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LEVEL AND VARIABILITY OF NET INCOME FOR
SELECTED DAIRY BUSINESS MANAGEMENT STRATEGIES
By
Wayne Alan Knoblauch

Instability of farm product prices has become a charac-
teristic of American agriculture. Price variations result
from fluctuations in yields caused by weather and other
natural or physical hazards, changes in demand, and in recent
years, a greater impact on prices from grain exports has been
in evidence. Farm costs are also variable, and tend to in-
crease with the inflationary conditions of the country for
manufactured farm inputs and with weather or other natural
conditions for farm produced inputs such as soybean meal.
Yet, farmers' costs commitments for production, and family
living expenses are relatively fixed in a given year. Thus,
farmers are faced with variable production expenses which
must be paid; and fluctuating product prices and yields.

As a result of increased variability in prices and
costs, important managerial problems face many farmers. What
business management strategies could a farmer follow to
achieve a level and variability of income stream that meets
his income expectations and level of risk avoidance? This
question was analyzed for a representative dairy farm in

this research effort.
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An empirical analysis of the level and variability of
net income for thirty-six dairy and one cash grain business
management strategy was facilitated by first developing a
synthetic dairy farm. An 80 cow dairy farm was constructed
with specified acreage, field equipment, feeding, housing and
milking, and waste handling systems. Specific strategy com-
ponents examined were ration, buying versus raising herd
replacements, crop rotation on acres above those required for
feed production, and mode of sale for excess calves.

Linear programming techniques were employed to determine
net farm incomes and labor requirements for each of the stra-
tegies in 1975.

Time series estimates of enterprise costs of production,

product prices, and yields were developed back to 1960. It

- was from these time series estimates that net farm incomes

were calculated and a linear and logrithmic regression line
fitted. Also, time series estimates of property téﬁes fed-
eral and state income tax, and self-employment tax payments
were deducted from before tax incomes.

The major findings of the research were: (1) a greater
variability in farm product prices and input costs in the
1970 to 1974 period over the 1960 to 1969 period; (2) feeding
a ration containing 50 percent forage dry matter from haylage
and 30 percent from corn silage, buying replacements, raising
excess calves to a dairy beef market weight and selling corn

grain from excess crop acres was the highest income generating
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strategy in 1975; (3) an all corn grain rotation provided the
highest mean income and variability level for many strategies;
(4) selling excess dairy calves as dairy beef produced the
highest mean income, deacons the median, and veal calves the
lowest; (5) a ration containing 50 percent forage dry matter
from haylage and 50 percent from corn silage was the highest
mean income level ration, a ration containing 100 percent
forage dry matter from haylage the lowest, and a ration con-
taining 7 pounds of hay equivalent per day with the remainder
corn silage the median. This was reversed, however, in the
1970 to 1974 period when low and median income rations ex-
changed positions; (6) replacement stock purchases from off
farm sources versus raising replacements changed rankings
from strategy to strategy; and (7) rankings of selected
strategies mean income and variability remain unchanged after

tax reductions.
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CHAPTER I
INTRODUCTION

Instability of farm product prices has become a charac-
teristic of American agriculture. Price variations result
from fluctuations in yields caused by weather and other
- natural or physical hazards, changes in demand, and in recent
years, a greater impact on prices from grain exports has
been in evidence. Farm costs are also variable, and tend
to increase with the inflationary conditions of the country
for manufactured farm inputs and with weather or other na-
tural conditions for farm produced inputs such as soybean
meal. Yet, farmers' costs commitments for production and
family living expenses are relatively fixed in a given year.
Thus, farmers are faced with variable production expenses
which must be paid; and fluctuating product prices and yields.

As a result of increased variability in prices and
costs important managerial problems face many farmers.

1

What business management strategies™ could a farmer follow

to achieve a level of variability of income stream that
meets his level of risk avoidance? This question is analyzed

for a representative dairy farm in this research effort.

All references and footnotes appear at the end of
each chapter.



Present Farm Economic Environment

In recent years, prices received by farmers and the
costs of purchased inputs have been more variable than dur-
ing the decade of the sixties. The coefficient of varia-
tion for the selected farm product prices presented in
Table 1 was greater in the 1970 to 1974 period than the
1960 to 1969 period for all commodities examined. Corn
grain and wheat prices had larger increases in variability
in 1970 to 1974 over 1960 to 1969 and also exhibited the
greatest absolute variability. Base milk prices increased
slightly in variability during the 1970 to 1974 period but
were the most stable of all farm product prices examined.

Farm input costs also increased in variability during
the most recent period, but two exceptions exist. Farm
wage rate variability was approximately equal to the two
period, whereas less variability existed in the 6-24-24
mixed fertilizer cost.

Variability in gross income for field crops is the re-
sult of both price and yield variability. Table 2 shows the
variability of prices, yields, and gross income for corn
grain, wheat, oats, and soybeahs. In the 1960 through 1969
period, the yield variability of all crops, except wheat,
was greater than the price variability. However, during the
1970 through 1974 period, price variability was greater than
yield variability for all crops.

When comparing the two time periods, price variability

was greater in the 1970 through 1974 period for all crops
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analyzed. Yield per acre variability was approximately the
same for the two periods for corn grain and oats, with more
variability for wheat and less for soybeans during the 1970
through 1974 period.

As yield and price are combined into gross income per
acre; more variation existed for all crops during the 1970
through 1974 period than the previous 10 year period.

Upon examination of.livestock enterprise variability
it was found that price variability was greater in the 1970
through 1974 period for hogs and less for beef cattle, while
base milk prices exhibited the lowest and approximately the
same variability in both time periods (Table 3). The same
is true for gross income variability. It is greater for
hogs and less for cattle in the latter period while milk sales
were the most stable.

In summary, the economic environment in which dairy
farmers operate has, in recent years, exhibited much more
variability of product prices and input costs. The preced-
ing presentation has established the fact that greater vari-
ability has been in existence for individual commodities and
inputs. In a later chapter, enterprise and whole farm net

income variability are measured.

Problem Statement

Resulting from the greater variation in farm product
prices and input costs (see Table 1), dairymen are faced

with an economic environment which has much more uncertainty
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than in previous years. Consequently, an analysis of net
farm income variability of possible farm business management
strategies is needed.

This research focuses on selected business management
strategies a dairyman could follow toward attainment of his
farm goal, whether that goal be growth and expansion, stab-
ility of income, or contractions and retirement. Strategies
under the general headings of flexibility and diversification
are analyzed. A dairy farm representative of those in southern
lower Michigan with respect to herd size, farm acreage, tech-
nology, and financial characteristics is examined.

The resultant net income variability for each business
management strategy can then be compared and the individual
dairyman can choose the level of income and variability which

most closely matches his acceptable level.

Research Objectives

The research objectives are:
(a) to describe the present economic environment in
| which Michigan dairy farmers must function,

(b) to identify those Michigan dairy farms which are
potentially most affected by the recent changes
in prices of inputs and outputs,

(c) to analyze selected business management strategies
for controlling the effects of price and cost
changes on the level and variability of net dairy

farm income,



(d) to appraise the implications of adopting alterna-
tive strategies on the Michigan dairy farming
industry.

The following business management strategies are ex-

amined for a representative dairy farm:

(a) raising replacements for the milking herd on the
farm versus buying replacements off the farm,

(b) selling the excess calves as deacons, versus
feeding the dairy calves to a veal market weight
of 250 pounds versus selling them as dairy beef
at 800 to 880 pounds,

(c) growing cash crops for sale on excess acres above
those required to produce feed for the dairy herd,

(d) varying the dairy ration. Proportion of rough-
age‘dry matter in the feeding component:

(1) 100 percent from hay crops,

(2) 50 percent from hay crops, 50 percent from
corn silage,

(3) 7 pounds hay equivalent per cow per day,
remaining from corn silage.

(e) growing only cash crops for sale.

EagE strategy category, a through e, is examined for
three differing time periods: the relatively stable price-
cost period of the 1960s, the more variable period 1970 to
1974, and the total period, 1960 to 1974.



Methodology

In order to evaluate management strategies, a knowledge
of possible future income variation is needed. Obviously,
information on the future is not available. However, it may
be assumed that the patterns of weathe: and other variables
affecting production and incomes tend to be repetitive in
nature. If so, the historical data of the type presented
earlier may provide an adequate basis for predicting patterns
for the future and therefore, for evaluating alternative

strategies.

Sources of Data

To measure the production variability of crop enter-
prises, data on yields for individual farms over a period of
years are needed. Unfortunately, these data are not readily
available. For this study Crop Reporting Service estimates
for Eaton County, Michigan, were used.

Milk production and the dairy livestock production ac-
tivities are assumed to be constant. That is, fixed quan-
tities of feed are required to produce a hundred pounds of
milk or gain in weight. However, the cost of purchased and
grown feed is variable. Therefore, for livestock enterprises,
the sources of variability are price and cost related, the
same as for crop incomes. But, an added impact on whole farm
income is felt because livestock do require a fixed amount of
feed and thus, net farm income is also affected by an increase
or decrease in sales of cash grains in good yield or bad yield

years.
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Price variability is measured on a harvest or selling
time basis with the prices quoted being at the local eleva-
tor, or livestock market level in south-central Michigan.

Additional data sources used are the Telfarm Farm
Records Project of Michigan State University; and Telplan,
a computerized farm management decision aid package also
of Michigan State University. Telfarm and Telplan data
were the major sources of data for construction of the re-
presentative dairy farm. Additional sources too numerous
to mention were also utilized and are quoted at the point

of their use.

Construction of a Synthetic Dairy Farm

A synthetic dairy firm was constructed so as to have
the same internal and external characteristics as a typical
dairy farm in south-central Michigan. Due to the large
number of dairy business management strategies examined
(thirty-seven), only one herd size is analyzed. An 80 cow
dairy farm with a feeding system, milking and housing
system, field and manure handling machinery, and acreage
are specified which are believed to be representative of
south-central Michigan.

Calculation of Level and Variability
of Net Income Before and After Taxes

The level and variability of net income before and
after taxes of thirty-seven dairy business management

strategies are calculated using the actual prices, yields,
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and estimated costs in each of the years 1960 to 1974. This
was accomplished through a transformation subroutine of a
computerized regression package. The subroutine added the
various enterprise gross incomes, subtracted production costs
and yielded the net income before taxes figure.

In further analysis, selected strategies were examined
for level and variability of income after taxes. This cal-

culation was performed by Telplan Program five.2

Presentation of Results

The results of the level and variability of net income
calculations are presented in an income opportunity frame-
work. Income opportunity points serve as a means of study-
ing the relationships between selected resource and manage-
ment strategy situations. The points are constructed by
plotting the average income and its standard deviation or
standard error of the estimate of regression for each
strategy on an X - Y axis. Points are used rather than a
continuous function due to the relationships assumed among
strategies. That is, a farmer will either raise all of
his replacements or he will purchase all of his replacements.

Results of the study are also presented in graphic
form, showing mean income, variability estimates, and the

range of the observations providing for further analysis.

Outline of Disseration

Chapter II contains a review of the literature per-

taining to methods of calculating and measuring yield and
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income variability. Chapter III presents the estimates of
commodity prices, input costs, field crop yields, labor
and investment requirements, and the costs and returns for
milk, veal, dairy beef,and field crop production.

Chapter IV describes the analytical model, its linear
programming and regression components, and the method of
calculating net income variability. Chapter V contains the
empirical findings of the net income before tax calcula-
tions and Chapter VI contains the net income after tax
findings and implications.

The last chapter, Chapter VII summarizes the study,
its objectives, methodology, empirical findings, and

implications.



Chapter I Footnotes

lA distinction is made in this research effort between
a strategy, and a tactic. When used in this study, a
strategy is a long-run commitment to a particular farm
organization. In contrast, tactics are within year or
short-run decisions. The decision to produce milk; invest
in buildings, equipment, and livestock is a long-run de-
cision, a strategy. A tactical decision would be the
choice of a feed supplement.

2The Telplan System involves the sharing of computer
expertise for educational purposes in either the classroom
or extension work with farmers, consumers, agribusinesses,
and others. There are over 50 programs available on the
system. These programs range from a capital investment
model and a least cost dairy ration model to a model of
human nutrition.

13



CHAPTER 1II

REVIEW OF LITERATURE AND RELEVANT THEORY

Introduction

Risk and income variability have been the topics of
many research efforts in agricultural economics. Much of
the empirical work was associated with Great Plains agri-
culture where yields were highly variable. Yet, as a re-
sult of recent increased variability in prices and costs,
more effort has been given to this task in the Mid-West
as well.

The purpose of this chapter is to briefly review some
of the methods used in past research efforts to measure
and evaluate income variability and to discuss the relevant
theory. No attempt was made to summarize all research
efforts dealing with risk and uncertainty in agriculture.
Only major works directly relating to this research pro-

blem are summarized.

Review of Literature

A publication entitled "Studies in Yield Variability"
by Bostwick1 completed in 1963 examined the winter wheat
yield variability in Montana. The objective of this re-
search was to determine prior yield variability and con-

struct yield probability functions to assist managers in

14
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making planning decisions. This was accomplisﬁed through
the use of the extreme value statistical distribution with
the data being 5,000 wheat yield observations over thirty-
five years.

Oklahoma State University publications entitled "Pro-
duction and Income Variability of Alternative Farm Enter-

n2

prises in Northwest Oklahoma and "Income Variability of

Alternative Plans, Selected Farm and Ranch Situations,

Rolling Plains of Northwest Okla.homa"3

were completed in

the early 1960s. The first publication was designed to
estimate production, price, and income variability of major
crop and livestock enterprises. The second publication esti-
mated the income variability of different enterprise com-
binations and determined the probable effect on capital
accumulation and survival of farm operators using the alter-
native plans. The later research effort presented the
results of the study in an income opportunity framework.
This income opportunity framework allows the returns and
variability estimates of alternative farm organizations to
be examined with the farmer deciding on the level and vari-
ability of income which meets with his preferences.

4 at Iowa State also were

Heady, Kehrberg, and Jebe
involved in estimation of income variability. Their publica-
tion "Economic Instability and Choices Involving Income and
Risk in Primary or Crop Production" involved measuring

variances and correlation coefficients of income from various

enterprises. These enterprises were combined into a farm
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organization with an income variability measured by a mathe-
matical formula. That formula stated that the variance for
the whole farm is the sum of the variances of the enter-
prises plus the covariance of the enterprises. This formula
was then expanded to account for the proportion of the
enterprises in the total farm. With this method of calcu-
lation many different combinations and proportions of enter-
prises could be easily examined. However, when the number
of enterprises combined was three or greater, the formula
becomes complicated and makes variability calculations
difficult. The Iowa State study, like the Oklahoma studies,
presented the results in an income opportunity framework.
A graph was constructed which easily depicted the trade-offs
between income and variability.

