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Abstract:
The purpose of this study as stated in Part II is to investigate a methodology for delineating firms
which are sensitive to shifts between wheat and range forage production.

Part I lays the groundwork for the study by presenting a general picture of the shifting situation in the
Northern Plains as it has existed in the past, and the general situation which operators of units sensitive
to shifts are faced with today. Some of the implications of shifting situations are noted.

Part II defines the specific research problem and establishes the economic criteria for determining
optimum wheat-range forage production patterns in dry land areas. The factors relevant to achieving an
estimate of the economic model are then described. From this framework, the hypothesis of the study is
derived.

Part I1I carries the empirical tests of this hypothesis. Use is made of linear discriminant analysis and
multiple regression techniques in an attempt to carry out the purpose of the study and form a basis for
inferences concerning the analysis.

Part IV summarizes the positive accomplishments and sets forth suggestions for further research.
Success in the development of the discriminant function suggests still further applications of this
technique. Moreover, it may have succeeded in isolating a set of conditions permitting an increase in
research productivity.
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ABSTRACT

The purpose of this study as stated in Part II is to’ 1nvestlgate a
methodology for dellneatlng firms which are sen51t1ve to shifts between
wheat and range forage production,

_ Part I lays the groundwork for the study by presentlng a general plc-
ture of the shlftlng situation in the Northern Plains_as it has eéxisted in
the past, and the general situatien which: operators of units sensitive to
shifts are faced with today. Some of the implications of shifting situa-
tions are noted. . ‘

Part II defines the specific research problem and establlshes the
economic criteria for determlnlng optimum wheat-range forage productlon
patterns in dry land areas. ‘'The factors relevant to achieving an estimate
of the economic model are then described. From this- framework, the hypoth-
esis of the study is derived. -

Part ITI carries the empirical tests of this hypothesis. Use is made
of linear dlscrlmlnant ana1y81s and multiple regression technlques in an-
attempt to carry out the purpose of the study and form a basis for infer-
ences concerning the analysis.

Part IV summarizes the p051t1ve accomplishments and sets forth sugges-
tions for further research. Success in the development of the discriminant
function suggests still -further applications of this technique. Moreover,
it may have succeeded in isolating a set of conditions permitting an in-
crease in research product1v1tyo'
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PART 1,

ANTRODUCTION
_ »;If it were necessary to méke a.choiee of one word which would best
describe the Northern)Plalns, that one word would undoubtedly be ”uncerm
tain. Endowed with an unstable and widely varying weather foundation
upgn“which the agricultural economy of the region must be established, the
already existing problems related to price varigtions are magnified by ex-
treme variations in prodﬁéfion;'.Ihe infricate’facets_of uncertainty are

great obstacles in_analyzihg potential shiffsaw_Encompassing.g-phygica;

area of approximately 300,000 square miles, the Northern Plalns contains

u-.

roughly a tenth of the total land area of the gnltedwgtateso L/ :;t is

bounded on the east by the 98th meridian, and on the west by the Rocky

.Mountains. The Canadian border marks the upper boundary on the north,

while the southern extremity is represented roughly by the 43rd parallel.

Included within these boundaries is . . . the western threeafOUrths of

_North Dakota, South Dakota, and Nebraska, the eastern two=thirds of Mon-

tana;, the eastern one-=third of Wyoming, and the northeastern one-ténth of
Colorado o o'o 2/
L
The region is one of extremes9 making the use of “averages“ decep%ivéo

The climate of the Plains ranges from conditions approximating those 6f the

" humid Midwest at the 98th meridian t6 semiaridity over mest of the Fégicn.

1/ George Ao Rogler ‘and Leon Co Hurtt, qoWhere Elbowrcom is Ample" Grass9
R ugscﬂﬂ ptsof Agrlculture Yearbook9 19489 po 477,

' 2/ Los. cit.
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:Ihe_98th_meridian serves as the dividing line since its annual precipita-
tion averages approximately 20 inches; which is the minimum for successful
production of most humid area crops. This is reduced to apprpximately 10

inches toward the western éxtremes.

Jhe significant aspect of the moisture supply in the Plains lies not

/////
L&

in its total variation, but in the fact that it hovers so élosely'around
the critical margin for plant survival, where a small adverse variation
can spell disaster.

.The topography of theéglains ranges from a gently rolling‘SUrface
over most of the eastern péitions to the Fough and broken areas of the
west,

:Ehe changing aspects of climate‘and natural factors are reflected by

»continUally changing patterns of laﬁd uses The one extreme is represented
by areas in which wheat production strongly predominates; the other by an
almost complete range forage and livestock producing economy. §n a rather
indistinct area somewhere betiween these two.extremes can be noted areas in
which wheat and livestock ranches are coexistent, or where wheat and live-
stock are bothlprodUCed on the same ranch.

generally speaking, these two extremes represent the two principal
genefalized types of farming in the region. f§I51ahds? qflirrigatedffaxmu
ing complete the pictuire. Iﬁege enhance the étgbi;ity of the region and

complement the dry land areas in important ways.

The Wheat and Small Grains Area
‘The 98th.meridian is the scéhe of tiansition between.the humid Mids

west and the sémiarid wheat producing avea of the Northern Plains. This
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is. the margin of transference of wheat to a ﬁore_ihtenSive,type“of agricul
ture. The ffansition is‘firﬁt evident in rainfall and other climatological
chgqges, which is in turn reflected by the changing physical characteris-
tics of the land itself. |
The transition ié finally reflected by ghanging agr;cultural produc-
tion patterns. Cfop production predominates in this area; with a tendency

towaxd §pecializétion in the production of wheat.

The‘Range Livestock Area.

To fhe south and west of the major wheat producing areas, as rainfall
diminishes and as the terrain beqomeé steeper and rockier, the relative
advantages for wheat production diminish. At the same time the rélati#e
advéntages for cattle préduction incfeaSe; At the area of transition be-
tween these two major types of agricultural production lies the fargin of
‘transference from wheat to a less intensive type of -agriculture. This is
the margin to which this study is relevaiit. It is in ‘this margin of - trans-
ference that most of the shifting of resou¥ces betweeh wheat and cattle
production occurs as the variables affecting shifts change iﬂnfﬁqir relativé
importance.

There are, of course, many localized aréas withifi thé two extréme
areas of production that are susceptible to shiftifigs A tompleté delifeas
tion of‘ail geographic areas that are suSceptible'ﬁo shifts is beyend the
scope of this study. The discussion and analysis doés apply in geheraly
however, to fost of ﬁhe areas_sen§i§i§e_te,shifts between wheiat and live-
stock, and especially to areas where shifts may be detérmined on the basis

of physical criteria alone.
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The Baqurounds Histoxrical Aspectis
Historically, many shifting problems have occurred in thehworthérn

Plains each year since the production of wheat and cattle began in the

regioh_during the late 1800°s. Only two periods in history, however; have A

wipnesséd major shifts of sufficient proportions to create national policy
problems with respect to the dire circumstances created by their after-
math, The first exodus from fhe'gorthern.glains eccurred in the years‘
intervening between the tweo wdrld.warsa This was the aftereffect of the
expansion in wheat acreagé_which occurred during wOrId_ﬂar I. In response
to phenomenal price increases accompanied by good weather conditiohég
farmers expanded their wheat acreage from 56 million in 1914 to 74 miilion

in 1919 (harvested basis}o ‘50110w{ng a moderaté cutback after the wax,

seeded acreage remained above the 60 million mark throughout the 1920°s. g/
As foreign shipments fell off, domestic production contimued to remain

above pre-war levels as advances in mechanization made it péséibie to reduce

the real cost of prodUC1ng wheat and for the moxe successful operators to
expand the size of the whéat producing unit. The great drought and de=
pression of the 1930°'s cbmbined forces to bring a second major disasteér to
the Plains. ﬂ/ A high proportion of fixed costs incurred by firms in the
a:eainecessitated éonéinued attempts to produce at maxiﬁum capacity levels,

especially since production alterhatives were practically mil in many
i ' o ! . _

g/ Wazren RI Bailey and Charles W. Nauhelm9 ”Pr@spective Adjust ments in
Wheat Farmlng s U8, Dept. of Agrio, Bur.’ of Agri. Econ. (mim@o rep@rt
prepared for dlstrlbutlon at'3lst Annual Agricultural Outleok Cofifer- -
ence, Washlngton, DoCo s October 28, 1953)9 po Lo

i/ Loca cit.
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instances. This situation was extrémely hard on small operators without
reserves as well as .those operators with high indebtedneéss brought on_through
over-optimism and high l?nd inveétments during the temporarily favorable
Eonditiqps éxist{ng during the war and:the years immediately followings

Those who weathered the lean years of the 1930°s réceived their due’
reward as history repeated itself in the 1940°s. An response to an optimum
combingtioq_of stimuli in the form of an unprecedeﬁted series of favorable
weather years and p¥ice conditions; the. sod-busting race was on agaim as
managers and speculators .again pushed back the margin of wheat productivh,
Qreaﬁér certainty with respect to price due to government non-recourse loans
made profits relatively certain as lond as the good weather would hold out.
_In'addition, as impending government acreage restrictions approached‘h‘r‘ealit\f9
operators Were quick to expand their acreagée of wheat in order té establish
as large a base as possible upon which future acreage allotments would be
based, realizing that potential écreage allotments might possibly be capi-
talized into the value of the land $hould the acreage allotment program
remain infefféct for long. ' These factors tended.to serve as impediments iﬁ
holding back the margin of wheat production in sensitive areés until drought
and surpluses Brought trouble,

Bailey agé.Nauheim have aptly summed up the rest of the historical
situations, ‘

Early in War II, farmers were urged to plant feed and oil-seed

crops and ‘to-hold down wheat acreage. Under a feed«price subsidys, -

the surplus wheat was fed to livestock. In the 4 yeaws, 1942-45,

an average of 300.millioh. bushels were féd annually--200 million

moxe. than usual. The bins were; cleaned° Beginning in 1945,

large quantities of wheat were needed for export to both allied
"and occupied countries in Europe. Prices rose and farmers increased
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plantings from 53 million acrés in 1942 to an all-time peak of”
84 million in 1949, Improved y1e1ds together with large plant-
ings have resiilted in crops of more than a Ellllon bushels each
year since 1944, except in 1951 when yields were exceptionally
low,

By 1949 exports had tapered off and large wheat stocks again
thredtened. Acreage restrictions were invoked for 1950 but the
Korean Incident abruptly changed the plctureo Demand and price’
1ncreased, restrictions were quickly removed and plantlngs again
increased to about 78 million acres.

Greatly reduced export demand in 1952 has zesulted in large wheat
stocks--about 560 million bushels. An- acreage allotmeht of 62
million has been announced for 1954 and marketing quotas have
been voted. Thls represents a 21 percent reduction from the

1953 acreage « o o 5/

:Implicatibné

| Some‘of the underlying causes and criteria for determining shifts may
be revealed by an analysis of past shifts, and may servé as a basis for a
_fbundation for present research. It would be a mistake, however, in plan-
ning for the immediate future in analyzing potential shifts te formulate
too many analogies or direct comparisons among conditions exisﬁing then and
nowa Cgitainly, the basic underlying causes would still remain the same,
but changes in their relative effects prevent direct comparisons among con-
ditions existing then and now. A rise in the general price level, technno-
logical and social changes, and changes in world outlook are among the
factors that have served to alter the general situation existing today as

cdmpared to twenty or thizxty years ago.

5/ Bailey and Nauheim, op. Cito, ppe 1, 4.
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Technological advancements in both the wheaf_and cattle industries have
servgd in effect to substantially enlarge the transition area bétween the,
- twos i.e., they have made it possible to producg wheat and cattle in areas
where their production prior to these advancements was virtually impossible.
Development of new disease and dgdﬁght.resistant, stronger stemmed, higher
éroducimg varieties has had an important efféq;,ypon wheat production. The
livestock industry hgﬁLbéeh affeg%g& by new and éaﬁter"meéné of reﬁggeta;ipg@
watei'diVéisioﬁ and ﬁéage, and.Aﬂ;éaée combating methods. Thus, the factors
which déte}mine the ‘margin at which land use is shiftéd f:oﬁ livestock to
qtop p:oduction and vice veréa:haye not only changed in value, but the réteé
at which'sUCh shifts can beiﬁade:have'élso changed. For exanmple, it bas-‘~
béen assumed befé?é that it is relatively iﬁpossible to reseed and re-
establish_xangg vegetation in anylfQASohable length of timéﬁbnce the land
has been committed to wheat prsad%tiono Ieéhnology has already begun to
shorten this'nepeésary transition period, as well as to increase the fo;ége
production potential once the shift has been accomplished.

§b'althqugh historical'incidents may bé used as guideposts to the cur-
rent §ituation, they must be tempered with relative changes }n'the-rélevant
variables involved before they will be.of value in analyzing current sh@fﬁ
potentials. |

‘Barring further outbreaks of hostilities within the next few yel‘ax;s,,
further redug?ions in wheat acreage seem likely. Now, the question arises:
how much of the préssure can be relieved by shifts to livestock production;
aﬂd when and where should such shifts occur? Moreover, are there cattle

producing ranches that should be in wheat, and to what degree wopld
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countershifts, if they could be made, affec¢t the .shifts out of wheat? In_
light of the recent flood of both pdpulat and experiment station literature
urging managers to pfoduce more grass and livestock, these are Extfemely
important considerations. .The crusaders were anxious to forestall future
dustbowls and economic catastrophes when the impending decline in postwar
interhational demand for wheat and grain exports simmered back down to
normal levels,

'Liveetock productien, in the overall pic,tut'e9 is not the panacea that
popular opinion has created as the alternative to wheat in the Northern
Plains, Ro Io Throckmoxrton sheds some light on the estimated role of live-
stock and grass in the diverted acréage problem. He éstimates that-the use
of the area diverted. from wheat in 1950 ran something like this: grasses,
12 pekcents legumes,-14; fallow, 303 other crops, 4l, 9/

There are some very practical reasons why the percent divérted to
grasses and livestock production is not greater, and will not likély become
too much greater in the future. héome.bf the more obvious of these, of
course, deal with government policies, lack of stock wate{, cépital limita-
tions, etc. Qf great importance as limiting factors are the institutional
problems, especially these related to land-tegure;‘ae well as social prob-
lems. All will be dealt with further in a later section which analyzes the

factors affeqt{ng shifting in more detailis

6/ Rs I. Threckmorton,."Beport of .Conditions in the Great Plains as of
"April 1, 1950%, cited by O. L. Mimms, "Diverted Acres in the.West®,
Proceedlngs of the Western Farm Economlcs ASSOClatlonp JUne, 19509-
p. 32,




15,

‘Even with its limited importance in the pvefall picture, the margin,
between wheat and cattle is still extremely important in the marginal areas
sensitive to shifts. Possibilities of shifting to*other alternatives
throughout the enti;e wheat area are currently being investigated in othexr’

studies.
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PART II.

