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ABSTRACT
SYSTEMS SIMULATION MODELING OF A BEEF CATTLE ENTERPRISE
TO INVESTIGATE MANAGEMENT DECISION MAKING STRATEGIES

By

Michael Raymond Jaske

Management decision making can be greatly improved by provision
of better information about alternative choices to the decision maker.
The complexity of agricultural systems, and livestock ones in partic-
ular, has resulted in considerable neglect in early model building
efforts to supply better information. Simulation models have the
capability of surmounting many of the problems of modeling complica-
ted dynamic system behavior. This thesis develops a simulation model
of a general beef cattle enterprise to allow investigation of alter-
native management decision making strategies.

The model simulates the behavior of the major physical and
financial variables of the enterprise through time. Although the
model is intended for general use, attention has been concentrated on
modeling of the land extensive cow/calf range operation. The model
consists of five major components and several secondary components.

Major components are (1) cattle demography, (2) forage growth, (3)

feéd stock accounting, (4) nutrient impacts on growth and reproduction,

and (5) management decision making. The financial component is the
most important component of the secondary group. Land allocation
among alternative uses and crop production are not modeled and are

arbitrarily specified by the user. A large FORTRAN computer program
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Michael Raymond Jaske
and subroutines accomplish this system simulation.

A highly disaggregated herd population model allows full explor-
ation of population dynamics. Using TDN as the basic feed quality
descriptor, and net energy for growth and maintenance where possible,
the nutrient impact component predicts rates of weight gain and repro-
ductive dynamics as a result of feed intake. Forage growth is modeled
as a function of the exogenous weather variables of solar radiation,
temperature, and rainfall. The financial component determines revenue
and cost as a result of physical events and these determine the effect
on profit, cash flow, depreciation, taxation, and debt levels.

The management component has been developed to provide for the
needs of managers in ongoing operating decisions as well as investment
planning. Detailed control variables allow realistic simulation of
events of interest to managers. The interactive structure of the com-
ponent, with straight forward decisions made endogenously following
standard economic criteria and more complex decisions made exogenously
by the model user, is implemented in a batch mode to allow creation
of files storing the model's values at decision points where user
control is required. A decision tree of alternative courses of action
can be developed by cataloging the files created at each encounter of
a decision point.

Three examples of management strategies are evaluated to demon-
strate the capability of the model to assist decision makers. These
are (1) early versus late calf weaning, (2) the rate of cattle herd
development in investment projects, and (3) general profit maximiza-

tion. These examples are discussed in terms of financial criteria.
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The thesis concludes with a summary of the accomplishments that
have been realized, conclusions about the worth of the model and the
demonstration examples presented, and a discussion of the current
state of validation of the model along with improvements and extensions |

which appear to be helpful.
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CHAPTER I

INTRODUCTION

This thesis discusses the development of a simulation model of a
beef cattle enterprise and the use of this model as a tool to investi-
gate alternative management strategies available to the operator of that
enterprise. Although a general model of an individual enterprise has
been developed the emphasis of this thesis lies in the land extensive
cow/calf operation. Coordination of this thesis with work in the
Department of Animal Husbandry by Schuette has allowed incorporation of
that work in the nutrient impact component allowing considerable detail
in investigation of questions of nutrient feed intake on cattle growth
and reproduction. An interactive management decision making component
allows the user of this model to control the decisions made which affect
the long range behavior of the enterprise.

Chapter II discusses general concepts of systems, modeling, simula-
tion and uses of simulation models. These ideas are the foundation
upon which this thesis is based. Chapter III presents the general scope
of the problem, reviews the relevant literature and previous approaches,
and finally gives the detailed problem statement. Chapter IV gives a
description of the model and its components without extensive use of
mathematics. Chapter V presents the model and its compoments, both
minor and major, in detail and lists all variable definitions in an
appendix. The mathematical models used, the major assumptions made,
and the exact equations upon which the computer programs are based
are presented in this chapter. Chapter VI reviews the validation

1
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procedures used to develop evidence that the model and its components
properly represent their real world processes. Sensitivity testing of
some model parameters is also presented to assist in identification
of those capable of significantly altering the system's behavior.
Chapter VII reviews the results of several demonstration examples of
the capability of the simulation model to assist in various decision
making evaluations. Chapter VIII presents the conclusions drawn from
the construction and use of the model, reviews the results of the
demonstration examples, and discusses areas of improvement and exten-
sion of the model.

It is anticipated that this thesis will be read by three distinct
groups of persons--systems science professionals, animal husbandry
specialists, and management personnel. Because of the widely varying
backgrounds of these three groups in terms of mathematical expertise
and familiarity with computer simulation studies, not all of the mater-
ial presented here is readily understandable by all readers. Specific
chapter groupings will be recommended for each potential audience in
order to facilitate understanding. Systems science professionals
should read chapters 3, 4, 5, 6, 7, and 8. Animal husbandry special-
ists should read chapters 2, 3, 4, 6, 7, and 8, while management per-
sonnel should read chapters 2, 3, 4, 6, 7, and 8. An Appendix is
provided which lists background references of particular interest to
readers not familiar with systems science who wish to become acquaint-

ed with it in more detail.
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CHAPTER II

GENERAL CONCEPTS

This chapter is written as an aid in understanding for those
readers who do not have experience in systems studies or in the devel-
opment and use of simulation models. Four important topics will be
covered. First, some essential systems concepts will be presented;
these form the basis for the entire approach used in this thesis.
Second, modeling will be discussed in terms of the steps in model
development, alternative modeling approaches, and useful diagrammatic
conventions. Third, the idea of simulation will be briefly explained.
Finally, simulation models will be examined from the point of view of
the limitations and capabilities of different uses. This chapter will
not be necessary for those having a systems background, or those with
previous experience in simulation modeling.