In a more recent empirical research effort, Scott and

Baker5

described, "A Practical Way to Select an Optimum
Farm Plan Under Risk." The Scott and Baker effort differs
from those research efforts previously discussed in that a
quadratic programming model was used to generate income
variabilities. The quadratic programming model incorporates
income variances and covariances of possible enterprise com-
binations. The model also contains a risk aversion coeffi-
cient, but no one has been able to quantify a correspondence
between a risk aversion coefficient and a decision maker's
utility functions. This model has therefore had little

empirical use in that regard. The quadratic programming

risk aversion model is the same as a linear programming
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model with one exception, That is the risk aversion coeffi-
'cient. By varying the values of the risk aversion coeffi-
cient, points on the efficient frontier will result. This
model works well for cash crops, but modifications would be
needed for fixed animal units. Here again, as in the past
reviewed works, an efficient frontier or income opportunity
framework is presented which allows the decision maker to
choose the level and variability of income which meets with
his preferences.

Bary and Robinson6

<
Baker that farmers are capable of processing risky infor-

follow the analysis of Scott and

mation in terms of their own risk-return preferences. But,
they are concerned that risk results are somewhat obscure
and may not lead to the best choice. They apply a lexico-
graphic utility analysis tb extend that treatment of risky
information. 1In their model, the decision maker first de-
termines a threshold level of income and the probability
with which incomes must exceed this level. Next, the deci-
sion maker identifies portfolios that meet the threshold
income, and finally chooses among qualifying plans on the
basis of highest expected values.

Just’ in the journal article titled, "Risk Aversion
Under frofit Maximization" explores the alternative explana-
tion of risk aversion behavior of the firm based not on
utility maximization but rather on expected profit maximiza-
tion. He points to the fact that in utility maximization,

where both price and quantity variation can be important,
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profit maximizers are sensitive only to quantity variability.
The implications of the Just article are that care must be
taken in empirical analysis of firm behavior in order to
discern between profit maximization and maximization of some
nonlinear (mean-variance) utility function. The problem of
a sometimes highly correlated price--production value may
make it impossible to show that production variability is
not the underlying reason behind empirical significance of
price risk models. Thus, he concludes that emphasis should
be placed on the importance of considering risk in agricul-
tural supply response models, and that these studies can
correctly ignore changing production risk even if producers
are profit maximizers.

"Measuring Farmers' Trade-Offs Between Expected Income
and Focus-Loss Income" by Webster and Kennedy8 examines the
other aspect of the previously discussed risk models. 1In
the study, they estimated sets of indifference curves for
five farmers who were willing to forego expected income for
increases-in a probabilisticly defined minimum income. The
information obtained through the quadratic utility function

was to be used for predictive purposes and in farm planning.

Relevant Theory

Risk and Uncertainty

Many economic principles are based upon the assumption
that the future can be predicted with a specified degree of

accuracy. However, as necessary as the estimates of the
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future are, they cannot be known with total accuracy. Yields,
prices, and costs in the future are not known and are very
difficult to predict with a high degree of accuracy. The
lack of perfect knowledge therefore influences decisions, the
application of economic principles, and the treatment of farm
management problems.
Frank Knight outlined the degrees of knowledge in 1921.9
Professor Knight's classification was as follows:
I. Perfect Knowledge
II. Risk
a. a priori
b. statistical

III. Uncertainty

If perfect knowledge were available, the choices of a
decision maker would be greatly simplified. Strategies
could be mapped for an indefinite period of time into the
future and the precise outcome would be known. As perfect
knowledge is not found in actual conditions, no further com-
ments on this classification will be made.

A risk situation exists when the future can be pre-
dicted with a specified degree of probability. With a risk
situation, the chances of a specific event occurring are
known.

Knight has two subclasses of risk. The first is a
priori, the second statistical. When adequate information
is known in advance about the general possibilities and the

probability of a specific event occurring, a priori
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probability prevails. Statistical risk results when the pro-
babiiity of a future event can be stated on the basis of many
observations.

Knight's final classification, uncertainty, results when
there is no basis for assigning a probability to future events.
The decision maker must decide what outcome is most likely and
commit his resources to that strategy.

In recent years, a distinction has been made in the
classification of uncertainty. A decision maker may find him-
self in one of the following situations:10

1. Inaction

2. Learning

3. Involuntary Learning

4. Forced Action

5. Risk Action

Inaction occurs when one believes that the marginal
cost of learning is greater than the marginal revenue or
utility, therefore, no action is taken. Learning occurs when
the marginal cost of acquiring information is less than the
marginal utility derived from that information, therefore
additional learning is profitable. An involuntary learning
situation results when the decision manager is unwilling to
learn, but an outside force makes it necessary to learn or some
learning occﬁrs regardless of the volition of the manager.
Forced action occurs when the decision makers information is
inadequate for him to decide, yet an outside force makes it

necessary for him to act. When the marginal cost of acquiring



21

additional information equals the marginal revenue from obtain-
ing information a risk action situation occurs. The action

may be the decision to act or the decision not to act.

Decision Making Under Risk
and Uncertainty

The relaxation of the perfect knowledge and foresight
assumption makes risk, uncertainty, and learning aspects of
management with respect to institutions, technology, human
elements, and prices necessary. As these assumptions are
relaxed, the following decision criteria become relevant in
the determination of the appropriate strategy.

Under risk situations, the probability distributions
for each state of nature are known. For each strategy, the
outcome under each state of nature is multiplied by the pro-
bability attached to it and summed for all the states of
nature to arrive at an expected value. Then strategy with
the highest expected value is the most desirable.

However, under uncertainty situations, no knowledge
of the probability distributions exist. The following decision

rules become relevant in these situations.

Maximin Criterion

walall

suggests that one examine the minimum gain
associated with each action and then take the action that maxi-
mizes the minimum gain. This is a pessimistic criterion

that directs attention to the worst outcomes and then makes

the worst outcome as desirable as possible.
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Maximax Criterion

When following the maximax strategy, the decision maker
would choose that plan of action which has the maximum possible
value as an outcome under the specified states of nature. An
individual following this strategy is likely assuming more risk,

i.e., a gambler.

Minimax Regret Criterion

Savage12

suggested that a transformation of the gains
table to a regret table and then the application of the mini-
max criterion is an improvement over the Wald formulation.

If the decision maker takes an action and the state of nature
occurs for which the gain is largest for this act, then he will
have no regret. However, if he takes an action for which the
gain is not the largest, and that same state of nature occurs
then he will have a regret of the difference between the lar-
gest gain and that which he receives. These regrets as de-

scribed above are calculated for each state of nature and the

Wald criterion applied.

Hurwicz Index

Hurwicz13

suggests that a weighted combination of the
maximum and minimum gain be calculated and then choose the
action with the highest weighted value. The method of obtain-
ing the weights for use with the Hurwicz index is highly sub-

jective and at the present time no one has suggested doing

this with decision makers.
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Laplace Criterion

If a decision maker is completely ignorant of which
state of nature might occur, one could assume equal weights
calculate the expected gain for each act and take the act
with the largest expected gain. This decision criterion is

known as the Laplace criterion.l4

Minimum Variance

The minimum variance decision rule is to choose that
strategy which has the smallest range of outcomes. One who
follows this strategy would be much more certain of the out-
come than one who followed the other decision rules previously

discussed.

Uncertainty Precautions

Flexibility and diversification are management strate-
gies which can be used to off-set changes in prices, costs,
and yields. Flexibility involves planning in such a way that
new information can be taken into account as it becomes avail-
able. An example of flexibility would be farm buildings or
field machinery which can be used to house different types of
livestock or in the production of many differing crops.

Flexibility can be of three types: (a) time, (b) cost,
and (c) product. Time flexibility can be introduced into the
strategy either through selection of products or production
processes. Apple production, a product which requires several
years to begin production and then remains in production se-

veral more years is a highly inflexible crop in comparison to
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corn or wheat production. The production process also allows
for flexibility. Steers which are fed low quality forage
through the winter months, allowing for more time in which to
decide upon a weight at which to market provides more flexi-
bility than feeding steers a high grain ration immediately.
Feeding such a high grain ration usually necessitates feeding
to a higher slaughter grade.

Cost flexibility is important when time flexibility is
limited. Cost flexibility allows for changes in output or
selection of inputs within a long-lived physical plant. It
makes the expansion or contraction of output as prices dictate
possible. Farmers sometimes choose low cost calf housing on
dairy farms rather than the more permanent slatted floor auto-
mated units. The low cost housing allows for cutbacks in
numbers or the elimination of the calf enterprise without
serious cost consequences.

Product flexibility is important also. In the case of
raising dairy calves, they can be sold as deacons, veal, or
dairy beef. Calves therefore allow for more flexibility than
the purchase of feeder steers for resale as slaughter animals.

The management strategy which will be most closely ex-
amined in this study is diversification. Diversification is a
means of profit maximization through reaping the gains of com-
plementary relationships and in equating substitution and price
ratios for competitive products. It can also be employed as
an uncertainty precaution where the immediate objective is not

one of profit maximization but one of stability of income.15
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Diversification may be followed as a fixed or inflexible
plan for production. As an uncertainty precaution it is gen-
erally followed to lessen income variability or the probability
of income falling below some critical level; it incorporates
no special provisions for reaping large gains. In contrast,
flexibility may be incorporated into production plans to both
lessen income variability from one year to the next and to in-
crease the expected total value of the income stream.

Diversification is mainly a method of preventing large
losses; flexibility is more nearly a method of preventing the
sacrifice of large gains.

Diversification can be accomplished by:

(1) increasing the amount of resources used, and

(2) the resource level is held constant, and part of

the resources are shifted to other enterprises.
The general form of the equation which calculates the

total income variation as a result of enterprise combinations

is:
2 2 2
= +

0T UA UB + 2qg GA OB
where:

03 = total income variation of the operation,

q = the correlation coefficient between enterprise A

and B, and
(o] 0. = the standard deviations of A and B.

A' °B
However, when two enterprises are combined, the propor-

tions of A and B in the total are important. The equation
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now becomes:

2 2 2
g_ =P op + (1-p) og + 2g(P) (1-P) Oap Op

P = the proportion of A in A + B.
The above stated enterprise income variability rela-

tionships are examined more fully in a later chapter.

' Managers Utility Functions

The theory of utility and consumer choice are very much

a part of economic theory.16

They are easily transferred to

a theory of managerial choices among risk situations. 1In
Figure 1, a hypothetical managerial utility function depicting
the relationship between income and variability of income has
been drawn.

All points on this curve are points which the manager or
decision maker is indifferent between. Point A, a low income-
low variability position, and Point B, a high income-high
variability position are points of indifference to the deci-
sion maker whose preferences this curve represents.

One now needs to draw a curve which represents the pos-
sible strategies or combinations of resouces which forms
curve 2 in Figure 1. This curve depicts the actual trade-off
between income and variability which exists in the strategies

examined.17

The point at which the two curves intersect and
have the same slope is the efficient point for attainment of

that specified level of utility depicted by curve 1.
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K- CURVE 2

POINT A

Variability of Income

Figure 1. Income opportunity and utility curves.

The decision maker's problem of choosing strategies is
not as simple as presented above. An infinite number of
curves like curve 1 exist only at different levels of utility
or satisfaction. Also, when certain fixed factors are con-
sidered, a smooth curve does not result and only points which
cannot be connected remain to be analyzed.

As curve 1, the decision maker's utility curve is dif-
ferent for each decision maker, broad statements as to desir-
ability of resource combinations where trade-offs exist cannot
be made. And as yet a satisfactory measure of utility has

not been discovered, so curve 1 is relatively useless for



28

broad interpretations. This research will therefore center

on the analysis of curve 2, the possible combinations of
resources and the corresponding trade-offs with income and
variability. By doing so, the decision maker is left to match
his preferences as to level and variability of income with

strategies.
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CHAPTER III

SYNTHETIC FIRM AND SOURCES OF DATA

Introduction

In order to determine the level and variability of the
selected business management strategies, a synthetic firm
was developed which simulates milk production, dairy live-
stock production, and selected field crop enterprises. The
synthetic firm is designed to be a "representative" dairy
farm within the specified production technology-herd size
category. The. firm is representative in the sense that it
exhibits the same internal and external characteristics as
those found in south-central Michigan. That is, a given syn-
thetic firm represents a population of dairy farms which have
essentially the same input-output relationships and have
similar input and product market situations.

As a linear programming and regression model is employed,
the construction of synthetic firms involved the estimation
of prices of inputs and outputs, the level of constraining
resources, and the input-output relationships. Also, esti-
mates of the capital investments required for each of the

synthetic firms are needed.

31
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Variability of Prices, Costs, and Yields

A time series estimate of farm product prices and field
crop yields for the years 1960 to 1974 was taken from market
information in south-central Michigan and Michigan Crop Re-
porting Service estimates of yields for Eaton County, Michigan.
Prices of the commodities used in this study are the actual
prices paid by local elevators, livestock markets, or by milk
marketing associations in south-central Michigan. Yield
averages in Eaton County are used to estimate variability of
crop production. For the purpose of this study, the same
variability is used only with slightly higher yields to
reflect above average management.

Cost of production time series data were estimated by
a different method. Given the cost of production for the
1975 year, indices of the major components of each enterprise
cost of production were used to estimate past years' cost of
production. Fertilizer, supplies, fuel, hired farm labor, and
building materials cost indices were used to estimate the
various enterprise cost of production figures. These time
series estimates of costs, prices, and yields are used in the

regression analysis and presented in Appendix A.

Price and Cost Estimates

The estimates required to develop the synthetic firms
were derived by examining data from a number of sources and
making judgements on these data.

The prices of most inputs in the milk production,
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livestock production, and crop production activities are
relatively standardized and are referenced as presented.
However, some prices require further discussion and are so
presented below. (Note these prices and costs are for the

year 1975.)

Milk
A price estimate for milk of $8.60 per cwt. is based

on the prevailing base milk price.

