• 0.78 
97 ·········· ····· ······•················ 0.9 2 
98 ············•·······--···· 0.99 
99 ······································ 0•.96 

100 ···················••················· 1.12 
101 ·········· ········ •············· ······ 1.12 
10 2 ··········· ··························· 1.12 
10-3 ·························· 1.1 2 
104 ...................................... 1.12 

A ppa la 
ch ian 

(2) 

0 
0 
0 
0 
0 

$0. 55 
0.65 
0•.56 
0.5 3 
0•.55 

0.8 3 
0•.74 
0.67 

0 
0 
0 
0 
0 
0. 49 
0.47 
0.47 
0•.47 
0.50 
0.54 
0.50 
0·.46 
0.59 
0.59 
0.64 
0.60 
0.55 
0.53 
0'.53 
0.5 3 
0.49 
0.65 
0.58 
0.71 
0.66 
0•.65 
0.68 
0.7 2 
0·.74 
0.78 
o·.87 
0.93 
0•.9 2 
0.82 
0.88 
0. 79 
0.7 5 
0.77 
0.7 3 
0.70 
0.84 
0.86 
0. 74 
0.77 
0.67 
0•.67 
0.67 
0.68 
0.68 
0.71 
0.72 
0. 72 
0.74 
0•.77 
0. 62 
0.70 
O•. 78 
0•.68 
0.77 
0.80 
0.78 
0.8 3 
0.74 
0.81 
0.7 2 
0.79 
0.75 
0.82 
0•.96 
1.0•1 
o·.94 
0.98 
0.89 
0.8 3 
0.8 3 
o,. 79 
1. 04 
1.01 
1.17 
1.17 
1.17 
1.17 
1.17 
1.17 

Sout h
east 
(3) 

$0.78 
0.73 
0.70 
0.66 
0.66 
0 
0 
0 
0 
0 

0 
0 
0 

0.76 
0.79 
0.80 
0.81 
0.86 
0.54 
0.56 
0·.58 
0.55 
0.53 
0.51 
0.57 
0.57 
0.65 
0.66 
0.69 
0.68 
0.67 
0.6 2 
0.59 
0.60 
0.59 
0.68 
0.65 
0.74 
0.73 
0.74 
0.75 
0.80 
0.83 
0.86 
0.95 
1.01 
0 .99 
0.89 
0.95 
0·.87 
0.86 
0.85 
0.80 
0.7 7 
0.92 
0.91 
0.82 
0.86 
o. 77 
0•.74 
0.74 
o. 76 
0·.76 
0.79 
0.80 
0.80 
0.82 
0.84 
0.67 
0.72 
0.77 
0·.69 
0. 74 
0 .8~ 
0.79 
0.83 
0.75 
0.76 
0.74 
0,.80 
0.76 
0.80 
1.10 
1.16 
1.0·8 
1.13 
0.96 
0.91 
0.91 
0.91 
0.80 
1.17 
1.09 
1.17 
1.17 
1.17 
1.17 
1.17 

Destin ation 
Lak e Corn 
Sta tes Bel t 

(4) (5) 

$1. 26 $0.99 
1.30 1.02 
1.26 0.99 
1.26 1.01 
1.28 1.0•4 
1.32 1.07 
1.35 0.98 
1.35 0.96 
1.30 0.95 
1.26 0.94 

1.07 0.85 
1.04 0 .82 
1.13 0.77 

1.0·1 0.64 
0.97 0.48 
0.93 0.5 5 
0.9 3 0.47 
0.85 0.45 
0.41 0 
0.41 0 
0.41 0 
0.34 0 
0.37 0 
0.38 0 
0.3 2 0 
0. 35 0 
0 0. 31 
0 0.3 3 
0 0. 30 
0 0.27 
0.26 0 
0. 3 2 0 
0.35 0 
0.32 0 
0.44 0 
0.46 0 
0.40 0 
0.40 0 
0. 37 0 
0.34 0 
0 0.3 5 
0 0.38 
0 0.41 
0 0.4:, 
0.4 3 0.47 
0.49 0.53 
0.47 0. 51 
0. 39 0.42 
0. 55 0.4 9 
0.41 0.3 8 
1. 37 0 .36 
0.48 0. 38 
0.40 0.34 
0.39 0.31 
0,.53 0,45 
0.51 0. 4 6 
0.44 0.3 5 
0.45 0. 37 
0.37 0. 28 
0.42 0. 30 
0.45 0.30 
0.48 0. 31 
0.47 0·.31 
0.44 0.34 
0.50 0,3'5 
0.50 0.3 5 
0.54 0. 37 
0.56 0•.40 
0.60 0.40 
0.63 0.46 
0.67 0.49 
0.66 0.46 
0.66 0.52 
0.67 0.58 
0.74 0.57 
0. 73 0.6 3 
0, .77 0.54 
0. 76 0.59 
0.74 0. 58 
0.77 0.60 
0.78 0.58 
0.76 0.61 
0 .55 0.67 
0,.59 0.71 
0. 52 0.64 
0. 59 0.71 
0.54 0.50 
0.55 0.46 
0. 58 0.46 
0.61 0 .49 
0. 68 0.60 
o. 75 0.67 
o. 73 0.64 
o . 75 0.80 
0. 75 0.80 
0. 75 0.80 
0.85 0.80 
0.85 0.80 

Delta 
S tates 

(6 ) 

$1.07 
1.05 
0.92 
0.88 
0.96 
0.87 
0. 82 
0.80 
0.80 
0.77 

0.50 
0 .55 
0.55 
0 
0.69 
0.54 
0.69 
0.58 
0.60 
0.45 
0.45 
0.48 
0.44 
0.44 
0.39 
0.47 
0.49 
0.47 
0.50 
0.50 
0.45 
0.44 
0.38 
0,36 
0.34 
0•.34 
0.41 
0.43 
0.46 
0.51 
0.51 
0.47 
0.57 
0.53 
0.65 
0.67 
0.68 
0.6 5 
0.60 
0 .63 
0.55 
0.5 3 
0.52 
0.47 
0.41 
0.56 
0.50 
0.46 
0.42 
0.35 
0.33 
0.33 
0.3 1 
0.37 
0,.37 
0:40 
0,38 
0.43 
0.45 
0·.38 
0.40 
0.47 
0.40 
CHO 
0.50 
0•.44 
0.50 
0.44 
0.50 
0.40 
0.48 
0•.40 
0.45 
0.88 
0.89 
0. 75 
O•. 76 
0.65 
0.6 2 
0.61 
0.61 
0.42 
0.82 
0.84 
0.89 
0.89 
0.89 
0.84 
0.84 