DEFINITION OF THE PROBLEM
Concerning shifting problems in general,;Sherman;E, Johnson has
writtens

Too little attention has been given to the problems involved

in the shifting margins of both major and minor uses of land.~
'FrEquently the response.to the changing outlook for farm prod-
ucts is too slow to keep up with a new source of demand. And
then once the shift is started it may go too far. This leads

to maladjustments in the use of land because after major changes
have been made the process is not readily rever51ble° Z/

The purpose of this study is to investigate a methodology for delinea-

ting firms sensitive to shlfts between wheat and range forage productlono

-Wlth this relatively modest goal, it is hoped that the problem of estimating

the effects of strategic shift variables in dryland areas of the Noxrthern
Great_?lains might be made more traptable° ZBples of thumb and general cri-
teria éan be treacherous if not tempered to éake into effect the unique
conditions confronting each firm. But they do serve as direction indicators

in the planning process and, as 'such, their potential usefulness is very

great.

A, The Theoretical Framework

Shift problems within the firm are problems of selecting enterprises

and allocating resources among them in such a way as to yield an dptimuni

,Z/ Sherman E, Johnson, "Principles.of Land Utilization", John Fs Tlmmons

and William- G. Murray, editors, Land Problems and P011c1es9 (Ames° Iowa
State Collegé Press, 1950), . Ch° 8, Po 670 ~ "

T —————
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‘in terms of net farm income over time. An enterprise has been defined as

”o o o & line of production nece551tat1ng individual and distinct production

treatment“p 8/ 4 ’

Enterprise Relationships

The individual firm within an area sensitive to shifts has three alter-
natives when considefing its wheat-range forage production’patternﬁ it may
produce eil wheat, all cattle, or some combination of both. The final or-’
genization of the firm is dependent upon the relationships between the two
enterprises in light of the complete sum of environmenfal cnaracteristics
peculiar to the unit being considered.

.When both wheat and cattle compete for essentially the same stock of

resources; they are known as ebmpeﬁitive enterprises. Under tﬁese condi-
tions, and with a given supply of_:esoufces witn which the firm must be
run, an inc:eese in the total physical product of wheat (cattle) due to an
' extension of additional resources to this enterpriseé'necessitafes a de-
crease in the .total physical product of cattle (wheat), Epr-example;-if
the amount of wheat land is inereasedﬁ a reduction in the cattle herd will
be necessitated.

Two other types of relationships may exist between wheat and livestock

enterprises. A complementary relationship exists when, on a ‘given unit and

with a given stock of resources, an increase in the total physical product

a

of one énterprise is associated with an increase in the total physical

8/ Lawrence A. Bradford and Glenn Lo Johnson9 Farm Management Analys:.s9
(New York thn Wlley & Sons, Inco, 1953)9 Po 153
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product of the other. This is true even when resources are diverted'to one
by reducing input thereof in the other, as when livestock production is in-
creased at the expense of actual crop acreagéo -

Situations of complementarity Between wheat and livestock are quite
rafe in dryland shifting areas, if they exist at all. 'In maﬁy cases, it is
possible for a wheat and livestock enterprise to exist éide by side within
the same .firm, and yet present no outward indication of complementarity
whatsoever, Topography, soils, and other conditions within.the fixm may
divide the two enterprises, making them independent of each other with res-
pect to most resources, especially land. This.situation is espediélly
evident on many ranches'having a level expanse of land for wheat production,
and a rough, broken area of native range. The enterprises may still com-
pete, however, for certain resources; e.g., the purchase of a new registered
bull may limit weed spraying activities and thus decreaée wheat yields.

It is possible; of course, that Ylatent complehentaritiesﬁ:may exist
within certain units; investigations ghould be conducted to determine’such
possibilities. :If such conditions are found to exist, the firm would profit
by their.subsequent.developmento

If, within a given firm, there are resources which have a zero oppor-

tunity cost 2/, an enterprise may be added which will be of a supplementazry
nature. Supplementary enterprises do not compete for resources with other

enterprisess neither do they complement others; they merely make use of

2/"Ioeo, they have no other alternative use and hence, no other means of
yielding a potential net return. '
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resources that would otherwise remain dormant. If supplementary enter-

prises are added to wheat or livestock units, they are likely to be in the

3

form of poultry, dairy, sheep or garden enterprises and not as a supple-
mentary been project on a wheat farm or vice versa. This, of course, will

vary over time as general conditions vary, and especially as the supply of

available family labor with no opportunity cest varies.

The major type of enterprise relationship which is evident in sensitive

shifting areas, then, is a competitive relationship between range.forage-

y

livestock production and wheat production.

Ihe Theoretical Model

In general, net farm income will be increased, for a given time span,
by shifting resources from wheat (cattle) to cattle (wheét) production, if,
as a result of the resource shift.the increment to net income from the
édditional wheat (cattle) exceeds the decrement in net farm income from re-
ductions in the production of cattle (wheat)o

The model relevant to the problem concerns the product-proeduct rela-
tionship existing between wheat and cattle. The basic asspmption'pf a
pibddct—prpductjgelatiSQShip is that prices can be vafied while a éignifi=
cant portioh of the resolrces used in common between the two enterprises
can be held qonstént in type and in quantity. The basiC'thepry fOr‘QeterQ

mining'bptimum_enterp:iSe'combinationé has beeh outlined by.Héadya,ig/

lQ/ Earl Q. Heady, Economics of Agrlcultural Productlon and Resource Usem
(New York Prenticeuﬂall Incey 19527; PPs 201-275° R
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With wheat and cattle competing for a given sum of resources within

a given unit, the physical relationship between the two enterprises, or

the manner in which they substitute for each other, must be determined as
a First step in developing an estimate of the model.

There are three general directions in which wheat and cattle may sub-
stitute for each other: they may substitute at increasing, decreasing, or
constant rates.

I Increasing rates of substitution exist, if, as cattle is substituted
for wheat, successively greater sacrifices in wheat output must be incurred
in order to achieve a unit increase in cattle output, and vice versa.

This results in the concave oppor-
tunity curve pictured in Figure 1I.
OW and OC represent total output in
physical units if resources are
shifted all to wheat or all to
cattle, respectively. Curve CW
represents a continuum of various

Fig. 1 Increasing rates of combinations of wheat and cattle

product substitution between
wheat and cattle.

that can be produced with the same
(equal) resource outlay, hence, it is termed an "iso-product”™ or "equal-

opportunity' contour. The slope of the line indicates the marginal rate

of product substitution between wheat and cattle.

For example, assume that resources are being shifted from wheat to

cattle, or that cattle output is being substituted for wheat output. If
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increasing rates of substitution are valid in explaining the physical rela-
tionship between wheat and cattle, then the first unit by which wheat out-
put is diminished would result in a rather large increase in cattle output.
However, as successive constant decrements in wheat output occur, the
corresponding increments to cattle output diminish, until a decrease of
one unit of wheat output would result in virtually no change iIn cattle
output. The marginal rate of product substitution of cattle for wheat is
thus found to increase. The same situation is true iIn reverse in shifting
from cattle to wheat.

2. Decreasing rates of product substitution exist between wheat and
cattle if successively smaller sacrifices in wheat output would be required
in order to achieve a unit increase in cattle output, and vice versa. This
results in an opportunity curve convex to the origin, as shown in Figure 2.
¢ IT this situation is found, profits will
increase continually until all of the
resources are diverted to the production
of one of the commodities. Decreasing
rates of substitution are not likely to
exist throughout the relevant range, 11/

output of wheat
3. Constant rates of product substi-

Fig. 2. Decreasing rates of

product substitution between  ¢,tjon indicate constant sacrifices in the
wheat and cattle.

output of one enterprise as resources are

11/ See Heady, (E. cit., pp. 217-219
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diverted to production of the other. This

C
results in linear opportunity curve CW in
a _
-P Figure 3. 12/
*
0
The exact nature of the product-
0
I product relationship for wheat and cattle
I is open to considerable debate. The
0 output of wheat foundation for the opportunity curve
Fig. 3. Constant rates of showing these relationships is based upon
product substitution between
wheat and cattle. the nature of the production function, or

relationship between inputs (common to both) and total output, for each
specific enterprise. The sparsity of data with which these production
functions may be determined adds to the haziness of the problem. Production
functions for wheat and for cattle will vary considerably from ranch to
ranch as the determinants of the functions vary. Therefore, generalizations
concerning the approximate nature of general relationships between wheat

and cattle must be developed and interpreted with caution.

It does seem reasonable to expect, however, due to reasons to be devel-
oped later, that an area of constant substitution rates between wheat and
cattle in areas highly sensitive to shifts might be expected over some
limited range. For example, within this range, each hypothetical increm-

ental yield of, e.g., 200 bushels of wheat, brought about by shifting

12/ There 1is, of course, the possibility of a positively sloped function
over certain segments of an opportunity curve, denoting complementarity.
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resources from cattle to wheat, would reduce the cattle output by constant
decrements. '
In order for-this situation téphold true, certain assumptions must be
met. .The production functién for each specific enterprise must be either
(1) linear, oi.(g),of,suoh a nature that the increasing productivity from

one enterprise just offsets the decreasing productivity from the other. 13/

Price Considerations and the Economic Solution

.An economic Solution obviously Caﬁnot be reached merely on the basis’
of thé physical relationships previously developed. In oxder to make use
of physicallfelationships in arriving at an economic solution, a knowledge
of the price relafionship between wheat and cattle is neceésaryq This con-
stitutes the second step in reaching an estimate of the relevant ecénomic
" model.,

If the prices of wheat and cattle are known, an “isoarevénUeﬁ.line may
be constructed showing all of the possible combinations of output that will
yield the samé amount of revenue. Lines Pl and P, in Figures 1 and 3 repre-
sent.ﬁiso-revenuéW lines for two different price ratios. An ﬂpptimqu
solution is obtaiﬁed by equatiqg tlie marginal rate of pr&duct’substitutiOn
with the inverse ratio of their prices. Geometrically, the slopés of the
two lines will be equal (See Fig. 1). At this enterprise combination,
income het of the costs of resources coﬁmon to the two entérprises is made

a maXimum.

13/ See Heady, ibid., p. 208.
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For example; in Fig. 1, a high relative price of cattle is represented
by iso-revenue line P1; at its point of tangency with opportunity curve CW,

OoW" of wheat and.QC? of cattle will be -produced. fIhe opposite situation

is represented by iso-revenue line,?2a
In Fig. 3, however, it can be seen that where linearity exists over
will

wide ranges in the opportunity curve, the iso-revenue lines P, and P

1 2
intersect opportunity curve CW rather than be tangent to it. This has a
unique result in that rather than specifying an optimum combination of the
two enterprises, it specifies an.?all-or—noneﬁ solution. Resources are

diverted entirely to cattle if the price ratio is less than the MRPS as

deﬁonsfrated byv?i?, or 511 to wheat if the price ratio is greater than
- u ’
2 °

Since the solution thus far yields only a maximum of income over the

the MRPS, demonstrated by P

cost of resources common to the two alternatives, some adjustment must be
made for other resources used in the production process. ‘A general solu-
tion of this problem in the sense of-reléting all relevant resources may

'be represented by the following equations.

P - MC' ~
A c _ w Uw
VAN

- . ﬂ .
;Pc - MC
where MC®! represents the marginal direct expense lﬁ/'for wheat and cattle.

w C

«

This solution maximizes the income net of costs of resources common to -and

unique to the two enterprises.

TR

14/ Where “direct expense” refers to the cost of resdurces specific to each
enterprise, '
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If compensation is.not made for the marginal direct expenses, the
.assumption must be maéé that they are insignificant relativé to the ultime
ate solution of the problem. If adjustment is made, it will change the
slope of the p;iqe liney, the degree of change necessarily determined by -
the relative proportions of the marginal direct experises. There is no
.reason for exbecting that a linear "iso-revenue" line would result in all
cases from adjustments for direct ma;éinal costs; it is possible that such
adjustments may result in a curvilinear ise-revenue lih'e° This situation
would have a unique effect upon the character of the solution: rather than
reaching an ﬁall or none" solution, a curvilinear iso-revenue line would
specify an optimum combination of output of both products at the point of
tangency between the curvilinear iso-revenue line and the linear opportunity
curve. For purposes of simplifying this analysis, howevér, it will bé
assumed that diréct marginal costs are inconsequential and that the iso-

revenue curves are line€ar.

Effect of Non-Homogeneous Resources

Since data are riot available with which to compute actual marginal
rates of product subsfitgtion betiveen wheat and cattle, much of the rest
of this discussion will be hypothetical iﬁ hafurgo

It has been stated before ‘thdt whén lihéarity does exist in the tfahs-
formation function, it is likely to occuy¥ 6nly within a iimited production
rangé. Heady lé/ has demonstrated that when resources of two diffErent

qualities are used; the opportunity curve will have a bend in it, if each

15/ Heady, op. Gits, ps 216,
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enterprise has a linear production function within the limits of the farm.
Heterogeneity of resources, then, may cause "kinks™ in the transformation
function, indicating the possibility of various ranges of constant rates
of substitution that vary as resource quality varies, thus changing the
marginal rate of product substitution and the slope of the opportunity
curve. Such kinks may also indicate conditions of complementarity or
supplementarity in some instances. Figure 4 is a hypothetical illustration

of such a situations

Output

of cr
Cattle

0 W W
Output of Wheat

Fig. 4. Hypothetical transformation function
between wheat and cattle.