Land
All crop producing land is assumed to be in the Soil
Conservation Service Land Capability Class I or II. An

average price of $600 per acre is assumed.

Labor

Although some of the producers represented by the syn-
thetic firms normally have full-time hired labor and/or
additional family labor, the assumption for this study was
that labor required beyond that available from the operator
would be hired on an hourly basis. It is assumed that labor

could be hired as needed at a wage of $3.25 per hour.

Constraints

The only resources assumed to have a limited availa-
bility for the purpose of this study are operator labor and
land. It is assumed that the direct operator labor avail-

ability is 50 hours per week for 50 weeks, or 2,500 hours per
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year. Although survey information indicates that Michigan

dairy farmers work close to 60 hours per week, 10 hours are

deducted for time to do miscellaneous chores, repairs, and

up-keep of equipment and buildings.l
In addition to the constraint on operator labor, a

restriction is placed on the number of cows in the dairy

herd. Thus, for the synthetic firm, the size of the herd

is predetermined at 80 cows and forced into the solution

at that level. This constraint, in turn, is the crucial

factor in determining total labor, land required to grow

feed for the herd, and capital requirements of the dairy farm.
Total operator labor availability and feed requirements

for the dairy herd are shown in Tables 4 and 5. Table 6 pre-

sents the total crop acres assumed in each synthetic firm.

These acreages are averages from those farms reporting on

the Telfarm system.

Labor Requirements

The labor requirements for the production agtivities
are shown by month in Table 7. Estimates include the time
required to do milking, including time to collect cows, pre-
pare and clean equipment, feed both forage and grain; and the
time required for complete waste handling, including bedding.

One herd size (80 cows) was analyzed. Open lot, free
stall housing is assumed with a double four herringbone milk-
ing parlor.

It is assumed that the feed is stored in concrete tower

silos equipped with mechanical unloaders. With open lot
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housing, the feed is unloaded directly into the feed bunks.

Table 4. Restrictions on Operator Labor Availability.

Month Hours of Labor
January 220.7
February 199.4
March 220.7
April 213.6
May 220.7
June 213.6
July 220.7
August 122.02
September 213,6
October 220.7
November 213.6
December 220.7
TOTAL 2,500.0

Source: Good, Darrel, "Potential Impact of Environmental
Pollution Abatement Alternatives on the Michigan

Dairy Farming Industry," Unpublished Ph.D. Thesis,
Michigan State University, 1972.

3rwo weeks vacation are assumed during the month of
August.

Wastes are assumed to be handled as a solid and are
stored with the open lot system. A tractor equipped with a
front end loader and scraper blade is utilized to collect
and load the manure.

For the crop production activities, Telfarm estimates

of labor needed on the specified farm size were used.
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Table 6. Owned and Rented Acres in the Representative
Dairy Farm.

Acresa
Owned 265
Rented 118
TOTAL 383

aT:i.llable acres.

Source: Telfarm Data, Michigan State University, Department
of Agricultural Economics, 1974.

Investment Requirements

The capital investments for the synthetic firms are
presented in Tables 8, 9, and 10. All investments are at
a 1975 new price level.

The investment requirements which are unaffected by
dairy ration are presented in Table 8. A value of $650 per
dairy cow was assumed. While the price of livestock varies,
the prices assumed for the dairy cowé and other livestock
are averages for the specified quality in south-central
Michigan.

The field cropping equipment investment is an estimate
of a machinery complement likely to be found on an 80 cow
dairy farm. The prices are again on a 1975 price level and
the prices of individual items are shown in Appendix Table AS6.

Items from Tables 8, 9, and 10 are combined in Table 11
to give the total investment requirements for each of the
37 business management strategies analyzed. In addition,

labor required above operator labor is presented.
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Table 8. Investment requirements for dairy farms of items
unaffected by dairy ration.

Investments 80 Cows
Freshening Milk Cows 52,000
Bred Heifers 16,800
Open Heifers 9,600
Calves, Under 6 Months 1,350
Bulk Milk Tank 7,400
Milking System and Building 33,400
Field Cropping Equipment 62,730
Feed Handling Equipment 2,700
Manure Handling 23,506
Milk Cow Housing 39,397
Replacement Housing 9,200
Machinery Storage 3,600
Land (265 Acres @ 600/A) 159,000

TOTAL 420,683

Sources: Telplan 02, Michigan State University and
Dairy Systems Analysis Handbook by C. R.
Hoglund, Federal Extension Service Sponsored,
Michigan State University, unpublished.
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Table 10. Dairy Livestock Investment Requirements.

Building Equipment

--------- Dollars=—=====-——=-
Veal 57.50 15.00
Dairy Beef 120.00 25.00

Source: Speicher and Brown, "Costs of Raising Replacements,"

Michigan State University, Departments of Dairy
Science and Agricultural Economics, 1971. Updated

to 1975 price levels.

Estimated Cash Costs and Returns for Field Crops

The estimated cash costs and returns for field crops
are presented in Table 12. These costs which are also on
a 1975 price level include all cash costs with the excep-
tion of interest and property taxes.

Estimated Cash Costs and Returns for
Livestock and Dairy Enterprises

Presented in Tables 13 and 14 are the estimated costs
of milk production. Table 13 contains those costs which do
not Qary with ration and Table 14 presents those costs which
do vary. Table 15 is a summary table which totals the costs
of production.

Table 16 sums the costs from Table 15 with the costs
of home grown feed production. As less feed is required
when replacements are not raised, the cash costs of produc-
tion are less. A comparison of rations A, B, and C finds
Ration C (high corn silage) to be the most costly, Ration B

(high haylage) to be least costly, and Ration A (haylage and
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Table 11. Labor and investment requirements, strategies
1 through 37.
STRATEGY Labora Investmentb 1975 Net Income®
1. RA,R,D,C 3,495 481,908 7T4,077.95
2. RB,R,D,C 3,777 504,919 47,555.09
3. RC,R,D,C 3,621 471,730 76,132.98
4, RA,BR,D,C 2,288 435,888 91,647.31
5. RB,BR,D,C 2,583 483,272 69,301.61
6. RC,BR,D,C 2,279 428,696 93,387.68
7. RA,R,DB,C 4,229 k90,728 80,912.38
8. RB,R,DB,C h,512 513,739 54,384.71
9. RC,R,DB,C b;160 480,550 84,567.40
10. RA,BR,DB,C 3,354 493,405 100,304.39
11. RB,BR,DB,C 3,591 Le6,u86 77,958.70
l2. RC,BR,DB,C 3,288 439,660 102,0L44,77
13. RA,R,V,C 3,869 485,678 72,768.35
14. RB,R,V,C 4,151 508,689 be,245,.49
15. RC,R,V,C 3,995 475,500 74,823.38
16. RA,BR,V,C 2,662 b4y1,108 89,834.51
17. RB,BR,V,C 2,957 beo,742 67,488.81
18. RC,BR,V,C 2,653 433,916 91,574.88
19. RA,R,D,C-W 3,373 497,840 70,274.60
20. RB,R,D,C-W 3,630 520,851 46,183.39
21. RC,R,D,C-W 3,511 487,662 71,456.73
22. RA,BR,D,C-W 2,186 451,550 83,758.81
23. RB,BR,D,C-W 2,446 h71,454 65,872.36
24, RC,BR,D,C-W 2,108 by, 628 86,466.83
25. RA,R,DB,C-W 4,108 505,148 77,296.08
26. RB,R,DB,C-W b 412 528,159 52,888.31
27. RC,R,DB,C-W 4,029 bo6,u482 79,953.50
28. RA,BR,DB,C-W 3,194 458,720 94,992.29
29. RB,BR,DB,C-W 3,453 482,418 74,778.85
30. RC,BR,DB,C-W 3,146 455,592 95,747, 42
31. RA,R,V,C-W 3,740 501,610 68,965.00
32. RB,R,V,C-W 4,049 524,621 bo, 442,14
33. RC,R,V,C-W 3,851 491,432 70,197.13
34. RA,BR,V,C-W 2,463 k57,040 84,223.01
35. RB,BR,V,C-W 2,819 476,674 64,059.56
36. RC,BR,V,C-W 2,474 Lhg, 848 84,654.03
37. C=C-S-W - 241,267 h6,8u42,.48

@ppbove 2,500 operator hours.

b1975 new price levels.

c1975 prices, costs, and average yields.
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Key to Abbreviations in Table 11.

The abbreviations used in the table are interpreted as follows:

RA: Feed Ration A (50% forage dry matter from haylage,
50% from corn silage)

RB: Feed Ration B (100% forage dry matter from haylage)

RC: Feed Ration C (7 lbs. hay equivalent per cow per
day, remainder is corn silage)

R: Raise Replacement Stock on Farm
BR: Buy Replacement Stock
D: Sell Excess Calves as Deacons
DB: Sell Excess Calves As Dairy Beef
V: Sell Excess Calves as Veal
: All Corn grown on Excess Crop Acres

C-W: A 50-50 Corn-Wheat Combination Grown on Excess Crop
Acres

C-C-S-W: A Corn-Corn-Soybeans-Wheat Rotation on Excess Crop
Acres
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Table 13. Estimated costs and receipts of items unaffected
by dairy ration.

Item Dollars/Cow Dollars/Cow
+ R/Year

Breeding? 5 15.00 14.00
Veterinary 27 .65 22.95
Suppliesb 14,45 13.44
TaxesP 4,80 3.51
Milk & Livestock Marketing® 55.80 56.38
Machinery Repairsb 26.30 26.30
Improvements Repairsb 7.45 5.43
Fuel, 011, and GreaseP 4.15 4.15
Insuranceb 5.90 5.90
UtilitiesP 22.05 16.10
Bedding? . 12.50 12.50
Tractor Power'b 18.10 18.10
Miscellaneous 5.05 3.68
Total Cost/Year 219.20 207 .44
Livestock Sales

(Cull Cows & Calves) 117.25 133.50

@MABC Rates for 1975.

bTelfarm Data.
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Table 16. Total cash cost of milk production (purchased and

grown) .
80 Cows
With Replacement Without Replacement
Ration Ration
A B C A B C
Purchased
Inputs 284.75 228.70 331.77 262.37 209.29 311.26

Grown Feed 190.84 208.91 184.85 151.49 166.07 141.85

Total 475.59 437.61 516.62 413.86 375.36 453.11

corn silage) to be in between in costliness. An offsetting
variable is the fact that the high corn silage ration re-
quires less acres for producing feed for the dairy herd.
Thus, crops for cash sales or additional feeds can be grown.
on these acres. (This will be further evaluated in Chapter
V.)

Table 17 contains the estimated costs of raising dairy
calves to a veal market weight and dairy beef animals to
market weight.

The total cash cost of veal production (less labor
costs) is $84.50 assuming all feed requirements are purchased.

Dairy beef costs of production are $57.63 for a heifer
and- $60.31 for a steer (plus $84.50 required to attain veal
market weight). It is assumed heifers are sold at a weight
of 800 pounds and steers at 880 pounds. At these weights,

the animals should grade standard.
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Table 17. Estimated costs of raising dairy calves.

Birth To 6 Months 12 Months To
6 Months to 12 Months 24 Months
Cash Costs:
0 i
Veterinary 3.00 1.50 1.50
Electricity & Supplies 6.00 2.00 2.00
Bedding 5.00 5.00 12.00
Power & Machinery 2.00 2.00 2.00

Feed (Veal)

Milk or Equivalent

Calf Starter

Growing Ration

Hay

Trace Mineral
Salt

Mineral

Total Cost

Feed (Dairy Beef)
Basic Ration Concentrate

44% Soybean Meal
Dical

Limestone
Salt

Heifers (To 800 1bs.)

509.8# Concentrate
4,031.2%# 32% D.M. Corn
Silage

Steers (To 880 1bs.)

520.1# Concentrate

4,426.7# 32% D.M. Corn
Silage

300 1bs. @ 7.00/cwt 21.00
250 lbs. @12.00/cwt 30.00
285 lbs. @ 7.00/cwt 19.95
600 lbs. @43.0/T 12.90

5 1bs. .20
5 lbs. .45
84.50
923 l1bs. 69.23
26 lbs. 3.77
16 1bs. .67
35 1bs. 1.23
74.89
38.18
19.45
57.63
38.95
21.36

60.31




Chapter III Footnotes

1Good, Darrel, "Potential Impact of Environmental
Pollution Abatement Alternatives on the Michigan Dairy
Farming Industry," Unpublished Ph.D. Thesis, Michigan

State University, 1972. p. 119.
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CHAPTER IV

RESEARCH PROCEDURE

Introduction

It is hypothesized that a difference exists in the level
and variability of income between dairy business management
strategies. The synthetic model of a dairy farm developed in
the previous chapter is used to measure the level and vari-
ability of income for differing farm organizations, i.e.
strategies.

This chapter presents an analytical model designed to
quantify theoretical relationships previously discussed and
to test the null hypothesis presented above. Thirty-seven
business management strategies are analyzed to determine the
mean income level and variability as measured by either the
standard deviation of the distribution, standard error of
the estimate of linear regression or standard error of the
estimate of linear logarithmic regression. The model con-
sists of two sub-models. The first sub-model, a profit
maximizing linear programming model, is used to determine
income levels and iabor requirements, for the synthetic dairy
farm in 1975. The second sub-model is a regression model with
an extensive transformation routine which combines enterprise
revenues and costs to yield the above mentioned measures of
income variability. The results of both the linear programming

51
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and regression analysis are presented in Chapter V.

For each firm, the amount of operator, labor, milking
facilities, machinery complement, and acreage owned and
rented are assumed fixed. Dairy rations, feed storage cap-
acities, cropping system, dairy replacement procurement, and
weight of marketing of dairy calves are variable. Corres-
pondingly, investment requirements, labor requirements above
operator labor, and acres required for livestock feed pro-

duction are also variable from one time period to another.

The Techniques

The linear programming model was used to determine
labor requirements, and 1975 income levels. This computer-
ized technique was used rather than conventional budgeting
techniques due to the large number of alternatives considered.
The regression model used the labor required for the various
farm organizations obtained as an input.

Time series estimates of product prices, cash costs
of production (excluding property taxes) and yields for field
crops were used in the regression model. (These time series
estimates are located in Appendix A.) The fixed factors,
pounds of milk sold, quantities of haylage, corn silage, and
corn grain required to feed the dairy cows and dairy livestock,
and hours of hired labor are also used as inputs into the
regression model. It is from these data that a transformation
sub-routine for each of the thirty-seven strategies within

the regression model was developed. Thus, the final result
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of this analysis is a mean income level and associated vari-

ability for each locked in business management strategy.