Northern 
Plains 

( 7 ) 

.$ 1.62 
1.64 
1.62 
1.63 
1.66 
1. 68 
1.62 
1.60 
1.58 
1.66 

1.56 
1.46 
1.41 

1.40 
1.12 
1.22 
1.07 
1.17 
0.6 2 
0.65 
0·.65 
0.58 
0.56 
0.52 
0.5 3 
0.56 
0.65 
0,.60 
0.41 
0.39 
0.48 
0.51 
0.51 
0.49 
0.50 
0.40 
0.4 3 
0.31 
0. 37 
0. 39 
0•. 4 6 
0.49 
0.53 
0·.57 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.54 
0.59 
0.65 
0.65 
0·.69 
0,66 
0.67 
O·. 73 
0.68 
0.77 
0.67 
0.80 
0.80 
0.81 
0.50 
0•.52 
0.44 
0•.45 
0.33 
0. 30 
0.30 
0.30 
0.72 
0,.51 
0.48 
0.64 
0.64 
0.64 
0.64 
0.64 

Sout hern 
P lain s 

(8) 

$1.69 
1.68 
1.66 
1.65 
1.67 
1.65 
1.56 
1. 54 
1.52 
1.50 

1. 53 
1. 56 
1.56 

1. 25 
1.12 
1.24 
1.19 
1.29 
0.56 
0 .59 
0.61 
0.58 
0.49 
0•.44 
0•.52 
0.5 3 
0.59 
0.62 
0.5 3 
0•.52 
0.50 
0.48 
0.44 
0.42 
0·.47 
0.42 
0.49 
0.5 2 
0.56 
0. 59 
0·.65 
0•.68 
0.73 
0.76 
0.77 
o. 78 
0.83 
0.70 
0.73 
0.65 
0.6 3 
0.62 
0.57 
0•.5 4 
0.68 
0.62 
0.59 
0.55 
0.48 
0.49 
0.49 
0 .44 
0. 49 
0·.51 
0.5 3 
0.47 
0 .55 
0.57 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.87 
0.86 
0.81 
0 .80 
0.72 
0.58 
0.58 
0.58 
0.34 
0·.82 
0.64 
0•.95 
0.95 
0 .95 
0.64 
0 .64 

Moun tain 
(0 ) 

$0.83 
0.87 
0.87 
0.83 
0.80 
0·.84 
0.80 
0.82 
0.92 
0.94 
0.82 
0.80 
0.73 
0.76 
0.76 
0.74 
o. 74 
0.70 
0.70 
0.64 
0.68 
0.70 
0.77 
0·.83 
0.85 
o•.9o 
0.74 
0.71 
0.70 
0.71 
0.58 
0.66 
0,68 
0•,62 
0.66 
0.67 
0•.57 
0.44 
0.58 
0.57 
0.63 
0.63 
0.66 
0.70 
0·.63 
0.6 1 
0•.63 
0.6 3 
0.58 
0.60 
0.82 
0.77 
0,.71 
0.7 7 
0. 75 
0.59 
0 .68 
0.63 
0.68 
0.69 
0.73 
0•.80 
0•.80 
0 .80 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o·.33 
o·.33 
0·.33 
0.33 
0•.33 

P acific 
( 10) 

$2 .45 
2.50 
2.32 
2.36 
2.43 
2.42 
2.33 
2 .30 
2. 28 
2 .23 

1.93 
2.0·2 
2.02 

2.00 
1 .86 
2.00 
1.87 
1.9 6 
1. 1 3 
1. 14 
1. 15 
1. 11 
1.06 
1.03 
1.0,5 
1.07 
1. 1 4 
1.15 
0.91 
0.93 
0•.84 
0•.93 
0.93 
0·.89 
0.89 
0•.75 
0•.8 4 
0.7 5 
0.8 4 
0 .84 
0•.81 
0.81 
0.80 
0•.78 
0.81 
0•.81 
0.81 
0.81 
0.81 
0•.81 
0.8 1 
0.8 1 
0·.8 1 
0. 7 5 
0·.75 
0·.75 
0.75 
0.75 
0•.75 
0.75 
0. 75 
0·.75 
0. 75 
0. 75 
0. 75 
0. 75 
0.75 
0. 7 5 
0·.75 
0.75 
0. 7 5 
0.75 
0. 7 5 
0 .7 5 
0.75 
0.75 
0.75 
0·.75 
0•.7 5 
0·.75 
0.75 
0·.75 
0.8 1 
0.75 
0.81 
0.75 
0.94 
0.75 
0.75 
0.75 
0.75 
0.56 
0.55 
0 
0 
0 
0 
O· 

1011 



Table A-3. Freight tariffs per bushel for corn, by origin and destination . 

Des tinat ion • 
Ori g inatin g North- A ppala- Sou t h- Lake Corn Delta No rthe rn Southern 
product io n east chian eas t S tates Belt S tates Pla in s P la in s Moun ta in Pacifi c 

r eg ion ( 1 ) ( 2 ) (3) ( 4 ) ( :'.; ) ( 6 ) ( 7 ) (8 ) (0 ) (10) 