This diagram has some significant features relative to the problem under
discussion. The flat segments CA and AB represent two different ranges of

constant rates of substitution as resource quality changes. BW represents
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a possible range'of supplémentaritys an opera?or producing wheét at maximum
capacity,Qw could also produce O@C" of cgttle ﬁith the same reSoqchso A
similar range of supplementarity existing for wheat is unlikely.

At point A on the opportunity curve of Figs. 4, OC' of cattle and OW'
of wheat would be produced. This points the way to possible combinations
of .enterprises as ratios change, rather than é complete immédiéte shift over
to.the other extreme. Eor example, if prices-change so that the slope of
the iso-revenue line is less than segment AB of the opportunity curve but
still_gréater than segment CA, the likely result will be to prodUCe wheat
and cattle in combination as suggested above. Then as the price ratiq
reaches a slope that is less than that of CA,’a shift entirély to cattle
would occur. This same process would occur in revérse if the shift is made

from cattle to wheat and price ratios change in the oppésite direction.

Time Considerations and the Non-Reversible Opportunity Cuxrvé

Thus far, the analysis has implied that the opportunity curves are
reversible; i.e., that shifting can occur from wheat to cattle as easily
as from cattle to wheat. In the f;ong run"“..9 given tifé for cOmpléte re-
source adjustment, this is possible. However9 at any given point in timé,
the opérator shifting from wheat to cattle is confronted with a different
schedule of opportunities than the operatdr‘shifting in the opposite diféc=
tion. The solution thus far achieved also assumes static price relatioh-
ships over time, anhother unreaiistic agsumptions

Consequéntly; the préceding analysis has set forth the opportunities

!

confronting a manager with a given sum of res6urcés before they are committid
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to the specialized production of either wheat or cattle or some combination
of both. The opportunity curves of Figs. 1-4, then are long run opportunity
curves. 16/ Once the resources are committed, the operator no longer is
confronted with the same opportunities, and the short run opportunity
curves become the relevant tools for decision making within the firm. This

situation is graphically illustrated in Figure 5.

C

Cattle
output

Wheat output

Fig. 5. Short and long run opportunity curves
facing firms sensitive to shifts.

Assume that long run opportunity curve CW as shown in Figs. 4 and 5
is relevant in explaining the physical relationships existing between wheat

and cattle within an individual hypothetical firm which initially is capable

16/ See Earl 0. Heady, "Uncertainty in Market Relationships and Resource
Allocation in the Short-Run™, Journal of Farm Economics, Vol= XXXII,
No. 2, May 1950, pp. 244-249.
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of specializing in the production of either commedityo- Before any resources
are committed, the entrepreneur of thie firm is faced wi£h long run oppor- _
tunity or plannihg curve CW; he may select any combination_of outputs repre-
sented on this continuum eed produce them with the same supply of fesouices
common to.both enterprises.,

If he ﬁas chosen to specialize in cattlelpronCtion,‘howeverg the
short run schedu;e.of choices with which he is confronted is no longer
represented by CW, but is depicted by,sﬂort'rﬁh opportunity cuxrve Gwlg__zhis
indicates that in the .short rdn it may be possible to increase wheat pro-

duction from nothing to le by diverting resources from cattle to wheat.

‘This 1is possible because of the relative ease with which herds can be cut

\
back while rangeland is plowed and seeded to wheat. It is possible that a

complete shift from wheat to cattle would occur during one §e§r9 This would
involve a considerable sacrifice in nonsalable spéecialized livestock build-
ings and equipment, especially on large unitéa«.Assuée,that the entrepren-
eur chose the combinetion of products represented by point (a) on the long
xrun opportunity curve. ll/ Then, with a smaller cow herd, and seme special-

ized grain producing equipment already available, it would be relatively

_easier to further increase Wheat output. It would become‘increasingly,

easier to make a complete shift all.at once as combiqetions (b)9 crue,

17/ Actuallyg according to previous definitions, point (a) would represent
an irrational enterprise combination from the standpoint of maximizing
income. Because of linearity, the operator would ideally produce only.
.at G, C'W’, or W as the iso-revenue curve changes., It may be necessary
to produce at a temporarily 1rrat10nal product cembination in order to
reach -an “optimum! position,
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(c), and (d) are successively réeached.

On thé other hﬁnd, assume that the entrepreneur had diverted all re-
sources to wheat_brdﬁuctionou Tﬁen his economic position would be maximized
by producing OQl'pf cattle, (since cattle are supplementary within this
limited range),,andfow of WheatP. At W29 however, the immediate shbrtirun
potential for increasing cattle output beyond the supplementary range is
practically nil, This, of course, is due to the time lagmrequixed for
shifting“from wheat to livestock which results from the 3-4 year minimum
time span for reestablishing the ranges and building up the herd. Thus, it
would take a minimum period of 3-4 years, depending on many condition$ such
as weather and priges%ﬁto move from W or‘Wé to C on the long run opportunity
curve. The relative difﬁiculty involved in ‘shifting from wheat to cattle
is represented By the horigontal segments of the short run opportunity
curves,

It must be emphasized that the short run opportunity curves ;épresent

the .same total resource outlay as the long run curve. lé/

The,prdblem of unequal time spans for .resource shifts in opposi te

~directions is one of the most difficult problems encountered in making

analyses of shifting situations. It is one of the major reasons why more.

shifts are not méde from wheat to cattle.

Size Considerations

Size of unit is an extremely important consideration in évaluating

l§/ See Héadyg Economics of Agricultural Production and Resource Use,rébq
citey po 247, ‘ ' T '




3l.
potential shifts. For exgﬁpleg,it is common Knowledge that more acreage
islrequi;ed for a livestock ranch_than & wheat farm in order to achieve an
equal income. Thus, it may be possible, or even desirable9 under given
circumétances, to shift small and uneconomic livestock producing units into
wheat production or productibn of some other crops whereas it would be im-
possible to shift a small whéat producing unit inte cattle production at
current or prospective prices. It is possible that such shifts may occur
over time, despite the economic consequences, by developing livestock as a
supplementary enterprise and extending it into the competitive range of
relationships. ‘Certainly.some adjustments of size are necessary in many
circumstances in order to establish an economically sound -unit.

Very little:is known about economies of size on wheat and cattle
ranches in the Northern Creat Plains, but a few ideas and hypotheses do
exist. Kelso has stated that:

- o o within rather wide limits, costs and returns’in cattle

ranching are almost directly proportional to numbers of AU

run. The limits are roughly between 150 AU as a minimum' and

600 AU as a maximum. Within these limits the operator with

incidental hired help can do all the labor. Beyond 600 AU

it rapidly becomes a management proposition for the operator

with practically all hired labor . . s about 90% of all ranches

fall within the sizes . . » mentlonedo 19
If the carrying capacity of the range is known, then, an area of constant
-costs for the firm can be established.

The same thlng is true, generally, with wheat farmlng, except that cost

econpmies may exlst over a greater range of size. Heady writes:

19/ Mo. Mo Kelso, How. Much Can a Cattleman Pay Per AU For a Cattle Ranch?
unpubllshed mine6; Montana - State College, January 299 1949,

m——raar ey
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Aﬁalysis of available engineering and cost daté9 however, makes

‘it fairly evident that the greatest cost economies associated

with units of different sizes are to be found in crop production

where power units and machine combinations of high capacities

can be substituted for labor and fixed costs can be spread over

a large acreage . . . Large-scale cost advantages stand to be

greatest in grain farming regions such as the wheat areas of

the Great Plalns o o o 20/

There is little, if any, empirical data with which to formulate a
definite area of constant costs for wheat faxmirg. Possibly such a range .
might exist between approximately 240 and 1000 acres, with units of under
240 acres still producing in varying areas of decreasing cost situations.

Heady and Shaw gl/ have reported that the sum of elasticities of re-
sources used on Montana'dry land crop farms is not significantly greater
than 1.0. This would imply that there would be a substantial area of con-
stant returns and subsequent linear production functions;

A comparison of size requirements may be shown by Flgo 6o Clw19 o o o
C W represent opportunlty curves for wheat and cattle productlon (51m11ar
to those shown in .Figures 4 and 5) as resources common to both of them are
increased by equal increments. Cpnsfant returns for wheat production are
evident right from the start, as shown by the equal increments to output
beginning with'wl on fhe'x axisol However, the same supply of resources

would still leave an entrepreneur in ‘the increasing returns area for pro-

duction of cattle. Successive increments to resources common to both would

20/ Heady, 1b1do, Po 3690

21/ Earl Os Heady and Russell Shaw, YResource Returns and Productlvlty Co-
efficients in Selected .Farming Areas“, Jburnal of Farm Economlcs Vol,
XXXVI No° 2, May 1954, p., 246,




Cattle
Output

Wheat Output

Fig. 6. Effect of added equal increments of resources (common to wheat
and cattle production) upon outpute



34.

produce further constant increménts to wheat output, but resources must be
substantially increased until output level Qlf,is reached before the cattle
rancher will bée carried out of the production stage of increasing returns.
The increments to cattle output will gradually increase; and then become
constant when a size of unit considerably greater than the minimum size
required to induce constant returns from wheat farming has been reached.
‘Thus, changes in relative prices would have different effects upon

firms of different size.

B. Variables Affecting Shifting

_In general, it may be said that thetre are three categories of environ-
mental factors which, when considered together, comprise the whole of the
environment facing the individual firm., These categories deal with the
physical environment, the economic and social environment, and the techno-
logical environment. Since they determine the position and slope of the
relevant production fuﬁctioné, £hese factors in turn determine the position

and slope of the opportunity curves.

. The Physical Environment

First of all, each firm is confronted with a physical or natural envir-
ohmen£ which establishes the outer boundaries of possible production alter-
natives as well as thé physical production potential of what is actually
produced. Thus, the ¢omplex interacting network of physical factors deter-
mine not only what can be produced; under given &§ituations, but also how

much or how little can be produced with the farmer's given supply of resou¥tes.
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. The physical factors which superficially seem to be the most important
in determining shifts are those rélated to"climate9 s6il and topography.
Climate at oncé poses a number of interesting problems aﬁd questions.
The most significant of these are related,to'the variability of the weather
around the critical level for plant growth and survival. The extremes of
weather phenomena-~droughts, blizzards, hailstorms, etc.--are the most dis=
astrous. They are also the most difficult to predict. The effects of
moisture variability are especially important. About the only thing that
can be stated with any degree of confidence concerning the weather is that
dry and wet years tend to follow each other in bunches. According to Clawson
and Hochmuth,
It is a well-known fact that variations in precipitation do not
occur randomly, but that dry years are freqiiently found assoc-
iated together; and wet years likewise. During onhe of these
periods of dry years there may be an occasional year when pre-
cipitation is above.average. There will likely be considerable
year to year variation in precipitation., It is not unlikely
that a series of years with an annual precipitation averaging
less than the long-time average precipitation will have occa-
sional wet years. The occurrence of a few wet yéars in a dry
series may mislead many people as to the seriousness of the
numerous dry years. Similar considerations are pertinent
when precipitation exceeds the long-term average. 22,

Some of the more important aspects of weather to be considered in rela-

tion to their effect ubon shifts are precipitation, temperature, and length

22/ Marion Clawson and Harold Hochmuth, Economic Use and Administration of
a Fluctuating Forage Supply; U.S. Department of Agrlculture9 Bureau 5f
Agricultural Economics, Berkeley, California, DeCember 1941, po 13,
:See also, Marion Clawson, "Sequences in Variation of Annual Precipita-
tion in the Western United- States"s Journal of Land and, PUbllC Uflllty
Econemics, VOlo XXIII Noo 3, August 1947, Ppo. 272287,
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of growing seasbn°

The presence or abgence of moisture is a vital factor in spelling'the
subseduent success or failure of ranchers in the Northerﬁ Plain;o It is
well known that wet years; coupled with favorable pnces9 Wlll cause the
margin of transference from dry land range to wheat to be extended farther N
out into the qritical areas. One report has estimated that du;ingithe 1948-
532 period, 5.0 millibnxaéres or more of grass and othex landvpreviOQSly
somewhat stabilized was transferred to cropland and fallow to take "advantage
of the ‘favorable conditions. This repreésented an increase in cropland of
approximately 16 percent in the Mountain States. gg/ Due to the high fixed
costs of mechanizatidn'for wheat production and the time lag réequired for
a shift back to cattle, during which income will be limited or nil for
several yéa:s, much of this land will continue undexr capacity_operatiqn
until drought fordés the operators to make a change in production., Then,
policy problems will résult aé land is abandoned due to these and otﬂex
reasons such as poor sc;ii9 etes

It is not possible to select a critical level of rainfall which will
apply to.thé'area as a whole in sexving as a measuring stick for shifts.
The area is characterized by a semiarid climate, with rainfall in most areés
ranging from 10 to 20 inches. Yields at a given ievel of preéipitétiéh will
necessarily vary fronm area t6 area due to changes in fates of evaporation,
temperature, soil types; ground cover, prevailing winds, etc. .A§ ah

TRT)

23/ Ho Ho Wooten, Major Uses.of Land in the Unlted States, U.S. Department
of Agriculturey Washington, Do Gos Technical Bulletin 1082, Octebel 1953,
p. 93
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illystration of the contrasting requirements of different areas, it has béen
found that wheat can be gréwn in central Wasﬁington 6n a lower annual rain:
fall than any place else in the United States. Thé arid limit in this se¢-
tion is about 9 inches per year, the rains coming in thé winter and spring
when the evaporation is at a minimum. In central Alberta9 ‘about 11 inches
of spring and summer rain is required. In western Texas9 where the summer
temperature is 20 degrees highef and with much the same seasonal dist:ibuu
tion of rainfall, about 19 inches of precipitation marks the arid 1imit. gi/
:Any shifting decision based on rainfall will necessarily have to be evalu-
ated in terms of the complete array of lécal conditions.