The Linear Programming Model

Only one linear programming model is used to generate
a portion of the input for the regression model. By forcing
into solution some activities while removing others, the
model is capable of simulating various farm organizations.
Following is a formal description of the linear pro-
gramming model to be used in analyzing alternative management

strategies.

The Objective Function

The solution of the linear programming model involves
maximization of an "objective value" (Zo) within the con-
straints and activities available. The objective value used
in this study is the return to the operator's and labor
management, and equity capital before taxes or debt retire-
ment.

The objective function of the model used is:

35

O'CX - 2 C-x.

(1) zZ_ =C,X, + C
66 j=8 J 3

o 171 272" *° ¢

where:
2, = the objective value,

CiX; = the total returns from selling milk, Cy is the
price of milk and Xy is the cwt. of milk sold.

szz to
the returns from selling grains; corn, wheat, and
C4X4 soybeans. C's are prices per unit and X's are
number of units sold.
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the returns per cow from the sale of veal, dairy
beef, and deacons, respectively.

the total cost (less grown feeds) of producing
milk from cows with or without replacements,

less returns from culls and calves. This cost
figure includes operating and ownership costs

of milking, caring for the dairy, waste handling,
feeding and housing of the dairy herd; with the
exclusion of all labor costs and the ownership
cost of land, buildings and the basic machinery
complement.

the total cost of buying replacement stock for
the dairy herd. This activity only enters the
solution when the strategy being examined re-
quires replacement stock to be purchased.

the total cost of producing corn grain for use
as feed. C 0 is the cost of producing an acre
of corn grain on owned land. xlO is the number
of acres of corn grain.

the total cost of producing corn silage on owned

land. C is the cost of producing an acre of

corn sil&&e. X is the number of acres of corn
. 11

silage produced.

the total cost of producing alfalfa haylage on
owned land. C,, is the cost of producing an
acre of haylag% including land costs. x12 is
the number of acres of haylage produced.

the total costs of producing the products in

C»,X, through C,X, on owned land. These products
242 . 7424 :

are corn grain for feed (X,,), corn silage

(X,4) and alfalfa haylage t%;s)-

the total costs of producing products Clox10
through C,,X;5 and C,X, through C,X,; on
rented lana.

the total costs of producing veal and dairy
beef respectively.

the total cost of labor hiring during the twelve
months of the year. C,, j = 24---35 is the
acquisition price of labor, and X;, j = 24---35
is the number of hours of labor hired by month.
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The Constraints

The objective function (Equation 1) is maximized subject

to the following resource restrictions:

12
(2) £ A.,. X. <L
j=1 1’3 75 — 71
12
521 M2,3 %5 2 T

Ly is the labor resource available in period 1 (January).
Ly---L;, are the labor resources available in the remaining
eleven months.

A1'24; A2'25; A3'26---A12’35 will all have a - 1 value
because they are labor hiring activities which add to the

labor resources.

(3) a X

13,8 Xg ~ P13,1 % 70

This is the transfer of milk produced to milk sales.

(4) X, =0

B14,16 %16 T P14,10 ~ P14,8 %3

This is the transfer of corn grain produced on rented

and owned land to milk production.

(5) A X, =0

Ai5,17 %17 Y 245,11 *11 T Pis,8 %s

This is the transfer of corn silage production on rented

and owned land to milk production.
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(6) Ajg 18 X18 * B1g,12 %12 ~ P1g,8 Xg = O

This is the transfer of alfalfa haylage production to

milk production.

+

(7) Ay 19 X139 * By7,13 X33

This is the corn grain for sale transfer.

(8)  2A18,20 ¥20 * 218,14 ¥14 ~ P18,3 ¥3 =0
This is the soybean transfer.
(9) Ayjg 51 X310 * Prg,15 X15 " B1g,4 X4 = O

This is the wheat transfer.

X, =0

- A 8

(10) A

20,9 %9 20,8

This is the replacement transfer. It insures that the
number of cows in the dairy herd times the cull rate must

equal the number of replacements.

(11) A 0

21,8 Xg =

This constraint sets the herd size.

< 383

*Byo,11 %11 777 Bop,21 X1 S

(12) A, 19 %19

This constrains the acreage to less than 383.

(13) A = 52 or 72

23,22 %22

This constrains the number of veal sold (52 when re-

placements are purchased).
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(14) Ryy,20 X35 ~ By, 5 X5 =0

This insures that the number of veal produced equals
the number sold.

(15) = 50.4 or 70.4

Ajs5,23 %23

This constrains the number of dairy beef sold. (50.4

when replacements are raised, 70.4 when purchased).

(16) X, =0

226,23 ¥23 ~ P26,6 X6
This insures that the number of dairy beef produced

equals the number sold.

(17) A = 52 or 72

27,7 %7

This sets the number of deacons produced and sold (52

if replacements are raised, 72 if replacements are purchased).

The Regression Model

The Regression Subroutine

The regression model as used in this study is the major
component of the empirical analysis. The statistical package
used by Michigan State University has as one portion a regres-
sion routine. This routine provides minimum and maximum values,
means, standard deviations, and standard errors of the esti-
mate of the regression equation. It also has as an option, a
transformation sub-routine which performs basic math computa-
tions and logarithmetic transformations. It is within the

transformation sub-routine that the variables as to enterprise
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costs of production, income, and labor requirements are
aggregated into a whole farm organization.

Also computed by the sub-routine is the number of acres
required to feed the dairy herd. This number varies from year
to year depending on the yields of the feed crops. Therefore,
the number of acres available for cash grain sale is the dif-
ference of the total acres in the farm and the acres required
to feed the dairy herd.

With strategy 1 used as an example, the sub-routine
which calculates the level and variability of income associ-
ated with that strategy is presented below.

X. = 904/Haylage Yield Per Acre

1
X2 = 930/Corn Silage Yield Per Acre
x3 = 5,220/Corn Grain Yield Per Acre
x4 = xl + x2 + x3 (Acres Required to Feed Ration A)
x5 = 383 - X, (Acres Available to Grow Cash Grain for
4
Sale)
x6 = Xs* Net Income Per Acre from Corn Grain Sales
X7 = 80* Milk Gross Income - 80* Cost of Milk Production

(Net Income From Sale of Milk)

X, = 20* Value of Cull Cow Sale

8
x9 = 52* Value of Deacon Calf Sale
xlO = Land Rent Cost Per Acre *118 Acres
xll = 3,373* Farm Wage Rate
X.,.=X_ +X_+ X, +X (Net Farm Income

12 = X7 ¥ Xg ¥ Xg + X9 = X1 = Xy
Before Taxes and Debt Payments)

Where: the value of X, is the number of acres required

to yield 904 tons of haylage. The haylage requirement of 904
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tons is the amount required by 80 cows when fed ration A.

The value of X2 is the number of acres required to produce

930 tons of corn silage, and the value of x3 is the number of

acres required to produce 5,220 bushels of corn grain. Again,
as for the haylage, 930 tons and 5,220 bushels are the corn
silage and corn grain requirements for Ration A when fed to
an 80 cow herd.

The acres required to produce the farm-grown portion of

the total ration is the value x4. With 383 acres in the farm

organization, X_ results in the acres available for production

5

of cash grain for sale. The value x6 is the net income from

the sale of cash grains produced on the excess acres (X5).

Net income from milk sales is the value of x7. The
gross income from milk sales is the quantity sold multiplied
by the price. The cost of milk production includes all cash
costs and the cost of farm-produced feed. Gross income from
the sale of cull cows is the value of x8. The value 20 is
arrived at when a 25 percent culling rate is assumed. The
value of X9 is the gross income from the sale of excess deacon
calves. The value 52 (number of deacons so0ld) is determined
by removing 20 calves for use as future replacements and a
death loss assumed rate of 10 percent.

The cost of renting 118 acres is the value of X The

10°
hired farm labor cost is value xll' Number of hours of labor
required beyond those supplied by the operator are 3,373 for
strategy 1.

The value of X1+ the combination of the enterprises and
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costs into a whole farm, is the net farm income before taxes

and debt payments.

The Time Periods

Three time periods are examined in the study. A stable
period during the 1960s, a more volatile period in the early
1970s (1970 to 1974), and the total period 1960 to 1974.
Measures of Level and
Variability of Income

The regression package at Michigan State University
calculates the mean of the distribution, the standard devia-
tion, and the standard error of the estimate of regression.
Both linear and logarithmic forms of the regression equation
are examined and both resultant estimates of the standard error
of the estimate of regression are presented. The above-men-
tioned measures of level and variability of income are used
extensively in the comparison of strategies. However, the
minimum and maximum values of the distribution are also cal-
culated by the package. These values are examined also in

the strategy comparisons.

The Telplan Program

A third step in the analysis was the utilization of
"Telplan Program Number Five." Program Five, Income Tax
Management Analysis, calculates the federal and state income
tax payment, self-employment tax, and the amount of job
development investment credit. For fdur selected strategies,

the above-mentioned taxes or credits plus the property tax
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payments were summed and then subtracted from the before tax
income to arrive at a "net" income figure. This residual
income figure is the return to operator labor, management,

and equity capital.

Summary

The analytical models previously described--linear pro-
gramming, regression, and Telplan program five models--are
used to analyze 36 dairy business management strategies and
one all cash crop alternative. 1In total, nine computer runs
are required for the regression analysis of before-tax income:
four Telplan Five runs for tax calculations and four corres-
ponding regression runs for after tax income.

The nine computer runs result from computing strategies
1l to 18 for each of three time periods, strategies 19 to 36
for each of the time periods, and strategy 37 for the three
time periods.

Each of the nine computer runs results in the calculation
of minimum and maximum values of net income, mean net income,
standard deviation of net income, and standard error of the
estimate of the regression equation. After-tax net income
calculations, of which there were four, yielded the same above-

mentioned statistics.
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lThe symbol "*" means multiply.

62



CHAPTER V

EMPIRICAL RESULTS: NET INCOME BEFORE TAXES

Introduction

In this chapter, the level and variability of net income

1

before taxes™ for the 37 business management strategies are

examined. The statistical tests of significance of differ-
ences in selected means and variabilities and two differing
graphic methods of comparing the business management strate-
gies are discussed. The implications of the results for
various categories of decision-makers and for the Michigan
dairy industry are also contained in this chapter.

The minimum and maximum net income before taxes, mean
income level, standard error of the estimate of regression
in linear and natural log form, and the standard deviation of
37 business management strategies of three differing time
periods are presented in Appendix B. While the data con-
tained in the Appendix table is devoted to a graphic and

statistical analysis of those data.

Estimated Net Income Levels for 1975

The results of the linear programming analysis are
presented in Table 18. Net Income (return to operator labor,
management, and equity capital) is based upon estimates of
prices and costs for the year 1975. As yield estimates for

63
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Table 18. 1975 net incame levels obtained from linear programming
analysis.

Strategy”'? Net Income® Strategy Net Income
l. RA, R, D, C 74,077.95 2. RC, R, D, CW 71,456.73
2. RB, R, D, C 47,555.09 22. RA, BR, D, CW 83,758.81
3. R, R D, C 76,132.98 23. RB, BR, D, CW 65,872.36
4. RA, BR, D, C 91,647.31 24. RC, BR, D, CW 86,466.83
5. RB, BR, D, C 69,301.61 25. RA, R, DB, C-W 77,296.08
6. RC, BR, D, C 93,387.68 26. RB, R, DB, C-W 52,888.31
7. RA, R, DB, C 80,912.38 27. RC, R, DB, CW 79,935.50
8. RB, R, DB, C 54,384.71 28. RA, BR, DB, C-W 94,992.29
90 K:I Ri ml C 84,567.40 29. RB, ER, DB, C-W 74'778.85
10. RA, BR, IB, C 100,304.39 30. RC, BR, DB, C-W 95,747.42
11. RB, BR, DB, C 77,958.70 3. RA, R, V, C-W 68,965.00
12. RC, BR, DB, C 102.044.77 32. RB, R, V, CW 42,442.14
13. RA, R, V, C 72,768.35 33. RC, R, V, CW 70,147.13
14. RB, R, V, C 46,245.49 34. RA, BR, V, C-W 84,223.01
]5. m, R, V' C 74,823.38 350 ml BRI VI c-w 64'059°56
16- m' ER, V' C 89,834051 36. ml ml vl c-w 84I654'03
17. RB, BR, V, C 67,438.81 37. GG, SW 46,342.43
18. RC, BR, V, C 91,574.88
19. RA, R, D, CW 70,274.60
20. RB, R, D, C-W 46,183.39

3see Table 11 footnote for key to strategy abbreviations.
bSeeTablellforcorr&spaﬂinglaborandinvestuentxequirerents.

€100 percent equity assumed for this table.

the 1975 crop year were not known at the time of this writing,
average yields were assumed.

The values in Table 18 can be used for comparison pur-
poses with the average incomes in past periods presented in
the next section of this chapter.

Strategies 12 and 10 are the highest expected income
strategies for 197S5.

Feeding ration C, buying replacements,

raising excess calves to a dairy beef market weight, and



65

growing all corn grain on excess acres are the components of
strategy 12, which yields the highest income. Strategy 10
has the same components as strategy 12, with the exception of
ration. Ration A replaces ration C in strategy 10.

Strategy 32, feeding ration B, raising replacements,
selling veal calves, and growing a corn-wheat rotation on
excess crop acres is the lowest income strategy. This
strategy (32) has a lower expected income than does the all-
cash crop strategy, strategy 37.

Income Opportunity Framework Comparison

of Level and Variability of Net Income
Before Taxes

1960 to 1969 Time Period

Figures 2 and 3 examine in an income opportunity frame-
work the relationships among the business management strate-
gies during the 1960 to 1969 period.2 Two differences appear
through presentation of the data in this form. When using the
standard deviation as the measure of variability, the strate-
gies are relatively dispersed in the quadrant space (Figure 2).
And, when the standard error of the estimate is used, the
strategies are relatively bunched in the quadrant space (Figure
3). Second, the standard deviation is much larger than the
standard error of the estimates measure of variability. This
reduction in variability is attributable to the regression
equations removal of the upward trend from the variability
calculation. Decision makers who view the future as an in-

creasing trend in incomes should use the standard error of the
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estimate as the measure of variability for selecting a strategy.
Those who view the future as varying around a mean of a past
period should use the standard deviation.

