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Abstract:
This research problem is concerned with the dispersion of the farm unit oyer some area and the
resulting effects upon variability in yield and the cost structure of farms in the Great Plains area of
Montana.

The rationale for choosing such an analysis is that weather phenomena such as rain, wind, and hail
follow particular patterns of behavior.

One such pattern is that these phenomena occur in strips and travel in an easterly direction. A
benefit-cost relationship is sought between the reduction, if any, in yield variability due to operating a
dispersed farm and the resulting increased costs.

The method used to determine the effects of farm uhit dispersion on yield variability is to combine
tracts of state lease lands in northeastern Montana into hypothetical farms. These tracts are used
because yield records are available for several years. This area was chosen because it contains a large
number of state lease tracts from which to draw a sample. Several groups of "farms" are built and
classified according to the number of seeded spring wheat acres per farm and the distance or "degree"
of dispersion between the tracts. The tracts of each farm are in a north-south direction with respect to
each other.

The yield from the years 1937 through 1956 are used in the study.

The variance of the spring wheat yield of the "farms" in each dispersion group is computed. This is
done for both the individual crop,years and for the series of years included in the study. The variances
between and among dispersion groups are tested for significant differences to seek relationships
between the degree of dispersion and variability in yield. The influence on the farm firm of both
long-run and short-run yield variability is analyzed.

The major sources of data which are used to estimate the Increased costs to the farm organization
attributable to dispersion are Schedules taken from operators of dispersed farms in northeastern
Montana, Estimates of the obvious costs such as the time and expense of moving machinery between
tracts are analyzed.

A general conclusion from the study is that disperion is effective in reducing yield variability in some
years, especially if the dispersion is-greater than four miles. This effect was sufficient to cause a
reduction in yield variability over a series of years. Dispersion is not found to influence yield
variability if the farm contains more than 1,000 acres of spring wheat.

The costs incurred due to dispersion are found to be unique for each firm organization. Therefore,
comparisons between costs and yield variability of individual farms are necessary to determine the
effects of dispersion on farm business survival. 
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ABSTRACT

This research problem.is concerned with the dispersion of-the farm 
unit oyer some area and the resulting effects upon variability in yield 
and the cost structure of farms in the Great Plains area of Montana,
The rationale for choosing such an analysis is that weather phenomena 
such as rain, wind, and hail follow particular patterns of behavior.
One such pattern is that these phenomena occur in strips and travel in 
an easterly direction, A benefit-cost relationship is sought between 
the reduction, if any, in yield variability due to operating a dispersed 
farm and the resulting increased costs,

T|ie method used to determine the effects of farm uhit dispersion 
on yield variability is to combine tracts of state lease lands in north
eastern Montana into hypothetical farms,. These tracts are used because 
yield records are available for several years. This area was chosen 
because it contains a large number of state lease tracts from which to 
dtraw a sample. Several groups of "farms'* are built and classified 
according to the number of seeded spring wheat acres per farm and the 
distance or "degree" of dispersion between the tracts. The tracts of 
each farm are in a north-south direction with respect to each other.
The yield from the years 1937 through 1956 are used in the study.

The variance of the spring wheat yield of the "farms" in each 
dispersion group is computed. This is done for both the individual 
crop,years and for the series of years included in the study. The 
variances between and among dispersion groups are tested for signi
ficant differences to seek relationships between the degree of disper
sion and variability in yield. The influence on the farm firm of both 
long-run and short-run yield variability is analyzed.

The major sources of data which are used to es'ti.m̂ e,..thel.ibcxs.as.&d 
posts to the farm organization attributable to dispersion Jare 4chfctdul.es 
taken from operators of dispersed farms in northeastern Montana. 
Estimates of the obvious costs such as the time and expense of moving 
machinery between tracts are analyzed,

A general conclusion from the study is that disperion is effec
tive in reducing yield variability in some years, -especially j.f the 
dispersion is-greater than four miles. This effect was sufficient to 
cause a reduction in yield variability over a series of years. Dis
persion is not found to influence yield variability if the farm 
contains more than 1,000 acres of spring wheat.

The costs incurred due to dispersion are found to be unique for 
each firm organization. Therefore, comparisons between costs and yield 
variability of Individual farms are necessary to determine the effects 
of dispersion on farm"business survival.

vii



CHAPTER I 

INTRODUCTION

The Problem Situation

For many years it has been recognized that farming in the Great 

Plains region is quite hazardous and incomes are subject to wide fluctu

ations from year to year. John Wesley Powell in 1878 warned congress 

against this area ever being homesteaded.— / He recommended that the area 

be settled in ’’pasturage” farms with not less than 2,560 acres per farm. 

He thought that any farming done in this area should be carried on under 

irrigation.

Variability in gross income is due to variations in the price of the 

product and in the yield. Prices for the products produced; on the Great 

Plains (primarily wheat) have fluctuated a great deal in the past. And 

contrary to what one might guess, prices have in general fluctuated 

directly, not inversely, with output.^/ Yield per acre also varies a 

great deal from year to year. The yield from a given farm in the Great 

Plains falls largely outside the control of the farm operator since one 

of the major inputsj- (moisture), is likewzise outside the control of the 

operator. Other weather phenomena such as unpredictable hail and 

windstorms create further uncertainties about the outcome of a given 

production effort.

I/

2/

Paper presented to United States Congress by John Wesley Powell, 45th 
Congress, 2nd Session, House of Representatives, Executive Document 
Number 73, April 3, 1878, p. 22.

See for example, United States Department of Agriculture, AqriculA 
tural Statistics 1956. Washington, D.C., United States Government 
Printing Office, 1957, Table I, p. I.
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There is a further characteristic of the Great Plains region which 

farm managers must contend with. Due to the climatic,soil, and topogra

phic chatacteristies of the region there are very few alternative 

enterprises that farmers can choose from. This severely limits the 

adjustments which an individual farm operator can make to cope with the 

uncertainties facing him.

In general, there are two problems in farm business survival facing 

the manager. One is that in the short run he must avoid bankruptcy. 

Schickele considers this to be an income sufficient to cover the fixed 

costs of the firm and the relatively fixed family living expenses.^ The 

other problem is to secure an adequate profit from the farm over time. 

Ideally, this would be an income sufficient to cover the family’s 

opportunity costs. The two are quite different problems qnd may not 

be complementary. If bankruptcy threatens, some short-run changes may 

have to be made. For example, soil conservation practices may have to be 

given up for a while in order to remain solvent, which in the long run 

may reduce profits.

Methods for dealing with income uncertainties thus far have been of 

limited value. Some of these will be discussed in a later section.

Possible future losses have been divided into fisk and uncertainty. 

For the present discussion the distinction between the two will be made

^  Rainer Schickele, "Farm Business Survival Under Extreme Weather
Risks", Journal of Farm Economics, Proceedings, Volume 31, Number 4,
November, 1949.
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in the same way that Johnson has classified them.'=' He divides unknown 

situations into subjective risk situations and subjective uncertainty 

situations. In the subjective risk situation the manager feels he has 

enough information to act; a manager facing the subjective uncertainty 

situation does not act willingly beca’use he feels he needs more information. 

Risk and uncertainty will be discussed more fully in the following chapter. 

The problems of farm business survival referred to above are"more easily 

met by farmers of the Great Plains who arrange their resources', in such a 

way that they can predict within close limits the outcome of their 

production.

Functions of. managers .have-,been classified as: (l) formulating

expectations, (2) designing plans to take advantage of these expectations,

(3) putting the plans into action, and (4) bearing the consequences of
' ' ;

the action. Haver expands on these:

"I. Taking'thef-observed'problem or difficulty and formulating . 
expectations and plans of action or otherwise conceiving 
solutions with respect to the problem,

2. If necessary, adjusting and reformulating in the light of 
further observation,

3. Making decisions and taking action on the basis of the above 
analysis, and finally,

4. Accepting the economic responsibility for such actions'.

Glenn L. Johnson, "Relevant Theories, Concepts,, and Research Tech
niques” , Risk and Uncertainty in Agriculture, Agricultural Experiment 
Station, North Dakota Agricultural College, Bulletin 400, Fargo,
North Dakota, August, ■ 1955, pp. 36-41.

Cecil B. Haver, "A Proposal on Firm Decision-Making", Risk and 
Uncertainty in Agriculture, Agricultural Experiment Station, North 
Dakota Agricultural College, Bulletin 406, Fargo, North Dakota, 
August, 1955, p. 52. .
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The Problem Area

According to sources quoted by Bostwiek3 the paths of spring and 

summer shower activity in the Great Plains of Montana are, in general, 

from west to east .^Thunder clouds move across the countryside more or 

less independent of the local terrain leaving rain and sometimes hail. 

The cumuli clouds may range from two to six miles in diameter. Rains 

falling from these clouds cover an area which is not as wide as-the" 

diameter of the clouds. If hail accompanies .these showers the strips 

are usually not more than a mile wide.

This suggests that there may be some strategies which the farm

manager in this region might use to reduce yield variability over time. 

One such strategy might be to disperse his farm unit into non-contiguous 

tracts of farm-land. Some definite spatial arrangement might be

advantageous since the storms tend to travel in strips and in an
1 f u

easterly direction. 1 f
% L

. One might:, suspect that- the mean yield would be reduced on dispersed 

farms-, since by .'.being dispersed'?a farm unit would halve greater chances of 

being hit by any hailstorm which occurs in the area. But farm unit 

dispersion should be effective if the tracts are arranged such that any 

single hail storm would not be likely to damage more than one tfatit.'- At 

the same time, nearby tracts can be expected to benefit from the

Bon Bostwick, Studies in Yield Variability. Unpublished Manuscript, 
Montana Agricultural Experiment Station, Department of Agricultural- 
Economics and Rural Sociology, in cooperation with United States 
■Department of Agriculture, Agricultural Research Service, Farm 
Economics Research Division, Bozeman, Montana, October, 1958.
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accompanying rainfall. Intuitively, one might suggest dispersing from 

one to four or five miles; the dispersed tracts being north and south 

with respect to each other.

For purposes of this study, a dispersed farm will be defined as a 

farm organization or farm unit which is divided into two or more non

contiguous tracts of farm land. The farm unit is under one management 

and it will be assumed that all the resources available are used to 

attain the economic objectives of the manager.

The word non-contiquous may need further explanation. For two 

tracts of land to be non-contiguous, the center of one tract must be at 

least one mile from the center of the other tract. . Furthermore, no parts 

of any two such tracts are within about one-quarter of a mile from each 

other.

A concentrated farm is an economic farm unit made up of one tract, 

or two or more contiguous tracts of land. If more than one tract makes 

up the farm, the center of one must be less than a mile from the center 

of some other tract of the farm unit.

The concept of degree of dispersion will be used later in the study. 

Degree of dispersion is measured by the distance from the center of 

dispersed tracts. For example, if the distance from the center of one 

tract to the center of another tract is four miles, then the degree of 

dispersion is four miles. If more than two tracts go into making up a 

farm whose degree of dispersion is four miles, then the distance between 

the centers of at least two of the tracts must be four miles.
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The Research Problem

Three analyses are made in this study. The first two are to determine 

the effects of farm dispersion on crop yield, (I") during a production 

season, and (2) over time. Analyses are made to determine whether or 

not there is an advantage gained by dispersing the farm unit, thereby 

decreasing the possibility of any one hail storm damaging the entire crop 

of a single farm unit.

Thirdly, analysis of additional costs incurred from operating a 

dispersed farm is made. An attempt is made to compare the additional . 

costs of dispersion to any benefits received from, yield stabilization 

due to dispersion.

Previous Work

Bostwick has conducted a pilot study in Judith Basin County of
I l/

central Montana. He dealt with the question of farm unit dispersion 

'and the resulting influence on crop yield variation. Hypothetical farms 

were built of tracts lying in a north-south direction. When the effect 

of soil differences was taken out, a significant difference was found 

between the yield variance of dispersed and concentrated farms.

Objectives

The objectives of the study are: (l) to determine the effect of

, varying degrees of dispersion upon the variability of crop yields in one 

year, (2) to determine the effect of varying degrees of dispersion upon

j7 Ibid.,pp. 56-57.



the variability of crop yields for several consecutive years, (3) to 

determine the increased costs incurred due to the dispersion of a farm 

organization, and (4) to analyze the influence of the above effects upon 

farm business survival in the Great Plains.

- I  -

Hypotheses

To guide the study, three hypotheses are made. These are:

1. Under similar conditions of size, management practices, 
and reasonably homogeneous soils,"' farnis^with"tracts dispersed over 
Somd .aresGwil)^ experience the same yield'.variability within "one 
crop year aSudd farms with'contiguous tracts,

2. Under similar conditions of size, management practices, 
and reasonably homogeneous soils, farms with tracts dispersed over 
some area will experience the same yield variability over a 
sequence of crop years as do farms with contiguous tracts.

3. Any benefits due to the reduction in yield variability as 
a result of dispersion will be more than offset by the additional 
costs incurred due to dispersion.

Procedures

Data are available for crop yields in Montana's state lease lands 

going back as far as the early 1930's. The data are quite incomplete, 

however, for years prior to 1939 or '1940. Much of the state lease land 

is in Daniels County. A considerable number of state-owned tracts are 

also found in Roosevelt and Sheridan Counties. Hypothetical farms, 

similar in size to those found in these three counties are constructed 

from the tracts of state lands found there. Twenty years data on spring 

wheat yields are used, these being the years 1937 through 1956, inclusive.

Since the storms in this area generally travel in an easterly 

direction, the hypothetical farms were built so that the tracts lie in



-  8 -

a north-south direction in relation to each other. This should reduce 

the probability that a single hail storm will strike all tracts of the 

"farm."

Two classifications of "farms" are made. The first is according to 

the number of seeded spring wheat acres per farm.

1. Farms with from 200 to 600 acres of spring wheat.

2. Farms with from 600 to I9OOO acres of spring wheat.

3. Farms with over 1,000 acres of spring wheat.

The second classification is according to the degree of dispersion.

1. Farm tracts dispersed less than one mile.

2. Farm tracts dispersed from onfe to four miles.

3. Farm tracts dispersed from four to seven miles.

4. Farm tracts dispersed from seven to ten miles.

5. Farm tracts dispersed from ten to fifteen miles.

6. Farm tracts dispersed from twenty to twenty-five miles.

The problem of the effects of management and soil differences on 

yield variability was considered. It is hoped that ttiis effect will be 

eliminated by the methods used to build the hypothetical farms. This will 

be discussed more fully in a later chapter. If the major variables which 

influence yields have been taken into account, any reduction in yield 

variability can be attributed to dispersion of the farm unit.

Two yields variances will be computed. One is the variance of all 

farms within a group for. each year. These will be do^pared to the ■ 

variances of each other group for that year. The second variance to be
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computed is that, of each group over all years 1.937 through 1956 for which 

there are data. Comparisons will be made of the variances of each group.

The variances found from each individual year's yield will then be 

compared by the use of Bartlett's test for homogeneity of variances."^ 

This is to test the hypothesis that the variances for all groups are 

equal. The variance found by using yields for the series of years will 

also be compared by use of this test.

The third hypothesis is tested by analyzing schedules taken from 

farmers in the area operating farms similar in size and degree of 

dispersion to those hypothetical farms constructed for this study. 

Estimates of travel time, extra equipment needed, additional wear and 

tear on machinery, and other costs due to dispersion are analyzed.

''

I/ Bernard Ostle, Statistics in Research. Ames, Iowa, Iowa State 
College:.Press, 1954, pp. 241-242.



CHAPTER II

REVIEW OF LITERATURE

A Discussion on Risk and Uncertainty

One certainty which faces individuals and firms is an uncertain 

future. A basic problem of life is making decisions for action in an 

unknown future. Some things that will happen can be predicted with a 

high degree of confidence; many things can be predicted with little or 

no confidence. Much of-the outcome from actions taken by farmers in 

the Great Plains region cannot be predicted closely. This is no doubt 

a major reason why much of the thinking on predicting future events has 

come from those living in this region. A review of some of the thinking 

on the subject of predicting the future seems relevant at this point.

Managers of business firms tend to think of anything which may 

result in losses to the firm as a risk. But there are important dis-.. 

tinctions among types of unknowns facing a firm. Frank H. Knight first., 

made a distinction between two types of possible losses. One he calls 

risk, the other uncertainty.

"The practical difference between the two categories, 
risk and uncertainty, is that in the former the distribution 
of outcome in a group of instances is known (either through 
calculation a priori or from statistics of past experience), 
while in the case of uncertainty this is not true, the reason 
being in general, is that it is impossible to form a group 
of instances, because the situation dealt with is in a high 
degree unique. The best example of uncertainty is in connec
tion with the exercise of judgment or the formation of those 
opinions as to the future course of events, which opinions

f
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(and not scientific knowledge) actually guide most of our 
conduct."!/

What Knight calls risk then can be considered as an objective pre

diction. Losses which he calls risk must be of a form which are calcu

lable by some means. For example, it is not necessary to be able to 

predict that a hail storm will strike a particular farm at some time, 

but the probability of a hail storm striking a farm over some period of 

time or the probability of hail striking a group of farms in a season 

must be estimable if it is to be classified as a risk.

Heady, Knight, and Spenicerniand - Sregelmah make Jfmrther distinctions 

in types of risk which face a firm.^  There are.two types, one of 

which can be established by a priori deduction, the other can be tested 

by statistical calculation.

A priori deduction is the easiest to work with but the least 

useful for analyzing many real world problems. An example of a priori 

deduction is coin tossing. One expects that from a large number of 

tosses about one-half of the time heads will.be up, the other one-half 

of the time tails will be up. But, there is no need to test this by 

making a large number of observations.

l/ Frank H. Knight, Risk, Uncertainty, and Profit, Boston and New 
York, Houghton Mifflin Company, 1921, p. 233.

See the following:
Earl 0. Heady, Economics of Agricultural Production and Resource 
Use, Englewood Cliffs, New Jersey, Prentice Hall Inc., 1952, 
p. 440.
Knight, Ibid., pp. 233-235.
Milton' H-.Spencer and 'Louis Siegelman, Managerial.,Economics, 
Homewood, Illinois, Richard D. Irwin, Ihc., 1959, pp. 5-7.
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A type of risk more likely to face the firm is that which can be 

estimated by statistical calculations. Predictions can be made about the 

outcome of an event when there are sufficient records of their past 

performance to work with. This, of course, assumes that we expect the 

past performance to continue in the future. The .observations must Jae 

normally and independently distributed in order to establish a proba

bility function.

"Refinement can be added to the concept of risk in this 
manners the parameters of the probability distribution 
(frequency distribution of outcomes) can be established for 
outcomes that involve risk. In other words, the mean, mode, 
shewness, kurtosis, and variances can be established with an 
empirical probability of 1.0 for the particular distribution."!/

Unfortunately, in many cases past patterns of behavior may not be

a very good guide for making predictions about the future. This is

especially true of many economic problems. For example, the history

of past prices may not be repeated because of different sets of factors

may be determining price.

Spencer and. SiSgeibman make a distinction between intrafirm risk 

and interfirm risk.-i/ Intrafirm risks are those losses which occur 

frequently enough within the firm that the probability of their 

occurrence can be estimated. A somewhat classic example is egg break

age for a poultry farmer. The farmer might expect a two-percent break

age. This loss, though easily calculable, should not be insured against. 

The firm should consider this is a fixed post since it will not affect

Heady, op. cit., pp. 440-441.i/

2/ SpgnCef SndnSiegdiLmah> op. cit., pp>. 7-8.
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the production planning. Interfirm risk is a type of loss which occurs 

too- infrequently within any one firm to be predicted with any degree of 

certainty.. But the chance of this loss happening to some proportion of 

a large number of firms can be predicted. Examples of this are fires, 

floods, hailstorms, etc. By insuring against this loss a firm can 

change it from an uncertainty to a statistically calculable risk. It 

can then be treated as a fixed cost by the firm.