Not only is the total annual precipitation important, but also the
séasonal precipitation is of extreme significanc_e° A high level of annual
rainfall that comes at the wrong time for promoting plant growth is of little
benefit.. One study.has indicated thatfthe_ManyUne rain may be thé most
important to wheat yield. gé/ It also indicated that aﬁ increase of 1 inch
‘of rainfall in this period would seem to increase yield by 3 bushels. In
.July, 2 inches of rainfall was found' to be required to maintain growth and
yield set by the May-June rainfall. More than this critical amount of rain-:
fall will again boost yields. Reasons listed for the importance of this
pre-season rainfall were that iﬁ penétrates deeply; evé@brateé-sloleg and

J— S - f o e——

24/ Harold D. Hugheg and Ediin R, Henson, Crop Production, (New York: The
Macmillan Company,- Repmnt9 1948), p. 441,

25/ George Ws Robertson, The Climate of Alberta‘’s Soil Climaté Zone II as a
Factor in Ordp Production, unpublished M. S thes:Ls9 Univexsity of Albexta,
1948,




380

conditions the subsoil for the siicceeding year, particularly where rainfal;
is low during the growing season. gg/

It has been found in other studies that yields, up to a certain po?nt,
appeai to be proportional to the quantity of water above the minimum re-
quirements for ¢rop production. Thus, a precipitation of 14 inches would
produce, not one-sixth more, but double the yield produced by a 12-inch pre-
cipitation, as there would be twice as much water above the minimﬁm require-
ment., gz/ This would indicate a possible Iinéa;‘relationship over a limiQed
range. The depth of the moisture in the ground at seeding time has been
found to be a rather effective indicator of a rough estimate of the yield
that may be expected. |

Another character of rainfall affectinglcrop growth is its intensity,
One s£udy points_put fhaf under ceitain conditions, especially on clay\soilsg
showers of less than 0.15 inch are of no value in increasing soil water. gg/
qu{ as very light‘raihé'ére of literally no value becausé of'rapid evapora-
tion, very heavy rains are of ifMited=walue for the seil is o6ften unablé to
absorb much of the moisture.

Hurtt, in analyzing Weather Bureau records from the Miles Qify station

over a 62-year period (1878-1939) reports that the anrual average precipi=

26/ Loc. cit.

gz/ 0. R. Mathews. and John S. Cole, “Special Dry Farming Problems®, 801ls
and Men, U, S° Department of Agriculture Yearbook, 1938, p. 684.

gg/ Fo. Shreve,'“Ralnfall as a Determinant of Soml M01sture“, Plant World,
Vol XVII No. 1y 1914, pp. 19=26.
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tation of 13 inches falls into two distinct groups. 29/ He has classed the

normal distribution of rainfall throughodt the growing season as follows:

Inches Percent

Apriloéooooooo;ooooooopoooooooo 1005 ll
May 2,04 22
June 2,57 . 28
July ’ 1.51 17
August 1.06 12
September , 095 10

Totaloooo 9.18 100

Sources Loc, CGit.

In further analysis of the 62-year record, Hurtt indicates that:

o o oif total rainfall is less than 70 percént of the 9.18-inch
spring-summer average, or 6.4 inches, the effects on range are
usually so serious as to cause a condition of drought.

o o o Frequency of drought is one of the most significant fea-
tures of the 62-year record. . . Thirteen years brought drought
conditions., Nine years fell below 6.4 inches of growing-season
rainfall. A tenth, 1917, came close to 6.4 but had rather well-
distributed-rainfall. Four years, 188l, 1890, 1900, and 1937,
received more than 6.4 inches of rainfall but had foux or more
very dry months during the growing season and were considered
drought years. The Miles City average of one drought in 5
years is a typical example 6f noxrthern Great Plains weather,
and is substantiated by a 60-year record, ending in 1939, at
Havre, Mont., not far from the Canadian border and about 250
miles northwest of Miles City. gg/ '

The critical level of rainfall is thus somewhat lower for rangé forage

.production than for wheat. The type of vegetative cover fouiid in various

29/ Leon Co Hurtt, Managing Northern Gréat Plains Cattle Ranches to MiRimize
Effects of Drought, U.S. Department qf- Agrlculture Circular No. 865;
Washirigton D°C09 Maxrch 1951, p. 2.

30/ Hurtt, ibid., ppo-2-3.
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areas serves as an indicator of amount of rainfall.

Just as there is an optimum amount of precipitation for each type of
vegetation, there is also an optimum mean temperature. Temperatures below
or above these critical values retard growth through retardation of chemical
action or excessive transpiration, respectively. Associated with tempera-
ture in determining the effectiveness of available precipitation is wind
velocity. Optimum temperatures are especially important to fall and spring
seeding, and to calving and lambing operations. \

The length of the growing season measured by thé averagé number of
consecutive frost-free days is likewise significant in determining thé_pxe»
dicted success with which wheat can be grown in marginal aééaso The Nofthexn
Plains has a fairly short, but variable, growing season; nécessitating the
adaptation of plants with a relatively short period required for seed matur-
atioﬁq Extremely late spring frosts and early fall frosts are not uncommon
and may cause niuch damage to the feed vaiue of fall range, or to seéd matu-
ration, and %o early plant development in the spring., The average 1éngth
of the growing season for Montana_over the years rangés from 80 days in
~Powell County to 156 days for Custer County. 31/ In general, normal plant

growth requ1res a mlnlmum frost free seasﬁﬁ“bf 90 days° 32/

gi/ Montana Department of Agriculture Labor and Industry, Montana Agricul-
tural Statistics, cooperating with the U.S. Department of Agriculture,
Bureau of Agrlcultural Economics, Helena, Montana, Vol. II, 1948, p. 1ll.

32/ William E. Maughan, “"Supplementary Climatic Notes For Montana", Climate
™ and Man," U, Se Departmént of Agriculture Yearbook 1941, p. 966.
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Climate has been emphasized because of its extreme importance in deter-
mining the production pattern:of the Plains. Various studies have been made
in an attempt to discover some key to the weather cycle in the region, in
order that disastrous results of future droughts and adverse weather phen-
omenon might be reduced to a minimum. §§/ Common, but erronecus, also, is
the belief, fostered by 10 years or so of geod rainfall, that at last the
weather in the Plains is changing permanently. The uncertainty and weather
risks that are brought by the weather are major factors in causing resource
mis-allocation in the region.

Soils -- Climate, together with the nature of the parent material and
the type of vegetation are the major determinants of the type of soil that
exists in a region. The condition of the soils of the Plains has been sum-
‘marized as follows:

The soils of the CGreat Plains have a superficial appearance of

uniformity, particularly on the more level lands. They vary

widely in their productivity, héwever, even within small areas,

While they are generally fertile, they exhibit wide diversity

in their texture, their depth, and their water-holding capacity.

Almost any of them will produce fairly good crops in wet years,

but in dry years only those that absorb and hold large quanti-

ties of water and resist wind erosion can be farmed successfully. §ﬁ/

Ion exchange and subsequent leacﬁing has been limited due to light rain- .

fall, and few of the natural elements have been lost. Many areas have a

33/ M. A. Bell, Probable History of Seasonal Cropping Conditions in the

" Havre Area As Shown By Tree Ring Growth, 1784 to 1949, Chart Neg. No.
T60B, Northern Montana Ag. Exp. Sta., Havre, Mont. '
And R. A. Dightman and M. E. Beatty, "Recent Montana Glacier and Climate
Trends™; Proceedings of the Montana Academy of Sciences, Vol. XII, 1952,
pp. 127-139, ‘

§ﬂ/ Bennett, et. al., "The Problem: Subhumid Areas®™, Soils and Men, U.S.
Department of Agriculture Yearbook 1938, p. 69.
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very shallow, rocky soil which is unsuitable for crop productioh since soil
nutrients for producing an adequate crop are usually lacking. Some measure
of soil productivity is essential in analyzing a potential shift, as well
as a good knowledge of the structure and water-holding capac;ty of the soil.
§oils with a poor moistUre;holding ability aré poor risks in areas close .to
or chronically below the danger zone for adequate rainfall.

The type and condition of the soil is also a vital fac¢tor when consid-
ering potential range reseeding operations. Impervious seils incapable of
absorbing available moisture may dry to depths below those from which the
plant derives its water and nutrients, and thus render range forage produc=
tion impossible. A well developéd soil will make a more efficient use of
available moisture, and will thus increase the ease with which reseeding
operations can be conducted, as well as decrease the time lag necessary for
establishing a good stand of grass. Some soil types are so erosive, ster-
ile and rough as to render reseeding impossible. §§/ The diversity of types
of soils in the region.makes it all the more impoFtant to make a complete
analysis of the soil groups of the individual ranch before ultimate shift-
ing decisions are reached.

| Topography--Topography refers to the slope and contour of the land;
i.e., the "lay" of the land. Topography and “roCkinesz,of land dete#mine
(1) the possible degree of mechanization that can be achiéved for crop pro-
duction, and (2) the reqqirements and availability of stock water.

§§/ Laurence A. Stoddart and Arthur D. Smith, Range Management (New Y01k°
' McGraw—Hlll Inc., 1943), pp. 58, 59
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In many instances, shifts from whéat to cattle could probably be made
except for the limiting faétor of stock.water. In a study made in 1949,

60 wheat farmers were intexrviewed ¢oncerhing their plans if a 25 percent
cut in wheat acreage were to go into eéffect. Out of 60, 27 reported that
they could not shift to liyeétock due either to lack of pasture or of water.
Lack of water alone accounted for 19 impossible shifts. 36/

" The stock water problem is intimately rélatéd to the problems of both
moisture and topography. Moisture in the form &f available stock water
supply is a necessary factor in setting up a livestock operation. It is
well known on the Plains that he who controlé the water also controls the
range. The amount of water‘andwnumber of watering holes necessary depend
upoﬁ the conditiohs of each particular grazing uait. In very rough country,
cattle should not be forced to go more than'l/2 mile for water,-but can"
.travel. from 2 - 2% miles in flat country. This WGULG require a water hole
for every 1-20 sections dependiiig upon the topogfaphy. Cattle will require
on the average about 10 gallons of Wwate¥ per days §Z/

In summary of physical and natural conditions affecting shifts, it may
be said that the diversity and infinite variation of Weatﬁer conditions pose
as very powerful variables in determining the pattérn 6f production to be
carried on in the Plains. It may be that they overshadow many of the econ-
omic and social fa;tors in their importanée relative to the problem of
analyzing pbﬁgqtial'shiftsa

§g/ 0. L. Mlmms,_"Dlverted Acres in the West", Proceedings of the Westerh
Farm Economlcs A55001at10n, 1950, p. 83s

37/ Stoddart and Smlth, 0ps, Cites po 319.
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The Economic and Social Environment

tSecondly, the firm is conffqnted with an economic and social environ-
ment.

As 2 result of specialization and commercialization, %he farmer is
directly concerned with costs of production and prices of output, since hig
goal is either that of increasing the level oxr reducing the variation in net
fafﬁ income, of some compromise between the two. o

Fluctuations and difficulties in predicting accurately the pattern of
prices extending into the future makes this area of analysis particularly
difficult. Trends into the future calculated on the basis of previous data
are risky. But use of outlook and price data available as evidence for
decision making is certainly better than a blind stab in the dark. Time
series of past prices are particularly helpful in analyzing price variation
and consequent variations 'in net farm income.

§ize has already been briefly discussed iﬁ connectien with thé econ-
omic model for the study. It is nebesSary to note some social implications
of size, however. ‘Society has been a major conditioner of the size of unit,
especially in the Great Plains. IhrOQgh policies designed to establish
famiiy farms on land alienated from the public doméin,‘many less than
optimum-sized units have been established in the area. This has been the
basis for many of the policy problems confronted by administrators. Assoc-
iated with total size of unit is the problem 6f écattered holdings, which
in and of themselves may prevent shifts due to difficulties encountered in

managing such units.
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Related to the economic and social environment is the significant prob-
lem of tenure. Oftentimes tenure conditions may be the.major reasoh for
preventing othérwise desirable shifts. Landlords with no other means of
income are reluctant to undergo a threé-or four-year transition period in -
shifting back to grass and livestock. Certainly the ratio of leased land
to total acreage operated has an important bearing on who makes the shift-
ing decisions and why they afe made.

The personal quirks and psychological make-up of the farmer has a great
deal to do with shifting. Personal preferences based on past experiences
may create a possible divergence between a private and social optimum, and
in a sense, are a social cost as well as an addéd opportunity cost to the
producer. Some managers, by their very nature; are more readily convinced
of the desirability of undertaking a risky shift, whe¥eas their neighbor
down the road would never even considerVSUCh a mové.

Capital limitations and financial. consideratiohs may prevent shifts,
despite favorable outlook for dﬁdertakihg them.

Isolation and sparsity of population has always been a major factor in
determining land use. Laék_of échools in remote areas is a significant
factor in liﬁiting the adoption of a yéar-around range and livestotk opera=
tion on a dry land wheat farm. Wilsoh §§/ has indicated that about 25 per-
cent of Montana dry land wheat farmers iﬁlone area studied live in town

either part or all of the year.

38/ Unpublished data from a survey of 400 farii families in 19 8chool dis-
tricts, from a study in progress by E. A.Witigon of the Mohtaha Agricula
tural Experiment Station, cited by Mimms,.og. ¢its; p. 33.
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The Technological Environment

The technolegical environment, although influenced to a large degree
by caéital availability, is so0 impoftant that it warrants separate, .even
though brief, consideration.

Not only doeg technology decréase the time $pan necessary for shifting
from wheat to livestock, but it also has some important aspects in relation
to the efficiency of production of séparate commodities. ‘Pftentimes, rathexr
‘than shifting, it may be more profitable from the long run point of view to
adopt new practices or techniqies in producing either range and/or livestock
or wheat. .Oftenfimés, this possibility is overlooked of_minimizede

One of the most important features of technological considerations is
the conﬁribution théy make to timeliness of operation, making it possible

to get the right thing done at thée right time more often.