. In the 1960 to 1969 period, the strategies which exhibit
the lowest variability of income within $1600 income intervals
beginning at $34,400 are: 10,27, 30, 34, and 36 when using
the standard deviation as the measure of variability. When
using the standard error of the estimate, strategies 10, 20,
28, 29 and 34 have the lowest variability within $1600 income
intervals from the same starting point.

Conversely, strategies 4, 10, 25, 28, 34 and 36 exhibit
the highest level of income within $800 variability of income
intervals as measured by the standard deviation. When using
the standard error of the estimate, strategies 1, 2, 7, 10
and 16 have the highest level of income within $400 income
variability intervals.

Thus, those managers who wish to minimize variability
within an income interval would be most interested in locating
that income’léQel on the Y-axis and following the income level
to the first strategy point when moving from left to right.
For those managers who wish to maximize income within a given
level of variability, the opposite procedure would be followed.
That is, locate the level of variability on the X-axis and
then move up to the strategy point which has the highest
income level. However, the income intervals used above may
be too large or too small for a managerAselecting a strategy.

And as such, it would be necessary for the decision maker to
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determine a minimum income level or maximum variability and
then select a strategy which meets those restraints. For
example, if the decision maker desired an income level greater
than $38,400 with less year to year variability than $9,600

he would be limited to strategies 11, 25, 27, 28, 29, and 30.
(Using the 1960 to 1969 time period and standard deviation

measure of variability.)

1970 to 1974 Time Period

The strategies which have low variability for their
income level or high income for their level of variability
are again quite similar. Using the standard deviation during
the 1970 to 1974 period, strategies 9, 12, 16, 17, 18, 34 and
36 exhibit the lowest variability within $2,000 income inter-
vals beginning at $60,000. When the standard error of the
estimate is used, strategies 1, 10, 19, 25, 28, 34 and 36
exhibit the lowest variability within $2,000 income intervals,
beginning at the same starting point. (See Figures 4 and 5.)

The strategies which exhibit the highest income within
$2,000 income intervals are: 1, 4, 10, 16, and 34 when using
the standard deviation and 1, 4, 10 and 25 when using the

standard error of the estimate.

1960 to 1974 Time Period

For the time period 1960 to 1974, one again observes
greater spread and range of variability_for the strategies
with the standard deviation measure of variability (Figures
6 and 7). The strategies which exhibit the lowest variability
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of income within $1,000 net income intervals starting at
$43,000 in the 1960 to 1974 time period are 9, 12, 19, 27,

28, 30, 34 and 36 when using the standard deviation as the
measure of variability. The standard error of the estimate
measure of variability has strategies 1, 3, 10, 19, 28, 29,

34 and 35 as low variability strategies within a $1,000 income
interval starting at $43,000.

Strategies which have the highest income levels within
$1,000 income intervals are: 1, 4, 9, 10, 27, 28 and 36 when
using the standard deviation and 1, 3, 7, 10, 16, and 34
when using the standard error of the estimate.

The strategy rankings with respect to mean income level
and variability can be found in Appendix B, Tables 4-6.

From these tables, one can see how each strategy compared to

all others in terms of mean level and variability of income.

Selection of Time Period and Measure of Variability

The selection of time period and measure of variability
to be used by the decision maker is dependent upon his view
of the future. Will there be variability comparable to the
1960 to 1969 period or 1970 to 1974 period? 1Is the future
trend in incomes to be increasing or constant? The answers
to these questions will determine the appropriate time period

and measure of variability to be used by the decision maker.
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Statistical Tests of Significance

Before proceeding further in the presentation and
analysis of results, the statistical tests of significance
between means and variabilities are examined. Table 19
presents these statistics for those strategies which have
the largest absolute difference in mean income and variability.
Thus, the values presented in Table 19 are the extreme values,
and all other strategy combinations would exhibit lower
significance levels.

Two differences in the statistics merit closer examina-
tion. First, it should be noted that the F-Test level of
significance for the 1970 to 1974 period is greater than the
other two time periods. Second, the most significant dif-
ference in mean incomes was found in the 1960 to 1969 time
period. The F-Test's greater significance in the 1970 to
1974 period can be explained by greater variability in prices
and costs during the period. Therefore, when comparing two
strategies with large differences in variability the resultant
squaring of the standard deviations for the test statistic
calculation results in larger F statistics. The t-statistics
were more significant in the 1960 to 1969 period because of
the lower incomes and much lower variabilities. When com-
paring means, the t-statistic will be larger for those distri-
butions with smaller variances. And, the variances in 1960
to 1969 time period were relatively small compared to the
later time period.

Strategy thirty seven, the corn-corn-soybeans-wheat



76

Table 19. Statistical tests of significance of stratecgies with
largest absolute differencesa

Time Period Variance Mean
and Strategy
S.E.E. S.D.
F-StatisticPs¢ t-statisticP
1960 to 1969
(20) vs. (6) 1.68
(0.47)
(36) vs. (6) 2,36
(0.23)
(35) vs. (10) 1.69
(0.12)
1970 to 1974
(36) vs. (6) 4.88
(0.17)
(36) vs. (4) 5.90
(0.12)
(36) vs. (10) 1.68
(0.13)
1960 to 1974
(35) vs. (12) 1.85
(0.29)
(36) vs. (6) 2.13
(0.18)
(35) vs. (10) 1.18
(0.25)

aFir t, determine if the variances of the two samples
are equal. Second, compare the means of the two independent
samples. If the variances are equal, calculate the t-statistic
using the following formula: t' = (X - xz)/s;(1 - 22.2 Where:

X, and X, are the sample means and S - is the variance of
1 2 Xl Xz
the difference of (f - ; ). If the variances are unequal, the
following formulatio% of the t-statistic is used:

= (X by 2 2 2
t' = (x1 - xz)/ /Sl/n1 + 52/n2'

bNumbers in parentheses below the statistics are the
associated levels of significance for the two-tailed test.

CThe linear form of the equation provided the best fit
in terms of the larger R and the standard error of the estimate
for the time periods 1960 to 1969 and 1970 to 1974. The linear
form is therefore the one discussed for those time periods.
For the 1960 to 1974 time period, however, the natural log
form provided the best fit. The resultant standard error
of the estimate from the log form will therefore be used for
comparison in the 1960 to 1974 period.

10ptima1 significance levels vary somewhat, but are
very close to .5 for most degrees of freedom. See
Toyoda, T. and Wallace, T. Dudley. "Estimation of
Variance After a Preliminary Test of Homogenity

and Optimal Levels of Significance for the Pre-Test,"
Journal of Econometrics, Vol 3, (1975), pp. 395-404.

2Snedecor, George W. and Cochran, Willard. Statistical
Methods (Ames, Iowa: Iowa State University Prcss,
1969), pp. 102, 103, 114, and 115.
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rotation, is compared to the dairy farm strategies fqQr vari-
ability and level of income in Table 20. The most important
factor in the comparison is that the mean income from the
cash crop farm is significantly different (<.01) from the
dairy organizations in all time periods. However, the com-
parison of variabilities is more complicated. With the ex-
ception of the stable price period of 1960 to 1969 the vari-
ability was not significantly different for the dairy and
crop farms.

A Bar Graph Comparison of
Net Income Beifore Taxes

The income opportunity framework is presented in Fig-
ures 2 through 7 provide an effective method for comparison
of strategies. However, additional information on which to
base a decision of choice among strategies can be obtained
from a bar graph. Through the bar graph, one can not only
examine the mean income level and variability but also the
range and shape of the distribution. This mode of presen-
tation also allows easier comparison of strategy components.

Figures 8, 10, 10 compare strategies for not only mean
and variability of income, but also range and shape of the
distribution. 1In this study, the strategy rankings are very
sensitive to changes in proportion of enterprises in the whole
farm organization and the covariance term in the variability
formula. Thus, to make general statements as to differences

in strategy components (replacements, rations, excess calves,
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Statistical tests of significance: strategy 37

compared to those dairy strategies with largest
absolute differences.

Time Period
and Strategy

Variance

Mean

F Statistic

t Statistic

S.E.E. S.D.
1960 to 1969
(37) vs (36) 3.55
(<.10)
(37) vs (4) 8.16
(<.005)
(37) vs (20) 1.67
( .47)
(37) vs (6) 2.80
( .17)
(37) vs (35) 7.81
(<.001)
1970 to 1974
(37) vs (4) 1.59
(=.80)
(37) vs (36) 3.71
( .26)
(37) vs (36) 2.18
( .48)
(37) vs (6) 2.24
( .45)
(37) vs (36) 3.49
(<.01)
1960 to 1974
(37) vs (4) 2.60
(=.90)
(37) vs (36) 1.19
( .09)
(37) vs (12) 1.19
(=.90)
(37) vs (35) 1.55
( .45) o
4.3
(37) vs (32) (<. 001)

aValues in parentheses are associated levels of sig-
nificance for the F and t values.



79

700.00

KEY
* - MEAN NET INCOME
+ OR - 1 S.E.E.
| = MIN OR MAX VALUE

x10°
500.00 550.00  600.00  650.00
"

BEFORFE TAXES

450.00

ur

350.00
x
x

300.00

250.00

— —— 1 T — n)

—— T
4 8 12 16 20
STRATEGY

Figure 8. Bar graph comparison of net income before taxes.
Time period: 1960 to 1969. Measure of variabil-
ity: S.E.E.



80

1120.00

KEY
¥ = MEAN NET INCOME
0 =+0R-1S.E.E.
| = MIN OR MAX VALUE

1040.00

960.00

=10?
85000

x
x
x

x
x
x

NET
6
5

560.00

480.00
—

400.00

15 20 24 28 32 36
STRATEGY

Figure 9. Bar graph comparison of net income before taxes.
Time period: 1970 to 1974. Measure of variabil-
ity: S.E.E.



110.00

100.00

390.00

30.00

.00

20

81

KESL
¥ = MEAN NET INCOME
Il = +0R -1 S.E.E.
| = MIN GR MAX VALUE

Figure 10.

15 20 24 28 32 36
STRATEGY

Bar graph comparison of net income before taxes.
Time period: 1960 to 1974. Measure of variabil-
ity: S.E.E.



82

crop rotations) is impossible. Therefore, a statement must
be made for a specific strategy compared to another specific

strategy or small groups of like strategies.3

Replacement Stock

In the 1960 to 1969 time period, as in the other periods,
when replacement stock are purchaSed éather than farm raised
and deacons are the mode of sale for excess calves the range
in total farm income is much larger [Strategies (1, 2, 3)
versus (4, 5, 6) and (19, 20, 21, 22, 23, 24)]. This is
attributable to an increase in acres of crop land available
for production of crops for cash sale and the larger vari-
ability in grain prices. However, this relationship is off-
set in the 1960 to 1969 period when the excess calves are
sold as veal or dairy beef and in the other two periods when
the excess calves are sold as veal.

For mean income levels when raising replacements ver-
sus purchasing replacements, the results must again be based
on a strategy by strategy comparison. For example, strategy
1 versus strategy 4 in the 1960 to 1969 period results in a
decrease in mean income as a result of purchasing replacements,
and strategy 2 versus strategy 5 results in an increase in
mean income when replacements are purchased.

In Michigan a serious restriction on purchasing replace-
ments is the availability and quality of the replacement. For
some dairymen, purchasing replacements as an alternative is

not available.
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Rations

When rations are compared, ration A results in the
highest mean income level, ration B the lowest, and ration C
the median income level. Again there is a contradiction to
the above general statement. 1In the 1970 to 1974 period,
ration B and C reverse positions for strategies 19 to 36.
Ration C is the lowest mean income ration and ration B is
the median income level ration for these strategies.

Rations high in corn silage are becoming popular in
Michigan. This research does not support that trend. However,
if limited availability of land and a limited labor supply
were found on a dairy farm, then corn silage production would
allow more cows to be fed on fewer acres, a reduction in
land base, and a small reduction in labor requirements.

These factors are not considered in this research and may be

the reason behind the trend to corn silage rations.

Selling Dairy Livestock

The decision of selling excess dairy calves as deacons
dairy beef or veal has a more consistent pattérn from strategy
to strategy. The decision to sell the excess calves as dairy
beef produced the highest mean income level, deacons the
median, and veal calves the lowest. The above stated ranking
holds true over all three time periods.

Again these results are not consistent with recent
trends. Raising dairy beef requires additional labor faci-

lities and crop acres on dairy farms which have existing
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high labor, capital and crop acre requirements. Agains, the
assumptions of this research must be remembered when applying

the results.

Cropping on Excess Acres

Strategies which have an all corn cropping program on
excess acres result in higher income and higher variability

than the 50-50 corn-wheat rotation over all time periods.

Summary of Strategy Comparisons

The business management strategies examined can be
grouped into three categories: high, medium, and low net

income and variability. Table 21 presents the groupings.

Table 21. High, medium, and low income and variability

strategies.@

High Income Medium Income Low Income
And Variability And Variability And Variability
l, 4, 5, 6, 7, 9, 3, 8, 13, 16, 17, 21, 33, 34, 35,
10, 11, 12, 15 18, 22, 23, 24, 25, 36

26, 27, 28, 29, 30

A rhese groupings hold for most time periods and methods
of variability calculations. However, some strategies could

shift from one category to another but as presented are the
predominant location of the strategy.

The strategy component contained in all the high income
and variability strategies is an all corn grain rotation on
excess crop acres. The remaining strategy components all
appear in at least one of the strategies. However, five of

the ten high income and variability strategies have a dairy
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beef enterprise as one component, four contained deacon calf
selling and only one veal. Six of the ten strategies called
for bﬁying rather than raising replacements. Rations A and

C appear four times and ration B only twice in the high income
and variability strategy group.

Low income and variability strategies contain a corn-
wheat rotation and in four of the five cases a veal enter-
prise. Ration C appears most frequently in these strategies
as does buying replacements the middle income and variability
group which contains the largest number of strategies has no
one strategy component which dominates. Approximately equal
numbers of strategies contained each ration replacement option,

dairy livestock and crop rotation.