It was noted by Knight that a major cause for the growth in size 

of the average firm is in no small measure due to the possibility of 

changing uncertainty into a calculable r i s k . W h e n  firm size is 

increased this is, in a sense, a form of self-insurances It can also be 

thought of changing an interfirm risk into an intrafirm risk..

.It is interesting to find in an article by Kalecki, that a limiting 

factor to the growth in the size of firm is due to the principle of 

increasing r i s k . He holds that there are two reasons why there is an 

increase of marginal risk with the increase in amount invested. The 

first is that there is the chance that an entrepreneur will lose more, 

the more he has invested. The second is that the more an entrepreneur . 

has invested in capital, the less liquid his assets are. Therefore, by 

the definition of liquidity he stands to lose more if some unexpected 

expense arises which he must meet quickly.

Knight, op. cit., p. 252.

2/ m . Kalecki, "The Principles of Increasing Risk," Economica,
Volume 4, Numbers 13-16, 1937, pp. 440-447.
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Knight's uncertainty is a form of loss which cannot' be predicted by 

statistical analysis or a priori deduction.i/ The prediction is of a 

subjective nature. A business manager must make some estimate of the 

probability of the occurrence of an event without the use of objective 

measurements. Since risk can.be measured.and considered a fixed cost, 

both Heady, and Spencer and Siegelman define risk as having perfect 

knowledge of the future in the'sense that the probability distribution 

can be determined.^/

Since it is impossible to measure loss due to uncertainty, this 

loss is classified as imperfect knowledge. Managers must take sub

jective predictions about the future, and no two managers are likely 

to make the same prediction. No quantitative figure may be given to the 

probability of a given occurrence.

Up to this point, most of the discussion on risk and uncertainty, 

has be#h built closely upon the definitions' of Knight. There has, 

however, been much more work done in this area. Though Knight's work 

is used as a bdse, much redefining and reclassifying has taken place 

to make the concepts more useful.for analytical purposes.

Siegelman and Spencer make refinements in kinds.of uncertainty.

The first they subjective certaintyJ/  This is the type of forward

I/
2/

3/

Knight, op. cit., p. 233..

Heady, op. cit., p. 443 and.Spenceroand'.Siegelmara, op. cit.,

Sperteer and Siegelman? op. cit., p. 9-11.
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looking in which the manager sees only one possible outcome but there • 

exists no empirical tests to establish this prediction. This type of 

uncertainty is uncommon, however, regulated prices serves as an 

illustration.

The next classification made is subjective risk. Managers knowing 

the future is uncertain accept a range of possible outcomes. The antic- , 

ipated range of outcomes form a simple probability distribtuion from 

which they attempt to make some prediction. For example, the manager 

may feel there is a 0.5 probability that the price will be $10, a 0.25 

probability that the price will be $7.50, etc. -

The third kind is pure or subjective uncertainty. One does not 

expect a single probability distribution,.but multiple.probability 

distributions. This is the same as what Hart calls uncertainty.^ He 

calls it a probability distribution of probability.distributions. The 

terms "probabilities" and "likelihoods" are used to distinguish between 

the two. A probability is the chance of an event occurring under any 

particular probability distribution; a likelihood is the chance p;f 

those distribution's occurring. Hart compounds or multiplies each 

probability by its respective likelihood to obtain a single valued 

probability distribution.

In a discussion on risk and uncertainty, Johnson divided imperfect 

knowledge situations into one subjective risk situation and three

i/ .A. G. Hart, "Risk, Uncertainty, and the Unprofitability of
Compounding Probabilities," Readings in the Theory of Income 
' Distribution, selected by a committee of the American Economics 
Association, Philadelphia, The Blakiston Company, 1951, pp. 547-554.
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subjective uncertainty situations.—' The important distinctions, he 

believes, depend upon the standards^ or accuracy set by the manager and 

not upon the existence, or non-existence of probability distributions.

"The standards of accuracy which specify the conditions 
for decision are subjectively determined and involved 
deductive as well as inductive conclusions."

The three situations of uncertainty are: (I) learning is continued,

(2) learning is discontinued and no action is taken because the proba

bility of error is too great, and (3) the manager is forced to act 

although more learning would be-beneficial if time permitted. By the 

second situation, Johnson presumably means that it is not attempted to 

treat the data statistically because there are insufficient data to make 

correct conclusions from it.

Johnson is careful to point out that the difference between risk 

and uncertainty is subjectively determined. When a manager feels his 

knowledge has reached a standard of accuracy set by himself he acts on 

a risk basis, until then he does not act- willingly. Different managers 

do not set the same standards of accuracy because the desire to avoid 

loss is a subjective decision. This accounts for the different confi

dence limits, insurance schemes, etc., chosen by different managers.

Johnson makes the following evaluation of Knight!s work. Knight’s 

thinking was inadequate in three ways. First, he was unrealistic in

Glenn L,Johnson, "Relevant Theories, Concepts, and Research 
Techniques," Risk and Uncertainty in Agriculture, Agricultural 
Experiment Station, North Dakota Agricultural College, Bulletin 
400, Fargo, North Dakota, August, 1955, pp. 38-41



making the distinction between objective risk and subjective uncertainty. 

The important question is whether or not the information available is 

sufficient for the manager to take action. Second, he did not subcatego

rize his uncertainty into situations where the manager tries to learn, 

does not try to learn, or is prevented from learning. Third, Knight's 

classification depends on inductive criteria though managers act on both 

inductive and deductive information.

Subjective decision making, then, seems more usable for analytical 

work. The concept is more difficult to grasp because it does not fall 

into easy classification. It was at least implied by Johnson that a goal 

is to obtain more information-^to continue learning— so that fewer sub

jective decisions are needed and more objective .decisions can be made. 

When a greater body of information is available, the tolerance limits 

can be more restrictive. Predictions can be made with a higher degree 

of confidence.

The only real distinction in facing unknown future events, then, is 

at that point when the manager subjectively decides he has enough infor

mation to act.

Methods.for Dealing with Risk and Uncertainty 

What schemes have-Great Plains farmers used to deal with an uncertain

future? The basic tool it seems has been to reduce violent fluctuations,
'\

or the effects of violent fluctuations, in yield and prices. Methods 

being used and proposals being made to contend with yield fluctuations 

fall broadly into these categoriesv (l) actions to take advantages of

— 17 —
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weather and climatic conditions, (2) actions to take advantage of 

institutional factors, and (3) a combination of the two.

The most common method of dealing with climatic and weather condi

tions is crop insurance. Thair believes that the underlying philosophy 

of crop insurance is for the insurance to be spread over time, each 

farmer eventually and gradually paying for his own indemnities'*^ Thus, 

large reserves are necessary. This is different than life insurance in 

that the losses during any one period can be closely predicted so large 

reserves are not necessary.

The benefit of insurance according to Schickele is not necessarily 

that of reducing the risk cost below what the risk loss might have been, 

but to reduce or even eliminate the probability that a risk loss will be 

so heavy as to cause extreme hardship or bankruptcy to the individual.3/

■ He believes that yield uncertainty can be broken into insurable risk and 

a "residual" uncertainty. The latter he feels should be born by society.

Emergency credit has many advantages in offsetting the effects of 

weather. This has one advantage over insurance in that the farmer pays

—/ Phillip J. Thair, Stabilizing Farm Income Against Crop Yield .
Fluctuations, Agricultural.Experiment Station, North Dakota 
Agricultural.College, Fargo,North Dakota, and Bureau of 
'Agricultural Economics, USDA cooperating, Bulletin 362, September, 
1950. 

o/
u  Rainer Schickele, "Farmers Adaptations to.Income Uncertainty," 

Journal of Farm Ecbnomics, Volume 32,.Number 3, August, 1950, 
and "Farm Business Survival. Under Extreme. Weather Risks,"

. Journal of Farm Economics, Proceedings, Volume 31, Number 4, 
November, 1949. j
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for a loss after it corners-:*ttt>t before. Schickele calls this ex* post 

savings. Insurance he denotes as ex ante, sayings.!/

The use of emergency credit was found by Thair to be of greater value 

to the farm owner than to the fa^m tenant because the income of the tenant 

was more stable than that of the farm owner.2/ However, the tenant - 

needed more time to repay since his income was lower. The extention of 

private credit is not widespread because entrepreneurial equity in the 

fqrm firm is relatively small in this area compared to the degree of 

fluctuation in farm income.A/

An analysis of local taxes- with an■emphasis on the property tax is 

presented by S t e w a r t . T a x a t i o n ,  no matter.in what form, effects such 

things as resource allocation. Taxes should be flexible enough to'"allow

adjustments in production costs when adversities strike which are beyond 

the control of the entrepreneur. A tax structure should: be such that 

payments fluctuate according to ability to pay. The property tax is 

one of the most rigid costs of a firm. Since the property tax is a

I/

2/

3/

i/

Rainer Schickele, "Socio-economic.Aspects of Risk and Uncertainty in. 
Agriculture," Risk and Uncertainty in Agriculture,.Agricultural 
Experiment Station, North Dakota. Agricultural College, Fargo, 
NorthlDakdta,.August, 1955, pp. 15-23.

Thair, op. cit. _

E. Lloyd Barber, and Philip J. Thair, "Institutional Methods of 
Meeting Weather Uncertainty in the Great Plains," Journal of Farm 
Economics, Volume 32,.Number 3, August, 1950.

Clyde E. Stewart, "Local Government Services and Stability of Tenure 
and Farm Operations,V Risk and Uncertainty in Agriculture, 
Agricultural.Experiment Station, North Dakota Agricultural College, 
Fargo, North Dakota, Bulletin 400,.August, 1955.
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primary source of revenue for building schools and highways, there is

recently additional pressure on landowners to provide this revenue.

Some suggested improvements are s

"I. increased efficiency of local public institutions in 
providing services,

z. 2. greater flexibility of tax structure,

3. more equitability of the tax system,

4. tax policies that promote greater resource efficiency."

A proposal often made to deal with annual.fluctuations in income is 

to make income tax adjustments. One method for accomplishing this would 

be for the farmer to buy tax certificates in the years his income is well 

above average and to cash these in years when his income is low. The 

graduated income tax system without carry forward and carry backward 

provisions, penalizes persons with highly variable incomes. The income', 

tax provides much more flexibility than do other.taxes, however.

Financial and physical reserves are a method of evening out both 

yield and price fluctuations. A primary benefit of physical reserves 

is that if farmers report their incomes on a cash basis this alleviates 

the effect of.the graduated.income tax, when yields are highly variable.- 

This accomplishes the same purpose as the tax certificates mentioned 

above.

Cash reserves may be of benefit in several ways. They may be in
o/

the form of tax certificates. They also may be more desirable than

^  Thair, op. cit. 
o/ Thair, Ibid.
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physical reserves since they can earn interest.-^ Cash reserves carry 

with them small risk of deterioration. The real value of cash reserves 

is not likely to change as much as that "of physical reserves. The 

primary reason for this is that there are more controls on the value of 

money than for other goods.

Hjort in a study of reserve use for Gteat Plains farmers found that 

those farmers who manage reserves intelligently could expect to attain 

economic success before those who do not use reserves.

In a study by Castle, (l) enterprise, and (2) area diversification 

were a n a l y z e d . T h e  reasoning' behind enterprise diversification was 

that while the income from all enterprises may vary greatly, not all 

will vary in the same direction, at the same time. If this is true, 

diversification would reduce income variability. It was found that 

because there was a high degree of association between crops that the 

variability was as high or higher in some cases than when only one crop 

alone was used. However, a combination of crop's did reduce the number 

of years in which there was a complete prop failure.

For the study on area diversification, a reduction in income 

variability was noted when :area diversification was combined with

I/

2/

3/

Schickele, "Farm Business Survival Under Extreme Weather Risks," 
op. cit.

Howard W. Hjort, The Use and Effectiveness of Financial and Physical 
Reserves in Montana's Dryland Wheat Area, Masters Thesis, Department 
of Agricultural Economics and Rural Sociology* Montana State College, 
Bazeman, Montana, August, 1959=

Emery N. Castle, Adapting Western Kansas Farms to Uncertain Prices 
and Yields, Agricultural Experiment Station, Kansas State University 
of Agriculture and Applied Science, Manhattan, Kansas, Technical 
Bulletin 75, February, 1954.



a considerwith enterprise diversification. The areas combined.were 

able distance apart.

A further analysis was made of inter-county comparisons. Five 

counties were, considered. In general, the more counties, which were 

combined, the lower was the coefficient of variation. Since these 

comparisons were based on county averages no recommendations to 

individual farmers could be made.

- 22 —



CHAPTER III

ANALYSIS OF, THE EFFECTS GF-FARM UNIT DISPERSION ON SPRING WHEAT YIELD

Source of Data

The State Land Office in Helena, Montana, has records of the crop 

yields on state lease lands going back as far as the early 1930’s. The 

state share of the production and the seeded acres for each year are 

recorded. Most of the rental charges are in the form of a certain"crop 

share arrangement. This is also given for each year. Thus, the yield 

per seeded acre from a given tract is obtained by multiplying the state 

share of the production by the reciprocal of the crop share; the product 

of this is then divided by the seeded acres.

The area chosen for the study is the three northeastern Montana 

counties, Daniels, Roosevelt, and Sheridan. The major reason for 

choosing this area is that there are a large number of state lease lands 

in Daniels County from which to draw a sample. About 70 of these tracts 

are also found in Roosevelt and Sheridan Counties. In many ways, this 

area characterizes much of the Great Plains rOgion.

The legal descriptions of the state lease lands wepe also obtained 

from the Land Office records. Maps were drawn showing the location of the 

state lands in these counties. This was done by the use of similar maps 

found in the State Land office, which showed the state-owned tracts of 

land in 1959. Hypothetical farms were then built using state lease tracts 

within the limits of the direction of dispersion, degree of dispersion, 

and the number of cropland acres.
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Construction of the' Hypothetical Farms

The criteria for the breakdown of farms into groups will be given in 

review. The direction of dispersion is ndrth and south— that is, trapts 

combined into a dispersed farm are north and south in relation to each 

other. The degree of dispersion was divided into six classifications, 

these being: (l) farms with no dispersion, (2) farm tracts dispersed one

to four miles, ('3.) faTm tracts dispersed four to seven miles, (4) farm 

tracts dispersed seven to ten miles, (5) farm tracts dispersed ten to 

fifteen miles, and (6) farm tracts dispersed twenty to twenty-five miles. 

Three sizes of farms were built, one group having spring wheat acres of ■ 

from 200 to 600 acres; a group having spring wheat acres of from 600 to

1.000 acres; and another group having spring wheat acres of more than

1.000 acres.

In the ensuing paragraphs a detailed description of the methods used 

for building hypothetical farms will be given. The reader is asked to 

assume that a tract meets all the restrictions of size, degree of 

dispersion, and direction of dispersion, except the one under discussion.

The direction of dispersion presented a problem. Some criterion was 

needed for deciding whether or not one farm tract was in a north or south 

direction from another. Following is the method used. A "base” tract 

was selected. Then a north-south axis was drawn through the center of 

the tract. A line was then drawn on either side of the axis with an angle 

of 33 l/3 degrees. If the center of a tract fell within these two lines, 

then it was eligible for inclusion in the farm. A diagram is presented 

on page 25 to clarify this description. Any tract whose center fails.
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within the two diagonal lines is eligible for combining with tract A to 

make a farm, of course, assuming it meets the other restrictions of size 

and degree of dispersion.

Some difficulty was encountered in choosing a sample of farms for use 

in the analysis. A first attempt at building farms was to use each tract

□

.3

Figure I Typical Patterns of State Lease Tracts
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as a "base" and combine it with every other tract within each classification. 

Pt was hoped that in so doing, other factors which affect yields, such as 

soil and management differences, were eliminated. This, however, grew 

into an impossible task from the standpoint of time because there were 

thousands of possible combinations when the degree of dispersion was 

greater than ten miles.

An alternative method was then settled upon. It was decided that no

tract could appear in more than one farm in any one group. Thus, the idea

of a "base" farm was discarded except to determine the north-south 

dispersion limits.

Care was taken when building farms to use tracts of nearly the same 

size so that Any effects of the size of tracts -would be taken into account. 

Also, in building dispersed farms an attempt was made to use about the 

fame number of acres at each location. For example, in the diagram above, 

if tracts A, B, and C were combined into a farm, an effort was made to

have about the same number of acres in B and C together as in A.

No restrictions were placed on the number of tracts which went into 

building a farm, however, by far the majority of farms are made up of two 

and three tracts each. Again, referring to the above diagram, there are 

other tracts within the 10 to 15 mile dispersion group which could have 

been combined with B and A to make a farm. All possible combinations 

were not made, however. Tract's at each end of the dispersion were 

chosen as close together as possible so -that no east-west dispersion 

characteristics would be introduced. For example, tracts B, and D
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would not be a suitable combination. If a tract was contiguous to A if 

might have been used to build a faun.

It was decided to limit the number of farms in each group to fifty.

In most cases, the previous restrictions discussed placed a limit on the 

number of farms which could be built in a group to something less than 

fifty. When the number of possible farms exceeded fifty, a limited number 

of tracts were selected to make up farms from each area of the three 

counties. Tracts from each area were chosen in proportion to the number 

of state lease tracts found in that area. By using this method there 

should be no effects of limiting the number of farms in each group. The 

effects of soils and management should still be offset since any tract 

of land could be combined with any other in the three counties providing 

it met each of the other restrictions given.

For purposes of electronic computer work, only twenty years were 

included in the study. These years were 1937 through 1956, inclusive. 

Since the records of yield data are quite sketchy prior to the 194©,s, 

very little was- lost by excluding these early years from the study. It 

is unfortunate that the data are unavailable for this period because 

this may well have made a difference in the results of the analyses done 

in this study.

Missing data also occur for some years included in the study. This 

could happen for several reasons. Often the reports sent in to the Land 

Office were incomplete and in some years no report was sent in at all.

If there was no record of the seeded acres, the crop share arrangement,



- 2& -
or the state share of the production, no per acre yield could be computed 

for that crop year. When missing data of this sort occurred, that crop 

year was excluded from the analyses. Unfortunately, many times when a 

farmer obtained no yield from a tract of land, he failed to send this 

information to the Land Office. This was evident from the records because 

data were scarce for those years when the area experienced generally poor 

yields. In these years, one would suspect that those farmers who failed 

to report had experienced little or no yield. Therefore, an upward bias 

in the average yield bias probably resulted.

When a zero yield was reported for a crop year it was used in the • 

analyses. It was only when one or more of the figures needed to compute 

a per acre yield (i.e. state share of the production, rental share, or 

seeded acres),, was missing that the year was not used. No' attempt was 

made to estimate what the missing data should have been.

Statistical Calculation of Yield Variability

A possible method for measuring variability is the coefficient of 

variation. The coefficient of variation is useful in comparing data from 

samples for which there exists a different arithmetic mean.!/ It is 

also useful for comparing two or more sets of data for which there is a 

different measure, for example, height and weight.-2/ The coefficient of

l/ Frederick C. Mills, Statistical Methods. 3rd Edition, Henry Holt and 
•Company, New York, 1955, p. 130.

Bernard Ostle, Statistics in Research. Iowa State College Press', Ames,
Iowa, 1954, p. 51.

2/
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variation is obtained by dividing the standard deviation of a.sample by 

the mean of that sample. It is usually expressed as a percentage.

The coefficient of variation was used by Castle in analyzing enter

prise and area diversification.— ^ In this article he states that the 

coefficient of variation cannot be tested for significant differences; 

only subjective comparisons can be made.

The study will use some statistic 9: which, when compared, can be 

tested for significant differences. The variance is such a statistic.