Cs Summary

A compiet¢ analysis of all o6f the variables relévant to the problem
situation could probably never bé achieved. Aithough much of. the precéding
is descriptive in nature, the point to be emphasized here is that in éreas
of sﬁch complete uncertainty as thé marginal areas of the Great Plains, a
systematic recognition of the strategic factors is hecessary in érder to
minimize theé risks of operation. All of the enterprises and all of the faé-
tors must be considéred together; with their collective &ffect upon the fazw
firm over time. This is a difficult task, but it must be accomplished in as

néarly complete fashion as possible.
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D. The Hypothesis

The outstandiﬁg implication from this brief survey of the economic char-
actéristics of firms in the area and the ehvironment within which they operate
is that, for ﬁany, decisions as between the production of wheat and rénge |
forage are determined, over a significant range, by non-price factors; Aé a
.consequence of this, the hypothesis to be tested might be set forth as follows;
Eirms'sensitive to shifts between wheat and range forage production may be

separated from those which are not on the basis of non-price variables.
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PART I1I.

EMP;RICAL INVESTIGATIONS: TESTING THE HYPOTHESIS

Careful adhérénce to.thefnature and essence of-the hypothesis to be
tested is a prerequisite to establishing empirical models for testing it.
The hypothesis to be tested in this study 22/ concerns whether or not firms
sensitiv? to shifts between wheat and range forage production can be deline-
ated from those that are not on the basis of nen-price variables.

In a major sense, the elements of fhe hypothesis necessitate the estab-
lishment of a dichotomous classification; the testing of this hypothesis
would require a technique for classifying ranches or areas into either one
of two types of agricultural production. The problem of land classifica-
tion according'to best use is an old probiemhand needs no review here. It
is usually diffieult to make an exhaustive type of classification ﬁifh such
a procedure. The overlap between groups is likely to be substantial, and
subjective judgments may reduce the value of such a classification.

In comﬁarison with other techniques, the statistical method of‘dis-
criminant analysis appears to be a pfomising device for approachiné the
problem. The similarity between it and the standard multiple regression
fechnique is substantial, and consequently some of their ch;r;cteristics
will Ee compared at various stages in the analysis. The major difference
between the two, héwéver, may be noted at the outset. Multiple regressicng

if used in this study, would require that.the dependent variable (type of

39/ See p. 49.




49,
agricultural productibh) be quantitatively expressed; whereas discriminant
analysis would merely provide an index as the basis for a two-way classifi-
cation. Thus, it may be possible to o6btain results from discrimant analysis
that are more significant than could be obtained from multiple regression
due to the efficiency of obtaining an "either-or" answér rathér than quanti-

tatively expresséd results. _ ,

A. The Linear Discriminant Function

Although the discriminant function has had fairly wide application in
the natural sciénce field, its use has been limited in economic and socioa
logical investigations: The‘investigator is$ unaware of aﬁy‘épplication of
this technique in the field of agricultural production é&conomics research.
Although_the technique itself is not new, the fact that it has never been
used yet in farm management analysis justifies its use frém a purely eéxperi-
mental point of view, especially when its attributes are cohsidered in coh-
nection with the problem at hand. Thus, the potential usefulness of the
discriminant function in testing the hypotheses 6f the study is anéthe®

hypothesis in and of itself.

Review of Work Previcusly Done

The discriminant function itself is related to that area of statistisal
analysis dealing with the use of multiple measureniénts in discriminating
amofng groups.

The first work on discriminant analysis appeared in 1936s It was the
preliminary result of afi éffort by Rs A: Fisher to devéiop a more refined

6lassification tool fof the purpose of ¢laésifying plant spetimenis into
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two groups on the basis of several measurablé variablés ceiimon to each
group. ﬂg/

It is natural that such a tool would be developed in the biological
fields, where there are many difficult taxonomié probléms, but also where
father refined measurement techniques have béeh devised. ﬁhere classifi-
cations are e*tremely precarious due to a Substantial améunt of overlap
among groups on the measurements made on éach group, there is need for a
refined classification tool which can réduce this overlap. Ordinarily,
problems of this type are treated statistically by testifng the null hypoth-
esis to see if there is a significant difference between sample means.,
Such a method leaves much t6 be desired in that it does not take inte con=
-sideration the effect of mére than one character or measuremént on each
group at a time, nor does it cgnsider the interrelation of & wider range
of relevant variables, ﬂl/ |

Cox and Martin ﬂg/, in a rather widely used example, used & discrim-

inant function in classifying soil $amples into two groups; those containing

40/ R. ‘A, Fisher, “The Use of Multiple Measuremefits in TaXonomic Problems",
Annals of Eugenics, Vol. VII, Pt. II, (1936); pp. 179-188., Fisher's
work on discriminant functlons was culminated in twoe Further papérs
published in the Annils of Eugenlcs° “Statistical Utilization of
Multiple Measurements™, Vol. VIII (1938), pp. 376-386; and "The Pre-
cision of Discriminant Functions", Vol. X (1940), pp. 422429,

41/ Palmer O. Johnson, Statistical Methods in Research, (Néw York, Préntice=
Hall, Inc., Second printing, 1950), pp. 343-344.

42/ G. Mo Cox and Ws P, Martin, "Usé of a Discriminznt Fusiction for Diffeps
entiating Soils With leferent Azotobacter Populations™, Iowa State
College Journal of SC1ence, Vol. XI (1937), pp. 323-331.
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the organism Azotobacter, and those without. Three sets of measurements
were taken on each of two groups; one of which contained the organism
Azotobacter, and one of which did not. Measurements taken on each of the

286 samples studied were:

X T pH
X - amount of readily available phosphate
XB = total nitrogen content

Then, by computing a discriminant function, and testing it for statistical
significance, these three characteristics in linear combination were found
to discriminate quite accurateiy‘between the two types of soil studied.

Outside the natural science fields, the use of discriminant analysis
has been extremely limited. Two studies made in the field of economics
warrant brief mention. In the first application, the method was used by
Durand ﬁg/ in analyzing a set of financial data to arrive ap a classifica-
tion of good and bad loans. In the second instance,"it was used to distin-
guish between the prices of pfoducersf goods and' the prices of consumers’®
goods on the basis of certaip,measurements connected with their béhévior
during the business cycle. fﬂ/

This sketchy sampiing of the work done with discriminant anaiysis'will

serve to illustrate the possible applicétions of the tool as a classification

e . s -

L

43/ D. Durand, “Risk Elements in Consumer Installment Financing", Financial
Research Program, Studies in Consumer Installment Financing 8, Natienal
Bureau of Economic Research (New York, 1941), p. 125.

gﬂ/ G. Tintner, "Some Applications of Multivariate Analysis to Ecchomic
Data", -Journal of the American Statistical Association, Vol. 41 (1946),
po 4760 : !




520

method having potential merit in the field of agricultural economics. ﬁg/

The Empirical Modél

Assume two samples of n; and n, observations upon which p variables
Xlaoeocequ can be measured in each sample and that the observations are.
classified into.two groups: n; in (currently) dryland crop areas and n,

in (currently) range livestock areas. -With these data, two heans for eachy

variable can be computed, since X ooaneX variables are ¢ommon to both

P
samples:
. , - n,
(1) z = 1 n and = L = X,
Slw H Xl_ lc n2 j=1 J
1 i=l 1
_ 1 y A
X = ny = . - 2 2 .
“pw 1 =1 xpl XPC n, = PJs
j=1

where the subscripts w and ¢ identify the variables Telated to wheat and
cattle units, respectively.

A series of differences between means i% then computeds

(2)

d = X -X

1 xlw flc '
i = % -%X
N

45/ For another very recent study in the natural, science field; sée R: S.

~ Bigelow and G, Reimer, "An Application of the Linear Discriminant
.Function to Insect Taxonomy", The Ganadian Entomologlst Vol. LXXXVI9
No. 2, Feb° 1954, pp. 69-73.

(continued on following page).
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The -basic problem now is to sét up & function of the type:

_ P
z = = aka s OF,
k=1

.?-- aixl'i-azxzf'ooo+akxk+ooo'+ap~xp
Wheres ' - .

k = variables (lys00.p)
Z = a type of index number for discriminating
between groups after a critical value of Z

has been determined.

“Xk = p variablgs Xi.....xp

the computed coefficient of the kiR variable,
showing its relative weight or 1mportance in
determlnlng the value of Z.

The principal virtue of this tool which makes it especially adaptable
to this study is that it will establish a linear function or combination of
the variables that will distinguish betweén the two groups better than any
other possible linear function of the samé variables, provided that it is
statistically significant. |

By maximizing the ratio of squared differerices between the heans of
Z for the two groups tq the within grbuﬁuvariatioﬁ of Z's, the foundation
is established for computing the a, coefficients. The maximizatioh of

this ratio leads to a set of simultaneous equations, as demonstrated

(concluded from previous page).

For those interested in doing actual work with discriminaht andlysis,
two bibliographies ake invaliables George Ws Brown, #hHiscriminant Finctiohs®,
Annals of Mathematical Statistics, Vol. XVIII, No. 4; Ded. 1947; pp. 5id=527;
the other appears in Palmer As Johnson, ops cit.s pp. 356-357:
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originally by Fisher, solvable for éko These equations are of the general
forms
. Sllal + 812'32 + ooo+ 31pap = d].

.,‘S]_Qal + %2232 + .o o Szpap :_.d2

s
g o
- °

Slpal + S2pa2 + ° oo"" Sppap

where_the §?s denote the pooled sums. of squares and products within groups.
The a,'s as computed are proportional to the estimates of the coefficients
which yieid a Z to serve as a basis fgf discriminating combinations$ of
variable values into orie'ofitwo gioups.
A test of statistical significance must now be employed'in order to
have a basis for accepting or réjecting fhe linear discriminant func¢tion
as computed. The statistical hypothesis that must be tested concerhs the
" question as to whethetr or nét there is a significant difference between the
two groups of samples for the function:?l; if there is, then apparently the
shifting margin can be ascerﬁainea by the computed discriminant fufiction.
With the use of a variable

P2 = ny ng (aldl 4+ cooe 4tapdp)

n

a variance ratio-can be-.establisheds

F o= (n-'g-.lgnz
. pll-D=)
where F is a "test" variable with the “F# distributioh with

::‘,p )

n
1 - degrees of freedom
np = n-p-l )




55,
Then, if the calculatéd Vélue of “F" is less than the table valué of F.
the function may have arisen pUrei;,by chance. If the calculated "F" is
greater than the table F, thgn within an assigned probabilit? of error,
there is a distinguishable differerice between the two groups.

If the null hypothesis has been rejected, a critical area can be
determined for discriminating bétween wheat and cattlé ranches on the basis
of comparison between the computed ¢ritical value and the computed 'z for
_ a randomly drawn ranch., Havihg selected an individual ranch with the sémg
measurements xl;g,,,xp with which the function was calculatéd, the hypoth-
esis must be tested that the individual belongs to the first ﬁbpulation,

Calculates

aW aleW 4 ss000 apoW

gc = alxlc + .oooaapgbc
where a; represents the previously computed coefficients, and X represents
the measurements made in arriving at the digcriminant function,
To determine the critical point of discrimination, compute:
Ay + Ec
—
Then set up the test variable B, by Céﬁputings

B = ale "é-' 8.2)(2 'ooooo'apXP

where a has the same meaning as previously and XpooeoXs represents the
measurements made on the ranch for which the hypothesis is beirg tested.
"Then if B is equal to or greater than the abové computed critical pséint of

discrimination, the'hypotheéis that the individual ranch should heieiy t6




56,

the cattle ranch population is rejected, and it is subsequently classified
as a wheat farm. | |

~ Thus the value of Z, calculated with knoWn values of the respective
variables and calculated estimates of coefficients, would draw a fine line

to distinguish “dry crop" areas from "range livestock®™ areas. ﬂé/ /

B. Application to the Case at Hand

Necessary Data

The first step in applying the research technique to the resgarch
problem as previeusly defined i§ to define two populations; one predomi-
nately wheat and one predominately livestock. It must then be determined
which of the va}iables discussed in Section II are the most amenable to
common measurement on each populatibn and to subsequent use in establish-
ing the discriminant function. .Once decided, a random sample'ﬁust be
drawn from each universé and pertinent data recorded.

In a sensé, each variable chosen represents, at least indirectly, a

hypothesis concerning the relevance and relative importance of the variable

46/ The precedlng constitutes a 51mp11f1ed presentatlon of the method.
The _technical reader or research worker should refer to the follow1ng
references for a more extensive presentation of the theory and cempu.-
tational methods 1nvolved-

l. ‘P. O, thnson, op° “cite .

2, G. Tintner, Econemetrics, (New York: thn-Wiley & Sons, Inc.,
1952), pp. 96-102,

-3, Paul G, Hoel, Introduction to Mathematlcal Statlstlcs, (New Yorlks
John Wiley & Sons, Inc., Sixth printing, 195}), pp. 121-126.

4. Cyril H. Goulden, Methods of Statistical Analysis, (New York:
John Wiley & Sons, 2nd ed., 1952), Ch. 17, pp. 378~ 393,

5. -A..McFarlane Mood, Introduction to the Theory of Statistics,
(New York: McGraw-_Hill,‘l%O)9 pp. 299-301,
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in discriminating between the two groups. Thus,'the hypothesis is estab-
lished that the following three variables aré powerful enough to discrim-

inate between wheat and cattle ranches:

X; = total aéres opérated
X5, = ratio of léased/owned land
X3 = total annual precipitation in inches

Sburces of Data

Schédﬁles originally used in a study by Gray and Baker 47/ were the
source of series in variables X (total acres) and -X, (raﬁio of leased/
owned land) for stock rancheso'

The universe for this study was designated as followss

A cattle ranch is defined as a range livestoqk\Qrgqnization
which produces at least 50 percent of its gross iricome from
beef cattle. A family-operated cattle ranch is one in which
the labor and management is furnished primarily by the oper-
ator and his family.....A commercial family-operated cattle
ranch is defined primarily with respect to size. In general,
it is a cattle ranch, which, on the basis of 1944 prices and
operating conditions, produced a gross value of products
.ranging from $1,200 to $20,000. Also, certain....other cri-
teria served to eliminate ranches that have less than 5 acres
of range per head of livestock....Also ranches having unusual
values of livestock Sold were eliminated....Also excluded
were the cattle ranches of operators or owners who worked
more than 100 days off the ranch during the year or had ek=
cessively High or low investments per ranchs 48/

fl/ James R. .Gray and C. B. Baker, Prganization, Qgéts,,and‘Returﬁshpn_
Cattle Ranches in fhe_Northern_Elaihs,,193011952; Montana .State Collegé

Agricultural Experiment Station-Bulletin 495 in cobpératioh with the
‘Bureau of Agricultural Economics, UsS. Department of Agritulture, Bozés
man, Montana, Dec. 1953¢ Do ‘

- . al -

£§/,Ibidn, p. 6, for a description of sampling procediies, refer t6 pps 8y 9
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Series in the same variables for wheat farms were obtained from a set
of schedules originally used by Fienup 52/ in a study of resource produc-
tivity.