1-24 --··· ·· ····· ·······-
25 ........... ....... ............... ..... $0.28 $0.45 $0 .50 $0 .38 0 $0 .42 S0 .58 $0.52 $0 .80 $0.96 
26 ··············--··--·- 0. 27 0.44 0.52 0. 38 0 0.42 0.60 0.5 5 0.81 0. 98 
27 -- -·-··----------········ 0.27 0.44 0.54 0.38 0 0 .44 0.60 0.56 0.81 0.98 
28 --- ----- •• ······· ···············------ 0.28 0.44 0.51 0.34 0 0 .41 0,,54 0.54 0.78 0.94 
29 ... ....................... 0.35 0.46 0.49 0. 35 0 0.41 0.52 0.46 0.75 0.90 
30 --------···---··········- 0.40 0·.50 0.48 0.38 0 0. 37 0.48 0.41 0.78 0.87 
31 ············-- -------·---------· ··--- 0.35 0.46 0 .54 0.30 0 0.44 0.50 0.48 0.74 0.89 
32 ---··· ···· ·····---------- 0.3 1 0,,43 0.53 0.32 0 0.46 0.53 0.50 0.76 0.91 
33 ············- -- ----·••················ 0•.31 0.55 0.61 0 $0.29 0 .44 0.61 0.55 0.85 o,.96 
34 ·········· ··--·· ·· ······· ·-·····--·--- 0 .31 0.55 0.62 0 0.30 0.4 6 0.56 0·.58 0.88 0.96 
35 ······ ······----- ---·················· 0.45 0.60 0.64 0 0.28 0.47 0.38 0.50 0.76 0.75 
36 ··--·••----·· ·--· ··----···---------· -· 0·.42 0.56 0.63 0 0. 26 0.42 0.36 0.48 0.75 0,,7 7 
37 ---------------··--·--···---· 0.43 0.52 0.63 0.25 0 0.41 0.45 0.47 0.68 0.69 
38 .. ----- ·------------·--·-- 0.41 0.50 0.57 0.30 0 0 .36 0.48 0.45 0.71 0.77 
39 -· ··-·-·--·-·-··-······-·---- 0. 41 0 .50 0.55 0.33 0 0. 33 0.47 0•.41 0.71 0. 77 
40 ----··--- ----·· --·-···· · 0.41 0.50 0.56 0.30 0 0. 32 0 .46 0.39 0.69 0. 73 
41 ·------ ·- -·-·-- --··- -·····---- ·------ 0.41 0.4 6 0.55 0 .31 0 0. 32 0.47 0.44 0.69 0.73 
42 -------·-··--···---- 0•.5 7 0.61 0. 63 0•.43 0 0.38 0.37 0. 39 0.6 6 0.60 
43 -----·-···--- -··------· 0. 49 0.54 0 .61 0.38 0 0.40 0.40 0.46 0·.66 0.69 
44 ····-••·--------·· -----·-··--··-·---- 0.56 0.66 0.69 0.38 0 0 .43 0.29 0.48 0.60 0.60 
45 ·-----·-·· ----·-·- -·----·····-••·--- · 0.52 0. 61 0.68 0.34 0 0.47 0. 34 0.52 0.6 3 0.69 
46 ···-·-··•······--·-····---- 0.50 0.60 0.69 0.32 0 0.47 0.36 0.55 0.65 0.69 
47 ···---- •··-················ 0.53 0. 64 0.70 0 0.32 0.44 0.43 0.61 0.72 0.70 
48 ···················· ----------······ 0.5 7 0.67 0.74 0 0.36 0.53 0.45 0•.63 0. 78 0.67 
49 ······-- --···· · ·-·-· ····-· 0.58 o,.69 0.76 0 0. 38 0.50 0. 5 0 0.68 0.79 o,.66 
5 0 .. 0.62 0.7 3 0.80 0 0.42 0.61 0 .53 0.71 0.84 0.63 
51 -------··· ······ ·----· 0. 64 0. 82 0.88 0. 40 0.44 0.62 0 0,.72 0.69 0.66 
52 -------- ·· ·······-····· 0. 7 0 0.87 0. 94 0.45 0.50 0.64 0 o. 73 0.66 0·.67 
53 --·-·-·······----··· 0.68 0.8 5 0.92 0.44 0.48 0.60 0 0.78 0·.66 0.76 
54 -- ----- ····· ··········· ···· 0.58 0.7 6 0.83 0.37 0.39 0.56 0 0.66 0 .66 0.67 
55 ······ ··· ·· ····· ·· ··-- 0. 7 2 o,.s2 0.89 0.51 0.46 0 .58 0 0.68 0.54 0.67 
56 --················ ··-- 0•.62 0. 73 0.82 0.39 0.36 0.51 0 0.60 0.6 1 0.67 
57 ·------ ·- -------------- 0.60 0. 70 0,.80 0.35 0.34 0.49 0 0 .58 0.64 0.67 
58 -------········ ···--·· 0.6 1 0.72 0.79 0.45 0.36 0 .48 0 0.58 0.58 0.67 
59 ----·--··········-· 0.57 0. 68 0.75 0.37 0. 32 0.,J,I 0 0.54 0.61 0.67 
60 ··········-· --····· ··· ·••·-·------··-· 0'.58 0. 65 0. 72 0.37 0.29 0.39 0 0.50 . 0.63 0,.60 
61 .. ----- ··••· ·-· · ···· · ·· 0.72 0.78 0.85 0.49 0.42 0 .52 0 0.64 0.54 0.6 0 
62 ------·---·····•··------·· 0·.77 0. 80· 0.85 0.48 0.43 0.<16 0 0.57 0.40 0·.60 
63 ----------····················-·------ 0.62 0. 69 0. 76 0.41 0.33 0.43 0 0.55 o·.45 0.60 
64 ---------------···· ············ 0•.64 0.71 0.80 0.42 0.35 0,,40 0 0.51 0.54 0·.60 
65 ----------··· ·····----·•••· ·---·------- 0.54 0. 63 0.72 0.35 0.26 0.3a 0 0.45 0.58 0. 60 
66 --•··-·-········----·--··--- 0.55 0.62 0.69 0. 38 0.28 0 .31 0 0.46 0.58 0•.4 8 
67 --····--- -- ·--·------·------- 0.57 0.62 0.69 0.42 0.28 0.31 0 0.46 0.62 0.4 8 
68 ..................... 0.58 0. 64 0.71 0.45 0.29 0.29 0 0.41 0.65 0. 48 
69 ----·-··············· 0·.58 0.64 0. 71 0.44 0.29 0. 34 0 0.46 0.59 0.4 8 
70 -·········· ·······--···-· 0.61 0. 66 o·.13 0.41 0. 32 0.34 0 0. 48 0.58 0.4 8 
71 ----------··•·····--···· 0.56 0.6'7 0,74 0.46 0.33 0.38 0 0.49 0.58 0. 48 
72 ---····--·······--····· 0.5 5 0. 67 0.74 0.4 5 0. 33 0. 35 0 0.4 4 0.58 0.48 
73 ·----- ·••···----··············· · 0.64 0.69 0. 76 0.50 0. 35 0.40 0 0•.51 0.50 0•,48 
74 0.6 1 0.72 0. 79 0.52 0.37 0.42 0 0. 54 0.53 0.48 
75 o·.68 0.58 0.62 0 .56 0.37 0.36 0.50 0 0.76 0.60 
76 ----------··········· 0.72 0.65 0.67 0.59 0,,43 0. 37 0.55 0 0.71 0.60 
77 ···--·••·---------· 0.79 0.72 o . 72 0.63 0·.46 0.44 0.61 0 0.66 0.60 
78 ··-- ------···--·······- 0. 79 0.64 0.64 0.6 2 0.4 3 0.37 0.61 0 0.72 0.60 
79 -------·--·----·••····------ 0.83 o•.12 0.69 0.65 0•.49 0.37 0.64 0 0.70 0,.60 
80 ···········-············ 0.80 0.74 0,,73 0.63 0.54 0.46 0.61 0 0.55 0.60 
81 --------·--·----- 0.86 0. 73 0.74 0.69 0.53 0.41 0.63 0 0.64 0.60 
82 ········-·····---· 0•.86 0. 77 0.77 0.68 0.59 0.46 0.68 0 0.59 0.60 
83 ------····----·· ···· · 0.80' 0'.69 0.70 0.72 0.51 0·.41 0.64 0 0·.64 0.60 
84 ····· · ····--····---· 0.88 0.75 0. 71 0.71 0 .55 0 .4 6 0.72 0 0.65 0.60 
85 ------- •-·····-·-······ ········ ·- 0.79 0.68 0 .69 0.69 0.54 0.38 0.65 0 0•.68 0.60 
86 ···----- --·--···--···-····· 0.8 1 8.74 0. 75 0.72 0.56 0.4 5 0.75 0 0.74 0.60 
87 . ······························ 0 .79 0.70 0.71 0 .73 0.54 0,.38 0.75 0 0.74 0.60 
88 --------·-······ · -· o. 79 0.77 0.74 0.71 0.57 0.42 0.76 0 0.75 0.60 
89 -----····---·······--- 0.82 0.89 1.03 0.51 0.62 0.82 0.47 0.81 0 0.67 
90 -······ · ····· · ········ 0.8 7 0.95 1.08 0.55 0.66 0.83 0.48 0·.81 O· 0'.67 
91 -------------·········-- 0.8 0 0.88 1 .01 0.4 8 0.60 0.70 0.4 1 0.76 0 0.67 
92 --··· ··· ·· ·········---- 0.87 0. 91 1. 0·5 0.55 0.66 o. 71 0.42 0.75 0 0.70 
93 ··--·•·····--·-···· 0·.76 0.83 0.90 0.51 0.46 0'.6 1 0•.31 0.67 0 0'.7 8 
94 ········- ····-···-····· 0.73 0. 78 0.85 0.5 1 0.43 0.58 0.28 0.54 0 0.4 5 
95 ---------···-·······---· 0.73 0.78 0.85 0.54 0.43 0•,57 0.28 0.54 0 0,,59 
96 ----- ···--·····---- 0•.73 0.78 0.85 0.57 0.46 0.57 0 .28 0.54 0 0.59 
97 ---···•-··············· 0.86 0 .73 0.75 0.64 0.56 0.39 0.67 0.22 0 0.45 
98 ------- · ··-----······ 0.92 0.97 1. 09 o. 70 0.62 0. 77 0.47 0.76 0 0.52 
99 ................. 0.89 0.94 1.01 0.68 0•.60 0.78 0•.4 4 0.60 0 0·.52 