Two tests of significance are made. First, the Bartlett's test is used 

to determine whether there is a difference among the yield variances 

of each year, for the several dispersion groups. Having determined 

in which years the yield variances among dispersion groups are 

significantly different, the F test is used to, determine between which 

two dispersion groups the yields differ significantly. A discussion 

then follows which attempts to give reasons for the difference in 

yield variances between dispersion groups.

The yield variances for the series of years are treated in a similar 

manner. The Bartlett’s test is used to determine whether or not there is 

a significant difference in yibld variance among the dispersion groups.

If such is found the F test is used to determine between which dispersion 

groups the difference in yield variances occur.

^  Emery N. Castle, Adapting Western Kansas Farms to Uncertain Prices
and Yields. Agricultural Experiment Station, Kansas State College of 
Agriculture and Applied Science, Manhattan, Kansas, Technical Bulletin 
75, February, 1954, pp. 22-38.
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TABLE I. MEAN SPRING WHEAT YIELD IN BUSHELS OF FARMS SEEDING 200 TO 600 
ACRES 1938-1956» a/

Degree of Dispersion
No 1-4 4-7 7-10 10-15 20-25

Year Dispersion Miles Miles Miles Miles Miles
1938 3.86 CS CO ■ CSCS
1939 9.04 9.63 .SC. —
1940 7.57 4.20 7.28
1941 11.36 15.02 OS* --
1942 17.77 11.41 13.34 14.36 14.21 ——
1943 17.40 16.13 16.21 16.43 15.73
1944 13.96 13.07 13.24 14.73 14.11 12.86
1945 7.63 5.96 6.17 6.83 10.26 12,68
1946 8.66 6.62 5.84 7.56 6.10
1947 10.33 9.73 10.82 10.12 10.92 13.76
1948 ' 10.34 9.50 8.83 7.40 8.94 12.36
1949 3.40 2.23 2.93 2.74 3.44 13.92
1950 ■ 19.00 15.86 16.20 16.17 16.10 16.89
1951 10.47 11.50 9.83 9.35 9.65 10.61
1952 9.81 12.69 12.23 10.35 12.67 12.40
1953 18.18 19.82 18.40 19.69 18.50 17.81
1954 10.17 10.77 10.31 10.92 10.90 9.81
1955 14.97 13.65 14.01 14.47 14.34 15.06
1956 ■ 8.32 8.20 7.54 7.47 8.50 8.90

ja/ Means computed from samples with less than five observations are 
not included in these tables. This is the reason for the blank 
cells.

Although no tests of significant differences were made in the present

study, the mean yields were judged to be close enough in nearly all cases, 

both for individual years and for the series of years, to legitamize

the use of the variance.to determine whether yields among dispersion
I/groups differ significantly 

the proper choice for measuring yield variability

For these reasons variance deemed to be

2/

I/

2/

See Table I, II, and III. No variances were computed for individual 
years for the group of farms seeding more than 1,000 acres of spring 
wheat because there were not enough observations for the computation 
of yield variance which could be considered reliable.
The coefficient of variation for these data are found in Appendix F.
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TABLE TI. MEAN SPRING WHEAT YIELD IN BUSHELS’ XE: FABMS SEEDING 600 TO 
1,000 ACRES I942“I956 i/

Degree of Dispersion
No 1-4 4-7 7-10 10-15 ’ , 20-25

Year Disoersion Miles Miles Miles Miles , Miles
1942 m e n 15.38 «=<»

1943 esa’ee = * • =

1944 18.56 15.63 15.49 *=*“ 15.78
1945 8.07 6.76 7.17 7.88
1946 8.30 8.49 8.46 8.09 8.48
1947 13.23 14.02 11.57 11.15 11.50
1948 11.14 11.84 10.36 9.24 9.28
1949 6.25 3.75 2.74 2.63 3.36 6.44
1950 22.76 20.27 16.68 16.78 17.89 15.14
1951 9.76 10.01 10.01 10.56 10.30 10.05
1952 12.59 12.41 12.68 11.26 14.20 12.61
1953 21.74 19.48 19.13 19.04 19.41 17.01
1954 11.41 10.64 10.40 9.51 10.83 9.68
1955 15.36 14.51 13.79 14.01 14.10 15,68
1956 8.96 ' 8.53 7.97 7.90 8.11 8.63

^  Means computed from samples with less than five observations are not
included in these tables. This is the reason for the blank cells.

TABLE III. MEAN SPRING WHEAT YIELD IN BUSHELS, OF THE GROUP OF FARMS
FOR THE SERIES OF YEARS 1937-1956.

Degree of Dispersion
Number of acres of No I-4 4-7 7-10 10-15 20-25
spring wheat per farm Dispersion Miles Miles Miles Miles Miles
Farms seeding 200-600
acres of spring wheat 11.43 11 .20 10.82 11.15 11.58 12,91

Farms seeding 600=1000
10.91 12.19 12.22acres of spring wheat 12.68 12.05 11.80

Farms seeding over 1000 
acres of spring Wheat 9.79 11.16 10.66 11.54 10.64 a/

There were not enough suitable tracts which could be combined into 
farms dispersed 20-25. miles and with more than 1,000 seeded acres 
of spring wheat.



32 -

When the tracts had been combined into hypothetical farms,, a simple 

weighted mean yield was computed for each fawn for each year. The weighted 

mean yield is the figure obtained bys

n

I  aiyi
i=l

i=l

where a, is the number of acres in the ith tract, %  is the average per 

acre yield for that tract, and n is the number of tracts in that farm
J

per year for Wiich there were data.

The variance of each dispersion group for individual years was then 

obtained by using the weighted mean yield for each farm for each year as 

the observation. If the weighted mean yield of the ith fetrm of dispersion
O

group j  in year k, is denoted by Y(Jk)i then the variance s^(jk ) is:

n(jk) (n(jk) - 1I

n is the number of farms in dispersion group j., year k. In computing 

the variance for the series of years for each dispersion group the 

same yield observations were used.

The dumber of farms in each year was summed to obtain the total 

number of tracts for all years of the dispersion group. The weighted 

mean yield of each fawn for each year was, used as the observation as
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before. Thus, the variance for the sferies of yq&rs of each dispersion 

group j  is computed bys

2

W  i ( - 1  I

i
k=l

nJk " 1
k=l.

where £  is the number of years for which there, was data in the .ith 

dispersion group.

When the variance of each dispersion group had been computed 9 both

for individual years and for the series of years9 the hypothesis was

tested that the variance of each was equal. This was done by the use

of Bartlett's test for homogeneity of variance.^

•In using Bartlett's test the value of ~)6 ., where a is the
a(k-l;

chosen level of significance and k is the number of samples, is compared 

to the 0 6  ^ value found bys

IogeIO Iog10S 2^ (Ui-I) =
i=l i=l

2

Cn1-I) Iogl0Si

The degree of freedom for a computed '"X- is k-1. The number in each
2sample may vary* The pooled estimate ’of the Variance, s , is found bys

i/ Gstle9 0£j« Cito9 pp, 242-243a
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■ P nj

e I
s = h=l j=l

Jl

i=i'

The number of sample's is denoted by jd, h is the hth of £. samples. The size 

of the sample is represented by k, j  is the nth sample, and jij is the 

number of observations in the nth sample.

The test is inadequate for this study in at least two respects.

First of all, it is known that each sample is different in one character

istic— -/the degrees of dispersioh. It is difficult to determine, therefore, 

when the test shows that the variances are not homogeneous, whether the 

difference is due to dispersion or to some other characteristics of the 

sample, such as soil and management' differences. The second weakness of 

the test is that, of several variances, it is difficult to determine which 

are significantly different if a particular test shows the variances are 

unequal.

The latter weakness of Bartlett’s test was treated by making use of 

the F t e s t . F i r s t ,  the years were determined in which the variances 

among dispersion groups were not homogeneous. Then the F test was used
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to determine between which dispersion groups in individual years the 

variances differed significantly.



-  35 -

In using this test the hypothesis is tested th a t one variance is 

greater than or equal to a second variance. The ratio of the two

variances is compared to the proper F distribution value,
2

. F =  Sl
2 s„

is compared to F
(n  ̂ “ I) (ng - I)

when n p  is the number of observations in the sample from which the first 

variance is computed, and ng is the number of observations from which 

the second variance is computed. The degree of freedom for the numerator 

is n^-1 and the degree of freedom for the denominator is ng-l. If the 

value in the F distribution table for the proper degrees of freedom is 

less than the calculated value of F, then the hypothesis that the first 

variance is greater than or equal to the second variance is rejected.

The F test was also used to determine between which dispersion groups 

the yield variances of the series of yeard differed significantly.

The variance is quite useful for testing groups of data for signi

ficant differences in variability. But it is often desirable to discuss 

variability in more descriptive terms. By use of such a figure as the 

standard deviation, variability can be discussed in physical units.

(For this study the units would be bushels of wheat.) The magnitude 

of the variances in relation to each other will be in the same direction 

as are the standard deviations to each other. The standard deviation 

can of course, be found by taking the square root of the variance.

'A use made, of the standard deviation in this,, study is to compare 

the Changest, if,any, in-yleGld v&iiaMlmfy'among: the dispersion grbiips.-
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These comparisons should have more meaning to the farmer than would 

comparisons made of the variances.^

The mean plus one standard deviation and the mean minus one standard 

deviation was found. These figures should also hold interest for a farmer. 

These give the range between which yields in individual years varied 

on about two-thirds (68,27 percent) of the farms of a dispersion group.

It must be assumed in this case that the population from which this 

sample is drawn is normally distributed about the mean, and also that an 

unbiased sample was drawn.

It should be expected that the standard deviations of yields for 

all the years should vary over some range. It would seem valuable to 

determine whether there is any difference in this distribution of standard 

deviations among the dispersion groups, To do this each of the standard 

deviations of the yields was treated as an observation and a standard 

deviation was computed from this. This gave a standard deviation of 

standard deviations for each dispersion group. Since the means of the 

standard deviations could not be expected to be equal, a coefficient of 

variation of the standard deviations was found, This figure is a better 

measure for.comparison when the means are not equal. The coefficient of 

variation thus found should indicate in which dispersion groups the 

variability in yield can be.predicted most accurately.

^  See Earl 0, Heady, "Diversification in Resource Allocation and 
Minimization of Income Variability", Journal of Farm Economics,
Volume 34, Number 4, November, 1952.
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Analysis of the Statistical Calculations 

In this section the dispersion groups will be referred to in a' modi

fied form as followss

no dispersion .- first dispersion group
1-4 mile dispersion - second dispersion group 
4-7 mile dispersion - third dispersion group 
7-10 mile dispersion - fourth dispersion group 
10-15 mile dispersion- fifth dispersion group 
20-25 mile dispersion- sixth dispersion group

For example, when the group of farms with no dispersion is under dis

cussion, it will be referred to as the first dispersion group.

Farms Seeding 200 to 600 Acres of Spring Wheat

Before analyzing closely the variability among the dispersion 

groups, a few general observations might be made. The standard 

deviations for individual years for the group of farms seeding 200 to 

600 acres of spring wheat is presented in Table IV. For most years 

no significant change in standard deviations occur among the third 

through the fifth dispersion groups. Except for the standard deviation 

of the fifth dispersion group in 1945 which was 10.54, the standard 

deviations of these dispersion groups, considering all years, ranged 

from 5.19 in the third dispersion group for 1952, to 1.48 for the 

fourth dispersion group in 1948.

Some years the standard deviation for the sixth group is■significantly 

higher than for those of the fifth dispersion group. While no explanation 

for this phenomenon is obvious, i>t is suspected that some other charac

teristics of this sample caused the high standard deviations in this 

group. A suggested reason is given below.



TABLE IV. STANDARD DEVIATION CF SPRING WHEAT YtELD OF FARMS SEEDING 200« 
600 ACRES BY YEARS, 1938=1956.1/

First Second Third Fourth Fifth Sixth
Dispersion Dispersion Dispersion Dispersion Dispersion Dispersion

Grouo Grouo Groub Grouo

No 1—4
Degrees of Dispersion 

4-7 7-10 10-15 20-25
Year Disoersion miles: miles • miles miles miles
1938 2.72 = F= «=tco —
1939 3.41 3.58 *"

1940 4.22 3.35 2.10 •=-

1941 4.55 2.61 WW

1942 7.35 4.07 4.63 4.50 4.98
1943 6.98 3.38 4.62 . 4.03 3.72 WW

1944 4.48 5.29 2.78 4.17 3.97 4.88
1945 3.82 . 2.06 2.01 3.13 10.54 8.29
1946 4.63 3.05 2.41 3.57 3.48 WW

1947 4.53 3.43 3.30 3.35 2.71 3.56
1948 4.58 5.13 2.71 3.06 2.67 5.46
1949 2.62 .98 1.77 1.48 • 2.05 21.94
1950 9 .94 2.81 3.60 4.63 3.85 6.80
1951 4.47 10.90 3.19 3.65 3.73 3.97
1952 5.15 10.30 5.19 4.19 3.41 4.51
1953 4.25 3.14 4.70 5.07 4.44 4.25
1954 2.71 2.21 2.79 2.47 2.92 1.57
1955 3.91 2.69 3.94 2.56 3.34 5.09
1956 3.59 3.66 3 .43 3.94 3.41 3.58

I/ Standard deviations computed from less than five observations are 
not included in this table.

A higher proportion of the farms in this group was made up of tracts 
... - • u '
in Sheridan and Roosevelt Counties. This is because the spatial arrange

ments of the tracts of state lease land is somewhat different in Daniels 

than in Roosevelt and Sheridan Counties. The state lease tracts In Daniels 

County cover much of the western half of the county without' restrictions 

on the section number. In contrast, nearly all the state lands in 

Roosevelt and Sheridan Counties are found in parts of all of sections
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16 and 36. Very rarely do two contiguous sections in these two counties 

contain state lease land. Therefore9 it was difficult to build farms from 

tracts in Roosevelt and Sheridan Counties that were dispersed less than 

about. 12 miles. If the land in these two counties varies in many ways 

from that in Daniels3 the outcome of statistical tests is influenced. It 

is possible that two populations (state lease tracts)3 have been treated 

as though they were one.

A comparison of Table I on page 30, which gives the mean yield for 

dispersion groups in individual years3 and Table IV3 shows that those 

years in which there were low mean yields, are also those years in which 

there are low standard deviations. Furthermore, the change in standard 

deviation shows no pattern-as degree of dispersion increases. The year 

1949 serves as an illustration. The mean yield was less than 3.5 bushels 

for the first five dispersion groups and the standard deviations were 

between 2.62 and .98 for these same groups. Thus3 when growing conditions 

over an area are unfavorable, dispersion within this area probably does 

not affect yield variability a great deal.

Test For Differences Among- Variances."-The first step in analyzing 

differences in yield variability among dispersion groups can be taken 

■ by analyzing the results of Bartlett^s test for homogeneity of variances.
I/ . . . . .

These are presented in Table V. Significance is tested at the five 

percent level. Of 15 years considered, the variances differed significantly

I/ The results of Bartlett’s test for this group is given in greater 
detail in fable I3 Appendix D.
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among dispersion groups for seven9.or nearly half of the years. These 

years are 19459 1948, 1949, 1950, 1951, 1952, and 1955. It is important 

to note that the yield variances are significantly different for several 

consecutive years.

TABLE V. BARTLETT'S TEST FOR HOMOGENEITY OF VARIANCE FCR THE GROUP CF 
FARMS WITH 200 TO 600 .SEEDED ACRES OF SPRING WHEAT.

Computed 
Chi Square

1942 5
1943 5
1944 6
1945 6
1946 5
1947 6
1948 6
1949 6
1950 6
1951 6
1952 6
1953 6
1954 6
1955 6
1956 6

4.03 9.49 No
7.07 9.49 No
6.70 11.1 No

72.35 11.1 Yes
8.74 9.49 No
5.93 11.1 No
17.68 11.1 Yes

217.11 11.1 Yes
59.83 11.1 Yes
63.72 11.1 Yes
48.18 11.1 Yes
6.88 11.1 No
7.32 11.1 No
13.78 11.1 Yes
0.64 . 11.1 No

a/ At sample size minus one degree of freedom.

Test for Differences Between Variances.--The important determination 

is to find between which dispersion groups the yields vary significantly. 

This is done by use of the F test. The results of this test for the size 

of farms under consideration are presented in Table VI for this group.

When using the F test all possible combiphtions of two variances for 

each year were not compared. Tt was quite obvious in-many cases that some 

variances were not significantly different from one another. In these
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instances no F tests were made. For example, the variance of the third 

dispersion group in 1947 is 21,39^  The variance for the fourth dispersion 

group for the same year is 20,29, Since these two are nearly equal it 

was not deemed worthwhile to test such figures for significant differences.

TABLE VI. F TESTS BETWEEN SELECTED DISPERSION GROUPS FOR YEARS IN WHICH 
THE VARIANCES WERE SHOWN TO BE SIGNIFICANTLY DIFFERENT AMONG 
DISPERSION GROUPS AT THE FIVE PERCENT LEVEL FOR FARMS SEEDING 
200 TO 600 ACRES GE. SPRING WHEAT.

Dispersion groups between Computed VAlue from"F 'DiStM-'.SignIfis'
cahfic/

1945 first and second. 3.44 2.29 Yes
fourth and third 2.44 2.25 Yes

1948 second and first 1.25 2.00 No
second and third 3,57 2.12 Yes
'sixth and fifth 4.18 2.78 Yes

194̂ .. first and second 7.15 2.08 Yes
third and second 3.26 2,08 Yes
first and third 2.19 1.95 No •

1950 first and second 12.54 1.92 Yes
sixth and fifth 3,11 2.57 Yes

1951 second and first 5.96 1.86 Yes
first and third 1.96 1.90 Yes

1952 second and first 4.00 1.80 Yes
third and fourth 1.53 1.98 No
sixth and fifth 1.75 2.74 No
third and fifth 2.31 2.70 No

1955 first and second 2.12 1.80 Yes
third and second 2.14 1.88 Yes
third and fourth 2.37 1.95 Yes
fifth and fourth 1.71 1.90 No
sixth and fifth 2.32 2.08 Yes

^  The dispersion group given first is the group with the larger <
two variances,

At that level with the proper degrees of freedom, 

■S/ At the five percent level.

b/

The variance of individual years is given in Table VII, page
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F tests were not made Wien the other extreme was encountered either. 

In 1949, for example, the variance of the fifth dispersion group was 4,21, 

In the sixth dispersion group the variance for that year was 481.23.

Tests of significance were not made in such eases because the two.quite 

obviously differ significantly with the proper degrees of freedom.^
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TABLE VII. SPRING WHEAT .YIELD VARIANCE OF FARMS SEEDING 200 TO 600 ACRES 
1938-1956, SJ

Degrees of Dispersion
No 1—4 4-7 7-10 10-15 20-25

Year Disoersion Miles Miles Miles Miles .  Miles
1938 7.39 CCtO CBOO CBCB C=>«B .

1939 11.63 12.84 r a c e C B M

1940 17.77 11.23 4.43 CBCB

1941 . 20,72 6.81 .CBCB *>?•=»

1942 54.05 16158 21.39 20.29 24.80 CBCB

1943 48.70 11.43 21.38• 16.24 13.89 C B U

1944 20.02 27.97 7,71 17.39 15.73 ■ 23.86
1945 14.57 4.23 4.02 9.81 ■ ill.13 68.70
1946 21.45 9.32 5.81 12.73 12.16 ■ CBCB

1947 20.50, 11.78 10.88 11.23. 7.34 12,69
1948 20.97 26.27 7.35 9.37 7.13 29.78
1949 6.86 .96 3.13 . 2.18. 4.21 481.23
1950 98.84 7.88 12.97 16.22 14.86 46.27
1951 19.95 118.82 10.16' 13.34 13.89 15.74
1952 26.51 106.04 26.89 17.54 11.64 20.38
1953 18.05 9.89 22.13 25.70 19.73 i s .10
1954 7.34 4.88 7.79 6.11 8.50 2.46
1955 15.32 7.23 15.50 6.54 11.17 25.86
1956 12.85 13.42 11.78 15.52 11.66 12.85

sJ Variances computed from samples with less than five observations
are not included in this table.