The universe for the gtudy is defined és:

o o o °non-lrrlgated farms in Montana Type of Farming Areas

III and IV (northeast Montanas: spring wheat) and VI and VII

‘(north central Montana: mixed spring and W1nter wheéat)s « e o

The 156 farmers sampled constituted 0.555 percent of the

universeo. . o egg/

Series j.n,x3 (total annual precipitation in"inghes)lwere_obtainéd from
the U.S. Weather Bureau's 1951 sutimary for Montana. él/

The X3 measurement for each of the 274 ranches was based on data from
the weather station closest to each ranch. Where ranches occurred between
two weather stqﬁions, a rough'interpoiation waszused,to arrive at the meas-

urement.

. The Analysiss

The merits of a classification tool such as discriminant analysis
which takes into account the'interrelationshibs of séveral variables is

apparent when corisidering the task of making a finite classification on the .

49/, Dazzgll- ‘Fu, FightgsirResource Productivity on Montana Dryland Crop Farms,
" Montana Agrlcultural Experlment Station Mimeograph Circular 66, Bozeman,
Montana,: June 1952, .

gg/ C. B. Baker, “Resource Product1v1ty in Dryland Farming®, Proceedlngs of
the Western -Farm Economics Association, Vol. XXV, 1952, p. 36. Forra
discussion of the sampling procedure, see Fienup, op. c1to, pp. 38-4l.

'gi/ United States Department of Commerce, Weather Bureau, Cllmatologlcal
‘Data, Montana Ahnual Summary, 1951, Vol LIV9 No° 13¢
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basig of singly considered variables where the overlap i8 sb'g:ea% as to
render acchaté_claséiﬁicatioﬁ impossibles -

For example, if the ranches were to be claésified on the basis of
total annual precipitation in inches dlone; the ovérlap would bé tremendous.
Frequency distributions compiled for each univérse show that each is dgreatly
skewed té.the right. For illustirative purposes;- the graphie distributions
would approximate those of Figure 76

It is obvious that ver; few sample members could be classified accur-

ately due to the substantial amount of overlap as showr by the shaded area.

It would be impdssible to set an arbitrary level of total annual precipi-

tation as the dividing point between wheat and cattle production ahd reach
a meéningful classification due to this overlap and to the other factors
Which influence the minimum amount of precipitatien needed on a Qarticular
ranch. The same difficulty would arise in trying to make a finite classi-
fication on the basis of any other single Variabléol

The further development of the analysi§ will show not only how this
overlap can be reduced, but alsc how other variables can be added in the
linear combination which will best aisCrimin§té betweén wheat and cattle
ranche_s° . |

The discriminant functioh calculated on the basis of the three prev-
iousl&_mentioned v&;iables was found to be::

(1) Tz XK

‘ - 63.92209 X, = 1881.479 X,
After testing the sighificaiice of this équatien, it wa§ conclided that

there is less than one chance in & thousand that a fuhction such as this




of ranches

Cattle Wheat farms
ranches
Total annual precipitation in inches.
Fig= 7= Frequency distributions showing

number of wheat

and cattle ranches at each level of total

annual precipitation. (Hypothetical data)
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could have arisen purely by chance, gg/ "Equatien (1) thus apparently would
achieve a maximum discrimination between the two groups on the basis of
measurements used.
The critical level for shifting is then determined.

Since:

a, -34,643.83359 and

a

. -23,537.064641,

then the critical level, represented by the mean of these two values, is
-29, 09004493.

If a calculated Z for a particular ranch or farm results in a larger
negative number than this, the unit weuld be classified as a wheat farm;
if the calculated Z résults in a smaller negative number, then it would be
.classified as a cattle ranch.

According to equation (1) the factors that woild centribute to high
negative values of Z and subsequent classification as wheat fatms are high
values of total precipitation and ratio of leased/owned land, and low values
of size measured in total number of acres operated,.

In arriving at a smaller negative number, and classification aé a
cattle ranch, then the reverse of the above is true. Lowér values of total
precipitation and ratio of leased/owned land ard correspondingly higher
values of total number of acres éperated are necéssary if the individual
unit is to be classed as a cattle ranch,

To see what effect the discriminant function has upon reducing the

overlap and establishing a sensitive shifting area, a Z was calculated foi

T
52/ The basic data requlred to caloulate this disoriminant furiction and an
appropriate test of significance are ihcluded in Appendix Tables III
and IV.
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each of the 274 members of the samples. The results of this series of
ca;culations are summafized.in Eigure 8.

This figure shows the'effeéts of the variables used in determining the
shifting margins. Ihe uppef bar represents the division of the 123 cattle -
ranches into three categories, on the basis of their calculated Z wvalues.
Moving‘from left to right, or from cattle to wheat, it is observed that
precipitation and the ratio eof leased/owned land both increase, while total
acreage managed per unit decreases. The reverSg is true in transference
f;om Wﬁeat to cattle in moving‘frpm,right to left along the lowér bar.
Qategory'I in both cases represents, according to data used, the areas$ having

"the greatest relative adyan%qge in the productien of each cémﬁodity; Cate-
gory II represents individual units still having an advantage in the produc-
tion of one commodity over the other; Qategory_I;I répresents ranches £hat
may be susceptible té shifts from one Eype bf‘production to the other. Thus,
roughly a fifth of the cattle ranches and a fourth of the wheat farms were,
in 1951, on the basis of data used; susceptible to shifts. :Eguation ‘l)
thus classifies 76.64 percent of the 274 sample members in the group té which
they belong.

Total annual precipitation is, by itself, a powerful facﬁor‘according
to the results of this analysis. For example, in cattle ianch category I,
with the avetages of all 6ther variables remaining constant at the levéls
indicated, a rise in the aveérage precipitation from 13.12 inchés to 20 inches
would résult in the classification of these ranchés as wheat farms; in
cattle ranch category II, it wéuld only require a rise from 15.3D inches

to about 17.5 inches to achieve the samé result.




ClassifTication of cattle
ranches (percent in each cate-

gory)

2) Ave. total
annual precip.:

3) Ave. ratio L/C Classification of wheat
farms (percent in each

category)

Fig, 5. Classification of 27h sample ranches on the basis of their calculated Z values.
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It may be noted further that the average tenure and precipitation
conditions for category II of both'wheat and cattle ranches closely parallel
the average Eonditions found in the sensitive shifting areas, although the

size factor varies considerably.

C.. Limitations of the Method-

As mentioned before, this is an experimental venture with a statistical
method new to farm management analysis. The results obtained apply only to
the.specific popﬁlat{onsﬁéfﬁaiéa?éﬁé‘%QWiﬁéﬁﬁﬁéﬁi?%E%l95r:da£éf5ha &ahnot

%ﬁgﬁi?iﬁzféfredutb'theﬂpmesent or future without data modifications.

Bqt the results are suggestive, at least, of what might possibly happen
were a similar classification to be made under similar circumstances.

The most obvious limitations stem from the fact that many of the vari-
ables explaining shifts are subjective and hence unmeasurable; some vari-'
ables that are measurable have not been included due to limitations of time
and resources. It is possible that a function that would.discriminate much
better than the .one calculated in this study could be achieved by the addi—'
tion qf more variables and further data.refinements.

Another question arises as to whefher or not the discriminant function
actually yieldé results that are any better than' can be thained‘witﬁ stand-
ard multiple regression and coxrelation techniques.

Brandow and Pottef §§/ made a comparison between the two .techniques in

their anélysis of social participation data. Their comparisen showed that

53/ Op. cit., pp. 325, 326.
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the independent variables.had the same direcfion of effect upon the gubse-
quent outcome of social participatf§n, which was the item being-predicted
or estimated in both cases. The relative importance of each variable was
also similar in results from both the discriminant analysis and the multiple
regression techniques. The Ronbtained indicated that slightly over half
of the observed variation in social participation was associated with co-
variations in the independent variable§ used. gﬂ/

‘A similar comparison was carried out in this study in order to gain &
crude idea of the relative effects of each technique in determining sensi-
tive shifting areas.

A linear function of the form

Y = a4 biXy + byX, 4 baXy

was fitted for the same 274 sample ranches, where:

Y = percent of total acres operated in grain harvested,
and
-Xl,XQ,X3 have the same meaning as in discriminant analysis,

viz., size, tenure, and precipitation, respectively.
The calculated estimating equation is stated as follows:

(2) Y = -4.7228'-0.001356 X; + 0.04619 X, + 1.6680 X,
(0.0001794)  (0.03277) (0.3633)

-2 - .
Ri.p3q & 0270687

The estimates of the standard errors of the regression coefficients
are represented by the figures in_parenthesis immediately below the b

coefficients. On the basis of these standard errors, there is much less

54/ Loc. cit:
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than one chance in a thousand that coefficients by and by could have afiéen
purely by chance, and thus they are highly signific¢ant. Theé probability of
by arising purely by chance is much greater, approximately 16 timés out of
a hundred, and thus at the 95 percent level of confidenc¢é it is not signi-
ficant. This is interesting, inasmuch as tenure has a gréatér effect in
the discriminant analysis classific¢ation thanh does size.

Roughly 27 percent of the observed vériation in the dependeént variableé;
(percent of land in grain harvested), may be attributed to co-variation in
the three independent variables. With this ﬁz, there are léss than five
chances in 100 that the true value is less than .41 with N = 100, -With
N = 274 in this study, the value of §2 as thus computed is highly signifi-
.canto At this point, one of the major pitfalls encountered in making com-
parisons between multiple regression and disériminant analysis must be noted
and emphasized. It is extremely difficult to forxmulaté a dependent variable
for multiple regression which will convey approximately the saié meahing as
the dichotomous classification in discriminant analysis. Considerable dis-
cretion must be exercized in formulatihg the dependent variable if a direct
comparison is to be made; oftentimes such formulatidns will beé impossible.
For example, the dependént variable used ih this analysis includes only
harvested grain; it excludes fallow land, arid lanf used for othér cropé.

A reformulation of the dependent variablé taking inté décount thése vital
considerations would be nécessary if an attempt wers to be made in 1A65Eas-
ing the significance of the squared correlation coefficient:

Despite these difficulties, and the inadéquacy of thé dependent varis

able as formulated, thé previous clues as t6 the significancée of the
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regression coefficients are mea‘n'i;ng%Ulu ' )
| Likewise, the following comparison betweeh the coefficients of the tivo
computed equations is interestings

(1*) Discriminant function:

'z Xl - 63092209}{2 - 18810479X3;

(27) Muliipie_regression;

T X - 34.0491% - 1,229.6522X.. 55/

Thus, this comparisdn agrees -essentially with that of Brandow's and
Potier's:' the coefficients in both the above eqﬁaﬁidns are of approximately
the same relative importance in determining the final outcome of shifts,
and have the same direction of effect upon determining land to be in wheat.
The inadequacy of the dependent variable used in the preéeding mul%ipie
regression analysis precludes drawing any fiirther implicatiohs from the
comparison.

The test of hypothegis thué indicates that the pessibility does defi-
nately exist for determining empirically a margin of transference between
wheat and cattle in dry land areas. Moreover; the precéding analysis im=
plies that large numbers of firms are insehsitive to price variables. Yet
a significant area exists wherein shifts may be determined ofi the basis of
price variables.  The importance ¢f meisture has been forcefully demonstrated.
Thus, it seems possible that moisture-and perhaps other biological and

climatological conditions may dictate land use regardless of price

55/ These coefficients are derived from formula (2) by converting b2 = unity,
~ thus making equations (1') and (2') more easily comparable.
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considerations in some critical areas, which is a factor well known to those

familiar with the Northern Plains.

D. The Budget Method and Shifting Analysis

The estimated impact of a .shift on an individual firm can be made by
use of the budget method in which programs, alternative to a current plan
of operation, are synthesized and ultimately compared relative to the éffect
of each on net income. Before any shift is actually undertakén, it should
first be undertaken on paper. Uncertainty precludes accurate estimates in
many instances, but some compensation may be made for fgture drouth years
making the budgét more realistic. Any well conceived plan is apt to-be
better than no plan at all.

As mentioned in Section I, gertain historical aspécts may serve a$
guideposts to a current situation. In this comnection; one possibility of
obtaining aﬁ.idea about the future is to go back and see what did or Wguld
have happened in the past. It is possible to use historical timé.sériés
in price, weather and other variabi;s—in éy"reVerseubudgeting“ technique.

Joneé-ég/ compares the alternatives of shifting part or all whéatllaﬂd
to crested wheat grass on a typical southwest North Dakota wheat-cattle
ranch QUring a high'price level period. Under these conditions, he points
out, on the basis of coﬁstrucfed budgets;- "o o o . that operators of wheat

cattle ranches in this or comparable areas in the Northern Plains can shifi

§§/ Lloyd E. Jones, "Stabilizing Farming by Shifting Wheat Land t6 Grass
in the Northern Great Plains", Journal of Farm Economiics, Vols XXXII,
No. 3, August 1950, pp. 375-390.