100 -····-••·------ -··· 1.0·5 1.09 1 .09 0.70 0.75 0.83 0.60 0.89 0.3 1 0 
101 ····-·····-··- ---·· -···-··--·····---- 1.0'5 1. 09 1. 09 0. 70 0. 75 0.8 3 0.60 0.89 0.3 1 0 
102 .. --···· ·· ··•······-······· 1.05 1.09 1.0•9 0.70 0. 75 0.8 3 0.60 0.89 0'.31 0 
10'3 ------·•·····---· 1.0'5 1. 09 1. 09 0.80 0. 75 0. 78 0.60' 0'.60 0.3 1 0 
104 --·········•········· · ··· ··· ······· ·-· 1.0·5 1. 09 1.09 0.80 0. 75 0·.78 0.60 0.60 0.31 0 
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Table A-4. Freight tariff for oats per bushel, by origin and destination . 

Destin ation 
Originatin1r North- Appala- Sou t h- Lake Corn Delta Northern Sout.he rn 
production east chian east States Belt States Plains Plains Mountain Pacif ic 

region (1) (2) (3) ( -t ) (5) . (6) (7) (8) (9) (10) 

1-24 -----·········· -·-
25 ··--------· •·····-·----·· ···········$0.16 $0.26 $0.29 $0 .2 2 0 $0.24 $0.33 $0.3 0 $0.45 $01.60 
26 ··············-- --··••····--- --· ····· 0.15 o•.25 0.30 0.22 0 0.24 0.35 0.31 0.46 0.6 1 
27 ---·······-- ·-··· ····--·· 0.15 0.25 0.31 0.22 0 0.25 0.35 0 .32 0.46 0.61 
28 ••••••••••••••• H O•••••••••••••• 0.16 0.25 0.29 0.20 0 0.24 0.31 0.31 0.44 0.59 
29 ········ ··············-- 0.20 0.26 0.28 0.20 0 0.23 0. 30 0.26 0. 43 0.56 
30 ----· ········ ···· ··· 0.23 0.29 0. 27 0. 20 0 0·.21 0,28 0.24 0.45 0 .55 
31 -----··· ···---- ·-- ------------ 0.20 0.26 0.31 0 .1 7 0 0.25 0.28 0 .28 0.43 0·.56 
32 ---· · ··-- -·····- ------••·············· 0.18 0•.24 0 .30 0.19 0 0.26 0.30 0.28 0.44 0.57 
33 -----·······-----· -- 0.18 0.3 1 0.35 0 $0.16 0.25 0•.35 0.32 0.49 0·.61 
34 ···· •-··-····--------- ---······· ······ 0.18 0.31 0.35 0 0.17 0.2 6 0.32 0.33 0.50 0.61 
35 ··-·•············· ··· ··· •·---····-··· 0. 26 0. 34 0.37 0 0.16 0.27 0.22 0.28 0.44 0.48 
36 ····-····-··•··-•-········--·-------- 0.24 0.32 0·.36 0 0•.15 0.24 0. 21 0.28 0.4 3 0.5 0 
37 ----········ ····· · ---·---------······ 0•.24 o•.29 0.36 0.14 0 0.24 0.26 0.27 0.39 0,.45 
38 ··········---··------- 0·. 24 0.29 0.33 0.17 0 0.20 0.27 0.26 0'.41 0.50 
39 ---- -----···-·-··· -----······--- ----- 0.24 0.28 0.31 0.19 0 0.19 0.27 0.23 0.40 0.50 
40 -- -- ---··-·---····-· 0.24 0.28 0.32 0.17 0 0.18 0.26 0.22 0.39 0.47 
41 ---- --- ----··· ·· ··---- 0-.24 0.26 0.31 0.24 0 0.18 0.27 0.25 0.39 0·.47 
42 ·---- -··----------- 0•.32 0.35 0.36 0.25 0 0. 22 0.21 0. 22 0.37 0. 40 
43 ----·-· ···· ·· --- ---- -- -·-- ·-··· ···· · 0 .28 0.31 0.35 0. 21 0 0.23 0.23 0.26 0.37 0.45 
44 -·-········-----·-· ·----·-·--··· 0.32 0.38 0.40 0. 21 0 0.25 0•.17 0.28 0'.34 0.40 
45 ··········-··---·-·· ----··· ·· ··------ 0. 29 0.35 0·.39 0.20 0 0.27 0.20 0.30 0.36 0.45 
46 ---···· ···· -····-·-···-------- 0.28 0.35 0.40 0 .18 0 0. 27 0.21 0.32 0.36 0.4 5 
47 --·····-----·-· ·- --·-··•·········---- 0.30 0. 36 0.40 0 0.19 0. 25 0.24 0.35 0.41 0.43 
48 --- -----·-·· ··· ·· -----------··--···· 0.32 0.38 0.42 0 0.20 0.30 0.26 0.36 0.44 o,_43 
49 ·· ··· ···-·------- · -·-················ 0.33 0•.40 0.4 3 0 0.22 0.28 0.28 0.39 0.45 0.43 
50 ---- ------···· · · 0.36 0·.42 0·.46 0 0.24 0.35 0.30 0.40 0.48 0.42 
51 ---·····--·••·--· 0.37 0.47 0.50 0.23 0.25 0.3 6 0 0.41 0.39 0.4 3 
52 ···-······· --•-·- ---- -••··-·····-· 0.40 0. 50 0.5 4 0.26 0.28 0.36 0 0.42 0.38 0.43 
53 --------------··· 0.39 0.49 0.53 0.25 0.27 0.35 0 0.4 4 0.38 0.43 
54 ---·············· --- ---·········-· 0.34 0.44 0.48 0.21 0.22 0.3 2 0 0,38 0.38 0.43 
55 ------·---- --··· ··· ·--- --- -·····------ 0.41 0.47 0.51 0. 29 0.26 0.33 0 0.38 0.31 0.4 3 
56 -------·-·-··-······- 0•.35 0.4 2 0.47 0. 22 0.20 0.29 0 0.34 0.35 0.43 
57 ------ -·-··· ········-······ ·-------·- · 0. 34 0.40 0.46 0.20 0.19 0.28 0 0.33 0.36 0.43 