It can be seen by reference to Table VII that the variance's are 

quite widely distributed for the year 1945. The F test given in Table VI

j7 “  ■
The degrees of freedom for the F test are the sample size of. the 
numerator minus one and the sample size of the denominator minus 
one.
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shows that the variance of the first group is significantly greater than 

the variance of the second group. However, there is no explainable 

pattern of the change in variance when the other dispersion groups are 

compared, It is suspected that the high variance of the sixth dispersion 

group is because a larger proportion of the farms in this group is built 

from tracts in Roosevelt and Sheridan Counties. The reasons this might

affect yield variability are given on pages 38 and 39.■ No explanation
' • {

can be given for the high variance of this fifth dispersion group, other 

than sampling error.

Reference to Table VI shows that two sets of variances differed • 

significantly in 1948. Although no significant difference appears 

between the first and second dispersion group, the variance of the third 

group is significantIy less than that of the second. Except for the 

sixth dispersion group, in which the variance is again high, some, reduction 

in yield variability is evident when the first two dispersion groups are 

compared to the next three.

The F tests for the year 1949 show that the variance of the second 

dispersion group is significantly different than both the first and third 

groups. There is no significant difference between the variance of the 

first and third dispersion groups, however. The difference in the 

variance of the second group is in proportion and not in magnitude.

It cannot be concluded that dispersion significantly affected yield 

variability in this year.
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A sharp decrease in the variance of the second dispersion group 

compared to that of the first occurred in 1950. The variance for the 

second dispersion group can be seen in Table VII to be less than that of 

the next three dispersion groups. It would seem that the effects' of 

dispersion partially account for the difference of yield variabilities 

among the dispersion groups for this year.

When the variances for 1951 are compared9 the F test shows that the 

variance of the second dispersion group, is significantly greater than the 

variances of the first dispersion groups. The variance of the third 

dispersion group is significantly less, however, than each of the first 

two. Farms dispersed more than four miles experienced less yield 

variability in this year than did those dispersed a lesser distance.

No significance in yield variability is evident from examining Table 

VI and VII for the year 1952 except for that of the second dispersion 

group. There is some indication of a reduction in yield variability due 

to dispersion in this year*,though the results are not conclusive.

The results of the test for homogeneous variances in Table V show 

that the variances differed significantly in 1955. The F test given in 

Table V1I" shows that the variances between several dispersion groups vary, 

significantly. However, there is no explainable pattern of change in 

variance among the dispersion groups. The difference in the variances 

in this year cannot be attributed to dispersion.

There is then, some evidence of a reduction in yield variability due 

to dispersion in four of the fifteen years compared in this size group.
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These years are 1948, 1950, 1951, and 1952. The difference in variances 

among dispersion groups for the years 1945, 1949, and 1955 could not be 

shown to be due to farm unit dispersion.

Dispersion then, does not seem to,be effective in reducing yield' 

variability unless it is greater .than four miles for this size group.

This is indicated in the years 1948, 1951, and 1952 by examination of 

Table VTI. This table also shows that there are several years in which 

the variance is either quite high or quite low for the first two dispersion 

groups. The variances in the third through the fifth dispersion groups 

are much less variable than for the first two. Though the farms in the 

first two dispersion groups experienced quite low yield variability in: 

some years, a quite high yield variability is experienced on these farms 

in several other years.

The effects of farm dispersion on yield variability are seen by 

examining Figure 2. The standard deviations of the yield for individual 

years are plotted against the degrees of dispersion. The standard 

deviation is merely the square root of the variance, therefore, the same 

relationships can be drawn with ope as with the other.

It can be seen that in most years there was almost no difference in 

yield variability among the several dispersion groups. Probably the best 

fitting curve for most of the years would be nearly a horizontal straight 

line. This is especially true in the third through the fifth dispersion 

groups. The figure quite clearly shows the few years in which standard 

deviations are high in the first and second dispersion groups. Looking
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Standard
Deviation

series of years 
standard deviation 
of standard 
deviations
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Degree of 
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20-25
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10-15
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No 1-4
Dispersion Miles MilesMiles

Figure 2. Standard Deviation of Farms With 200 to 600 Seeded Acres 
of Spring Wheat.
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at the figure as a whole, it is noted that the standard deviations are 

quite close together for each dispersion group as the degree of dispersion 

is increased to a distance of about four miles.

Thus, if these results are representative of the yield variability 

in the area studied, the yield from a particular farm could be more 

easily predicted if it is dispersed greater than four miles than if it 

is dispersed less than this distance.

So far, the discussion has centered around the determination of 

whether or not yield variability is affected by varying degrees of 

dispersion. If it is determined that dispersion affects yield variability, 

the farmer would like to know by how much, in physical units, yields vary, 

given a certain degree of dispersion. The standard deviation is a useful 

measure fdf these purposes.

Table VIII should be of interest to the farmers in this regard. In 

this table is recorded the mean spring wheat yield plus one standard 

deviation, and the mean minus one standard deviation. For example, in 

the first dispersion group for 1938 the mean yield was 3.86^  The 

standard deviation of the same observations was 2.72.^/ Thus, the 

mean plus one standard deviation is 6.58 bushels. The mean minus one 

standard deviation is 1.14. Assuming the sample is from a normal population, 

this means that about two-thirds of 68.27 percent of the farms in this 

dispersion group in 1938 experienced a yield between 1.14 and 6.58,

A/ See Table I, page 30„

see Table IV, page 38. ,
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TABLE VIII. MEAN SPRING WHEAT YIELD PLUS AND MINUS 'ONE STANDARD DEVIATION 
OF FABAS SEEDING 200 TO 600 ACRES 1938-1956. SZ

Degree of Dispersion
No 1-4 4-7 7-10 10-15 20-25

Year Dispersion Miles Miles . . Miles • Miles Miles
1938 1.14 “*** — --

6.58
1939 5.63 6.05 =“°

12.45 13.21 “
1940 3.35 .85 5.18

11.79 7.55 9.38
1941 6.81 12.41 —

" 15.91 **»«=* 17.63 «,«=> *OCQ
1942 10.42 7.34 8.71 9.86 9.23

25.12 15.48 17.97 18.86 19.19
1943 10.42 12.75 11.59 12.40 12.01

24.38 19.51 20.83 20.46 19.45
1944 9.48 7.79 10.46 10.76 10.14 7.98

18.44 18.36 16.02 19.10 18.08 17.74
1945 3.81 3.90 4.15 3.70 0 4.39

11.45 8.02 8.17 9.96 . 20.80 20.97
1946 4.03 3.57 3.43 3.99 2.62 —

13.29 9.67 8.25 11.13 9.58
1947 5.80 •6.30 7.52 6.77 8.21 10.20

14.86 13.16 14.12' 13.47 13.73 17.32
1948 5.76 4.37 6.12 4.34 6.27 6.90

14.92 14.63 11.54 10.46 11.61 17.82
1949 .78 1.25 1.16 1.26 1.39 O

6.02 3.21 4.70 4.22 5.49 35.86
1950" 9.06 13.01 12.60 12.14 12.25 10.09

28.94 18.63 19.80 20.20 19.95 23.69
1951 6.00 .60 6.64 5.70 5.92' 6 .64

14.94 22.40 13.02 13.00 13.38 14.58
1952 4.66 2.39 7.04 6.16 9.26 7.89

14.96 22.99 17.42 14.54 16.08 16.91
1953 13.93 16.68 13.70 14.62 14.06 13.56

22.43 22.96 23.10 24.76 22.94 22.06
1954 7.46 8.56 7.52 8.45 7,98 8.24

12.88 12.98 13.10 13.39 13.82 11.38
1955 11.06 10.96 10.07 11.91 11.00 9.97

18.88; 16.34 17.95 17.04 17.68 20.15
1956 4.73 4.54 4.11 3.53 . 5.09 5.32

11.91 11.86 10.97 11.41 11.91 12.48

a/ The first figure in each cell is the mean spring wheat yield minus
one standard deviation, the second figure is the mean spring wheat 
yield plus one standard deviation.
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Occasionally the standard deviation was found to be greater than 

the mean. In this case, when the standard deviation was subtracted from 

the mean, a negative figure was obtained. A negative yield, of course, 

is absurd. When this was encountered a zero yield was given as the lower 

limit. An example of this is found in the fifth dispersion group in 

1945.

Let us assume two hypothetical farms of this size group in the -• 

year 1952. One falls into the classification of the second dispersion 

group (i.e. is dispersed between one to four miles), the other is in the 

third dispersion group (dispersed between four and seven miles). The 

farm in the second dispersion group has about a one-third chance of 

experiencing a yield between the mean (12.69 bushels) and the mean 

plus one standard deviation (22.99 bushels). The farm in the third 

dispersion group has about a one-third chance of experiencing a yield 

between its mean (12.23 bushels) and the mean plus one standard devi

ation (17.42 bushels).

On the other hand, the farm in the first dispersion group also has 

about a one-third chance of his yield being between the mean and the 

mean minus one standard deviation (2.39!bushels). The farm in the third 

dispersion group has about-a one-third chance of the yield being between 

the mean and the mean minus one standard deviation (7.04 bushels). 

Assuming stability in yield as a goal, a farm operator would have been 

in a more favorable position this year if his farm was dispersed four 

to seven miles. This of course, would assume that the disadvantages of
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operating the more dispersed farm do rot offset the advantages of the 

stability in yield,- The same relationships should hold between other 

dispersion groups in other years, in which dispersion seemed to effect 

variability.

Effects of Over

Time.--Up to this point the discussion has in general centered around the 

effects of dispersion of yield variability for individual years. The 

more important determination for the farmer is the effects of dispersion 

on yield variability over a series of years. It has been shown that in 

all but about four of fifteen years the degree of dispersion has no 

effect on crop yield variability. The farmer would be as well off in 

most years if he did not operate a dispersed farm from the standpoint of

variability in yield.

But this does not indicate whether or not it is advantageous to 

operate a dispersed farm for a series of years. . V The farmer is not in a 

position to alter the spatial arrangement of his farm from year to year 

even if he could predict the years in which dispersion is useful to him.

Yield variability for the series of year's included in the study is 

determined in much the same way as was the variability within individual 

years.

A variance for each dispersion group was found using the weighted 

mean yield of each farm of each year as the observation. Then the test 

of homogeneous variances was made using Bartlett's test. A full record 

of the results of this test for the series of years of farms seeding



200 to 600 acres of spring wheat is presented in Table III Appendix D«. - . . - „ . .. — - * . . * . . — — - - - • - ' -

The computed Chi-Square value from Bartlett's test for this group is 

31.18, The Chi-Square value at the five percent level is 11.1 for five 

(Sample size minus one) degrees of freedom. This shows that the variance 

among dispersion groups for farms of the size group over the series of 

years is significantly different at this significance level.

The F test is used as before to determine between which groups the 

differences in variance occur. The results are presented in Table IX.

This shows that the variance of the third dispersion group is significantly 

less than the variance of the second dispersion group. From the discus

sion earlier of the variance of individual years this is as would be 

expected. It is seen that the variance is significantly greater for the 

sixth than for the fifth dispersion group. The same reasoning 'as was 

given on pages 38 and 39 is.used to explain the latter difference.

■ It may be questioned why the variance of the second dispersion 

group is not less than that of the first. If there were no weather 

patterns occurring in the area such as the ones described on page four, 

it would intuitively be reasoned that yield variability would increase 

as the degree of dispersion is increased. It could be expected that 

tracts are combined which differ in more respects as the degree of 

dispersion, is increased. Therefore, an explanation may be that the second 

dispersion group is not dispersed enough to escape the effects of weather 

on a concentrated farm, yet far enough apart to take on some of the 

other characteristics of a dispersed farm such as soil and topographic

- 51 -
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TABLE IXo F TESTS BETWEEN SELECTED DISPERSION GROUPS FOR THE SERIES OF 
YEARS 1938-1956, FARMS SEEDING 200 TO 600 ACRES OF SPRING 
WHEAT.

Dispersion groups between 
which comparisons are made Si/

Computed Value from F 
F ratios Distribution Significant c/ 

Table b/
second and first 1.14 1.15 No 
second and third 1.54 1.15 Yes 
sixth and fifth 1.53 1.30 Yes

V
The dispersion group given first is the group with the larger of the 
two variances..

At the level with the proper degrees of freedom.
c/ At the five percent level.

differences among tracts of a' dispersed farm. On the other hand, the 

lack of difference between the variance of the two groups could be a 

sampling error only. It could be that if dispersion is effective, in. 

reducing yield variability at all, the decreases should be continuous 

as degree of dispersion is increased.

Analysis of Yield Variability bn a Physical Unit Basis.— °Again, it 

seems desirable to discuss variability of yield in physical units. The 

standard deviation of the yields over the series of years was found by 

taking the square root of the variance for this series of years. These 

figures are presented in Table I Appendix E. These figures for this 

size group starting with the first dispersion group are 6.38, 6.82, 5.49, 

5.64, 5.56, and 6.87 bushels per acre. It can be seen that the standard 

deviations within the third to the fifth dispersion groups are virtually 

the same. These figures, of course, follow the same general pattern as
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the standard deviations for individual years. These are plotted in Figure 

2 on page 46 to show the relationship of the standard deviation for the 

series of years to those of individual years.

An analysis of the effects of dispersion on yield variability may be 

made by analyzing individual farms. Comparisons can be made between two 

hypothetical farmsg one a farm in the second dispersion group, the other 

a farm of the third dispersion group because there is a significant 

difference in the yield variance for the series of years between these 

two group's.

An operator with a farm in the second dispersion group might expect 

to obtain a per acre yield of between 11.20 bushels (the mean yield of 

this dispersion group) and 18.02 bushels (the mean yield plus one standard 

deviation) in about one-third of the years. These figures are obtained 

from Table X. An operator with a farm in the third dispersion group 

might expect a per acre yield of between 10.82 bushels ( the mean yield 

of this dispersion group) and 16.3). bushels ( the mean yield plus one 

standard deviation).

In gaining the chance of obtaining a higher yield, the fiT'st 

operator leaves himself open to chances for lower yields also. He should 

expect his per acre yield to vary between 11.20 bushels and 4.38 bushels 

(the mean yield minus one standard deviation) in about one-third of the 

years. The second operator should expect his per acre yield to vary 

between 10.82 bushels and 5.33 bushels (the mean yield minus one standard 

deviation) in about one-third of the years. Further determinations would



have to be made to decide whether or not the increase in yield stability 

is sufficient to offset any disadvantages.of the greater degree of 

dispersion.

-  54 -

TABLE X. CALCULATIONS. OF THE MEAN SPRING WHEAT YIELD PLUS AND MINUS ONE 
STANDARD DEVIATION OF FARMS SEEDING 200 TO 600 ACRES CF SPRING 
. WHEAT FOR THE SERIES OF YEARS 1937-1956.

Degree of Dispersion
No 1-4 4-7 7-10 10-15 20-25

Disoersion Miles Miles Miles Miles• Miles
Standard Deviation 6.38 6.82 5.49 5.64 5.56 6.87
Mean li.43 11.20 10.82 11.15 11.58 12.91
Mean plus one 
standard deviation 17.81 18.02 ’ 16.31 16.79 17.14 19.78

Mean minus one
standard deviation 5.05 4.38 5.33 5.51 6.02 6.04

-A further meifcod

for measuring the effects of dispersion on crop yield variability over 

time is presented in Table XI. It Is reasoned that a farmer is interested 

in .knowing the variability over years of a series of individual year." s 

yield variability. It can be seen in Figure 2g page 46, that this 

variability is. less in the third through the fifth dispersion groups than 

for the other groups. To measure this, the standard deviation of the 

standard deviations, the coefficient of variation, the mean, and the 

range of the standard deviations were computed. The standard deviations 

found in Table IV were used as observations and the other statistics 

were computed from this. The standard deviation of standard deviations 

is plotted in Figure 2. x
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A more adequate comparison for this analysis may be the coefficient 

of variation because the means of the standard deviations varies somewhat. 

These figures move in the same direction with respect to each other as do 

the standard deviations of the yields for the series of years. The 

coefficients of variation are plotted in Figure 3.

Farms Seeding 600 to 1000 Acres of Soring Wheat

Again, the discussion will be started by making a few general obser

vations concerning the differences in yield variability among the disper

sion grotps. The standard deviations computed from the weighted mean yield

Coefficient of 
Variation {%)

Degree of 
Dispersion

20-25
Miles

10-15
Miles

7-10
Miles

4-7
MilesDispersion Miles

Figure 3. Coefficient of Variation of the Standard Deviations of Farms 
Seeding 200 to 600 Acres of Spring Wheat.
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TABLE XI. STANDARD DEVIATION, MEAN, AND RANGE OF THE STANDARD'DEVIATIONS 
OF EACH DISPERSION GROUP FOR FARMS SEEDING 200 TO 600 ACRES 
OF SPRING WHEAT V

Degree of Dispersion
No 1-4 4-7 7-10 10-15 20-25

Disoersion Miles Miles Miles Miles Miles
Standard Deviation 1.78 2.73 1.01 .91 1.96 5.25
Mean 4.63 4.15 3.30 3.55 3.95 6.16
Coefficient of 

Variation b/ 38.44 65.78 30.61 . 25.63 49.62 85.23
Range 7.32 9.92 3.18' 3.59 8.49 20.37

a/

b/

The standard deviation of each year's yield was treated as an 
observation and the other statistics computed from this.

Expressed as-a percentage.

of these farms for individual years are presented in Table XII. The 

highest standard deviations for this size group are found in the first 

dispersion group. There are fewer years in the second dispersion group 

in which standard deviations are high. It should be remembered that this 

is not the ease for the previous size group discussed. The reason for 

the difference may be that in building farms of this size group, the 

area covered by each farm is greater. Therefore, the second dispersion 

group may be affected much less by such things as hail storms as are 

farms dispersed this distance but of a smaller size. There should be 

less chance of an entire farm in this size group being damaged by hail in 

given season.

As in the previous size group discussed, small differences in 

standard deviation are evident in the third, fourth, and fifth dispersion 

groups. The standard deviations of thqse groups considering all years
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TABLE XII. STANDARD DEVIATION OF SPRING WHEAT YIELD OF FARMS 'SEEDING 
600 TO 1000 ACRES 1942-1956„ 2J

No 1-4
Degree of Dispersion 
4-7 ' 7-10 10-15 20-25

Year Dispersion Miles Miles Miles Miles Miles
1942 =»*=■ 5.59 -4
1943 «=*= —  — w e =

1944 6.85 4.23 3.98 3.66 e=CD

1945 . 6.40 2.86 2.03 eo — 3.97
1946 3.30 3.56 4.08 4 . 5 1 3 . 8 3 «==»

1947 10.32 10.63 3.00’ 2.81 3.24 f»C=

1948 11.46 6.53 2 . 9 6 2 . 6 9 3.16
1949 14.41 4 .9 0 . . . 1 . 8 8 1.57 2.17 6 . 9 9
1950 19.13 10.95 2.25 1.81 4.12 7.16
1951 3.69 3.47 3.06 2.93 2.54 1.95
1 9 5 2  ' 4.76 4.50 4.29 5.15 4.25 3.18
1953 3.51 3.93 4.94 3.23 4.2Q 4.77
1954 2.13 2.02 ■ 2 . 1 9 2.20 2 . 1 3 1.25
1955 2 . 0 3 2.75 2.77 2.75 3.27 3.01
1956 2.37 3.27 3.87 , 3.13 2.41 4.04

l/ Standard deviations computed frarii. Samples with less than fiYte 
observations are not included in this table.

range from a high of 5.59 for the fifth dispersion group in 1942, to a 

low of 1.57 for the fourth dispersion group in 1949. This is a ratherI
close range when compared to some of the standard deviations found in 

the other dispersion groups.