Implications for Managers

Dividing the income opportunity space into four quad-
rants, as shown in Figure 11, provides a mode for categor-
izing strategies. The first quadrant contains high income-
high variability strategies, the second high income-low
variability, the third low income-high variability, and the
fourth low income-low variability. Ceteris paribus, any
manager would prefer those strategies in quadrant two. How-
ever, the results of this study dc not fall neatly in block-
like clusters but rather are diagonal, falling mostly in
quadrants I and IV. Thus, a trade-off between income and
variability exists between the strategies which lie in these

quadrants. While a decision as to which specific strategy
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to pursue also depends on factors other than income and
variability, the analysis does provide the basic information
required. Labor and investment requirements, present fin-
ancial position and farm organization, and age of the opera-

tor are important factors beyond income level and variability.

Income II l I

IV ' III
Variability

Figure 11. Income and variability compared in four quadrant
space.

Labor Requirements

Labor requirements of the various strategies are impor-
tant in determining which strategy a decision maker will
follow. Strategy ten has a higher mean income than strategy
sixteen, yet it requires 692 more hours of labor per year.
An individual who is concerned with labor availability may -
prefer that strategy which requires less labor input. Deci-
sion makers who have excess labor available may choose that
strategy which can utilize his additional labor and increase
his income.

Dairy farms require a large labor input. For those
farmers who are restricted in their labor supply, the labor
requirements of the strategy become an important determinant

for selection.
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Investment Requirements

A strategy with a higher investment requirement as well
as a higher income may not be preferred to a lower income-
lower investment strategy by someone just getting started in
dairy farming or someone with very limited capital. Con-
versely, those individuals with sound existing farm businesses
are more likely to have access to the necessary capital to
follow the higher investment strategies.

Strategies which feed ration B, raise the replacement
stock, sell the excess calves as dairy beef or veal, and have
a corn-wheat rotation as components will be high investment
strategies. The investment requirements will become an im-
portant consideration in selecting a management strategy when
the necessary facilities or equipment are not owned at pre-

sent and must be acquired.

Financial Position

The financial position of the decision maker also plays
an important role in the selection of an appropriate strategy.

A dairy farmer with a large fixed cost commitment would
likely choose a strategy with lower variability even though
the strategy had a lower mean income level. By doing so, he
is reducing the probability that he would not be able to meet
his cost commitments.

Conversely, a farmer with low fixed cost commitments
(high equity) would be more likely to choose a high income
strategy even though it has a high variability. Given a high

equity financial position, the farmer is better able to
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"weather the storm" should bad income years prevail.
Thus, decision makers with low equity are more likely
to select strategies which exhibit low variability. Such

strategies are found in quadrants two and four.

Age of Operator

Age of operator is possibly correlated with financial
position and investment capital. As a farmer moves up the
ladder of success and owns more assets with lower debt re-
tirement requirements, it is hypothesized that he is more
likely to follow strategies, although more variable, present
the opportunity for a large gain. However, as one nears re-
tirement age, the safe or low variability strategies may
again be selected.

Again as was the case with the young operator with
high debt retirement obligations, the decision as to which
strategy to follow could well be based on the variability
of income criterion. That is a strategy which reduces the
fluctuation of year to year income.

For a decision maker to combat the great variability
found in today's markets he must choose a strategy to follow
wisely. But also he must continue to modernize and become
more efficient in use of labor, feed, and land resources. It
is not enough to follow a strategy which is a higher income
strategy if the dairy farmer is not able to attain high

efficiency levels in his use of resources.
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Implications for Michigan Dairy Industry

The implications of this study for the Michigan dairy
industry are not precisely quantifiable. The impact on the
total industry of one dairy farmer changing from growing re-
placements to purchasing from off-farm sources or selling
calves at a veal weight rather than as deacons would be very
small. However, if large numbers of farmers were to do so
the appropriate market reactions would likely occur in those
commodity areas.

Thus, while it is difficult to foresee possible changes
in the strategies of dairy farmers, it is improbable that
all dairy farmers will switch to like strategies. This is
primarily due to the previously mentioned factors beyond level
and variability of income which play an important role in
selection of a strategy. These factors are investment require-
ments, labor requirements, financial position, and age of the
operator. Also, within each category of dairy farmer, the
same strategy choice is not likely. For within each category
the decision maker may be a minimax, maximax, or any other
decision rule user and thereby result in the selection of
different strategies within the same general category. Yet,
there are factors which will have an influence on dairy farms
and the Michigan dairy industry. These factors are: the
changing structure, equity levels, marginal farm numbers, milk

pricing and dairy farm organization.
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The Marginal Dairy Farms

The marginal dairy farm (high production cost per unit
of output or low return per unit of input) may be facing dif-
ficult times if the variability conditions of the recent past
continues. Dairy farming, while one of the more stable agri-
cultural enterprises, has become more volatile. The greatest
yearly income variation can be a factor which would cause
the marginal dairy farms to exit. As increasing risk is
associated with milk production; farmers with lower equity
levels will likely be faced with more years in which fixed
cost commitments- cannot be met. Those operations which do
not have the necessary liquidity to withstand these years

will likely be forced from dairy farming.

Equity Levels

Not only are those dairy farms which are marginal in
the physical production sense in danger of discontinuing
dairy production, but also those farms which are heavily
debt financed. When a marginal dairy farm is mentioned, one
may think of the smaller unit in a poorer agricultural area.
However, the more heavily externally financed dairy farms are
more likely to be the 50 cow or larger farms in good agri-
cultural areas. As will be discussed in detail in the next
chapter, those dairy farms with high debt repayment commit-
ments may also be in danger of discontinuing dairy production.
This is partially due to the greater variability now associated
with dairy farming which results in more years which dairy

farm incomes may fall below cost commitments.
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Dairy Farm Organization

Dairy farm organization may also undergo change in the
future. With more revenue variability dairy farmers may
choose strategies which utilize the principle of diversifica-
tion to reduce variability in income. Thus the decision as
to ration, crop rotation, replacement acquisition, weight
of sale for excess calves will be very important in the
success of the dairy farm. And the decision as to the organ-
ization of the dairy farm will evolve more around variability

considerations than in prior years.



Chapter V Footnotes

1Net income before taxes as used in this research is
gross receipts minus cash expenses (not including property

taxes).

2Due to the difference in investment and labor require-
ments, strategy thirty seven will be discussed independently

of the thirty six dairy business management strategies.

3Note these comparisons are made on the basis of a
whole farm organization and are sensitive to proportion and

covariance relationships which do change from one strategy
to another. This gives rise to the varying magnitudes of

many pairs of strategies which are seemingly comparing only
one variable. In fact the comparison involves much more

than the specific variable examined in a whole farm framework.
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CHAPTER VI

EMPIRICAL RESULTS AND CONCLUSIONS:

NET INCOME AFTER TAXES

" Introduction ’

While before tax income is important for making mana-

1

gerial decisions, the after tax income™ may provide additional

information for the decision maker who is choosing a strategy.
App;ndix C presents the after tax income minimum and maximum
values, mean income, standard error of the estimate in linear
and log N form, and standard deviation of four selected Sus-
iness management strategies over all three time periods. The
four strategies selected are 10, 16, 36, and 37. Strategy 10
was selected for being the 6ne high income strategy which, re-
gardless of time period or measure of variability calculation,
always had the lowest variability for the high income group.
Strategy 36, a low income strategy, was selected because of
its consistency in being a low variability strategy. Strategy
16, a middle income-variability strategy, while not showing
the same degree of consistency in having the lowest variability
for a middle income strategy, was always very close and not
significantly different from the strategy which was lowest.
The all cash crop strategy, strategy 37, was included to give
an indication for the level and stability of a dairy farm

versus a cash crop farm.
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Only the above mentioned four strategies are analyzed
for level and variability of after tax income. They were
selected because of their consistent low variability, for
their income level, and the ease with which results could be
transferred to the other strategies. Also, only four were
selected due to the time required to perform this analysis.

Reduction in Level and Variability
of Income After Removal of Taxes

From the before tax incomes for each of the four sel-
ected strategies are deducted the state and federal income
taxes, self-employment taxes and property taxes.

After taxes were deducted the mean net incomes were
lowered 18.3 to 33.4 percent (see Table 22). The highest
reductions in mean income occurred in the 1970 to 1974 period.
This is attributable to the larger incomes in this period,
the self-employment taxes and graduated federal income tax.
Variability was also decreased after deduction of taxes.
Reductions in variability ranged from 28.3 to 54.2 percent
when using the standard error of the estimate and from 29.2
to 50.3 percent when using the standard deviation.

However, to conclude from Table 22 that the variability
of income streams after taxes was reduced in the magnitude
of 20 to 40 percent would be erroneous.

Coefficients of variation are presented in Table 22.
Here one finds the reduction in variability attributable to

removal of taxes to be approximately 2.7 to 4.4 percent.
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Table 22. Decrease in mean income level and variability
after removal of selected taxes.

Time Period Mean Variability
and Strategy
S.E.E. S.D.
---------- Percent-=—========-
- 1960 to 1969
10 24.2 39.7 40.7
16 21.3 35.4 29.5
36 19.6 33.6 26.2
37 18.3 28.3 29.2
1970 to 1974
10 33.4 48.2 48.6
16 31.9 54.2 50.3
36 28.7 50.6 46.9
37 29.0 36.2 38.6
1960 to 1974
10 28.6 40.2 44.8
16 27.3 44.3 42.7
36 24.7 39.4 39.5
37 24.2 32.4 36.9

These estimates of reduction in variability include the lower-
ing of the mean income level.

The removal of taxes from the incomes of each of the
four strategies did not, however, change the ranking of the
strategies with regard to mean income level or variability.
Strategy 10 has the highest income level and variability;
strategy 16, the next highest mean income level and vari-
ability; strategy 36, the lowest income and variability
for dairy strategies, and strategy 37, the cash crops stra-
tegy has the lowest income of all strategies but the 1argest
variability in the 1970 to 1974 period. For the actual values

of mean net income, minimum and maximum net incomes see the
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first three columns of Table 23.

Table 23. Comparison of variability of selected strategies:
before and after tax income.

Strategy Coefficient of Variation?

1960 to 1969 1970 to 1974 1960 to 1974

10
Before Taxes .150 .152 .150
After Taxes .119 .118 .118
16
Before Taxes .149 .134 .139
After Taxes .123 .090 .109
36
Before Taxes .150 .105 .137
After Taxes .124 .073 .110
37
Before Taxes .288 .286 .369
After Taxes .253 .257 .329

3The coefficient of variation is the square root of
the variance expressed as a percentage of the mean of the

distribution.

Residual Income

To more fully examine the differences in income level
of selected strategies; family living expenses and debt re-
tirement payments are deducted from the net income after taxes.
In Table 24 the maximum, mean, and minimum values of net
income after taxes for the 1970 to 1974 time period are pre-
sented. For this analysis, it is assumed that the future
expected net income after taxes is the mean of the 1970 to

1974 period.
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Family living expenses are calculated by two different
methods and deducted from the after tax mean, maximum, and
minimum net income values (Tables 24 and 25). The result of
this calculation is a residual income. From the residual
income must come any debt retirement payments, any hew capital
purchases, and retained earnings.

The residual income shows the greatest absolute dif-
ference in strategies when examining the maximum values and
the least with minimum values. Strategies 10, 16, and 36
have very similar minimum values of income, but quite dif-
ferent maximum values. This can be attributed to the all
corn grain production and dairy beef production for the high
income strategy.

An examination of the differences in the level of
residual income from calculating family living expenditures
as an average and on the basis of a consumption function
results in a narrowing of the range in residual incomes for
each strategy (Tables 24 and 25). If one is concerned in
the amount that could be available for debt retirement, new
capital purchases, and retained earnings when the family has
a fixed consumption pattern, at this average level use the
figures in Table 24. If the family tends to spend money if
they have it available- use Table 25.

A comparison of strategies residual incomes after the
deduction of debt retirement payments at the fifty percent
equity level reveals that all three strategies (10, 16, and

36) are able to adequately cover this requirement at all
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Table 26. Residual income minus debt retirement payments.l
Strategy Maximum Mean Minimum
Value Value Value
------------------- Dollars=--- - -
50 Percent Equity
10 24,718.02 14,049.53 5,083.05
16 20,834.85 12,976.94 6,600.94
36 14,276.13 8,451.64 3,477.20
37 11,632.85 -1,432.46 -11,842.58
40 Percent Equity
10 20,420.07 9,388.82 571.72
16 16,873.90 8,860.21 2,484.21
36 10,114.42 4,491.54 - 906.30
37 9,411.81 -4,111.81 -1,325.91
1

Debt retirement payments at 8.5 percent interest. Long
term debt is repaid over 30 years and short term 10 years

in equal annuity payments. Long term debt is approximately
2.5 times short term debt.

instances (Table 26). The all cash crop strategy with a
fifty percent equity has a residual income which does cover
the debt retirement commitment at only the maximum value.
At the 40 percent equity level, one of the dairy strategies
(36) is not able to cover the debt retirement payments.
This suggests that at the 40 percent equity level only the
very best of strategies will cover all commitments. For
other strategies, this may range upwards of 50 to 60 per-
cent equity required. Even at the seventy-five percent
equity level, the all cash crop strategy still falls very

short of covering debt retirement payments. Even at the
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ninety percent equity level.

Table 27 shows the average return on investment over
the 1970 to 1974 period. Strategy 16 has the highest re-
turn, yet less than one percentage point separates any of

the strategies.

Table 27. Return on investment.1

Strategy Return on
Investment
Percent

10 9.92

16 10.52

36 9.55

37 9.63

lAt mean after tax income level before debt retire-

ment payments, 1970 to 1974 period. Assets are value at
1975 new price levels. However, most farms do not have all

new machinery, equipment and buildings in any one year.
And therefore, the return on investment presented above

underestimates the situation in which a combinaiton of new
and used equipment and buildings are present.

Conclusions

The four strategies examined in the prior sections of
this chapter all exhibited relatively high minimum income
points when compared to the other strategies (see Figures 8
through 10). These four strategies also have the lowest
variabilities for their income levels (see Figures 2 through
7). As a result, other strategies whose income opportunity

points lie to the right of those examined in this chapter
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will have a greater variability and therefore a larger
probability for years occurring in which cost commitments
cannot be met. Thus, it can be assumed that strategies
having lower minimum income levels than 10, 16, and 36

will have a greater probability of not meeting debt retire-
ment payments.

At the 50 percent equity level, the dairy strategies
covering fixed cost commitments in all instances. The
other dairy strategies not examined in this chapter, may
well require minimum equity levels of 60 percent or higher
to reduce the likelihood of not meeting cost commitments
in low income years.