58 ------········------- ---·-······ ····-- 0.36 0.4 1 0.45 0.26 0. 20 0.28 0 0.33 0.33 0.43 
59 ---- ·• -········ ···-·-·····-·----·- -·· 0. 33 0.40 0.4 3 0.21 0.18 0.25 0 0.31 0.35 0.43 
60• ·----·---···-····---·----·······• 0.33 0. 37 0.41 0.21 0.16 0 .22 0 0.29 0 .36 0.40 
61 .. ··-----··--····---- 0.41 0.45 0.49 0.28 0.24 0.30 0 0.36 0.31 0.4 0 
62 ------·•-·····- ··· ··········--····---- 0.44 0.46 0.48 0.27 0.25 0,.26 0 0. 33 0 .24 0.40 
63 -----------·-······ 0.36 0.4 0 0.4 3 0.23 0.19 0•.24 0 0.31 0·.31 0.4 0 
64 -- ---············------- ·····-·-·-·-· 0.37 0.41 0.46 0. 24 0.20 0.23 0 0.29 0.31 0.40 
65 -·--········--··· ··· ·---- ·-·· ···· ···· 0.31 0.36 0.41 0.20 0.1 5 0.19 0 0.25 0.34 0.40 
66 --- ··· ·-······ · · ----···· ···-- ------ 0•.31 0.36 0.40 0.22 0.16 0.18 0 0.26 0.3 4 0.40 
67 ____ J.._ _______ _ __ ................... 0.33 0.3 6 0.40 0. 24 0.1 6 0.18 0 0.26 0.35 0•.40 
68 ····•···· ··· •··-- ------------------ 0.33 0.36 0.40 0.26 0.17 0.16 0 0.24 0. 37 0.40 
69 -----------········ ········ ······--- · 0. 33 0.36 0.40 0.25 0.17 0.20 0 0.26 0. 34 0.40 
70 --·········--···--- --·····-···-··--· - 0•.35 0.38 0.42 0.23 (>.18 0.20 0 0. 28 0, 33 0.40 
71 ---------········ 0.32 0.38 0.4 2 0 .26 0.19 0.22 0 0.28 0.33 0.40 
72 -· ·· --···--·---- ------------------ 0.31 0.38 0.42 0.27 0.19 0. 20 0 0.25 0.34 0.40 
7:l ------·• ···--·········· ·· ··---······- - 0.37 0.40 0.43 0.29 0.20 0.23 0 0.29 0.3 1 0.40 
74 -------·--·----·· ---------·--····---· 0.35 0.41 0.4 5 0.30 0.21 0.24 0 0.31 0.32 0.40 
75 ------····· ···- ···············-···- - 0.40 0'.33 0. 36 0.32 0.21 0. 20 0.29 0 0.4 4 0.40 
76 --------------············ - 0•.41 0.37 0. 38 0.34 0. 25 0·.2 1 0.31 0 0.41 0.40 
77 ----------- -- ----·-·········-·-·---·-· 0•.4 5 0.41 0.41 0. 36 0.26 0.25 0.35 0 0.38 0.40 
78 ------------- -- ·------ -- •············ · 0.45 0.36 0. 37 0. 35 0.25 0.21 0. 35 0 0.41 0•.40 
79 ····· ·····-·••----------· 0.47 0.41 0. 39 0 .37 0.28 0.2 1 0.37 0 0.40 0·.40 
80 -------···· · ·· ············•--·----·· 0.46 0.43 0.44 0.36 0.31 0.27 0.35 0 0.32 0.4 0 
81 ----·•· --- ------ - o,.49 0.4 2 0.42 0.39 0.30 0.24 0.36 0 0.36 0.40 
82 ----···-·-···· .. ··-· 0.49 0.44 0.44 0.39 0.34 0.27 0.39 0 0.34 0.40 
83 -- ----······-··--··· 0.46 0.40 0•.40 0.41 0. 29 0. 23 0.36 0 0. 36 0 .40 
84 ·-··············-·-- ···········--·-·· 0.51 0.43 0.41 0.40 0. 31 0.27 0. 41 0 0.37 0 .40• 
85 --------·-•···----··········· ··-···· 0.4 5 0.39 0. 39 0.40 0. 31 0.22 0.38 0 0.39 0.40 
86 -- -- -·····-·-·- ·------- 0.46 0.42 0.43 0.41 0.32 0.26 0.43 0 0.4 3 0.40 
87 --·---------···· ·····-······---·· 0.45 0.40 0.40 0.4 2 0.31 0.22 0.43 0 0.43 0.40 
88 ··-····-·•·--·------- 0.4 5 0.44 0.4 3 0.40 0.32 0.24 0.4 3 0 0.43 0.40 
89 --- -- ---- ---····----·· 0.47 0.51 0.59 0. 29 0. 36 0.47 0.27 0.46 0 0.43 
90 ·· ·- ··•····--···· ··· 01.50 0. 54 0.62 0.31 0. 38 0.48 0•.28 0. 46 0 0.40 
91 -------------·······--· 0.46 0.50 0.58 0.28 0. 34 0.40 0.24 0.4 3 0 0.43 
92 ----· -····· ····· ---···· -············- 0.50 0.52 0.60 0.32 0. 38 0.41 0.24 0.4 3 0 0.40 
93 -- -- •·····-·····-- 0.4 3 0•.47 0.5 1 0.29 0. 26 0. 35 0.1 8 0.38 0 0.50 
94 ················ ---··-··· ····· ··--··· 0.42 0.44 0.48 0.29 0.25 0.33 0.16 0. 31 0 0·.40 
95 ···--•----·· ·•·-· ·······-•··········· 0.42 0.44 0.48 0.31 0.25 0.33 0.16 0.31 0 0.40 
96 ---· --- -·-. -~---··--· 0,.42 0.44 0.48 0.32 0.26 0.3 3 0.1 6 0. 31 0 0.40 
97 --------·········· 0•.49 0.42 0.43 0 .36 0.32 0.22 0.38 0.13 0 0.40 
98 ----------- •··········---- 0·.53 0.55 0.62 0.40 0.36 0.44 0.27 0.44 0 0.30 
99 0.51 0.54 0.58 0.39 0.34 0.45 0.25 0. 34 0 0.29 