The standard deviation again is higher in some years for the sixth 

dispersion group. The suggested reason for this is given on pages 3'8 and

3'9.
Test for

is necessary to determine whether or not there are significant differences 

among the yield variabilities of the several dispersion groups. The 1
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results of the Bartlett’s test, which tests several variances for homo

geneity are given in Table XIV.

TABLE XIII. SPRING WHEAT YIELD VARIANCE OF FARMS SEEDING 600 TO 1000 . 
ACRES 1942-1956. I/

Degree-of Dispersion

Year
No

Dispersion
1-4
Miles-

4-7
Miles

7-10 
Miles - ■

10-15 
Miles- •

20-25
Miles

1942 — — — -- 31.23 --
1943 — — — — — — — — «a ten

1944 46.94 17.93 15.84 ■ 13.41 *=» CD

1945' 40.95 8.16 4.14 15.75 O-•-
1 9 4 6 10.90 12.68 16.66 20.33 14.67
1947 106.45 . 113.00 9.03 ■ 7 . 8 7 10.53
1948 131.92 42.61 8 . 7 7 7.26 9 . 9 6 <- «=
1949 207.72 24.02 3.55 2 . 4 8 4 . 7 2 4 8 . 8 4
1950 365.87 119.90 5.08 3 . 2 9 1 6 . 9 9 51.34
1951 1 3 . 6 1 12.04 9 . 3 4 . 8.57 6.44 3.79
1952 22.68 ■ 20.24 18.37 26.50 18.10 10.09
1953 12.33 1 5 . 4 6 24.36 1 0 . 4 2 17.-63 . 22.72
1 9 5 4 4.53 4.10 4.80 4.82 4 . 5 5 1 . 5 7
1955 4.14 7.55 7.65 7.54 10.70 9.08
1956 5 . 6 1 10.69 1 4 . 9 7 9 . 8 2 5.81 16.39

a/ Variances computed from samples with 
are not included in this table.

less than five observations

As before, the yield variances for some years differ significantly 

among dispersion groups, in other years no significant differences are 

evident. Tests of significance are made at the five percent level. The 

years which are compared in this test are 1944 through 1956, inclusive. 

Those in which variances were found to differ significantly are 1945, 1947,

1948, 1949, and 1950. 

Test of -The F '

test was again used to determine between which groups of variances of 

each year’s yield there existed a significant difference. Table XV
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TABLE XIV. BARTLETT'S TEST FOR HOMOGENEITY OF VARIANCE FOR THE GROUP CF 
FARMS SEEDING 600 TO 1000 ACRES OF SPRING WHEAT, 1944-1956.

Computed Value of Chi-Square
Year Size of Sample Chi-Sauare Distribution a/ Siqnificaht b/
1944 4 2.72 7.81 No
1945 4 12,50 7.81 Yes
1946 5 0.94 9.49 No
1947 5 37.61 9 . 4 9 Yes
1948 5 38.60 9 . 4 9 Yes .
1949 6 77.00 11.1 Yes
1950 6 81.51 11.1 ■ Yes
1951 . 6 3.75 11.1 No
1952 ' 6 2.00 11.1 No
1953 6 3.48 11.-I No
1954 6 2.11 11.1 No
1955 6 3.63 11.1 Nb
1956 6 7.13 . 11.1 No

a/ With sample size, minus one degrees of freedom.
b/ At the five percent level.

presents the comparisons made between variances in those years in which' 

the Bartlett's test showed that the variances differed significantly.

As before, F tests were not made between those variances which quite 

•obviously did not differ significantly.

The only significant difference in yield variance in 1945, according 

to the results of the F test, are between the first two dispersion groups. 

The variance of the second dispersion group is significantly less than 

that of the first. No significant difference in yield variability is 

evident in the second, third, and fifth dispersion groups. It would seem 

that the difference in variance between the first two groups can be 

attributed to dispersion.
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TABLE XV. F TESTS -BETWEEN SELECTED DISPERSION GROUPS FOR YEARS IN WHICH 
THE VARIANCES WERE SHOWN TO BE SIGNIFICANTLY DIFFERENT AMONG 
DISPERSION GROUPS AT THE FIVE PERCENT LEVEL BY USE OF BARTLETT'S 
TEST, FARMS SEEDING 600 TO 1000 ACRES OF SPRING WHEAT.

Dispersion groups between 
which comparisons are made a/

Computed 
F ratio

Value from F 'dis
tribution table b/ Significant c,

1945 first and second 5.02 2 . 6 9 Yes
fifth and third 3.80 4.21 No

1947 second and third 12.51' 2 . 6 9 Yes
1948 first and second 3.10 3.50 No

second and third 4.86 2.92 . Yes
1949 first and second 8.65 2.86 Yes

second and third 6.77 2 . 7 6 Yes
sixth and fifth 10.35 3.48 Yes

1950 first and second 3.05 3.05 No
second and third 23.60 2 . 4 6 ' Yes
fifth arid fourth 5.16 4 . 6 2 Yes
sixth and fifth 3.02 3.06 No

a/ The dispersion group given first is the group with the larger of the 
two variances.

b/ At the level with the proper degrees of freedom.

c/ At the five percent level.

In 1947 there is no significant difference in variance between the 

first and the second dispersion groups. However, a significant difference 

does appear between the second and third dispersion groups. Again in this 

year the smaller yield variance at greater degrees of dispersion seems to 

depend at least partly on dispersion.

Two significant differences in yield variance are found in 1948.

One difference is between the first and second dispersion groups. The 

other difference is between the second and third groups. Therefore, some 

stability in yield among farms in this group'was gained by a dispersion
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of one to four miles. Even greater stability in yield could be obtained 

by a dispersion of from four to seven miles.

Dispersion has the same effects on yield variance for these farms 

in 1949 as in 1948. It is noted in 1949 that in addition the variance 

of the sixth dispersion group differs significantly from that of the 

fifth. This higher variance is not attributed to dispersion, but to 

the methods of drawing- the sample as explained on pages 3t8 and 39.

It cannot be concluded that there is a significant difference in 

the variances of the first two dispersion groups in 1950. The variance 

of the third group, however, is significantly less than that of the 

second. The variance of the fifth group is significantly greater than 

that of the fourth for 1950. Such differences are not attributed to the 

effects of dispersion.

The influence of dispersion is at least a part of the explanation 

for differences in variances in every year for which the variances were

shown to be non-homogeneous. In the years 1945, 1948, 1949, and 1950 a
" ,

significantly smaller variance was found in the second dispersion group 

than in the third. The variances were significantly less in the third 

dispersion group than in the second for the years 1947, 1948, 1949, 

and 1950.

The standard deviations for these yields are presented graphically 

in Figure 4. As was the case in the size group discussed previously, 

the degree of dispersion had almost no effect on yield variability in 

some years. In other years, dispersion seemed to be quite effective 

in reducing yield variability.
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Standard
Deviation

series of years 
standard deviation of 
standard deviations

Ax’-yit'-ty.xxi'.
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— X __ :

Degree of 
Dispersion

so 0<.U’-"OO o a

7-10 " ' ’ 
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— 2CP25 
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.4-7
Miles

No 1-4
Dispersion Miles

Figure 4. Standard Deviation of the Group of Farms Seeding 600 to 1000 
Acres of Spring Wheat.
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Analysis of the Effects of Dispersion on the Yield Variability of 

an Individual-Farm for One Year.— Yield variability in an individual year 

may be analyzed by assuming hypothetical farms. Since there appears to 

be, in general, three dispersion groups in which yield variances differ 

significantly, three hypothetical farms, one for each dispersed group, 

are discussed.

The yield in the year 1948 is chosen for illustrative purposes 

because there is a significant difference between the yield variance of 

the first and second dispersion groups and also between the second and 

third groups.

Reference to Table II on page 31 will show that the mean yield in 

1948 for the first three dispersion groups is 11.14, 11.84, arid 10.36, 

respectively. From Table XII it can be seen that the standard deviation 

for these three dispersion groups in 1948 is 11.46, 6.53, and 2.96 in 

that order. The mean spring wheat yield plus and minus one standard 

deviation for these groups are given in Table XVI.

A farm of the first dispersion group in 1948 had about a one-third
'

chance of obtaining a yield between 11.14 and 22.60 bushels. The Chances 

were also about one-third that the yield would be between"11.14 bushels 

and no yield. (This is the mean yield, plus one standard deviation and 

the mean yield minus one standard deviation.,)

A similar farm, except that it is dispersed between one arid four 

miles had about a one-third chance of obtaining a yield between 11.84 

and 18«'.37 bushels. The same chances were that the yield would have been
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between 11.84 and 5.31 bushels. (Again, this is the mean yield plus and 

the mean yield minus one standard deviation.) Thus, if a farm operator 

had been operating the second farm rather than the first, he would have 

foregone the chance of obtaining a quite high yield. At the same time, 

however, his chances of obtainihg no yield would be more remote.

A farm in the third dispersion group could expect still further 

yield stability. The chances were about one-third that the yield on 

this farm would be between 10.36 and 13.32 bushels. The chances are 

also about one-third that the yield would be between 10.36 and 7.40 

bushels. (The mean yield plus arid the mean yield minus one standard 

deviation'j)

Contrasting the third farm to the first one discussed; in one case 

it can be seen that the yield of the first farm could have been predicted 

within about 23 bushels with a two-thirds probability. The yield of the 

third farm could have been predicted within about six bushels with the 

same probability.

Analysis of the Effects of Dispersion on Yield Variability Over 

Time.--Again, it must be remembered that while yield variability in 

individual years is important to farmers, the more important consideration 

is the effects of dispersion on yield variability over a period of years.

The first step taken to examine this was to compute a yield variance 

over a period of years. In review, this figure is obtained by treating 

the weighted mean yield per farm for each crop year as an observation
l/ .

and the variance of these were computed.—'

l/ See page 33 for a detailed discussion of how this variance was computed.
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TABLE XVI. MEAN SPRING WHEAT YIELD PLUS AND MINUS ONE STANDARD DEVIATION 
OF FARMS SEEDING 600 TO 1000 ACRES 1942-1956.a/b/

Degree of Dispersion

Year
- No

Dispersion
1—4
Miles

4-7
Miles

7-10 
■ Miles

10-15
Miles

20-25 
Ml I es

1942 — - 9.79'
2 0 . 9 7

1943 "" — — = "

1944 11.71 11.40 11.51 12.12
25.41 19.86 1 9 . 4 7 19.44

1945 1 . 6 7 3.90' 5.14 «=»«* 3 . 9 7
14.47 9 . 6 2 9 . 2 0 «=»=» 11.85

1946 5.00 4 . 9 3 4.38 3 . 5 8 4.65
11.60 ' 12.05 , 12.54 1 2 . 6 0 12.31

1947 2.91 3.39 8.57 8.34 8 . 2 6 =•=»
23.55 24.65 14.57 13-96 14.74

1948 0 5; 31 7.40 6.55 6.12
22.60 18.37 1 3 . 3 2 11.93 12.44

1949 0 0 .86 1.06 1.19 0
2 0 : 6 6 8.65 4 . 6 2 4.20 5.53 1 3 . 4 3

1950 3.63 9.32 14.43 14.97 13.77 7 . 9 8
41.89 31.22 18.93 18.59 2 2 . 0 1 22.30

1951 6 . 0 7 6 . 9 5 6.95 7.63 7.76 8.10
13.45 13.89 13.07 1 3 . 4 9 1 2 . 8 4 1 2 . 0 0

1952 7.83 7.91 8.39 6.11 9 . 9 5 9.43
17.35 16.91 16.97 16.41 18.45 15.79

1953 ,18.23 15.55 1 4 . 1 9 15.81 15.21 12.24,
25.25 23.41 24.07 22.27 23.61 2 1 . 7 8

1954 9.28 8.62 8.21 7.31 8.70 8 . 4 3
13.54 1 2 . 6 6 12.59 11.71 12.96 10.93

1955 13.33 11.76 11.02 11.35 1 0 . 8 3 12.67
17.39 17.26 16.56 .16.85 ' 17.37 ■ 1 8 . 6 9

1956 6 . 5 9 5.27 ' 4.10 4.77 5 . 6 9 4 . 5 9
11.33 11.80 11.84 11.03 10.51 1 2 . 6 7

a/

b/

Those years for Which.there were less than five observations are 
not us,ed in this analysis.

The first figure in each cell is the mean spring wheat yield minus 
one standard deviation, the second figure is the mean spring wheat 
yield plus one standard deviation.
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TABLE XVII-. VARIANCE AND STANDARD DEVIATION OF SPRING WHEAT YIELD FOR THE 
SERIES OF YEARS, FARMS SEEDING 200 TO 600 ACRES OF SPRING 
WHEAT.

Deqree of Dispersion Variance Standard Deviation
No dispersion 90.91 9.53
1-4 miles 46.40 ' 6.81
4-7 miles 29.55 5.44
7-10 miles 30.09 5.49
10-15 miles 29.17 5.40
20-25 miles 26.22 5.12

The next step again was tb tfest the variances of the several 

dispersion groups, for homogeneity. The results of this are given Tin 

detail in Table III, Appendix D. The computed Chi-Square value is 

109.10. The value of the Chi-Square distribution at the five percent 

level is 11.1 for fiye (sample size minus one) degrees of freedom. It can 

be concluded, therefore, that there is a significant difference among 

the variances for the series of farms qf this size group.

The F test was then used to determine between which dispersion 

groups the differences occurred. The results of the F test are given 

in Table XVIII, Two differences in variances occur, (l) between the 

first and second dispersion groups, arid (2) between the second arid 

third dispersion groups. The greatest degree of stability in yield can 

be attained on farms of this size by dispersing the farm unit between 

four and seven miles over a series of years, assuming this is a 

representative sample of farms in the area studied.
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TABLE XVIII0 F TESTS OF THE VARIANCE FOR THE SERIES OF YEARS FOR FARMS 
SEEDING 600 TO 1000 ACRES OF SPRING WHEAT*

Dispersion Group 
Compared 

first and second 
second and third

Computed 
F Ratio 

1.95 
',1.57

Value from F Distri- 
bution Tables a/

1.29 Yes
1.26 Yes

V At the five percent level.

Analysis of the Effects of Dispersion on Yield Variability for an 

Individual Farm Over the Series of Years.--The square root of the variance^ 

or the standard deviation, of the yield for the series of years was found. 

This is plotted in Figure 4, page 62. The standard deviation is again 

used to analyze the effects of dispersion on three hypothetical farms.

A farm in each of the first three dispersion groups will be analyzed. The 

standard deviation of the wheat yield of the series of years is given in 

Table XVII. The mean yield for the first three dispersibn groups are 

12.68, 12.05, and 11.80, respectively.-^

An assumed farm for the series of years in the first dispersion group 

could be expected to yield between 12.68 and 22.21 bushels in about one- 

third of the years. The yield on this farm can be expected to be between 

12.68 arid 3.15 in about one-third of the years. (These figures are the 

mean plus and the mean minus one standard deviation?),

A farm of the second dispersion group could be expected to yield 

between 12.05 arid 18.86 bushels about one-third of the time and between 

12.05 and 5.24 bushels about one-third of the time.

•i/ The mean yield for this group of farms for the series of years is 
found in Table II, Appendix E.
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A farm of the third dispersion group should be expected to yield 

between 11.80 arid .17.24 bushels about one-third of the years and between 

11.80 and 6.30 about one-third of the years. '

As was mentioned when discussing the effects, of dispersion on yield 

variability of individual years9 the chance of obtaining quite high 

arid quite low yields are given up for greater yield stability by dispersing 

a distance of four miles or greater.

on Yield

Variability.— The standard deviations which are found in Table XII on page 

57, are analyzed to determine the variability of these figures within a 

dispersion group of the series of years. Thus, the standard deviation of 

standard deviations, mean, coefficient of variation, and the range of the 

standard deviations are found. These are presented in Table XIX.

TABLE XIX. STANDARD DEVIATION, MEAN, AND RANGE OF THE STANDARD DEVIATIONS 
OF EACH DISPERSION GROUP FOR FARMS SEEDING 600 TO 1000 ACRES 
OF SPRING WHEAT. M/

Degree of Dispersion
No 1-4 4-7 7-10 10-15 20-25

Disoersion Miles Miles Miles Miles Miles
Standard Deviation 5.36 2.85 . 9 7 1.06 .97 2.17
Mean 6.95 4.89 3 . 1 8 2.98 3.47 4.04
Coefficient of 

Variation b/ 77.12 5 8 . 2 8 30 .'50 35.57 27.95 53.71
Range 17.10 8 . 9 3 3.06 3.58 . 3 . 4 6 5.91

a/

b/

The standard deviation of each yeafs yield was treated as an 
observation arid the other statistics computed from this.

Expressed . as a percentage.-
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The standard deviations of standard deviations are plotted in Figure 

4, page 62. It can be seen that these values follow, in general, the 

same pattern as do the standard deviations of the yield over the series 

of years, though at a lower level.

As can be seen in Table XIX, the means of the standard deviations

differ somewhat. Therefore, the coefficient of variation of the standard

deviations are found. The relationships among the dispersion groups

are the same for the coefficient of variation as they are for the standard

deviation. These figures should be helpful in determining in which

dispersion groups the yield is most predictable. The coefficients of

variation of the standard deviations are plotted in Figure 5.

Coefficient of 
Variation (%)

Degree of 
Dispersion

4-l7
Miles

20^25
MilesDispersion Miles Miles Miles

Figure 5. Coefficient of Variation of the Standard Deviations of Farms 
Seeding 600 to 1000 Acres of Spring Wheat.
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Farms Seeding Wore Than 1000 Acres of Spring Whegt

It was difficult to find suitable tracts of land to combine into

farms haying over 1000 acres of spring wheat. There were so few

hypothetical farms built that the variances computed for individual

years were not judged to be reliable for comparison,. Therefore,

individual crop year variances for this size group are not analyzed.

There were enough observations, however, when the variance of

the series of years was computed to give some reliable figures.These

results are presented in Table XX. Quite low variances are found in all

dispersion groups. When the variances were tested for homogeneity, no

significant differences were foupd. The computed Chi-Square value is

3.15. The Chi-Square distribution value is 9.49 at the five percent
■ 2/level with four, (sample size minus one) degrees of freedom.

•TABLE XX. VARIANCE OF SPRING WHEAT YIELD OF THE GROUP OF FARMS SEEDING' 
OVER 1000 ACRES OF SPRING WHEAT FOR THE SERIES' OF YEARS 1937- 
1956.

__________________________ ,1,. . . ,n' , .......a ' ' , , rr - ,n !

Degree of Dispersion ■ Variance
No dispersion 18.81
1-4 miles 31.08
4-7 miles 2 9 . 9 9

7-10 miles ' 28.09
10-15 miles 21.92

A strong argument can _be made that the lack of significant difference 

among the variances of these dispersion groups is due to the size of farms

l/ See page 33 for the method used to compute this.

^  Details of Bartlett"s test for this group of farms are found in 
Table III, Appendix D.
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that are being analyzed» When a concentrated farm of over 1000 acres of
i

wheat is built, the distance across may be so great as to give it the 

characteristics of a dispersed farm. A hail storm of up to a mile wide 

would not be wide enough to cover the whole farm in many cases. Thus, 

the advantages gained by dispersion of the smaller farm units may be 

gained by size of this grbup without being dispersed in the sense of 

operating separated trabts of land.