69,
wheatland to grass with very little change in income." 57/

;n taking into consideration the extremes in weather phenomenon, he
efatee that

", . & .in addition to budgets demonstrating farm perform-

ance under average conditions, information as to the effect

of variations in weather on annual preduction, organlzatlon,

and income is apparently needed in appraising alternative

systems.," 58/

He then constructs a series of budgets demonstrating these effects over
a l4-year period (1929-1942). Concluding, he states that it seems possible
"to reduce production and income variation over & long period of. time by
- shifting from wheat to crested wheat grass for livestock. §2/

Sitler 99/ makes use of secondary data in eoﬁparing feturns from
-‘"average-sized" wheat and livestock producing units in Colerado during the
.period from 1924 through 1952. His preliminary conclusions agree siibstan-
tially with~those of Jones. His analysis Showshfhat wheat was generally
less profiteble than livestock during the years 1929-1944, although the

trend then reversed, with wheat yielaing a higher income for a series of

years than cattle. 61/

57/ Ibid., p. 378,
§§/ Loc. cit.
59/ Ibid.; p- 389.

60/ Harry G. Sltler, Returns From Whéat and_Grass, prellmlnary Unpubllsheu
' manuscript, Colorado A & M College, Fort Collinsg; Colorado, 1954.

61/ Ibid.
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Théomas and Mumford §g/ invéstigated the effects of permanent and tem=
porary retirement of wheat landy with c¢réstéd wheat grass being substituted.
Their results showed a steadily increasing total farm incéme as steep; low-
Vproduoing land was retired from wheat production. §§/

A rotation, or temporary retirement of wheat land appearéd to have no
economic advantage on the more productiveé wheat lands. However, it was
pointed out that such shifts may be necessary from the standpoint of erosishn

_control and/or soil fertility cOﬁsidér&tidns, éﬂ/

The budget method is an indispensable tbol for analyzing thé impact of
a shift upon the firm since it forces a systematié consideration of many
of the most significant factors affecting ¢hanges in farm and ranch érgani-
zation as shifts are made. It may be complementary to the disériminant
funcétion. Once a ranch has beeh classified by this method, the budget may
be used to check the logic of the ¢élassification and to investigate possible

production alternatives within a sensitive areas

ég/ Thomas and Muﬁford, Op. Cite
_6__3_/ Ibidb’ po 3«

64/ Ibid., p. 4.
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PART 1IV.

. SUMMARY AND CONCLUSIONS

Recent developments in tﬁe agricultUrai situation have intensified
numerous problems cénfronting the agricultural prodicers of the Northern
‘Great Plains. -‘Among the most impdrtéht of these is the.bioblem 6f deter=
mining the adViéability of petential shifts betiweén wheat and rafnde forage
production in dryland areas.

This study represents an attempt to isolate areas sensitive t6 wheats
rande forage shifts. The hypothesis arising from this problem proposed
that such areas could be delineated from those that are less susceptible
to shifts on the basis of non-price variables alene--i.e., natural and
climatological factors which affect patterns of land use.

Subsequent statistical investigations confi;med this hypothesis, siib-
ject to the probabilities and methodology limitations previously developed.

The analysis of the problem leads to seme important iriferences. It
seems apparent that there are large areas where organization (as between
range forage production and wheat production) tends.to rigidity; biit a
significant area (approximately 24 percent &f the ranches included ih the
two populations) shows distinct tendencies toward sehsitivity to shifts.
Approximately 12 percent of these were predominately stock rariches; and
the remaining 12 percéPi.were wheat.

Methodologically, the study has developed 4 possible approach te ari
analysis of the shifting problem. Moreover, it has showh that the di&e®im-

" inant function, although new to thé fidld of farm managément ahalysis, may
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be wortHy of further investigation in developing its potential usefu;ness
-as a classification tool.

Classification as an end in itself may be a useless and expénsive
pastime. Therefoie, it is to be hoped that such classificatory tools as
discriminant analysis may be applied as means t6 thé ends of achieving
more meaningful analyses of significant probléms requiring investigation.

E;aﬁ.a practical standpoint, this stud& points ;ut the necéssity of
congidering each firm-in its individual intefnal'éﬁa external environment
in reaching ultimate shifting decisions. It is possible that further re-
finements of the methﬁdology presented here would be amenable to ertre-
preneurial use,

Future research progress in this aréa will definitely hingé on the
extent to which agricultural economics can serve as an “integrating® or
-"coordinating" science. Certainly the task ahéad can be most effectively

accomplished through the close coopération of physical and social scientists.




73.

‘APPENDTIX
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Appendix.Table I. .Data for wheat farms used in calculating ,
' discriminant function and multlple régression
coefficients.,

Farm | Percent of land | -Size of ranch | Ratio of leased/| Total annual
'No.* | “in harvested (Total acres) | . owned land | precipitation
grain s ‘ (1nches)
1 41,07 1120 - 28:57 - 16,56
2 46.41 960 T 33,33 1656
3 - 50.14 1097 ' 29.17 16.56
4 49,09 1760 i8.18 16.56
5 43.00 400 100.00 20,05
6 45,94 320 100.00 13.94.
7 50.00 1280 50.00 . 16.57
8 52.50 1200 100,00 - 16,57
9 43,75 : 1280 0 16.57
10 . 50.00 . 480 0 16.57
11 48.44 A 960 , 66.67 . 12,93
12 . . 50.00 2400 ‘ 100,00 - - 14.41
13 58,54 410 60.98 . 12,93
14 50.34 1760 100,00 20,31
15 45,14 1440 ' 0 20.31
16 46.82 2200 . 45.45 20,31
17 48.61 1440 0 20.31 -
18 7500 400 . -0 - 20,31
19 70:83 1200 * 6.67 20,31
20 . . 69,38 800 100.00 : 18:56
21 50.11 918 100,00 18.56
22 49,68 1560 100,00 - 18:56°
23 - - 50.00 800 20.00 - T 18:56
24 41:25 : 400 _ 0 19:12
25 - 338.02 2120 84:91 . 27:17
26 57.69 1040 7.69 19.05
27 33:84 : 1055 1269 27.17
28 12.39 920 : 43,47 16.56
29 47:62 : 3360 7738 16.56
30 - 50,00 1400 . 50,00 16456
31 59,21 3040 73.68 15.83
32 44,37 586 100.60 2176
33 37.88 1320 0 17.55
34 38.33 © 1800 0 : T 17:585
35 43,70 460 65:22 17.55
36 51,79 1120 . 14,29 -15.35
37 64,10 1560 - 61.54 15.35
38 51 92 . 520 100.00 15.33

*These numbers aré tabulatlon sheét numbers ahd net code numbers from the
3 actual schedulesa ' e i
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Appendix Table I. (continued)

Farm | Percent of land | Size of ranch | Ratio of leased/ | Total annual
i1 No.* | - in harvested (Total acres) owned land precipitation
- grain ' . (inches)
39 46,88 320 0 © 14.99
40 38.18 1480 : 21.62 16,56
41 - 32,38 800 60.00 16,56
42 2,00 - 1450 0 21.76
43 25,00 - i 440 0 . 20,63
44 28,59 780 100.0 17.57
45 25,00 . : 640 ' 50.00 13.94
46 12,22 ' 3520 45,45 . 13,94
47 . 29.47 526 0 13,94
48 3.73 6300 66.27 13.94 -
49 4.40 | ' 5000 100,00 18.61
50 3.33 7500 0 18,42
51 20.83 4800 50.00 16.57
52 16.67 3000 0 16.57
53 30.81 2720 11,76 16,57
54 42.86 2800 100,00 16.57
55 49.69 1284 24,92 ' 14.41
56 2.20 2731 35,12 : 14,99
57 38.75 800 40.00 14,41
58 34,78 , 2760 39.13 12,93
59 41.41 1280 25.00 14.4]
60 32.43 2960 16,22 14.41
61 45,83 . 960 0 . 14,41
62 52.19 . 640 0 : 14,41
63 79,17 720 44,44 ‘ 20,31
64 64,38 1600 20,00 20.31
65 11.61 1680 78,57 20.31
66 11.79 1840 89.13 20.31
67 19.15 4700 68.09 _ 20,31
68 41.95 1280 : - 100.00 20,31
69 34.81 , 1307 26,55 ' 18,56
70 27,46 2130 48,83 18,56
71 9.73 2620 65.65 18,56
72 30.11 . 880 ' 0 18.56
73 35.42 2640 56,82 18.5 i
74 48,05 2560 18.75 18,56
75 46,30 T 1620 39,51 18.56
76 21.76 - 3520 : 50.00 13.56
77 51.82 880 0 19412

*These humbers are tabulation sheet numbers and not code numbers from the
actual ‘schedules.
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(continued)

Farm | Percent of land | Size of ranch .| Ratio of leased/|] Total annual
No.* in harvested (Total acres) owned land _precipitation

grain (inches)

78 41.96 1120 42.86 19.12
79 37.50 320 12.50 20.77
80 33.75 320 100.00 19.12
81 47.09 860 0 19.12
82 48,00 1000 16.00 19.12
83 47,77 471 0 20.77
84 32.32 1120 ° 21.43 19.12
85 44,46 560 0 19.12
86 42,97 640 100.00 19.12
87 39.58 960 100.00 19.12
88 8.35 2600 13.85 19.80
89 23.65 2600 75.38 19.80
90 8.99 5180 92,66 19.80
91 11.08 4740 22,36 19.80
92 10.63 1600 40,00 19.80
93 13.23 3680 7.61 19.80
94 37.50 480 100.00 19.80
95 4.00 14000 21.43 19.80
96 7.38 15650 8,95 19.80
97 10.87 5520 23.19 19.80
- 98 12.12 6600 21.21 19.80

99 15,64 6720 33.33 16.67 °

100 16.04 3360 33.33 16,67
101 19.53 6400 100.00 - 16.67
102 5.53 15000 74.40 18.47
103 19.69 960 100.00 16.67
104 33.00 2000 0 18.47
105 18.23 1920 50.00 18,47
106 9.96 4520 7.08 18.47
107 10.66 2720 100.00 16.67
1108 12,58 1320 12.12 16,67
109 13.33 480 33.33 16,67
110 . 26.10 2720 0 18.47
111 33.75 800 0 18.32
112 40.74 1080 40,74 27.17
113 30,08 2560 62.50 27,17
114 16.67 1200 13.33 27,17
115 37.12 617 0 18,32
116 34,18 1960 100.00 27,17

*These numbers are tabulation sheet numbers and not code numbers from the
actual schedules.
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Appehdix Table I. (continued)

Farm Percent of land

Size of ranch.

Ratio of leased/ |

Total annual

No.* in harvested (total acres). owned land precipitation
grain (inches)
117 32.66 2740 0 27.17
118 52.97 1480 0 27.17
119 - 43,75 - 1600 60.00 27,17
120 38.40 1000 -0 16,56
121 45,83 . 1920 0 16,56
122 6.81 3820 93.71 21.76
123 44,44 1800 "0 20.63
124 23.84 2538 39.40 15.35
125 5.24 12500 52,00 '13.94
126 18.26 1440 55.56 13.94
127 10,56 1250 0 21.76
128 1 45,70 1046 100,00 17.55
129 : 30.64 - 2180 58.72 . 21.76
130 33.29 826 0 21.76
131 25.37 2069 7.73 21.76
132 44,12 680 0 20,63
133 50.00 - 480 66.67 15.35
134 42.50 2000 86,00 ‘ 20.63
135 18.60 860 67 .44 15.35
136 17.92 240 o - 15.35
137 16.16 2760 11.59 15.35
-g 138 5.06 17700 62.15 15,35
£ 139 37.89 1800 64.44° ©20.05
140 42,79 1720 41.86 $20.05
141 23.75 7200 0 17,57
142 .38.68 2120 ¢ .0 20,05
143 32,05 880 . 22.73 17.57"
144 58.33 264 0 17.57
145 52.92 1200 50.00 17.57
146 28.43 1020 35.29 17.57
147 6.80 3750 17,33 13.94
148 13.24 1360 0 13.94
149 23.44 640 o - 13,94
1 150 12.48 2580 87.50 13.94
151 28.75 2000 68.00 13.94

*These. numbers are tabulatlon sheet numbers and not code numbers from, the

actual schedules.

/2
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Data for cattlée ranhches used in calculating
discriminant function and multiplé regression

coefficients.