100 -----· ···-·············· 0.60 0.62 0.6 2 0. 40 0.38 0.48 0.34 0.51 0. 18 0 
101 ··-···••-'••··-------- 0•.60 0'.62 0.62 0 .40 0.38 0-.48 0.34 0.51 0.18 0 
10·2 ···- ·· ---------· ···-- 0.6 0 0,.6 2 0.62 0.40 0.38 0.48 0.34 0.51 0. 18 0 
103 ···· ··-·· .. ---~--- 0,.60 0.6 2 0.6 2 0.4 5 0.43 0.45 ().3 4 0.34 0.18 0 
104 ------------····--- 0.60 0.62 0.62 0.45 0.4 3 0.45 0.34 0. 34 0.18 0 
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Tabla A-5. Freight tariff for barley per bushel, by origin and destination . 

Destination 
Originating North- Appals - Sout h- Lake Corn Ue1ta Northern Sou thern 
production east · chian east States Belt S tates P lains P la ins Mountain Pacific 

region (1) (2) (3) (4) (5) (6) (7) (8) (9) (10 ) 

1-24 ··-·· 
··::: :: :::$0.24 25 $0 .40 $0.43 $0.33 0 $0.3 6 $0.49 $0.45 $0 .68 $ o. 90 

26 ... 0. 23 0. 37 0.45 0. 33 0 0.36 0.52 0.47 0. 70 0.81 
27 0•.23 0.37 0·.46 0. 33 0 0. 38 0.52 0.48 0•.70 0.92 
28 ---------- 0. 24 0•.37 0.44 0.30 0 0.35 0.46 0.46 0.67 0.89 
29 0.30 0.40 0.42 0.30 0 0.35 0 .4 5 0. 39 0.64 0·.85 
30 0.3 4 0.4 3 0.41 0.31 0 0.3 1 0.41 0.35 0.67 0•.83 
31 ··-- 0·.30 0.40 0.46 0. 26 0 0.37 0.4 3 0•.41 0.64 0•.84 
32 0.27 0.36 0.46 0.28 0 0.39 0.45 0.4 3 0.66 0.86 
33 0.27 0.47 0.52 0 $0. 25 0 .38 0.52 0.47 0.7 3 0.91 
34 0.27 0.47 0.53 0 0. 26 0.40 0.48 0.49 o,. 76 0.92 
35 0.39 0.51 0.55 0 0.24 0.40 0.3 3 0·.42 0.66 0.72 
36 0.36 0.48 0.5 4 0 0. 22 0.36 0.31 0.41 0.64 0. 74 
37 0. 37 0.44 0.54 0.21 0 0.35 0. 39 0.40 0.58 0.67 
38 0.35 0.43 0.49 0·.26 0 0.31 0.41 0·.38 0.6 1 o. 74 
39 0.35 0·.43 0.47 0.28 0 0. 29 0.40 0.35 0.61 0. 74 
40 0.3'5 0.43 0.48 0.26 0 0.28 0.3 9 0.34 0·.59 o,. 71 
41 ---- 0.41 ().46 0.55 0.41 0 0.32 0.47 0.44 0.69 0. 73 
42 ---------- 0.49 0•.52 0.54 0.37 0 0. 33 0 .32 0.34 0.56 0•.60 
43 --······-- ········-· 0.42 0.46 0.52 0. 32 0 0.34 0.34 0. 39 0.56 0•.67 
44 0.48 0.56 0.59 0.32 0 0.37 0.2 5 0.41 0•.51 0.60 
45 ·---·- 0.44 0.53 0.59 0.29 0 0.41 0.3 0 0.45 0.54 0.67 
46 0.43 0.52 0.60 0.27 0 0.41 0.31 0.47 0.56 0•.67 
47 ··········-- 0.46 0.55 0.60 0 0.28 0.38 0•.36 0.5 2 0.61 0.65 
48 ... . 0.48 0.58 0.64 0 0. 31 0.46 0.40 0.54 0.68 0.65 
49 --------- 0.50 0.59 0·.65 0 0.32 0.4 3 0.43 o•.58 0 .68 0.64 
50 ... 0.54 0.63 0.69 0 0.36 0.5 2 0.45 0.61 0.72 0.62 
51 .... .. ........... ... 0.55 0·.70 0.76 0. 34 0.38 0.54 0 0·.54 0.59 0.65 
52 0.60 o. 75 0.81 0 .38 0.42 0.54 0 0·.55 0.57 0.65 
53 ...... 0.59 0.7 3 0.79 0.37 0.41 0.52 0 0•.58 0.56 0•.65 
54 0.5 1 0.66 0.72 0. 31 0.33 0.48 0 0.69 0.57 0.65 
55 0·.62 0·.70 0.76 0.44 0.39 0.50 0 0•.58 0.4 7 0.65 
56 ······ ----···· ··••·•··--·•• 0.53 0.63 0.7 0 0. 33 0.31 0.44 0 0.52 0.53 0.65 
57 0.51 0.60 0.68 0.30 0.29 0.4 2 0 0.5 0 0.55 0.65 
58 ------·· 0.53 0.62 0.68 0.39 0 .31 0.4 2 0 0.49 0.50 0.65 
59 ····-- 0•.49 0.58 0.64 0.32 0.27 0 .38 0 0.46 0•.52 0.65 