Conclusions and Implications

There are strong indications then, that farm unit dispersion 

i‘"s effective in reducing yield variability, in some years. If this 

is so, farmers are given an opportunity to arrange their farm 

organization so that the yield from the farming enterprise will be 

more predictable. Yield expectations can be made within a closer 

range.

The major benefit of such stabilization in yield is that.the farm 

family is more able to plan for savings and expenditures. These items 

are relatively fixed over time. The family who receives a relatively 

stable income is able to enjoy a higher scale of living than a.

family receiving a variable income. This is so because when incomes’
fluctuate a gneat deal, the scale of living must be adjusted to that 

level which is possible in the years of low income.



CHAPTER IV

ANALYSIS OF THE EFFECTS OF FARM UNIT DISPERSION ON FARM OPERATING EXPENSES

Sources of Data

■ Names..of farmers:, whe: operate dispersed farms in. Daniels Comnty ,' 

were obtained from the Stat4 Land Office in Helena* Each leased tract of ' 

state land is listed under the name of the present operator* An examina

tion of the legal description of state lands operated by the various 

farmers was made to determine those who operated dispersed farms* These 

farmers made up the majority of a sample of farmers contacted whose farms 

were dispersed* Occasionally, those interviewed would recommend other 

operators with similar farm arrangements but who did not lease state 

land.

In September9 19599 27 farmers were contacted for a personal inter

view to obtain information on costs which they encountered due to 

operating dispersed farms* Of these, 25 contributed usuable schedules* 

Three schedules were not used because they were taken from farmers who 

operated 'farms dispersed a greater distance than were farms included 

in this study. The other two were unwilling to provide the necessary 

information.

Following, is the pertinent information which was sought from each 

farmer

i/ A sample of the schedule used for the interviews is found in
Appendix Go
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Io Total acres farmed in 19599 both rented and owned,

2, The legal description of each tract, both rented and owned,

3, The distance and direction of each tract from the operating 
headquarters,

4, Time spent in preparing equipment for moving in 1959,

5, Time spent in moving equipment to the various tracts in 1959,

6, Costs of operating equipment while moving to the different 
tracts in 1959,

7, Time spent in "checking on" dispersed tracts in 1959,

8, Estimated cost of such, checking,

9, Any advantages or disadvantages the farmer felt as a result 
of operating a dispersed farm,

10, Any ways the farm was operated differently than it would be if 
it were a concentrated farm.

11. Extra equipment operated as a result of operating a dispersed 
farm.

In addition, the following sources of information were used. Esti

mates of fuel consumption while operating tractors in moving between
I/

tracts were made by using data from, the Farm Equipment Red Book=-' 

Information on operating costs and time required for various cropping 

and fallow operations was obtained from Rude.2/

Description of Area Studied

Most of those who were interviewed operated farms in the western 

half of Daniels County. Spring wheat is the major crop grown in the

I/ Official Nebraska Tractor Tests, Farm Equipment Red Book, Annual 
Editions,

LeRoy C= Rude, Agricultural Economist, FarmEconomics Research 
Service, United States Department of Agriculture, Bozeman, Montana.
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area. Some winter wheat, barley, flax,oats, and hay are also grown.

Much of the land is gently rolling and'a high proportion is cropped.

The topography in the western-most part of the county breaks sharply 

in places. More rangeland is found here.

An alternating, crop and fallow arrangement is the most common 

rotation sequence. In addition, nearly all the farm land in the 

county is strip-farmed. This is an important cost consideration in 

operating dispersed farms because the two year sequence of field opera

tions must be done at each tract each year.

Limitations to the Information

The major limitation to this data is that most of the costs of 

operating dispersed farms had to be estimated. Even those farmers who 

keep records do not ordinarily keep track of such costs as moving bet

ween dispersed tracts. The usual response to questions was usually in 

terms of the time spent per trip or the cost of one trip. In these 

cases it was necessary to assume that this was an average trip that the 

farmer might make.

A problem of comparing costs among dispersed farms is that some 

farmers use diesel tractors while others farm with gasoline tractors. 

Since these differ in the rate of fuel use, and since the price of the 

two fuels differ, moving is influenced not only by degree of dispersion, 

but by the type of tractors used. The spatial arrangement of the tracts 

also influences costs. Two farms with equal distances between their two 

most separated tracts may vary considerably in total travel distance
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required* One farm may be contained in two tracts while another may be 

spread over four or five tracts in varying spatial arrangements* Thus, 

more distance would have to be travelled in the case of the latter farm* 

Therefore, any classification according to degree of dispersion is some

what ambiguous.

Some costs which are difficult to determine are not analyzed* For 

example, there may be a loss in revenue if, due to dispersion, the farming 

operations are not as well done = It may be more difficult to perform the 

farming operations at the most desirable time* More time would be lost 

when breakdowns occur because it may take longer to go after repairs or 

to bring repairing equipment to the field* A greater chance of obtaining 

a quite high yield in some years on a dispersed farm is given up so that 

in these years the yield will be more predictable.Giving up the 

greater chance of the high yield is a cost to the operator of a dis

persed farm.

The time in the actual moving is a labor cost. Also this amount of 

time could be spent on other farming operations if the farm were not 

dispersed* Thus time spent in moving is an opportunity cost to the 

farmer. The same can be said of the time spent in commuting between 

the operating headquarters and the dispersed tracts*

Another factor which affects costs is the number of acres in each 

dispersed tract* This will influence the cost of commuting* More trips 

must be made back and forth from a large dispersed tract than would be

See Chapter III*
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necessary with a tract of. fewer acres-since the field operations 

large tract will take longer®

Methods of Treating Data

The farms analyzed from the interviews made are classified 

to the distance of travel between the two most separated tracts* 

classifications are given below*

I* Farms with tracts dispersed one to four miles*

2* Farms with tracts dispersed four to seven miles*

3. Farms with tracts dispersed.seven to ten miles*

4. Farms with tracts dispersed ten to fifteen miles.

These classification are made to correspond to those of the hypothetical 

farms in the earlier part of the study.

Most farmers were reluctant to give an estimate of the time required 

per season to travel between tracts. However, most of them did not 

hesitate to give the time needed to make a single trip to the dispersed 

tracts. Therefore, a method was developed to derive an estimate of the 

time used per season.

Recall that the two-year sequence of field operations is done on each 

tract each year* ■ Rude, in a study of land uses alternatives in north- ■ 

eastern Montana states that summer fallow in the area i&-worked four or 

five t i m e s F o r  the present study it was assumed that seven round

on a

according

These

i/ LeRoy C. Rude, Land Use Alternatives for Dryland Cash-Grain 
Operators* Northeastern Montana, Department of Agricultural 
Economics and Rural Sociology, Montana Agricultural Experiment 
Station, Bozeman, Montana in cooperation with United States 
Department of Agriculture, Agricultural Research Service, Farm 
Economics Research Division, August, 1959*
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trips were made to each dispersed tract each year. The trips made for the 

cropping ares (I) tilling before seeding, (2) drilling, and (3) combin

ing. Those made to work the summer fallow are: (I) one-way, (2) tool

bar,. (3) rodweeder, and (4) toolbar. The number of trips multiplied by 

the time required to make each trip gave the total amount of travel time 

between tracts for one season.

Much of the data obtained from the farmers may be questioned for 

accuracy. However, no other methods of making some of these estimates 

could be found for use in the present study. Most of the data given by 

the farmers concerning estimates of time are used in the analysis that 

will follow. In other cases additional information was used in hopes'of 

obtaining a closer approximation of the costs.

One such cost was that of operating equipment while moving between 

dispersed tracts. Estimates of these costs made by the interviewees 

range from almost nothing to $100 with no evident relationship to 

distance traveled or other factors which would effect this. These 

figures were obtained in another way.

Fuel consumption is the major cost item involved in operating 

equipment while moving. The official Nebraska Tractor Tests were used 

as a source to obtain this information.i/ Unfortunately, no information 

on fuel consumption in road gear, probably the most common gear used 

while moving between tracts, is given in these reports. Through.a 

conversation with Johnson, an alternative method for determining fuel

l/ Official Nebraska Tractor Tests, Farm Equipment Red Book, Annual
Editions.



consumption under these conditions was c h o s e n He believed that the fuel 

consumption under belt operation would give a closer approximation to 

fuel consumption, in road gear than would that used during drawbar 

operation.

The fuel consumption in gallons per hour was taken for each model

of tractor under consideration. The consumption at about ten horsepower

was ilsed, this depending somewhat upon the size of tractor. The

consumption does not vary too greatly when horsepower use is beyond

this figure so no great error should result in using this mdtjiod.

A price of $.187 was used for diesel fuel and-$.233 was used for

gasoline. These were the fuel prices Rude used in his study of the
2/area.-' Following is the method used for determining the cost of 

moving equipment for one season. Fuel consumption per hour time's the 

number of travel hours in a season times the price of the fuel used.

Ten percent of this figure was then added, (I) because it is assumed 

that those tractors tested are more efficient fuel users than the farm 

operated tractors, and (2) to cover other variable equipment operating 

costs due to moving between tracts.

For an example of how this is computed, assume that a farmer, uses 

a John Deere "60" gasoline tractor. The fuel consumption during belt
3/operation at 10.91 horsepower is 1.593 gallons per hour.—' Assume also

— 78 -

Lynn F. Johnson, Instructor and Assistant in Agricultural Engineering, 
Montana State College, Bozeman, Montana.

2/
3/

LeRoy C. Rude, ojd. cit.

Official Nebraska Tractor Tests, op. cit., test 472,; 39th Annual - 
edition, 1955, p. 588.



that the tractor is operated 30 hours per season in moving machinery 

between tracts. Thus, the fuel used during a season for this purpose 

would be 47.79 gallons. At a cost of $.233 per gallon this is $11.13.

Ten percent added to this would give $12.24 for the total equipment 

operating cost for one season.

A rate of $1.00 per hour was used as a labor cost. The time 

required to perform the various jobs due to dispersion were thus changed 

to a dollar figure to make possible a determination of the costs of 

dispersion.

A cost of operating dispersed farms, which was not obtained from 

the interviews, is that of commuting between the dispersed tracts and 

the operating headquarters. This cost had to be determined in another 

way.

The time required for performing the various field operations of 

dryland farms was obtained from a study made by Rude = ̂  ' Since nearly all 

of the land is strip farmed, the two-year sequence of field operations 

was assumed at each tract each year. The operations per season given 

on page 7:7 are assumed. For these purposes it was assumed that the 

farmer worked in the fields ten hours per day. It was also assumed that 

if the distance between the dispersed tract and the operating headquarters 

was less than seven miles, the worker would travel that distance for 

lunch. This would make four trips per day. If the distance between the

l/
LeRoy C. Rude, Unpublished data, Montana Agricultural Experiment■ 
Station, Department of Agricultural Economics and Rural Sociology, 
in cooperation with United States Department of Agriculture, 
Agricultural Research Service, Federal Economics Research Division, 
Bozeman, Montana.
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two tracts was more than seven miles it was assumed the worker would

carry his Iunch9 thus making only two trips per day. It was also

assumed that all trips were made in a three-quarter ton pickup.

A partial example will be worked through to illustrate how this is

done. It is assumed that rodweeding is being done bn a dispersed tract.

A 14 foot rodweeder will cover 6.56 acre? per h o u r . I f  the tract of

land contained 150 acres to be rodweeded this would take 22.87 hours.

This would essentially take two and a half days. Assume the dispersed

tract is five miles from the operating headquarters. The worker would

have made four trips on each of the first two days and two on the third

day or a total of ten trips. Thus9 he would have travelled 50 miles to

perform this operation. The variable costs of operating a three-quarter
2/ton pickup according to Rude are $.03151 per mile.-' None of the fixed 

costs of owning the pickup were charged to dispersion. Thus9 the cost of 

travelling 50 miles is $1.58.. Similar computations were made for each 

farming operation to determine a total cost of commuting for one season.

Discussion of Operating Expenses

Estimates of the costs incurred from operating dispersed farms a.re 

given in Tables XXI through XXIV. The average costs due to dispersion 

increase, in general, from the group of farms whose degree of dispersion 

is the least to that in which degree of dispersion is the greatest. The

^  Ibid.

2/ Ibid



TABLE XXIo COSTS DUE TO OPERATING" FARMS DISPERSED ONE TO FOUR MILES IN 1959.

Total Cost of ' Equipment. Labor costs Other .costs
Crop Preparing Labor costs Operating Costs of checking of checking
Acres Equipment of moving Costs of on disper- on disper-
in for between . While. Commu^ sed sed . Total
Farm Moving tracts Moving. tihgB/ tracts tracts!?/. Cost

720 $10.00 $14.00 $4.24 $21.84 $10.00 $12.00 $72.08

780 15,00 7.00 2.56 35.73 3.00 2.50 65.79

1200 5,00 7.00 2.83 . 50.31 . 2.00 2.00 69.14

Total 30,00 28.00 9.63 ‘ 107.88 15.00 16.50 207.01

Average 10,00. 9.33 . 3.21. 35.96 5.00 5.50 69.00

V  Driving between dispersed tract and operating headquarters during field operations.

• k/ Cost of operating pickup etc.-.



TABLE XXII, COSTS DUE TO OPERATING ‘FARMS DISPERSED FOUR .T0..SEVEN MILES INjl959.
• . i - - •» • " * i • •

Total
Crop
Acres
in
Farm

Cost of 
Preparing 
Equipment 
for
Moving

Labor costs 
of moving 
between 
tracts

Equipment 
Operating 

■ Costs:. 
While 
Moving

Costs
of;
Commut-
ingf/

Labor costs 
Ofxheckirig 
on dispell 
sed . ■ ■ - ■ 
Tracts

Other costs 
of checking 
on disper-

S c t = U /
Total
Cost

400 $80,00 $28,00 $ 9 , 2 7 $17.65 . $14.00 $20,00 $168.92

500 30,00 2 8 . 0 0 15,86 44,57 15.00 50.00 183.43

1066 15,00 14,00 9,05 - 48.21 10.00 50.00 146.26

2000 18,00 32,00 17.33 181.18 4.00 16.00 268.51

6200 8,00 11,00 4.03 532.24 3.00 3.00 ■ 561.27

Total 151,00 113,00 55.54 823.85 46.00 139.00 1328.39

Average .30,20 22,60 11.11 164.77 9.20 27.80 265.68

a/ \  '— Driving between, dispersed tract and operating headquarters during field operations.

Cost of operating pickup, etc,..

COto



TABLE XXIIIo .COSTS BUE TO OPERATING -FARMS- BISPERSED SEVEN TO TEN MILES IN 1959.

Total
Crop.
Acres
in"
Farm

Cost; pf 
. Preparing 
Equipment 
for
Moving

Equipment 
Labor-costs Operating
of moving Costs
Between While
Tracts Moving .

Costs 
of " 
Commut- 
inqSZ

Labgf costs 
of -checking 
on disper
sed tracts

Qther costs 
of checking 
on disper
sed tracts^/

Total 
Cost -

654 $30.00 $28.00 $5.28 $24.26 $10.00 $10.00 $107.54

946 12.00 21.00 5.81 12.10 16.00 31.00 97.91

950 35.00 42.00 9.41 63.02 12.00 30.00 191,43

1050 36.00 25.00 7.59 41.59 11.00 40.00 161.18

1100 25.00 42.00 13.77 30.49 20.00 8.00 139.26

IllO 30,00 35.00 20.83 36.24 15.00 15.00 152.07

2000 40.00 40.00 8.39 86.45 20.00 20.00 214.84

Total 208.00 233.00 71.08 294.15 104.00 154.00 1064.23

Average 29.71 33.29 10.15 42.02 14.86 22.00 152.03

V

b/

Driving between dispersed tract and operating headquarters during field operations. 

Cost of operating pickup etc..

CO
Ca)



TABLE XXIV. COSTS DUE TO OPERATING -FARMS- DISPERSED TEN TO FIFTEEN MILES IN 1959.

Total
Crop
Acres
in
Farm

Cost of 
Preparing 
Equipment 
for
Moving

Labor costs 
of. moving 
Between 
Tract .

Equipment
Operating
Costs-
While'
MpVinq

Costs
of
Gommut-
inga/

Labor Costs 
of^checking 
on disper
sed tracts

Other costs 
of checking 
on disper- . 
sed tracts^/

Total
Cost

850 $30.00 $42.00 $ 1 4 , 2 9 $19,63 $25.00 $9.00 $139.92

1150 40.00 56.00 23.64 94.81 .00 .00 214.45

1185 40.00 28.00 24.30 23.19 20.00 .00 135.49

1423 25.00 42.00 14.18 97.37 55.00 40.00 273.55

1760 25,00 56.00 16.94 63.52 20.00 40.00 221.46

2064 75.00 35.00 40.88 102.00 6.00 21.00 279.88

2400 24.00 70.00 11.14 98.31 7,00 15.00 225.45

Total 259.00 329=00 145.37 498.83 133.00 125.00 1490.20

Average 37.00 4 7 . 0 0 20.77 71.26 19,00 17.86 212.89

Driving between dispersed tract and operating headquarters during field operations. 

Cost of operating ,pickup etc..
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one exception is that group of farms dispersed four to seven miles. Much 

of this difference is due to the farm in this group which contains 6200 

acres of crop land. If this farm were not included in the group, the 

average cost per farm would be $191.78 rather than $265.68. This is, 

of course, still somewhat higher than that of the next group.

It is difficult to establish relationships among the various 

costs of dispersion. For example, the labor costs of moving, and the 

costs of operating equipment while moving, may not be proportionate when 

several farms are compared. This is because the kind of roads travelled, 

the differences in types of equipment used, and the number of dispersed 

tracts in a farm will influence certain costs. Thus, many of the 

costs are not directly related to the degree of dispersion.

Also, the equipment operating costs may not show any correlation 

to the costs of commuting. The former depends upon the type of 

equipment used and the distance travelled. The latter depends upon 

not only the distance travelled but in a large measure upon the number 

of acres in the dispersed tracts.

The farm of 6200 crop acres illustrates this most clearly. Examii- 

nation of the schedule taken for this farm shows that all but about 900 

acres of the farm is in dispersed tracts. However, much of the travel 

distance between dispersed tracts and the operating headquarters is less 

than four miles.

Moving of equipment between tracts requires little time considering
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the size of the farm. On the other hand, many trips are made back and 

forth from the headquarters in the mornings and evenings and for meals.

An example of the opposite case may be seen by examining the farm of 

1185 crop acres dispersed ten to fifteen miles. Of this, only about 350 

acres are in dispersed tracts. However, one tract is eight miles from 

the operating headquarters in one direction and another tract is four 

miles from headquarters in another direction. Thus, in this case, much 

more time and expense is involved in moving equipment compared to other 

farms, while the costs of commuting would be less.

Each farmer was asked if he had purchased extra equipment as a result 

of being dispersed. Most said they had purchased none. Since in most 

instances rubber tired equipment was used regardless of whether or not 

a dispersed farm was operated, this cost was not attributed to dispersion. 

One farmer who was dispersed nine miles stated that he had purchased a 

rubber-tired tiller and swather so that he could transport this 

equipment more easily. Only one farmer of those interviewed stated 

he had purchased a trailer for transporting equipment. Part of this can 

probably be explained from the lack of improved roads in this county.

More trailers would probably be used if the equipment was moved along a 

well travelled highway.

Other Considerations in Operating Dispersed Farms

Four farmers of 25 who contributed usable schedules stated they 

would arrange their crops differently if their farms were not dispersed. 

Three of these stated that they presently seed all of one kind of grain 

at each tract. The other stated he would arrange his strips differently
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if he operated a concentrated,farm of the same acreage. One interviewee 

believed he would fence his farm if it were not dispersed.