The all cash crop farm required much higher equity
levels to avoid falling short on debt repayment. Even at
the 90 percent equity level, the minimum income point did

not cover all fixed cost commitments.



Chapter VI Footnotes

lAfter tax income as used in this research is the

before tax income minus federal and state income taxes,
self-employment taxes, and property taxes.
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CHAPTER VII

SUMMARY AND CONCLUSIONS

Summary of Research Procedure

The purpose of this study was to examine the level and
variability of dairy farm income for Michigan dairy opera-
tions. Specifically, the objectives of the study were:

1. to describe the present economic environment in

which Michigan dairy farmers must function,

2. to identify those Michigan}dairy farms which are
potentially most affected by recent changes in
prices of inputs and outputs,

3. to analyze selected business management strategies
for controlling the effects of price and cost
changes on the level and variability of net dairy
farm income,

4. to appraise the implications of adopting alterna-
tive strategies on the Michigan dairy farming

industiy.

Relevant Theory

A thecoretical basis for analyzing the dairy business
management strategies was deduced from decision theory and
the theory of utility functions. Diversification and flex-
ibility principles were also used in the process of management

strategy formulation.
104
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Representative Firm Analysis

An empirical analysis of the level and variability of
net income for dairy business management strategies was
accomplished by developing a synthetic dairy farm. Linear
programming techniques were employed to determine net farm
incomes and labor requirements for selected business manage-
ment strategies for the year 1975.

A linear and logarithmic regression line were then
fitted to the net income estimates for each of the thirty
six dairy business management strategies and one cash grain
strategy. This was done for each of three time periods:
1960 to 1969, 1970 to 1974, and 1960 to 1974.

Thus, for each business management strategy the 1975
income level and mean, maximum and minimum income values,
standard deviation, and standard error of the estimate of

regression were calculated for each of the three time periods.

Empirical Results

A recognition of the following limitations of this
study is necessary for correct interpretation of the empiri-
cal results:

1. The representative firm developed in this study

does not depict all the dairy farms in Michigan.
Many differing herd sizes and technologies are in
existence within the state, however, the results

are assumed to be applicable to the other milk
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producing firms.

The assumptions concerning labor availability may
be unrealistic for some Michigan milk producers.
Some may substitute family labor for hired labor
and others may find it difficult to hire the
qguantity of labor required.

The empirical analysis assumed a constant teéhno-
logy, herd and farm size over time. This also may
be unrealistic, for most farms have not remained
static. Therefore, this research must be referred
to as static in the sense that a strategy with

its corresponding technology and resource base,
once selected, is adherred to through the time
period analyzed. Yet, by following that strategy
through time the research does have a dynamic
aspect.

The estimates of costs of production and field
crop yields were created using averages. There-
fore, some firms will have higher and some lower
costs of production and yields.

The assumption that the past is a good represen-
tation of the future is also crucial in the inter-
pretation of the results. The view of the future
that one holds will determine his actions and

choice of strategy.
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Major Findings

The empirical analysis of the thirty seven business

management strategies resulted in the following major

findings:

1.

The current economic environment (1970 to 1974)

was found to:

d.

Contain greater yearly variability in selected
farm product prices than in past years (1960
to 1969). The coefficient of variation in-
creased from 8.9 to 31.5 for corn grain, from
14.3 to 28.5 for wheat from 6.6 to 20.5 for
oats, and from 10.7 to 22.1 for soybeans in
1970 to 1974 over 1960 to 1969.

Contain greater yearly variability in selected
farm input costs with the exception of farm
wages and 6-24-24 mixed fertilizer than in
past years (1960 to 1969). The coefficient

of variation increased from 9.4 to 59.6 for
soybean 0il meal, from 4.9 to 33.1 for annhy-
drous ammonia, from 2.3 to 31.1 for gasoline,
and from 2.5 to 21.9 for diesel fuel in 1970
to 1974 over 1960 to 1969.

The prices received index increased in vari-
ability during the 1970 to 1974 period. An
increase in the coefficient of variation from

3.04 to 10.47 was recorded. A like increase in
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in the index of production cost items occurred.
The coefficient of variation rose from 1.52

in 1.52 in 1960 to 1969 to 10.67 in 1970 to
1974.

In 1975, it was found through the use of linear

programming that:

a.

Strategy 10 [feeding ration A (a ration con-
taining 50 percent forage dry matter from hay-
lage and 50 percent from corn silage) buying
replacement stock, raising excess calves to
dairy beef market weight, and selling corn
grain from excess crop acres] was the highest
income generating strategy. A before tax and
debt retirement income of $100,304.39 resulted.
Strategy 32 [feeding ration B (a ration con-
taining 100 percent forage dry matter from hay
crops) raising replacements, raising veal from
excess calves, and growing a 50-50 corn grain-
wheat rotation] was the lowest income strategy.
A before tax and debt retirement net income

of $42,942.14 resulted.

When comparing net income before taxes for business

management strategies over three time periods, it

was found that:

Ae.

Strategy 10 was the high income strategy which
consistently exhibited the lowest variability

for the high income range.
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Strategy 34 (feeding ration A, buying replace-
ments, selling excess dairy calves as veal,
and growing a corn-wheat rotation on excess
crop acres) was the low income strategy which
consistently exhibited the lowest variability
for the low income range.

Many strategies were in the center of the
income opportunity graph, all exhibiting
middle income and variability net incomes.
Nonsignificant differences in mean and vari-
ability of income existed for this group.

Cash crop net income is lower than dairy farm
net income in all time periods, but variability
was equally as large as the dairy farm in the

later time period.

A comparison of business management strategy com-

ponents resulted in:

Ae.

An all corn grain rotation on excess crop
acres providing the highest income and the
highest variability for many strategies.

A corn-wheat rotation reducing the variability
over those strategies which contained an all
corn rotation.

The decision to sell excess dairy calves as
dairy beef producing the highest mean income

level, deacons the median, and veal calves the
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lowest. However, this is not consistent with
what Michigan dairy farmers actually do. The
additional labor, feed and facilities required
to raise dairy beef may offset the additional
income for many farmers.

Ration A (50 percent forage dry matter from
haylage and 50 percent from corn silage) was
the highest mean income level ration, ration

B (100 percent forage dry matter from haylage)
was the lowest, and ration C (7 pounds hay
equivalent per day-remainder corn silage) the
median. This was reversed, however in the
1970 to 1974 period when B and C exchanged
rankings for strategies 19 through 36. This
also is not consistent with what Michigan dairy
farmers are doing. A limited availability of
land and labor could reverse these results for
many farmers.

Replacement stock being purchased from off
farm sources versus raising herd replacements

changed rankings from strategy to strategy.

When comparing selected business management stra-

tegies on the basis of net income after taxes it

was found:

a.

The rankings for mean net income level remain

unchanged from the before tax ranking.
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b. The rankings for variability of net income
also remain unchanged before and after taxes.

c. Of the dairy strategies examined, only the
strategies with the lowest variabilities for
their income level were able to always meet
debt retirement commitments and family living
expenses at the 50 percent equity level. The
cash crop strategy was able to cover all ex-
penses only at the maximum value with 50 percent

equity.

Conclusions

The present economic environment has as a character-
istic, variability. Higher price levels and greater fluc-
tuations in agricultural prices have occurred as a result of
many factors. The large volumes of grain exported in the
face of low storage levels has both increased prices and made
the market more sensitive to small changes in supply or de-
mand. The energy situation with the associated price increases
has pushed up the cost of production for grain and livestock
products through fertilizer, gasoline, diesel fuel, and her-
bicide prices. Also, the general inflationary period of the
national economy during the early 1970s increased the costs
of many purchased inputs.

Dairy farms which are potentially most affected by the
recent cost and price changes are those which are not as

efficient in the production of grain, livestock, or milk and
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those farms which have relatively low equity levels. The
farms with high production costs may find small or even
negative incomes in years when price-cost margins are low.
Also, the farm with high debt retirement payments may find
small or negative incomes not unlike those experienced by
the inefficient operation.

However, many factors other than level and variability
of net income are important in the decision process of sel-
ecting a strategy. Such factors as labor and investment
requirements of the strategy, present financial position of
the operator, current farm organization, and the age of the
operator are all very important in the selection of a
strategy.

The recent years, 1970 to 1974, have resulted in more
yearly variability of net dairy farm income. It is for this
reason that dairymen must choose strategies which limit vari-
ability within bounds that permit repayment of debt commit-
ments and meet with their risk avoidance levels.

Yet, one should not be led to believe that by following
a given strategy which has acceptable level and variability
of income, no further management is necessary. The tactical
decisions still remain and are also very important. Market-
ing decisions, the timing of the sale of grains and livestock
as well as the purchase of inputs are crucial in the opera-
tion of a dairy farm. Purchases of needed inputs in volume

or in off-season may be a desirable tactic in following the
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chosen strategy. The use of futures markets may also be

a tool applicable to both purchasing and selling farm
items. Through the use of futures markets, a dairy farmer
would be able to "lock in" the cost of some of the major
feed inputs (soybean meal, corn grain). Also the price of
grain commodities and livestock may be "locked in" at pro-
fitable levels.

The decisions in regard to modernizing or increasing
the efficiency of the dairy farm are also important. Ways
in which production costs per unit of output can be decreased
or a reduction in labor requirements should be carefully
examined and implemented when profitable.

Wise purchases or rental of machinery and income tax
management are other areas of tactical decision making so
important in today's economic environment.

The Michigan dairy farming industry will likely under-
go changes in both the organization of dairy farms and in the
structure of the industry. 1In an economic environment which
has great variability in prices and costs, the dairy farmer
will want to combine enterprises in such a manner so as to
reduce variability while maintaining satisfactory income
levels. This can be accomplished on a dairy farm with various
components of the dairy enterprise or in combination with
other crop and livestock enterprises.

The structure of the Michigan dairy industry will con-
tinue to change toward larger but fewer dairy farms. The

more efficient dairy farm will be better able to withstand
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the price and cost fluctuations. The inefficient and heavily
financed dairy farms may experience financial difficulties

in low price years.

Suggestions for Further Research

Additional research to more fully assist dairy farmers
in their decision making under risk and uncertainty is needed.
Researchable topics‘include:

1. To.what extent will Michigan dairy farm organiza-

tion adjust to the new economic environment?

2. How do dairy farmers react to a new price and cost

environment and how are those decisions made?

3. To what degree will the greater variability in

dairy farm income effect the structure of the

Michigan dairy farming industry?
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Table A2: Cost of production for field crops?

Fleld Crons

Corn
Year Grain Corn Corn

Sold Fed Silare Soybeans Wheat Havlare
1975 99.80 78.30 96.50 L, 65 65.35 50.67
1974 93.60 72.04 92.10 h7.36 62.79 LR.36
1973 68.96 51.09 64.23 34.58 41.95 34.89
1972 59.74 45,01 56.30 31.65 37.19 30.87
1971 57.19 43,47 54.31 30.53 36.05 29.80
1970 54,45 41.49 51.75 29.22 34,44 28.44
1969 52.25 39.80 49.78 28.35 33.27 27.42
1968 51.31 39.77 49,52 28.05 33.54 27.02
1967 50.64 39.66 bg. 49 27.63 33.60 26.78
1966 49.75 38.85 u8.49 27.27 33.23 26.30
1965 Lg.82 38.59 47.99 27.32 33.29 25.67
1964 48.73 38.48 47.60 26.96 33.13 25.54
1963 49.71 39.57 47.83 26.99 34.17 25.67
1962 hg.11 39.18 b7.92 26.64 33.90 25.44
1961 48.36 38.68 47.28 26.27 33.51 25.41
1960 47.93 38.35 h6.86 26.24 33.2“ 25.20

Source: Enterprise Budrets, Michigan State University,
Department of Arricultural Economics, and Aecricul-
tural Product Prices, Crop Reporting Service, U.S.D.A.

3yariable costs, excluding property taxes or a land charge.
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Table Al: Yields for field crops

Corn Corn
Year ) FC M S AN S SN S
1974 80 43 28 10.4 11.4 -
1973 107 37 30~ 13.9 12.2~
1972 116 51 35 15.1 1.4
1971 125 b6 35 16.3* 9.8 "
1970 120 45 38 - 15.6 * 11.9 -
1969 110 48 32 - 14.3 - 10.5
1968 112 43 31- 14.6. 10.37
1967 99 by 28- 12.9 - 9.8~
1966 97 49 29 . 12.6° 9.9
1965 77 L5 23~ 10.0~ 9.1
1964 92 51 30. 11.9 - 8.3
1963 95 45 31 12.4 - 8.5
1962 91 us 25- 11.8v 8.9
1961 101 45 32 13.1 8.3~
1960 81 4o 24 10.5 9.0~

Source: Michiean Crop Reporting Service Estimates increased
to above averapge manarement levels.



119

Table A5: Estimated costs of basic machlinery complement

Item Spec. New Prices?

Herd Size
80
Tractor (Used)? 50 H.P. 3895
Tractor? 38 H.P. 6407
Tractord 53 H.P. 7790
Tractor? 70 H.P. R358
Plow 3-16" 2336
Plow h-16" 2920
Disc 12! 1R0R
Corn Planter 4-Row 2190
Spray Attachment l-Row 4o
Seeder 1315
Field Chopper? 2-R PTO h797
Corn Harvester2(Corn grain only) 2-R Mounted 6240
Corn and Grain Harvester?@

(Corn, wheat, soybeans) Self-Propelled 22,172
Sprayer 32! 1460
Silage Wagons S.U. 960
Grain Wagons 850
Corn Head?® 2-Row 923
Forage Head?2 2-Row 1751
Harrow 16! €57
Cultivator 4-Row 1240
Windrower?2 9' PTO 3580
Truck 3/4 T, : 3650 .

Total Cost: Corn only $66,2310

Corn and Wheat R2,166

4Source: Official Guide: Tractors and Farm Equipment, National
Farm and Power Equipment and Dealers Association,
Spring 1975.
Those not labeled were taken from Darrel Good thesis
and increased to 1975 price levels.
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Table Bl. Net income minimum and maximum values, mean, standard
error of the estimate, and standard deviation of thirty
seven business management strategies,1960 to 1369.