60 ·········- 0•. 50 0.56 0.62 0.31 0.24 0.33 0 0.43 0.54 0.60 
61 0.62 0.67 0.73 0.32 0.36 0.4 5 0 0.55 0·.46 0.60 
62 --- ------- 0.66 0.68 0.73 0.41 0.37 0.39 0 0·.49 0.36 0•.60 
63 ---------- 0.54 0.60 0.65 0. 35 0. 28 0. 37 0 0.47 0•.47 0.60 
64 ··----- -- 0.55 0.61 0.69 0.36 0.30 0.34 0 0.44 0.46 0.60 
65 0.45 0.54 0·.6 2 0.30 o. 2i 0.28 0 0.38 0.5 1 0.60 
66 ···---- ·· 0.47 0.5 3 0.5 9 0 .. 34 0.24 0.27 0 0.39 0.61 0·.60 
67 0.49 0.53 0. 59 0. 36 0.24 0. 27 0 0. 39 0·.53 0.60 
68 0.50 0.54 0.61 0.38 0.25 0.25 0 0.36 0.56 0.60 
69 0.50 0.54 0.61 0.37 0.2 5 0. 25 0 0.39 0.51 0.60 
70 0.5 3 0.57 0.6 3 0 .35 0. 27 0.30 0 0.41 0.49 0.60 
71 0.48 0.58 0 ,64 0.40 0.28 0.32 0 0.42 0.50 0 .60 
72 ---·········· --·- ••- 0.4'7 0.58 0·.64 0.40 0.28 0·.30 0 0 .38 0.51 0.60 
73 0.55 0.59 0.65 0.4 3 0.30 0.34 0 0.44 0.47 0 .60 
74 0.53 0.61 0.67 0.44 0.32 0. 36 0 0.46 0.48 0.60 
75 0·.58 0·.50 0. 5 3 0.48 0. 32 0.30 0.43 0 0.66 0 .60 
76 ------··-- 0.62 0.56 0.57 0. 50 0.37 0•.32 0•.47 0 0.61 0.60 
77 0.68 0.62 0.61 0.54 0.39 0.38 0.52 0 0.57 0.60 
78 0.68 0.55 0. 55 0.53 0.37 0. 32 0.52 0 0.62 0.60 
79 --------·-•······· 0. 71 0.61 0 .5 9 0.56 0.42 0. 32 0.5 5 0 0.60 0·.60 
80 0.69 0.64 0.67 0. 54 0.46 0.40 0.53 0 0.48 0.60 
81 0.73 0.6 3 0.63 0.59 0.46 0. 36 0.54 0 0•.54 0•.60 
82 .... 0.74 0.66 0.66 0.58 0.51 0.40 0.59 0 0·.51 0.60 
83 0.70 0.60 0 .60 0.61 0.43 0. 35 0.55 0 0.54 0·.60· 
84 0.76 0.65 0·.61 0.60 0.47 0.40 0•.62 0 0.55 0,.60 
85 ················ 0.67 0.58 0.59 0.60 0.46 0.32 0.56 0 0.58 0.60 
86 ---- 0•.70 0.6 3 0.64 0.6 2 0.48 0.39 0.64 0 0'.64 0·.60 
87 --------············· 0.68 0.60 0.61 0.62 0.47 0·.32 . 0.64 0 0·.64 0.60 
88 ··· · ·· • ··•·· ·· ···• 0.68 0.66 0.64 0.60 0.49 0. 36 0.65 0 0•.64 0•.60 
89 ······---····-------- 0.70 0. 77 0.88 0.44 0.5 4 0.70 0.40 0•.70 0 0.65 
90 0.75 0.81 0.93 0.47 0.57 0.71 0.41 0.69 0 0·.60 
91 .......... 0.69 0.75 0.87 0.42 0.5 1 0•.60 0.35 0.65 0 0.65 
92 0•.75 0.78 0.90 0.47 0. 57 0.61 0.36 0.64 0 0. 60 
93 0.65 0. 71 0.77 0.4 3 0.40 0.5 2 0.27 0.58 0 0.75 
94 ------- 0.62 0.66 0.7 2 0.44 0. 37 0.50 0.24 0.46 0 0.60 
95 0.62 0.66 0. 72 0.46 0. 37 0.40 0.24 0.46 0 0.60 
96 --- - 0.62 0.66 0.72 0.49 0.39 0.49 0.24 0.46 0 0•.60 
97 0.74 0.63 0 .64 0.55 0. 48 0. 34 0.58 0.19 0 0.60 
98 ············-·- -· -- ··· 0.79 0.8 3 0.93 0.60 0.54 0.66 0.41 0.55 0 0.45 
99 0.77 0.81 0.87 0.58 0.51 0. 55 0.38 0.51 0 0.44 

l 00 0.90 0.9 3 0.93 0.60 0.64 0.71 0. 51 0.55 0•.26 0 
10'1 ----- ••· ····- · .. - 0.90 0.93 0.9 3 0.60 0.64 0.71 0.51 0.55 0.26 0 
102 ----- 0.90 0.93 0.9 3 0.60 0. 64 0.71 0.51 0.55 0·. 26 0 
103 ·---------- 0.90 0.9 3 0 .93 0.68 0.64 0.67 0.51 0.51 0.26 0 
104 ------ 0.90 0.93 0.93 0.68 0.64 0.67 0•,51 0.51 0.26 0 
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Table A-6. Freight tariff · for grain sorghums pe r bushel, by o.-igin and destination . 