Each one interviewed was asked if he felt there were any advantages 

or disadvantages of operating a dispersed f a r m . O f  the three who oper

ate farms dispersed one to four miles, none found any advantage in the 

arrangement. They felt their farms were not dispersed far1 enough to have 

any effects on yield variability.

All five of those operating farms dispersed four to seven miles said 

they believed there was less chance of a complete loss due to hail with 

this arrangement. Four of these operated farms dispersed generally in 

a north-south direction, the other farm was dispersed in an east-west 

direction.

In the seven to ten mile group, all seven farmers felt there was 

less chance of having the entire farm damaged by hail. Five of these 

operated farms dispersed in a north-south direction, one farm was disper

sed in an east-west direction, and the other farm was dispersed in a 

northeast-southwest direction. Two of, the farmers who had farms in 

this dispersion group felt damage from wind or grasshoppers was not 

as great as it would be on a concentrated farm.

Of those operating farms dispersed ten to fifteen miles, four gave 

as an advantage of being dispersed the chance that a single hail storm 

would be less destructive. Two of these were operating farms dispersed 

in a north-south direction, one operated a farm dispersed in an eagt-west

I/ Some gave more than one advantage or disadvantage
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direction, and the other farm was dispersed in a northwest-southeast 

direction. . It is significant to note that four farmers in this group 

felt that there was\a better chance of rain falling on some part of the 

farm. Three of these were dispersed in a north-south direction and the 

other was dispersed in several directions.. It may, be questioned from 

these remarks whether the rain paths are wider than those described on 

page; four* ,

One disadvantage was given by a farmer operating a farm dispersed 

one mile. He stated that more time is required in turning because the 

fields of a dispersed farm are smaller. A farmer who operated a farm 

dispersed five miles also gave this as a disadvantage.

Several farmers gave the travel time needed to operate a dispersed 

fartn as a disadvantage. Of these, two had farms dispersed from four to 

seven miles, five had farms dispersed seven to ten miles, and three had 

farms dispersed ten to fifteen miles.

Two farmers who had farms dispersed seven to ten miles stated that 

crops on dispersed tracts were neglected because it was difficult to 

get to them at the proper times. Two other farmers who travelled ten 

to fifteen miles also stated that some crops were neglected on dispersed 

tracts.

Implications of the Analysis of the Costs of Dispersion 

Quite obviously, a farmer cannot study the tables presented in 

this chapter and determine what the costs per season would be if he 

were to operate a farm which is dispersed a certain distance. However,
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the analysis presented should lead the farmer to examine and enumerate 

the costs which might occur. The methods used to determine these costs - 

should guide the farmer in ,analyzing what they might be for an arrangement 

which he might be considering.

He can evaluate the equipment now in use and make some judgement 

about the cost of operating this per mile of travel between tracts. He 

can ask if the type of roads he would be travelling over would effect the 

time needed to prepare equipment for moving. Bulky equipment might be 

moved along an unimproved road with little time needed in preparing it 

for travel. However, this equipment may have to be partly dismantled 

if it is mqypd along a well travelled highway. The type of road 

travelled might also determine whether or not transporting equipment 

would need to be purchased.

This analysis should point out to the farmer that costs of commuting 

are affected as much or more by the number of acres which are dispersed 

as by the distance travelled. The particular spatial arrangement of a 

farm also affects such costs.

. The costq °f checking on dispersed tracts should be influenced by 

whether or not the tracts lie along a route which is frequently 

travelled by the operator. If the dispersed tracts are along such a 

route, costs attributed to checking should be less because not as many 

special trips should have to be made.

The farmer should consider his own management ability and judge how 

efficiently he might be able to do some of the jobs involved in operating 

dispersed farms.
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The costs of operating a dispersed farm may be summarized as follows:

1. Costs of preparing equipment for moving and costs of 
operating equipment while moving|

2. Extra equipment needed and increased repair costs as a 
result of operating a dispersed farm;

■ 3. Costs of "checking on" dispersed tracts;

4. The opportunity costs of labor needed to perform the 
various jobs of operating dispersed tracts;

5. Costs of commuting when working away from the 
operating headquarters;

Other costs which cannot be measured as easily as the above but may be 

just as real are:; I - -,s . ; - ■ ’

6 . Loss of revenue if, due to dispersion, the farming 
operations are not .as well done;

7. Increased time arid expenses resulting from more incon
venience when breakdowns occur;

8. The high yields which are foregone in some years.

The costs for any one farm will depend.!upon: . -

1. The distance between each tract of the dispersed farm;

2. The number of dispersed tracts;

3. The size of each dispersed tract;

4. The particular cropping sequence on each tract;

5. The type and size of equipment used to move machinery 
between tracts;

6. The kind of roads travelled between tracts;

7. The efficiency of the workers and the management ability 
of the farm operator..



CHAPTER V

SUMMARY AND CONCLUSIONS 

Summary

This study grew out of the recognition of the many risks and 

uncertainties experienced in Great Plains agriculture. These are, in 

large part due to the great fluctuations in yields and prices which 

have occurred in the past« The fluctuations in yields are a result of 

the highly unpredictable weather patterns existing in the area.

One method suggested for dealing with these factors might be to 

disperse the farm land over some area into non-contiguous tracts. The 

reason for suggesting farm unit dispersion is to take advantage of the 

rain and hail patterns which occur in the region. Since storms usually 

occur in strips and travel in an easterly direction, it is felt that by 

dispersing the farm in particular spatial arrangements, destruction of 

entire crops would be less likely. If this is so, yield variability 

should be reduced both in a given year and over time as a result of 

dispersion.

Hypothetical farms of varying degrees of dispersion were constructed 

from tracts of state lease lands in Daniels, Roosevelt, and Sheridan 

Counties. These counties are located in the northeastern corner of 

Montana. Three sizes of farms and six dispersion groups were classified. 

Yield variability of the several dispersion groups was determined by 

computing the variance of the per acre spring wheat yield of the farms 

in each dispersion group. The yield variance of the dispersion groups
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were compared to examine the effects of dispersion on yield variability= 

The years 1937 through 1956 were used in the analysis.

Two sets of variances were found. The first was the variance of 

individual years for each dispersion group. These were found to determine 

the effects of dispersion on yield variability for a single year. The 

variance of individual years are used for two purposes. One is the 

examination, of effects of dispersion on short-run business survival 

which is important to the farm operator. The other purpose for this 

yield variance was to determine for what proportion of the years studied 

yield variability was affected by farm dispersion.

A statistical test for homogeneity of variances was made to determine 

in which years the yield variances among dispersion groups varied 

significantly from one another. As would be. expected, in some years 

the differences were significant, in other years no significant 

differences were found.

This test determined only whether or not the variances among 

dispersion groups for a given year differed significantly. What is 

really important is to determine between which dispersion groups the 

variances were significantly different. The F test which is used to 

compare two variances was used to make this analysis.

Another figure which was computed is the variance of each dispersion 

group for the series of years included in the study. This was done by 

using the same data as was used for the variance computed for individual 

years. The per acre yield of each farm in the dispersion group is used 

as the observation. These variances were again compared to determine

vV i
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The standard deviation or the square root of the variance was found. 

This was done because- such a figure can be considered a physical unit in 

the same way that the rqean yield is a physical unit. The primary use 

made of the standard deviation was to compare the effects of yield varia

bility on farms of different degrees of dispersion.

This was done by comparing the yields on assumed farms of different 

degrees of dispersion. A range on yield was given which could be expected 

on this farm a certain proportion of the time. This was done on farms 

for an individual year and for the series of years.

It was noted that the. standard deviations of each individual year’s 

yield in each dispersion group varied over some range. Therefore, an 

attempt was made to determine how variable these standard deviations were 

considering all years. The standard deviations were treated as an obser

vation and a standard deviation of these were computed. It was felt 

that this should make it easier for an interested person to determine 

for which dispersion groups the yield, over a period of years, would be 

most predictable. The coefficient of variation, the rqean, and the range 

of the standard deviations were also found. The coefficient of variation 

is a better measure for comparisons when the means are not equal, since 

this is found by dividing the standard deviation of a sample by its mean.

The costs of operating dispersed farms were estimated by inter- 

viewing farmers who operate dispersed farms in Daniels County. Time

differences in variances between and among dispersion groups with the same

tests as in the above analysis.
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spent in moving and variable costs of travel due to operating dispersed 

farms was obtained. Additional sources were used to determine more 

adequately some of the costs of dispersion. Classifications of the farms• i ■
were made according to degree of dispersion which would correspond to the 

earlier classification of the hypothetical farms. Much difficulty was 

encountered in determining the costs which could be attributed to 

dispersion.

The spatial arrangement of the tracts, the number of acres in each 

dispersed tract and the type of equipment used were all factors which 

made the costs of each farm unique. No adequate classification of the 

farms could be made to analyze properly the costs of dispersion.

Conclusions

The yield variability of individual years was analyzed for. two fsize 

groups; these being farms with 200 to 600 and with 600 to 1000 acres of 

spring wheat. For some years in both size groups the yields were signi

ficantly different among dispersion groups. For the first size group, 

there Were indications that in four out of fifteen years, yield variance 

was significantly reduced as a result of dispersion. These years are 

1948, 1950, 1951, and 1952. In three of these years, however, dispersion 

was not effective in reducing yield variability unless the degree of 

dispersion was greater than four miles. These years are 1948, 1951, 

and 1952. There was no difference in yield variance of farms dispersed 

greater than four miles which cab be attributed to dispersion.



- 95 -
For the second size group9 dispersion was judged to be effective in 

reducing yield variance in five out of thirteen years. These years are 

1945, 1947, 1948, 1949, and 1950. In the years 1945, 1948, 1949, and 

1950 a significantly smaller variance was found in the one to four mile 

dispersion group than in the group of farms which was not dispersed. The 

variances were significantly less in the four to seven mile dispersion 

group than in the one to four mile dispersion group in the years 1947, 

1948, 1 9 4 9 , and 1950.

Therefore, it was necessary to reject the first null hypothesis. 

Farms similar in size, soils, and management practices do not experience 

the same yield variability for individual years regardless of whether 

the farm is dispersed or not.

The same general conclusions are made for the yield variability for 

the series of years. For the group of. farms seeding 200.to,'600 acres of 

spring wheat, the yield variahfce was found to be less for the group of 

farms dispersed four to seven miles than for that group dispersed one 

to four miles. No differences between the variances of other dispersion 

groups could be attributed to dispersion.

For the group of farms seeding 600 to 1000 acres'of spring wheat, 

the yield variance of the one to four mile dispersion group was found to 

be significantly less '’than that of the group of farms which were not 

dispersed. The variance of the four to seven mile dispersion group was 

also found to be significantly less than that of the one to four mile 

dispersion group.
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The degree of dispersion best suited for a farmer operating a farm 

of this, size may depend upon his reserves. With adequate reserves, a 

farmer may be able to withstand a greater degree of yield variability over 

the years. Such a farmer may decide that a dispersion distance of from 

one to four miles is sufficient. In the case of the farmer with smaller 

reserves a dispersion distance of four miles or more may be desirable.

The null hypothesis must be rejected that dispersion has no effect 

on yield variability given farms of similar size, soils, and management 

practices over a series of years.

The variance of the group of farms seeding more than 1000 acres of 

spring wheat was computed, for the series of years. No significant 

difference was found in the variances of the different dispersion 

groups. This lack of difference was attributed to the size of the 

farm. When a farm of this size is organized, the distance across it 

may be so great that it takes on some of the characteristics of a 

dispersed farm of the smaller acreage groups.

The standard deviation of the standard deviations and the coefficient 

of variation of the standard deviations were analyzed. The same relation

ships held for these figures as was found for the variance computed for 

the series of years. '

The reduction in yield variability as a result of dispersion and the 

benefits derived to the farm family have been analyzed. The costs incurred 

due to operating a dispersed farm have been discussed. What might the 

net effect of farm unit dispersion be on the farmer living in the Great

Plains?



This might most easily be discussed by making a few spot observations. 

Table XVIII on page 67 shows the range in yield which a farmer might 

expect in about two-thirds of the years if he operates a farm with from 

600 to 1000 acres of spring wheat. In Table XXII on page 82, the costs 

of operating farms dispersed four to seven miles are given. One farm 

in this group contains 2000 acres of cropland. Assume 35 percent of the 

farm is seeded to spring wheat. For this farm 700 acres would be seeded 

to spring wheat.

If the yield variability described on page 67 is representative, a 

farm dispersed four to seven miles can be expected to yield between 6.30 

and 17.24 bushels per acre about two-thirds of the years. The costs 

which can be attributed to dispersion for this fairm are $268.51 per 

year. This, of course, does not include other costs which were not 

given a quantitative figure in this study.

■ If this farm were not dispersed, the range in yield in about two- 

thirds of the years can be expected to be between 3.15 and 22.51 bushels 

per acre. The cost of $268.51 could be avoided if a concentrated farm 

were operated.
■ ,

The farmer must take these figures together:'With* a projected price 

of wheat, such things as his financial reserves, and his subjective 

valuation of income security, to decide whether or not he wishes to 

include in his farm organization the dispersion of his farm land.
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Implications

During the past several years, several methods for dealing with 

income uncertainties have been recommended for the Great Plains farmer.

It would seem that' the greatest advantage may be gained by masking use of 

several practices. For example, a system of cash and physical reserves, 

crop insurance, and farm unit dispersion may be used to gain a good 

deal of stability in the farming enterprise. This would probably 

require more use to be made of the management abilities of the farm 

operator. In so doing, his income should hot be as greatly affected 

by the vagaries of weather.

It could be that if yields are stabilized by dispersion, such things 

as insurance rates may be adjusted for those farmers who operate dispersed 

farms. Or. a farmer may find that he has less need for cash and physical 

reserves if a sufficient degree of stability is introduced into the farm 

firm due to dispersion.

Suggestions for Further Research

A suggestion has already been made that a sample of farms should; be 

built with the same classifications as were used in this study, except 

that they would be dispersed in an east-west direction. With this analysis, 

recommendations could be made concerning the direction of dispersion as 

well as the degree of dispersion.

Further studies should be made on the costs of dispersion. More 

careful analysis of the farm organization should be made so that these
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costs can be measured more accurately. More research should be done to 

determine the rate of fuel consumption while moving equipment between 

tracts.

The estimates of time needed to perform the various jobs due to farm 

unit dispersion are quite inadequate. On-the-farm studies may have to 

be made to determine what these jobs are and the time required for 

each.

Having done these things a more accurate determination can be made 

of the effects of farm unit dispersion on the variability of net farm 

income.

\
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APPjENDIX A

TABLE I. NUMBER OF OBSERVATIONS, MEAN SPRING WHEAT YIELD, AND VARIANCE
OF SPRING WHEAT YIELD .OF CONCENTRATED FARMS SEEDING FROM 200 .
TO 600 ACRES OF SPRING WHEAT 1937-1956.3/_______

Year
Number of 
Observations

Mean Spring 
Wheat Yield

Variance of 
Sorinq Wheat Yield

1938 7 3.86 7.39

1939 10 9.04 11.63

1940 9 7.57 17.77

1941

i 
h

-*
 

O 11.36 20.72

1942 ii 17.77 54.05

1943 14 17.40 48.70

1944 24 13.96 20.02

1945 27 7.63 14.57

1946 23 8.66 21.45

1947 . 25 10.33 20.50

1948 27 10.34 20.97

1949 27 3.40 6.86

1950 28 19.00 98.84

1951 33 10.47 19.95

1952 35 9.81 26.51

1953 37 18.18 18.05

1954 39 10.17 7.34

1955 37 14.97 15.32

1956 ' 37 8.32 12.85

■S/ Years for which there, were less than five observations are
excluded from these tables.
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TABLE II. NUMBER OF OBSERVATIONS, MEAN SPRING WHEAT YIELD, AND VARIANCE
.OF SPRING WHEAT YIELD OF FARMS DISPERSED ONE TO FOUR MILES

_____  SEEDING'FROM 200 TO 600 ACRES'OF SPRING WHEAT 1937-1956.V

Year
Number of 
Observations

Mean Spring 
Wheat Yield

Variance of 
Spring Wheat Yield

1940 7 4.20 11.23

1942 9 11.41 16.58

1943 9 16.13 11.43

1944 19 13.07 27.97

1945 16 5 . 9 6 4 . 2 3

1946 19 6.62 9.32

1947 18 9.73 11.78

1948 20 9.50 26.27

1 9 4 9 22 2.23 . 9 6

1950 27 15.86 7.88

1951 25 11.50 118.82

1952 34 12.69 106.04

1953 31 19.82 9.89

1954 29 10.77 4.88

1955 31 13.65 7.23

1956 32 8.20 13.42

^  Years for which there were less than five observations are
excluded from these tables.
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TABLE III. NUMBER OF OBSERVATIONS, MEAN SPRING WHEAT YIELD, AND VARIANCE
OF SPRING WHEAT YIELD OF FARMS DISPERSED FOUR TO SEVEN MILES

___________ SEEDING FROM 200 TO 600 ACRES^OF SPRING WHEAT' 1937-1956.^

Year
Number of 
Observations

Mean Spring 
WheAt Yield

Variance of 
Spring-Wheat Yield

1939 .7 9.63 12.84 .

1940 6 7.28 4.43

1941 5 15.02 6.81

1942 8 13.34 21.39

1943 8 16.21 21.38

1944 16 13.24 7.71

1945 18 6.17 4.02

1946 19 5.84 5.81

1947 22 10.82 10.86

1948 , 21 8.83 7.35

1949 26 2.93 3.13

1950 24 16.20 12.97

1951 27 9.83 10.16

1952 31 12.23 26.89

1953 29 18.40 22.13 '

1954 24 10.31 7.79

1955 27 14.01 15.50

1956 25 7.54 11.78

Years for which there are less than five observations are
excluded from these tables.
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TABLE IV, NUMBER OF OBSERVATIONSMEAN SPRING WHEAT YIELD, AND VARIANCE
OF SPRING WHEAT YIELD OF FARMS DISPERSED SEVEN" TO TEN MILES

__________ SEEDING. FROM 200 TO 600 ACRES OFFSPRING WHEAT 1937-1956.-2/

Year.
Number of 
Observations

Mean Spring 
Wheat Yield

Variance of 
Spring Wheat Yield

1942 5 ’ 14.36 20.29

1943 10 16.43 16.24

1944 ' 23 14.73 17.39

1945 19 6.83 9.81

1946 22 7.56 12.73

1947 19 10.12 11.23

1948 21 7.40 9.37

1 9 4 9 21 2.74 2.18

1950 26 16.17 , 16.22

1951 27 9.35 ' 13.34

1952 23 10.35 17.54

1953 26 19.69 25.70

1954 24 10.92 6.11

1955 26 14.47 6.54

1956 22 7.47 15.52

s/ Years for which there were less than five observations are
excluded from these tables.
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TABLE V. NUMBER OF OBSERVATIONS, MEAN SPRING WHEAT YIELD, AND VARIANCE
OF SPRING WHEAT YIELD OF FARMS DISPERSED"FROM TEN TO FIFTEEN ,
MILES SEEDING FROM 200 TO 600 ACRES OF SPRING WHEAT 1937-1956.3/

Year
Number of " 
Observations

Mean Spring 
Wheat Yield

Variance of 
Sprinq Wheat Yield

1942 7 14.21 24.80

1943 6 15.73 13.89

1944 19 14.11 15.73

1945 16 10.26 111.13

1946 19 ' 6.10 12.16

1947 19 10.92 7.34

1948 25 8.94 7.13

1949 19 3.44 4.21

1950 22 16.10 14.86

1951 21 9.65 13.89

1952 27 12.67 11.64

1953 30 18.50' 19.73

1954 26 10.90 8.50

1955 32 14.34 11.17

1956 29 8.50 11.66

^  Years for which there were less than five observations are
excluded from these tables.