' : Minimum Maximum Mean Standard Standard
Strategy Value Value Error Deviation

(1)RA,R,D,C 30,479.74 56,769.00 40,292.96 6,013.44 10,198.89
(2)RB,R,D,C 27,151.25 48,882.93 35,224.03 5,195.63 8,808.56
(3)RC,R,D,C 26,956.70 51,924.64 37,271.45 5,783.96 9,405.87
(4)RA,BR,D,C 28,905.75 61,118.33 38,361.01 6,317.36 10,915.04
(5)RB,BR,D,C 28,465.36 58,290.65 36,315.24 5,922.31 10,477.99
(6)RC,BR,D,C 27,765.81 61,021.97 38,566.33 6,566.23 11,056.86
(7)RA,R,DB,C 29,714.27 57,293.87 40,248.12 6,545.47 10,325.58
(8)RB,R,DB,C 28,212.39 51,900.82 37,500.26 5,800.33 9,288.02
(9)RC,R,DB,C 28,799.86 55,360.04 39,874.47 6,331.33 9,898.89
(10)RA,BR,DB,C  30,855.19 56,557.49 41,057.44 6,170.40 9,971.05
(11)RB,BR,DB,C 29,918.25 53,854.37 39,109.16 5,843.99 6,575.42
(12)RC,ER,DB,C 29,808.00 56,582.91 40,858.08 6,378.69 10,117.98
(13)RA,R,V,C 27,301.78 53,390.58 37,300.58 6,121.51 9,966.88
(14)RB,R,V,C 26,114.25 48,625.99 34,551.78 5,374.65 8,931.30
(15)RC,R,V,C 27,480.41 54,316.10 38,761.98 6,156.49 9,840.57
(16)RA,BR,V,C 28,514.96 51,004.73 36,331.94 5,539.38 8,733.85
(17)RB,ER,V,C 27,242.02 48,553.18 34,586.17 5,240.45 8,340.75
(18)RC,BR,V,C 27,433.83 50,785.36 36,637.27 5,742.84 8,869.84
(19)RA,R,D,C-W  28,030.36 51,711.64 37,374.41 5,695.56 8, 1865.54
(20)RB,R,D,C-¥  26,877.00 47,781.81 35,108.18 5,069.15 8,351.20
(21)RC,R,D,C-W 26,695.36 48,833.04 36,468.87 5,u454,78 8,193.29
(22)RA,BR,D,C-W 28,5U44.61 57,346.01 37,549.08 5,935.10 9,435.49
(23)RB,BR,D,C-W 28,260.71 56,145.13 36,321.90 5,721.36 9,596.55
(24)RC,BR,D,C-W 27,399.94 56,510.51 37,407.14 6,064.56 9,264.02
(25)RA,R,DB,C-W 29,572.76 55,177.72 39,639.73 6,306.73 9,409.92
(26 )RB,R,DB,C-W 28,027.79 51,049.81 37,351.68 5,728.00 8,929.52
(27)RC,R,DB,C-W 28,579.75 52,359.22 39,121.39 6,023.95 8,732.78
(28)RA,BR DB,C-W 30,612.36 53,087.08 40,195.56 5,849.41 8,862.55
(29)RB,BR,DB,C -W 29,407.45 51,886.42 38,568.56 5,685.42 8,794.49
(30)RC,BR,DB,C-W 29,447.11 52,407.81 39,768.08 5,975.25 8,529.39
(31)RA,R,V,C—W 27,154.59 51,166.96 36,714.55 5,859.94 8,988.24
(32)RB,R,V,C-W  25,961.90 u47,868.58 34,433.33 5,305.66 8,598.83
(33)RC,R,V,C-W  25,864.74 U48,651.22 35,355.41 5,619.46 8,324.03
(34)RA,BR,V,C-W 28,370.09 u47,740.36 36,C%1.82 5,240.99 7,374.08
(35)RB,BR,V,C-W 27,049.92 46,591.22 34,394.51 5,096.74 7,524.93
(36)RC,BR,V,C-W 27,081.00 46,669.38 35,491.48 5,349.39 7,204.32
(37)C-C-s-W 8,080.22 21,209.10 13,550.04 3,913.17 3,818.89

8Net income before taxes, debt retirement payments, return to operator
labor, management, and equity capital.
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Table B2. Net income minimum and maximum values, mean, standard
error of the estimate, and standard deviation of tgirty

seven business managemont strategles,1970 to 1974/

Strategy

Minimum
Value

Maximum
Value

Mean

Standard
Error

Standard
Deviation
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57,283.93
49,854,21
53,855.26
52,476.49
48,969.02
52,467.32
56,553.06
52,400.72
56,897.32
56,974.55
53,613.90
57,109.90
53,960.09
49,806.99
56,467.62
55,662.69
52,154,22
55,653.52
52,086.01
49,541.19
51,390.88
49,445,17
47,305.19
43,880.06
54,741.70
51,776.27
54,524.63
54,237.30
52,097.58
53,777.26
52,057.59
49,261.50
51,432.82
52,876.73
50,493.94
52,086.58

'17,711.06

86,315.46
79,027.7“
79,883.01
99,352.21
96,439.93
98,697.73
85,451.30
83,470.46
84,875.91
90,822.14
88,547.94
88,966.17
81,002.06
79,020.38
85,618.83
82,843.16
80,404.82
80,723.11
78,473.35
78,126.02
T74,543.11
93,612.07
93,162.04
91,824.71
81,008.33
81,214.77
77,611.91
84,153.60
83,703.87
82,608.34
76,560.85
76,982.55
72,715.93
73,891.11
74,981.04
69,601.99
53,842.57

71,"36.77
64,530.69
66,615.97
71,712.54
68’995025
70,729.75
70’813.91
67,419.84
70,030.33
73,511.54
70,950.93
72,681.92
67,629.76
64,234.88
70,635.15
68,256.01
65,538.72
67,273.22
64,101.49
63.331.24
61,806.00
65,862.08
65,620.98
63’703092
67,194.70
66,054.62
65,346.83
68,089.98
67,849.14
66,189.73
63,825.61
63,011.97
61,604.69
62,665.60
62,167.14
60,268.93
32,757.91

9)338'71
8,719.78
9,958.25
13,145.91
12,075.20
14,045.46
9,512.97
9,115.57
10,196.85
11,214.37
10,450.26
11,677.72
9,071.55
8,687.52
10,800.42
9,193.10
8’757036
9,394.57
7,783.77
8,359013
8,120.16
11,641.37
11,058.56
12,427.67
7,991.43
8,429.79
8,288.29
8,970.79
9,047.01
9,234.01
7,478.21
8,058.59
7,796.97
6.620.13
7.160.87
6,358.12
9,385.19

13,255.02
12,815.62
12,415.07
19,725.94
19,686.81
19,626.70
13,352.76
13,312.66
12,860.13
15,640.60
15,714.25
15,366.41
12,357.86
12’315059
13,471.23
10,907.51
11,042.76
10,541.32
11,827.38
12,061.78
10,952.99
18,457.61
18,913.08
18,157.13
12,248.28
12,843.03
11,378.49
14,009.28
14,753.18
13,478.19
11,182.56
11,879.08
10,318.82

8,920.39

9,848.68

8,123.36
15,656.40

8Net income before taxes, debt retirement payments, return to operator

labor, management, and egqulty capital.
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Net income minimum and maximum values, mean, standard

error of the estimate, and standard deviation of thérty
seven business management strategies, 1960 to 1974.

Strategy

Minimum
Value

Maximum
Value

Mean

Standard Standard

Error

Deviation
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30,479.
27,151.
26,956.
28,905.
28,465,
27,765.
29,714,
28,212.
28,799.
30,855.
29,918.
29,808.
27,301.
26,114,
27,480.
28,514,
27,242,
27,433.
28,030.
26,877.
26,695.
28,544,
28,260.
27,399.
29,572.
28,027.
28,579-
30,612.
29,407.
29,447,
27,154,
25,961.
25,864,
28,370.
27,049,
27,081.

8,080.

T4
25
70

86,315.
79,027.
79,883.
99,352.
96,439.
98,697.
85,451,
83,470.
84,875.
90,822.
88,547.
88,566.
81,002.
79,020.
85,618.
82,843,
80,404,
80,723.
78,473.
78,126.
74,543,
93,612.
93,162.
91,824,
81,008.
81,214,
77,611.
84,153.
83,703.
82,608.
76,560,
76,982.
72,715.
73,891.
74,981.
69,601.
53,842,

46
T4
01
21
93
73
30
46
91
15
94

50,674,
Ly, 992,
47,052,
49,203.
46,933.
48,679.
50,436.
47,473,
49,926,
51,875.
bg,723.
51,466.
47,410.
4u, uy6,
49,386.
47,910.
45,641,
47,386.
46,283.
4y, 548,
Ly, 914,
46,578.
45,480.
45,564,
48,857.
46,919.
47,863.
49,493,
48,395.
48,575.
45,751.
43,959.
4k, 438,
45,480,
44,189,
4y,288.
19,952.

6,958.
6,375.
7,298,
7,703.
7,246,
8,030.
7,564.
7,032.
7,644,
7,787.

5,919.
6,099.
9,161.

73
13
02
83
69
72
90
61
36
73

.82
.10
.80
.1u
.73
072
A7
.63
.02
.88
.69
.57
LUl
.97
.97
43
.32
.90
.42
.12
.80
.08
.36
.08

83
64
66

88
02
03
49

18,654.
17,358.
17,491,
20,869.
20,479.
20,620.
18,491,
17,867.
18,076.
19,610.
19,258.
19,349.
18,069.
17,446,
18,867.
17,859.
17,462.
17,567.
16,142,
16,622.
15,175.
18,267.
18,927.
17,496,
16,730.
17,162.
15,804,
17,004,
17,738.
16,275.
16,206.
16,802.
15,258.
15,065.
15,768.
14,128,
12,932.

aNet income before taxes, debt retirement payments,return
labor, management, and equity capital.

to operator
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Table BlY: Strategy rankings 1960 to 19714

Strategy Ranking
Mean Income(l) Standard Error(z) Standard(2)
of Estimate Deviation
(1) 3 15 27
(2) 29 6 15
(3) 20 25 1R
(4) Q 32 36
(5) 19 22 3L
(6) 11 35 35
(7) ly 29 26
(8) 16 17 p)
(9) 5 31 24
(10) 1 34 33
(11) 6 27 31
(12) 2 36 32
(13) 17 1R 23
(14) 32 8 16
(15) 8 33 29
(16) 14 10 28
(17) 25 5 17
(18) 18 16 20
(19) 23 11 7
(20) 31 u 10
(21) 30 9 3
(22) 22 26 25
(23) 28 22 30
(24) 26 30 19
(25) 10 21 11
(26) 21 14 1L
27) 15 19 6
(28) 7 24 13
(29) 13 20 21
(30) 12 28 9
(31) oL 12 8
(32) 36 7 12
(33) 33 13 it
(34) 27 2 2
(35) 35 1 5
(36) 34 3 1

(1)
(2)

1 equals highest income
1 equals lowest variability



124

Table B5: Strategy rankings 1970 to 1974

Strategy Ranking
Mean Income(l) Standard Error(Z) Standard(e)
of Estimate Deviation
(1) L 22 21
(2) 25 14 18
(3) 18 25 17
(4) 3 35 36
(5) 9 33 35
(6) 7 36 34
(7) 6 P 23
(8) 14 19 22
(9) 8 26 20
(10) 1 30 29
(11) 5 27 30
(12) 2 32 2R
(13) 13 18 16
(14) 26 13 15
(15) 7 28 24
(16) 10 20 7
(17) 23 15 8
(18) 16 23 5
(19) 27 5 11
(20) 30 11 13
(21) 34 9 6
(22) 21 31 32
(23) 22 29 33
(24) 29 34 31
(25) 17 7 14
(26) 20 12 19
(27) 23 10 10
(28) 11 16 26
(29) 12 17 27
(30) 19 21 25
(31) 28 Yy 9
(32) 31 8 12
(33) 35 6 y
(34) 32 2 2
(35) 33 3 3
(36) 36 1 1

(1)
(2)

1 equals highest lncome
1 equals lowest variability
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Table B6. Strategy rankings 1960 to 1969

Strategy Ranking
Mean Incomézl) Standard Error(2) Standard(2)
of Estimate Deviation
(1) 3 25 32
(2) 31 3 14
(3) 21 17 22
(4) 12 31 35
(5) 24 22 34
(6) 15 36 36
(7) 4 35 33
(8) 17 18 21
(9) 6 33 28
(10) 1 30 30
(11) 11 19 25
(12) 2 34 31
(13) 20 28 29
(14) 34 8 17
(15) 13 29 27
(16) 22 10 12
(17) 33 5 5
(18) 25 16 16
(19) 19 13 15
(20) 32 1 7
(21) 26 9 Yy
(22) 16 23 24
(23) 27 14 26
(24) 18 27 20
(25) 8 32 23
(26) 9 15 18
27) 10 26 11
(28) 5 20 10
(29) 14 12 13
(30) 7 24 8
(31) 23 21 19
(32) 35 6 9
(33) 29 1 6
(34) 28 y 2
(35) 36 2 3
(36) 30 7 1

(1)
(2)

1 equals largest mean income

1 equals lowest variability
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Level and variability of after tax income for selected
strategies
Strategy Minimum Maximum Mean SEE S.D.
Value Value
1960 to 1969
10 25,040.00 39,836.00 31,081.10 3,718.21 5,916.05
16 22,985.00 38,447.00 29,052.10 3,580.01 6,156.03
36 22,609.00 36,346.00 28,508.50 3,554.09 5,318.67
37 7,291.00 16,652.00 11,063.70 2,805.60 2,703.07
1970 to 1974
10 40,517.00 59.085.00 48,950.00 5,813.02 8,036.36
16 40,062.00 53,517.00 46,438.80 4,214.90 5,414.79
36 38,472.00 47,962.00 42,944.80 3,138.86 4,308.59
37 13,526.00 35,616.00 23,243.40 5,992.37 9,607.88
1960 to 1974
10 25,040.00 59.085.00 37,037.40 4,373.25 10,815.51
16 22,985.00 53,517.00 34,847.67 3,828.38 10,233.03
36 22,609.00 47,962.00 33,320.60 3,698.43 8,550.44
37 7,291.00 35,616.00 15,123.60 4,990.21 8,148.13

8after tax income is the before tax income minus property taxes,
state and federal income taxes, and self-employment taxes.
therefore the return to operator labor, management, and equity capital
pPlus the amount available for debt retirement purposes.

bIncome averaging was not used.
used, a reduction in variability would likely occur.

It is

If income averaging had been

However, it is

not believed the reduction would be large or would change the rankings.
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