Farm | Percent of land | Size of ranch | Ratio of leased/ | Total annual
No.* in harvested (Total acres) owned land precipitation
grain (inches)
1 0 40,000 65.00 17.29
2 1.15 6,500 0 ' 8.11
3 0 10,027 42,41 18.11
4 4,25 2,000 0 18.27
5 4,00 10,000 0 . 23.52
6 .20 15,000 60.00 15.83
7 1.19 8,000 16.00° 19.44
8 3.33 15,000 66.67 16.94
9 0.33 15,000 66.67 16.65
10 - 2,20 5,000 38.40 19.44
11 2.14 7,000 9.14 23,94
12, 0.50 10,000 47,60 12,17
13 2.53 9,500 10.53 18,27
14 0 6,240 © 7.69 25,54
15 0 15,000 . 2,67 19.44
16 1.25 8,000 16.00 - 19.44
17 2.31 6,500 18.76 15.46
18 0 30,000 53.33 13.72
19 . 0.27 18,000 44,44 13.72
20 4,62 6,500 18.46 23,52
21 0 12,560 20,38 16.11
22 0.49 3,500 0 16.54
23 1.48 5,400 50.00 16,94
24 4,02 1,740 18.39 15.83
25 0 5,000 6,40 15.83
26 0 58,400 1.64 1571
27 0 5,000 68.40 11.91
28 0 8,000 8.50 15.22
29 0 10,000 60.00 18.11
30 0 5,800 ) . 11.36
3l 1.67 6,000 10:67 16.11
32 0] 11,520 41,67 13.36
33 0 13,160 19.45 15:29
34 0 5,000 100.00 13.72
35 2,19 5,540 36.46 12.46
36 0 13,840 36.99 15.29
37 0 21,000 27.43 15.29

*These numbers are tabulation sheet nimbers and not code numbers from the

actual schedules.

kb
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(continued)

>Size of ranch

Total annual

Farm | Percent of land Ratio of leased/
No.* in harvested (Total acres) owned land precipitation
grain (inches)
38 0 5,760 84,72 15.29
39 0.24 4,200 4,88 15.29
40 1.26 8,900 21.35 15.29
41 0 7,360 21.74 15,29
42 0 7,000 9.14 15,29
43 0 9,000 22,22 15.29
44 0 3,400 18,82 15.29
45 0 4,000 .16.00 15.29
46 1.25 6,400 100.00 15.29
47 .40 5,000 40.00 9.16
48 0 6,400 © 70,00 12.70
49 0 9,200 44,34 12.70
. 90 0 1,160 17.24 16,27
51 0 450 28.89 13.02
52 0 4,000 50.00 12.82
53 0 3,840 41.67 14,97
54 15.12 2,116 7,23 12.82
55 0 3,920 0 12.82
56 0 1,560 0 9,34
57 " 1.58 1,900 27.37 14,97
.58 .21 1,920 0 14,97
59 1.50 16,000 28.13 14,97
60 .10 8,000 32.50 14.97
61 9.77 1,280 0 13.88
62 0 2,705 2,96 13.99
63 3.33 1,200 100.00 16.52
64 0 558 100,00 19.12
65 1.04 1,920 33.33 16.86
66 0 4,300 32,55 16,94
67 4,46 24,240 37.50 15.22
68 6.72 2,440 22.95 16:65
69 0 2,700 44,84 19.23
70 0 2,760 69,57 20,00
71 0 2,560 50.00 12,17
72 7.24 760 15.79 18.92
73 . .14 11,000 36.36 19.12
74 0 5,740 66.55 19.44
75 - 0 1,280 75.00 16.86
76 0 1,280 100,00 12.96

*These numbers are tabulation sheet numbers and not cade numbers frem the
actual schedules.
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Appendix Table II. (continued)

Farm | Percent of land | Size of ranch | Ratio of leased/ | Total annual
No.* in harvested (Total acres) owned land precipitation)
grain (inches)
77 6.04 1408 0 15,79
78 1,73 2600 3.08 - 2445
79 0 1527 : 26,20 12,96
80 1.00 3000 33,33 10:69
81 0 3840 33,33 14,48
82 0 2780 11,51 10,69
83 1.73 4400 31.82 10.69
84 2.70 1445 44,29 10.69
85 1.76 4160 15.38 8,11
86 1.05 1910 16.75 12.96
87 0 1740 9.20 ' 16.11
88 0 _ 20000 5.40 15,29
89 012 6080 44,74 13,72
90 1.00 12000 16.67 ' 13,88
91 0 4500 - 15.56 15.29
92 7.39 © 2570 17.12 12.46
93 7.33 3410 0 ' 18.27
94 0 7100 100.00 12,82
- 95 2.55 . 11000 54,55 o 12,46
96 0 8000 25,00 12,82
97 2.10 4760 : 35,29 12,46
98 0 4100 14,63 "12.82
99 020 5000 44,00 14,97
100 0] 3040 0 12,82
101 1.19 5900 15,25 12,82
102 0 5760 55,56 12.82
103 0 5000 25.60 9.34
104 0. 2180 88,07 16.86
105 6.00 5000 45560 ‘ 16.94
106 2.40 6800 2353 16.94
107 14,00 2500 12,80 20,23
108 0 2700 0 23,94
109 0 3320 80,72 20,00
110 ;e 4l 8500 48,24 . 15,83
111 0 3500 0 18,59
112 1.33 3770 0 12.96
113 2.74 2920 49,32 11.45%
114 0 880 - 9,09 11.45
115 .21 19360 20,66 13,36

*These numbers aré tabulation sheet numbers and not code numbers from the
actual schedules.
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Appendix Table II. (continued)

Farm | Percent of land | Size of ranch | Ratio of leased/ | Total annual
No.* in harvested (Total acres) owned land - precipitation
grain ~ (inches)
116 0 1760 0 ' 11.45
117 3.61 2767 23.13 16.34
118 0 - 19200 10.00 ‘ 13,36
119 ' 20.83 5760 : 11.11 10.69
120 l.14 4400 15,45 18.50
121 29 : 7000 20.57 11.45
122 ' .19 8320 ' 11.54 17.29
123 3.95 4680 27.35 11.45

*These numbers are tabulation sheet numbers and not code numbers from the
actual schedules.
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Appendix. Table III. Calculated measures for two groups used in
' computing discriminant function. ‘

Wheat ‘ Cattle
“farms ranches
= 151 ‘ N = 123
:Exal 348,775, X, 853,283.0
X1 ' 2,309.7682 Xy 6,937.2601
S 6,069.83 - ZX 3,755.23
X, 40,197549 | X 30.530325
zixas 2,759.53 :ixbs ' '1,864.65
X3 18.275033 | X, 15.159756
2x2 1,984,335,919.0 Zx2 12,780,273,181.0
SX.1X 14,766,397.36 X, . X 26,544,513,11
aldgo b1 "2
EX 1 X 5 6,326,081.69 ZX1 % 13,141,303.97
2 3 | Zx2 201,833,352
;Zxa2 440,049,911 Xoo ‘ 01,833.3527
T X30Xa3 ‘ 110,445.7334 Eixgszs 56,953, 7400
x4 51,958.3185 | Zx2s 29,581.1799
d) T -4,027,4919
dy = 9.667224
dg =  3.115277

The linear discriminant *function for the data in the preceding table

e
w
%o

Z = -0.0000006038637 X, .+ 0.00003860023 X, % 0.00LI36TE72 X,

the coefficient of X, was reduced to unity, yielding the equation appearing

1
in the text.




Appendix Table IV. Analysis of variance

Teiy,

83, .

of Z between and within groups.

. 0097561666

Source of : .
Variation D.F. S.S. M.S. - ’ F
Within groups | 270 . 0067069757 . 00002484065
| Between groups| .3 0030491909 -0010163969. 40.91667
' 273 .00104123755

Referring to the F table with n,

3 and n, = 270,

seen to be highly significant at the .00l level,

the function-is




84,

BIBL;QGEAPHY )
Balley,,Warren R. -and Nauhelm, Oharles W. "Prospective Adjustments in
Wheat Farmlng" (mlmeo report prepared for distribution at Slst
Annual Agricultural Outlook Conference), Washlngton, U.S. Department
_.of Agriculture,, Bureau of Agricultural Economics, October, 1953,

Baker,-é. B., "Resource ProductiV1ty in Dryland Farmlng";'Proceedlngs of
‘the Western Farm Economics Association, Vol, XXV, 1952,

Bell, M° A., Probable Hlstory of Seasonal Cropping Condltlons 1n the Havre
Area As Shown by Tree Ring Growth, 1784 to 1949. Chart Neg. No. T60B;
~ Northern Montana Agricultural Experlment_Statlon, Havrée, Montana.

Bennett, et. al.; “"The Problem: Subhumld Areas", Soils and Men, 1938 Year-
book of Agriculture, Washlngton, 1938.

Blgelow, R. S. and_ Relmer, C., “An Appllcatlon ‘of the Linear Discriminant
Function to Imsect Taxonomy", The Canadian Entomologist, Vol LXXXVI,
_.No. 2, February; 1954.

Bradfora, LaWrence A. and Johnson, Glenn L., Farm Management Analysis, New
York: John Wiley & Sons, Inc., 1953.

Brown, George W., "Dis¢riminant Functlons", Annals of Mathematical Statistics,
Vol. XVIII, No: 4, Decémber, 1947.

Clawson, Marlon, "Seguences 1n ‘Variation of Annual Prec1p1tatlon in the
Western United States",-Journal of .Land ahd Public Utility Economics,
Vol. XXIII, No. 3, August 1947.

Clawson,_Marion-and“HOchmuth, Harold, Ecenomic Useé and Administration of a
Fluctuating Forage Supply, U.S. Department of Agriculture, Bureau of
Agricultural Economics, Berkeley, California, De¢émber, 1941.

Cox, G. M. and Martin, W. P.,““ﬁse of a Discriminant Function for Differen-
tiating Soils With leferent Azotobacter Populatlons“, Iowa State
College Journal of Séience, Vol: XI, 1937,

Dightman; Rs A.; an& Beatty, M. E,,'ﬁﬁecent Montana Glacier and Climate

1952. ) ] B |”_

Durand D.; "Risk Elements 1n Consumer Installment F1nanc1ng"; Financial
Research Program, Studles in Gonsumer Installment FlnanC1ng 8, Natienal
Buréau of Economic Research New York, 194l.

Fienup, Darrell F., Resource Product1v1ty on Montana Dryland Crop Farms,

Montana Agrlcultural EXpériment Station Mimeograph Circular 66, Bozéman,
ﬂmntana 1952

-




85,

Fisher, R. A,, “Statistical Utilization of Multiple Measurements", Annals
_of Eugenics, Vol. VIII, 1938,

Fisher;'ﬁ;-A,, "The Precision of Discriminant Functions", Annals of
_Eugenics, Vol. X, 1940.

Fisher, R. A., "The Use of Multiple Measurements in Taxonomic Problems",
_Annals of Eugenics, Vel., VII, Pt. II, 1936.

Goulden;‘Cyril H., Methods of Statistical Analysis, New York: John Wiley &
Sons, 2nd ed., 1952, '

Gray, James R. and Baker, C. B., Organization, Costs, and Returns on Cattls
Ranches in the Northern Plains, 1930-1952, Montana State College Agri-
cultural Experiment Station Bulletin 495 in cooperation with the
Bureau of Agrlcultural Economlcs, U.S. Department of Agriculture,
_Bozeman, Montana, December, 1953.

Heady, ‘Earl O,, Ecofiomics of Agricultural Production and Resource Use, New
York: Prentice-Hall, Inc., 1952.

Heady, Earl O.,-"Uncertalnty in Market Relatlonshlps and Resource ‘Allocation
in the Short-Run", Journal of Farm Economlcs, Vol. XXXII, No. 2, May,
1950,

Heady; Earl O. and Shaw, Russeil "Resource Returns and Productivity Co-
efficients in Selected Farmlng Areas™, Journal of Farm Economlcs,
. Vol. XXXVI, No. 2, May, 1954,

Hoel, Paul G., Introduction to Mathematlcal Statistics, New York: John Wiley
& Sons, Inc., Sixth printing, 1951.

Hughes, "Harold D. and Henson " Edwin R., Crop Production, New York: The
Macmillan Company, Reprlnt 1948,

Hurtt Leon C., Managlng Northern Great Plains Cattle Ranches to Minimize
Effects of Drought, U.S. Department of Agriculture Clrcular No. 865,
_.Washington, March, 1951.

thnson, Palmer Q., Statistical Methods in Research, Néw York: Prentice-
_Hall, Inc., Second printing, 1950.

thnson, Sherman E.; "PrlnC1ples ‘of Land Utlllzatlon", Timmons, John F. and
Murray, William G., ed., Land Problems and Policies, Towa State College,
Ames, Towa, 1950.

Jones, Lloyd E,,'"Stablllzlng Farmlng by Shlftlng Wheat Land to Grass in
Northern Great Plains", Journal of Farm Economics, Vol. XXXII, No. 3,
August, 1950,




860

Kelso, M. M., How Much Can a Cattleman Pay Per AU For a Cattle Ranch?,
unpublished mimeo, Montana State College, January, 1949.

Mathews, O. R. and Cole,'John S.,'"Special Dry Farming Problems", Soils
and Men, 1938 Yearbook of Agriculture, Washington: 1938.

Maughan, William E., “Supplementary Climatic Notes For Montana", Climate
..and Man, 1941 Yearbook of Agrlculture, Washington, 1941.

Mimms, 0. L., “Diverted Acres in the ‘West", Proceedlngs of the Western
Farm Economlcs Association, 1950. -

Montana Department of Agriculture Labor and Industry, Montana Agricultural
Statistics, Vol. II, cooperating with the U.S. Department of Agricul=
ture, Bureau of. Agricultural Economics, Helenha, Montana, 1948.

Mood, AJ McFarléne, Introduction to the Theory of Statistics, New York:
McGraw—Hlll, 1950.

Hobertson, George W., The Climate of Alberta's Soil Climate Zone II as a
Factor in Crop Production, unpublished M.S. thesis, University of
Alberta, 1948,

Rogler, George A. and Hurtt Leon C., "Where Elbowroom is Ample", Grass,
1948 Yearbook of Agrlculture, Washington: 1948, :

Shreve, F., "Rainfall as a Determinant of Soil Moisture", Plant World,
Vol. XVII, No. l, 1914.

Stitler, Harry G., Returns From Wheat and Grass, preliminary unpublished
manuscript, Colorado A & M College, Fort Collins, Colorado, 1954.

Stoddart, Laurence A. and Smith, Arthur D., Range Management, New York:
McGraw-Hill, Inc., 1943. } ,

l |

Throckmorton, ‘R. I.; "Report of Condltlons in the Great Plains as of Aprll i,
1950", cited by O. L. Mimms, "Diverted Acres in the West", Proceedlngs
of the Western Farm Economics Association, 1950.

Tintner, G., Econometrics, New York: John_Wiley,& Sons, Inc., 1952.

Tlntner, Ge "Some Applications of Multl—varlage Analy51s to E6onoémic Data™,
Journal of the American Statistical Association, Vol. 41, 1946,

United States Department of Commerce, Weather Bureau, Cllmatologlcal Data,
Montana Annual Summary, 1951, Vbl LIV, No. 13, 1951. iy

o

- .. ~ - L L \")}J,‘,‘ .
Wooten, H. H., Major Uses of Land in the United States, U.S. Departmeﬁt of ’

Agriculture, Washington, Technical Bulletin 1082, O&tober, 1953. EEAVE

s
foud
o
o]
€&




b L

!

I}

IIIII/I/IIIIIII/IIII/IIIII

AT

1762 10012929 3

N378 SR——
B6235d

- kop.2 114805
31001 D. M.

Dellnc"ttlng firms sensitive to
shlrts betwe

een wheat and range

.c:)_'~ L8 MW)O)’s
MG 19 o o
NN 2 e
s}f;a: //7/
- F\\ Ec
2 A2 -7 ¢
N37§
5623,/
——  Cep. 2