TABLE VI. NUMBER OF OBSERVATIONS, MEAN SPRING WHEAT YIELD, A #  VARIANCE 
OF SPRING WHEAT YIELD OF FARMS : DISPERSED FROM TWENTY TO . 
TWENTY-FIVE MILES,SEEDING FROM «200 TO 600 ACRES OF SPRING 
WHEAT. 1937-1956.5/

Year
Number of 
Observations

Mean,Spring 
Wheat:Yield

Variance of 
Spring Wheat Yield

1944 7
'' I

12.86 23.86

1945 6 12.68 68.70

1947 5 13.76 12.69

1948 5 12.36 29.78

1949 6 13.92 ■481.23

1950 7 16.89 46.27.

1951 11 10.61 15.74

1952 IT . 12.40 20.38

1953 12 17.82 18.10

1954 14 9.81 2. 46 „

1955 13 15.06 25.86

1956 12 8.90 12.85

s/ YeaiiS for Which there were less, than' five observations are
excluded from these tables.
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APPENDIX B

TABLE I. NUMBER OF OBSERVATIONS, MEAN SPRING WHEAT YIELD, AND VARIANCE 
OF SPRING WHEAT YIELD OF CONCENTRATED FARMS SEEDING FROM 600 

__________ TO 1,000 ACRES OF SPRING WHEAT 1937-1956.2/

Year
Number of 
Observations

Mean Spring 
Wheat Yield

Variance of 
Spring Wheat Yield

1944 5 18.56 : 46.94

1945 13 8.07 40.95

1946 11 8.30 .10.90

1947 15 13.23 106.45

1948 16 ' 11.14 131.92

1949 15 6.25 207.72

1950 14 22.76 365.87

1951 11 9.76 13.61

1952 20 12.59 . . 22.68

1953 13 21*74 12.33

1954 20 11.41 4.53

1955 17 15.36 4.14

1956 16 8.96 5.61

Years for which there are less than five observations are
excluded from these tables.
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TABLE II. NUMBER OF OBSERVATIONS, MEAN SPRING WHEAT YIELD, AND.VARIANCE
OF SPRING WHEAT YIELD OF FARMS D̂ISPERSED ONE TO FOUR''MILES- 
SEEDING FROM 600 TO 1,000 ACRES OF SPRING WHEAT 193.7-1956.2/

Year
Number of 
Observations

Mean Spring 
Wheat Yield

Variance of 
Spring Wheat Yield

1944 8 15.63 17.93

1945 13 6.76 8.16

1946 13 8.49 12.68

1947 13 14.02 113.00

1948 8 1-1.84 42.61

1949 11 3.75 24.02

1950 10 20.27 ' 119.90

1951 11 10.01 12.04

1952 15 12.41 20.24

1953 16 19.48 15.46

1954 16 10.64 4.10

1955 15 14.51 7.55

1956 15 8.53 10.69

^  Years for which there were less than five observations are
excluded from these tables.
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TABLE III. NUMBER OF OBSERVATIONS„ MEAN SPRING WHEAT YIELD, AND VARIANCE
OF SPRING WHEAT YIELD OF FARMS DISPERSED FOUR TO SEVEN MILES,

.______ SEEDING FROM 600 TO 1,000 ACRES OF SPRING WHEAT 1937-1956.^

Year
Number of 
Observations

Mean Spring 
Wheat Yield

Variance of 
Spring Wheat Yield

1944 7 15.49 15.84

1945 7 7.17 4.14

1946 9 8.46 16.66

1947 13 11.57 9.03

1948 13 10.36 8.77

1949 13 2.74 3.55

1950 19 16.68 5.08

1951 16 10.01 9.34

1952 21 12.68 18.37

1953 20 19.13 24.36

1954 23 10.40 4.80

1955 26 13.79 7.65

1956 23 7.97 14.97

a/ Years for which there are less than five observations are
excluded from these tables.
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TABLE IV. NUMBER OF OBSERVATIONS, MEAN SPRING WHEAT YIELD, AND_VARIANCE 

OF SPRING,WHEAT YIELD OF_FARMS.DISPERSED SEVEN TO TEN MILES ,

Year

VCdyj-INV rnVivi uu
Number of 
Observations

' v i \j Xq W V  /̂ vnc o v ”
Mean Spring 
Wheat Yield

ornxiNV vvncMi x?c/-x7uo.—'
Variance of 

Spring Wheat Yield

1946 7 8.09 20.33

1947 6 11.15 7.87

1948 9 9.24 7.26

1949 9 2.63 2.48

1950 6 16.78 3.29

1951 7 10.56 8.57

1952 14 11.26 26.50

1953 12 19.04 10.42

1954 10 9.51 4.82

1955 11 14.01 7.54

1956 14 7.90 9.82

s/ Years for which there are less than five observations are
excluded from these tables.
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TABLE.V . NUMBER OF OBSERVATIONS, MEAN SPRING WHEAT YIELD, AND VARIANCE
OF SPRING WHEAT YIELD, OF FARMS DISPERSED TEN TO FIFTEEN. MILES 
SEEDING FROM 600 TO 1,000 ACRES OF SPRING WHEAT 1937-1956.£/

Year
Number of . 
Observations

Mean Spring 
Wheat Yield

Variation of 
Spring Wheat-Yield

1942 5 - 1 5 . 3 8 31.23

1944 9 15.78 13.41

1945 8 7.88 15.75

1946 11 8 . 4 8 14.67

1947 16 11.50 10.53

1948 12 9.28 9 . 9 6

1 9 4 9 11 3.36 4.72

1950 16 17.89 16.99

1951 18 10.30 6.44

1952 16 14.20 18.10

1953 18 19.41 17.63

1954 17 1 0 . 8 3 4 . 5 5

1 9 5 5 18 14.10 10.70

1956 18 8.11 5.81

a/ Years for which, there are less than five observations are
excluded from these tables.
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TABLE VI. NUMBER OF OBSERVATIONS, MEAN SPRING IfWEAT YIELD, AND VARIANCE' 
OF SPRING WHEAT YIELD, OF FARMS DISPERSED TWENTY TO TWENTY- 
FIVE MILES SEEDING FROM 600-1,000 ACRES OF SPRING WHEAT
1937-1.956.^/ - " " r ... . ■ ■ _________________________
Number of Mean Spring Variation of

Year Observations Wheat Yield ' Sorinq Wheat Yield

1949 5 6.44 48.84

1950 . 5 15.14 51.34

1951 6 10.05 3.79

1952 7 12.61 10.09

1953 9 17.01 22.72

.1954 6 9.68 1.57

1955 6 ' 15.68 ' 9.08

1956 7 8.63 . 16.39

a/
^  Years for which there are less than five observations are

excluded from these tables.
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APPENDIX C

TABLE I. NUMBER GE OBSERVATIONS, MEAN SPRING WHEAT YIELD, AND VARIANCE 
OF SPRING WHEAT YIELD OF THE GROUP OF FARMS SEEDING" 200 TQ 600 

________ ACRES OF SPRING WHEAT FOR THE SERIES OF YEARS 1937-1956.3/
Degree of 
Dispersion

Number o f ' 
Observations

Mean Spring 
Wheat Yield

Variance of 
Sprinq Wheat Yield

No Dispersion 460 11.43 40.70

1-4 miles 354 11.20 46.48

4-7 miles 346 10.82 30.12

7-10 miles 328 11.15 31.84

10-15 miles ' 328 11.58 30.96

20-25 miles 122 12.91 47.22

JL/ No data are available for some years in each group.

TABLE II. NUMBER OF OBSERVATIONS, MEAN SPRING WHEAT YIELD, AND VARIANCE
OF SPRING WHEAT YIELD OF THE GROUP OF FARMS SEEDING 600 TO 
1,000 ACRES OF SPRING WHEAT FOR THE SERIES OF YEARS 1937- 
1956.2/ _________ :__________ "________'__________________

Degree of 
Dispersion

,Number of 
Observations

Mean Spring 
Wheat Yield

Variance of 
Spring Wheat Yield

No Dispersion 190 12.68 • 90.91

1-4 miles ' 173 12.05 46.40

4-7 miles 220 11.80 29.55

7-10 miles 115 10.91 30.09

10-15 miles 200 12.19 29,17

20-25 miles 65 12.22 26.22

a/ No data are available for some years in each group,
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TABLE III. NUMBER OF OBSERVATIONS, MEAN 
OF SPRING WHEAT YIELD OF THE ' 
ACRES OF "SPRING'WHEAT FOR THE

SPRING WHEAT YIELD, AND VARIANCES 
GROUP OF FARMS SEEDING" OVER 1,000 
SERIES OF" YEARS 1937-1956.£/

Degree of Number of Mean Spring Variance of
Dispersion Observations Wheat Yield Sprinq Wheat Yield

NO Dispersion 25 9.79 18.81

1-4 miles 25 11.16 ■ 31.08

4-7 miles 18 10.60 29.99

7-10 miles 70 11.54 28.09

10-15 miles 106 10.64 21.92

^  No data, are available for some years in each group,
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APPENbIX D

TABLE I. BARTLETT'S TEST FOR HOMOGENEITY OF VARIANCE FOR THE GROUP.OF 
.______ FARMS SEEDING 200 TO 600 ACRES "OF WHEAT. ~ ...  . _______

Year s2a/ Bk/ ks/
Computed 
Chi square

Chi square^/ 
5% level Significant

1942 30.08 1.19 5 4.03 9.49 No

1943 25.95 1.37 5 7.07 9.49 No

1944 18.51 2.98 6 6.70 11.1 No

1945 28.10 3.20 6 72.35 11.1 Yes

1946 12.69 2.46 5 8.74 9.49 • No

1947 12.80 2.60 6 5.93 11.1 No

1948 14.77 3.04 6 17.68 11.1 Yes

1949 24.37 3.67 6 . 217.11 11.1 Yes

1950 32.56 4.46 6 59.83 11.1 Yes.

1951 32.87 4.82 6 63.72 11.1 Yes

1952 39.35 5.69 6 48.18 11.1 Yes

1953 18.74 4.66 6 6.88 11.1 . No

1954 6.53 2.81 6 7.32 11.1 No

1955 12.44 4.03 6 13.78 11.1 Yes

1956 12-95 3.87 6 0.64 11.1 No

Pooled estimate of the variance.

' k
(loges2) (n̂, - I), I = ith observation, k is the sample size.

i=l

c/ The sample size.

d/ Chi square values for k-1 degrees of freedom.



116 -

TABLE II. BARTLETT'S TEST FOR HOMOGENEITY OF 
, FARMS SEEDING 600,TO 1,000 ACRES OF

VARIANCE FOR 
WHEAT.‘

THE GROUP OF

Year Sfa/ B^/ k£/
Computed Chi square^/
Chi Square 5% level Significant

1944 20.62 0.76 4 2.72 7.81 No

1945 19.58 1.10 4 12.50 7.81 Yes

1946 14.42 1.23 5 0.94 9.49 No

1947 54.35 2.32 5 37.61 9.49 Yes

1948 48.11 2.05 5 38.60 9.49 Yes

1949 59.54 2.37 6 77.00 11.1 Yes

1950 100.05 2.95 6 81.51 11.1 Yes

1951 9.15 1.39 6 3.75 11.1 No

1952 20.21 2.62 6 2.00 11.1 No

1953 17.55 2.35 . 6 3.48 11.1 No

1954 4.39 1.27 6 2.11 11.1 No

1955 7.66 1.77 6 3.63 11.1 No

1956 10.21 2.02 6 7.13 11.1 No

Pooled estimate of the variance.

b/

(log s2 ) e
- I), i = ith observation, k is the sample size.

c/

d/

The sample size.

Chi square values for k-1 degrees of freedom.
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TABLE III. BARTLETT'S TEST FOR HOMOGENEITY OF VARIANCE FOR THE SERIES 
_________ OF YEARS, EACH ACREAGE GROUP._________ ' '___
Wheat acre- ,
age group Bk/

Computed 
Chi Sguare

Chi square^/ 
5% level

Chi square 
Significant

200-600 37.13' 69.83 6 31.18 11.1 Yes

600-1000 44.46 36.31 6 109.10 11.1 Yes

Over
1000 24.88 7.68 5 3.15 9.49 No

Pooled estimates of the variance.
V K

I2(log s ) (n - I), i = ith observation, k is the sample size.
e I = I i

c/

d/

The sample size,. ■

Chi square values for k-1 degrees of freedom
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APPENDIX E

TABLE I. STANDARD DEVIATION OF SPRING WHEAT YIELD OF THE GROUP OF FARMS 
__________ FOR.'. THE SERIES OF YEARS 1937-1956.'a/.... ........

Degree"of Dispersion
Spring Wheat Acre
age Per Farm

Na
Dispersion

1-4
Miles

4-7
Miles

7-10
Miles

10-15
Miles

20-25
Miles

200-600 6.38 6.82 5.49 5.64 5.56 6.87

600-1000 9.53 6.81 5.44 5.49 5.40 5.1,2

Over 1000 4.34 5.57 . 5.48 5.30 4.68 —

^  there were not enough suitable tracts which could be combined into
farms dispersed 20-25 miles,and with more than 1000 acres of spring 
wheat.

TABLE II. MEAN SPRING WHEAT YIELD PLUS AND MINUS ONE STANDARD DEVIATION 
___________ OF FARMS FOR THE SERIES OF~ YEARS 1937-1956.3/_______'

Degree of Dispersion
Spring Wheat Acre
age Per Farm

No
Dispersion

1-4
Miles

4-7
. Miles

7-10
Miles

10-15
Miles

20-25
Miles

200-600 5.05 4.38 5.33 5.51 6.02 6.04

17.81 18.02 16.31 16.79 17.14 19.78

600-1000 3.15 5.24 6.36 5.42 6.79 7.10

22.21 18.86 17.24 16.40 17.59 17.34

Over I000 5.45 ,5.59. 5.12 6.24 5.96 “ —

14.13 16.73 16.08 16.84 15.32 —

The first figure in each cell is the mean spring wheat yield minus 
one standard deviation, the second figure is the mean spring wheat 
yield plus one standard deviation.
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APPENDIX F

TABLE I. COEFFICIENT OF VARIATION OF SPRING WHEAT YIELD OF THE GROUP 
__________ OF .FARMS SEEDING 20Q-66d':ACRES 1938-1956.3/ fe/— Degree of Dispersion

Year
No

■ Dispersion
1-4
Miles

497
Miles

7-10
Miles

10-15
Miles

20-25 . 
Miles

1938 70.46 * — - - --

1939 37.72 — 37.18 — — --

1940 55.75 79.76 28.85 — * - --

1941 40.05 — 17.38 — — —

1942 41;36 35.67 34.71 31.34 35.05 --

1943 40.11 20.95 28.50 24.53 23.65 —

1944 32.09 40.47 21.00 28.31 28.13 37.95

1945 ' 50.07 34.56 32.58 45.82 102.73 65.38

1946 53.46 46.07 41.27 47.22 57.05 —

1947 43.85 35.25 30.50 33.10 24.82 25.87

1948 44.29 54.00 30.69 41.35 29.86 44.17

1949 77.06 43.96 60.41 54.01 59.59 157.61

1950 52.37 17.72 22.22 24.92 23.91 40.26

1951 42.69 94.78 32.45 39.04 38.65 37.42

1952' 52.50 81.17 42.44 40.48 26.91 36.37

1953 23.38 15.84 25.54 25.75 24.00 23.86

1954 26.65 20.52 27.06 22.62 26.79 16.00

1955 26.12 19.71 28.12 17.69 23.29 33.80

1956 43.15 44.63 45.49 52.74 40.12 40.22

a/

b/

Coefficients of variation computed from samples with less than five, 
observations are not included in these tables. ,
Expressed as a percentage. ,
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TABLE: II. COEFFICIENT OF VARIATION OF SPRING WHEAT ,YIBLD OF THE GROUP OF 
FARMS SEEDING 600-1000'.ACRES 1942-1956.^ **  '

Year
No

Dispersion
1-4
Miles

4-7 ' 
Miles

7-10
Miles

10-15 
. Miles

20-25
.Miles

1942 — -- — -- 36.35 --

1943 — — — — — — —

1944 36.91 27.06 25.69 — 23.19 —

1945 79.31 42.31 28.31 — 50.38 —

1946 39.76 41.93 48.23 55.75 45.17 —

1947 78.01 75.82 25.93 25.20 28.17 --

1948 102.87 55.15 28.57 29.11 34.05

1949 . 230.56 130.67 68.61 59.69 64.58 108.54

1950 84.05 54.02 13.49 10.79 23.03 47.29

1951 37.81 ■ 34.67 30.59 27.75 24.66 19.40

1952 37 .,81 36.26 33.83 45.74 29.93 25.22

1953 16.14 20.17 25.82 16.96 21.64 28.04

1954 18.67 18.98 21.06 23.13 19.67 12.91

1955 13.22 18.95 20.09 19.63 23.19 19.20

1956 26.45 45.37 48.56 39.62 29.72 46.81

§/ Coefficients of variation computed from samples with less than five
i observations are not included in these tables.

Expressed as a percentage.
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APPENDIX G

MONTANA AGRICULTURAL.EXPERIMENT' STATION

Department of Agricultural Economics and Rural Sociology

September, 1959

Record No. _______

Enumerator__________  FARM UNIT DISPERSION STUDY

Date_____ ____________

I. Name_________________________________ 2. Address______________

3. Total acres farmed (1959)___________ 4. Total Crop Acres____

5. Total acres leased from state 1959 _______________________

6. Total acres owned (1959)______________________________________

7. Acreage of other land rented (1959) In one block?__________

If separated, how many tracts?_____________________________________ __

8. State and other tracts rented (description and acres in each tract):

■ Description , Acres
a. __________________________  ____________________
b. ;___________________________  ____________________
c. ____________________ .______  ____________________
d. _._________________________  ____________________
e. •__ ;________________________  ____________________
f. ______________  ____________________

9. Distance between your two most separated tracts_._________________ (mi.)

10. Is your farm dispersed in a generally East-West ________________or

North-South_____________ direction?
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lie Distance and direction of rented,tracts from operating headquarters!

Tract Distance Direction
a . _____________ ;___________________________ _
b # _____________________________________________________
Ce _________________________________________
d .  _____________________________________-
e. ______ _̂_________;_________________________
f .  _________________________________________

12e Total acres wheat planted in 1959___________________.

13e Total acres other small grains planted in 1959____________________»

T4e Time used in preparing, transporting .,and unloading equipment at

destination, and return________________________________ (man-hours, 1959)

15o Time spent enroute when moving equipment to different tracts 

_____________ (hr. 1959).

16. Time spent in checking on dispersed tracts of land(i.e., to see

whether it rained there, hailed, if weeds need control, etc.) 

____________ v____________ :______ (hrs. 1959).

17. Estimated cost of such checking (i.e., telephone calls, gas for

car, etc.)________________________ .

18. Do you feel there is any advantage in operating a dispersed farm 

as compared to one single tract of the same acreage? Explain.



19 e Do you feel there is any disadvantage in operating a dispersed farm 

as compared to one single tract of the same acreage? Explain®

— 123 -

20® Do you operate your farm differently than you would if these tracts 

were in one single tract?_____________ Explain______________ '

21. Have_you purchased extra equipment as a result of operating a

dispersed farm? ^________________(If any, list under 22),

22. Inventory of transportation equipment and extra farm machinery and

equipment used to operate dispersed farm in 1959.

Item
Year
Bouqht Cost Life

Annual
Depreciation

)

- - I-

■
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23. Operating costs in transporting farm equipment between dispersed 

tracts during 1959.

Hours of
Item I Use/vear

Cost of 
qas-oil-qr.

1 Cost Qf 
Repair'sI

I

,

r

■ '
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