Originating 
production 

region 

1-40 ··· •···· ····•······· ••··· 

North
east 
(1) 

41 ······ ··············· ··· •·············$ 0.41 
42 ··············· •················· ····· 0.57 
43 ··············· ···········•·········· · 0.49 
44 -61 ·········••· ······· ·· ············· 
62 ···· ········· ·•·········•············· 0. 77 
63 ···················· ··········· ·· 0•.62 
64 ······••·······••····················· 0.64 
65 ····················· 0 .54 
66 ··· ··········••· ····················· 0.55 
67 ········· ··· ··· •···· ····· •••·········· 0.57 
68 ······························ 0.58 
69 ·· ·····• ····-··· ··· · 0.58 
70 ····•···· ···· ···• ······ ······· 0.61 
71 ··•·········•······ ······ ·· 0. 5 6 
72 ·············· ••········· ··· 0.55 
73 ····••············· 0.64 
74 ·····•········· ············ ···· 0.61 
75 ············ ·············· 0.68 
7 6 ······························· 0. 7 2 
77 .. .............. ...................... O·. 79 
78 ····•······· ········· ············· ···· 0.79 
79 ······ ········ ········· ••· 0.8 3 
80 ····· •······· •····· ··· ···· ··· ········· 0.80 
81 ··· ···· ····· •• ·· ····· •···· ··········· 0·.86 
82 ······································ 0.86 
8 3 0.80 
84 ············•••············· ·········· 0.88 
85 ····•·········· •·············· 0.79 
86 ·· ············ •······· ··•·········•··• 0.81 
87 ··················-············· 0.79 
88 ...... 0.79 
8 9-9 4 ········•········••-··· ······· · 
95 ············••· ········ •••· -·· ······- 0. 73 
96 ···· ·························· ·······• 0 .73 
97 ····· ·· ·····•·········•·· ············· 0.86 
98-102 ······ ·· ······ ····· 

103 ·· ··· ·· ···· ·················· 1.05 
104 ......... ·· •···· ·· ··••········· ······ 1.05 

A ppala- South-
chian east 

(2) (3) 

$0 .46 $0.55 
0.61 0.6 3 
0. 54 0.61 

0.80 0.85 
0.69 0.7 6 
0.71 0.80 
0.63 0.72 
0.62 0.69 
0.62 0.69 
0.64 0.71 
0.64 0.71 
0.66 0.7 3 
0.67 0. H 
0.67 0.74 
0.69 0.76 
0.72 0 .79 
0.58 0.62 
0.6 5 0.67 
0. 72 0.72 
0.64 0.64 
0.72 0.69 
0.74 0.78 
0.73 0.74 
0.77 0.77 
0.69 0.70 
0.75 0.71 
0.68 0.70 
0.74 0.75 
0.70 0.71 
0.77 0.74 

0.78 0.85 
0.78 0.85 
0.73 0.7 5 

1.09 1.09 
1.09 1.09 

Destination 
Lake Corn 

States Belt 
(4) (5) 

$0 .41 0 
0.4 3 0 
0. 38 0 

0.48 $0 .4 3 
0. 41 0 .33 
0.4 2 0.35 
0 .35 0. 26 
0.39 0.28 
0.42 0.28 
0.45 0.29 
0.44 0.29 
0.41 0.32 
0.46 0.33 
0. 47 b .33 
0 .50 0.35 
0.52 0.37 
0.56 0. 37 
0.59 0.43 
0.6:J 0.46 
0 . 6 2 0.43 
0.65 0.49 
0.63 0.54 
0.70 0.53 
0 .68 0.59 
0 . 72 0.51 
0. 71 0.55 
0.69 0.54 
0.72 0.5 6 
0.73 0. 54 
o. 71 0.57 

0.54 0.4 3 
0.57 o. 4 6 
0.64 0.56 

0.80 0.75 
0.80 0. 75 

Delta • Northern Sou thern 
States P lain s Plain, Mountain Pacific 

(6) (1) (8) (9) (10) 

$0.32 $0.4 7 $0 .H $0.69 $0.73 
0 .38 0.37 0.39 0.66 0.60 
0.40 0.40 0.46 0.66 0.69 

0.46 0 0.57 0. 40 0.60 
0.4 3 0 0.55 0 .44 0.60 
0.40 0 0 .51 0.54 0.60 
0.33 0 0.44 0.5 8 0.60 
0.31 0 0.46 0.58 0.48 
0.31 0 0.46 0.62 0.48 
0.29 0 0. 41 0.65 0.48 
0 .34 0 0.46 0.59 0.48 
0.34 0 0. 48 0.58 0.48 
0.38 0 0.49 0 .58 0.48 
0. 35 0 0.H 0•.58 0.48 
0.40 0 0 .5 1 0.50 0•,48 
0.42 0 0. 54 0. 53 0.45 
0.36 0.50 0 0.76 0.60 
0.37 0. 55 0 0.71 0.60 
0.44 0.61 0 0.66 0.58 
0.37 0.61 0 0.7 2 0.60 
0.37 0.64 0 0.70 0.68 
0.46 0.61 0 0.55 0.5 7 
0.41 0.63 0 0.64 0.58 
0.46 0.68 0 0. 59 0.5 7 
0.41 0.64 0 0.64 0.60 
0.46 0. 72 0 0.65 0.57 
0.38 0.6 5 0 0.68 0.60 
0.4 5 0. 75 0 0.74 0.46 
0.38 0.7 5 0 0.7 4 0.60 
0.42 0.76 0 0.75 0.60 

0.57 0.2 8 0.54 0 0.4 5 
0.57 0.28 0.54 0 0.45 
0·.39 0.67 0.22 0 0.45 

0.78 0.60 0.60 0. 31 0 
0 .78 0.60 0.60 0.31 0 
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