What is the rationale for using the "systems approach’ in studying
a beef cattle enterprise? The systems approach to problem solving is
a general technique of analyzing needs to determine goals and evaluating
alternative ways of achieving the desired goals. It offers the manager
of an enterprise an opportunity to test management decisions to
increase profitability, as well as the initial planning on which an
investment is based. Although systems as an organized science is
relatively new, the techniques and methods are drawn from the basic
engineering disciplines. Systems studies and methods were first used
in the aerospace industry because of the very complex problems typically
encountered: the Apollo project is a notable example. During the
1960s business applications started as manufacturers realized that

3
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complicated production and inventory problems could be analyzed and
solved using a systems approach. In more recent years the scope of
systems studies has broadened rapidly. Extensions to economic and
socio-economic systems, especially in large aggregate models, have
become common. Systems studies are also being applied to smaller
scale systems such as pest management and river ecology; these can
become extremely complex when the myriad of details formerly neglected
are included. The remainder of this chapter is devoted to building
the basic foundation for the systems analysis application of this

thesis.
II.1 Systems Concepts

This section will present some basic ideas and concepts of the
systems approach to problem solving. These are the philosophy on
which the methodology is based, the terminology most frequently used,
and common graphical methods of representing the behavior of the
system being analyzed. The Appendix to this thesis consists of a
specialized bibliography that should be consulted for a thorough
treatment of the material presented in this chapter.

The methodology of the systems approach is based on a philosophy
that views a problem globally, i.e., from the broadest possible
perspective. The problem can be either one of design of a new system
or of control of an existing system. To solve a problem one must first
define it, but defining a problem requires knowledge of what one is

attempting to accomplish. The desired goals of the problem must be
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translated into specific objectives that are to be accomplished.
Knowledge of these objectives is vitally important to successful
solution of the problem. These are found via a needs analysis
involving all participants in the problem. If there appear to be
several feasible ways to accomplish some of these objectives, then
one must select from among the alternatives. Tradeoffs among various
objectives must be resolved when they are in conflict. The designer,
the manager, and the ultimate user should all have an opportunity to
participate in assigning weights to the different objectives of the
problem. This definition and selection process is highly iterative.
The intent is to discover the solution which best meets the objectives,
not merely to find a solution. The systems approach to problem
solving is an organized methodology for developing specific problem
objectives from the desired goals, and using these objectives to
evaluate and select possible alternative solutions

Clarification of the terminology used in any discussion greatly
assists in the communication process. A number of words and phrases
have meanings specialized to systems science; these are defined below
along with an example in the context of a beef cattle enterprise.

1. System--a collection of components with some form of regular
interaction.

example--the beef cattle enterprise itself
2. Causality--the concept of identifying the cause and its

resulting effect, a cause precedes its effect in the
time sequence of events
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example--a decrease in rainfall (the cause) resulting in a
slowdown in forage growth rates (the effect)

Input variables--variable consciously brought into the system
to affect its behavior

example--feed crop purchases for use as cattle feed

Output variables--those variables which represent the
result of the system's operation and of the input
variables.

example--animal sales to the market

Component--an identifiable grouping of relationships between
input and output variables.

example--forage growth and removal through grazing

Controllable inputs--inputs to the system that are con-
trollable by some policy action.

example--purchases of feed grains

Uncontrollable inputs--those desired inputs to a system
which cannot be controlled.

example--amount of water naturally available on a pasture

Exogenous inputs--those inputs to the system as a result of
the system operating within an environment with
influences on the system.

example--cattle prices

System parameters--particular values affecting the operation
of the system through its structure.

example--basic photosynthetic efficiency of forage species
Transient--the time behavior of the outputs which result

from zero level control inputs, commonly transient
behavior decays toward zero with time.

example--changing age distribution of the breeding herd when
culling is stopped







11. Steady state--the output variable behavior after all transient
effects have died away

example--the final age distribution of the breeding herd
after changing effects are eliminated.

12. Asymptote--the limiting value toward which a gequence of
numbers approaches.

example--the total births of a calving season toward which
the accumulated number of births approaches over time

13. Stochastic variable--a family of random variables, the
elements of which are functions of some other variable,
commonly time.
example--monthly rainfall as a function of time of year “
This list of terms is by no means exhaustive, but it does cover the
major terminology that will be encountered in this thesis.
Graphical representations are frequently more easily understood
than verbal descriptions. Systems diagrams take advantage of this
perceptual characteristic of humans to present very concise systems
representations. The following diagrams are general ones outlining

in diagrammatic form the terms defined above. ‘

1.2 Modeling

Modeling is the process of developing a mathematical description
of the interrelationships between the input and output variables of
the system. The model is the resulting description. To model an
object or a process, whatever its nature, requires one to specify the
most important of that which is known about it. Not uncommonly,

several variables are known to be important, but the exact relationships
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are unclear. The modeling process can be very helpful simply by forcing
oneself to be specific about ideas not usually articulated clearly.

Much greater understanding of a process can be gained by those who
attempt to model it because they are required to integrate together

all known features. This section will present steps of model develop-
ment, validation of the model, various approaches to modeling itself,
and some diagrammatic conventions. Only models using mathematical
equations will be included in this discussion because that is the type
used in this thesis.

An all important first step in model development is concept
selection. What is the concept we wish to model? Different concepts
of the same object or process are possible depending upon the view
point of the modeler. For example, consider the process of forage
plant growth. All concepts of this process must interrelate the
exogenous inputs of weather to the outputs of plant growth. One
concept of this process could take a mass and energy balance approach
using the requirements of growth: solar radiation, carbon dioxide,
water, and soil nutrients. This would require development of math-
ematical relationships for root uptake of fluids, photosynthesis,
respiration, and transpiration. Another concept could take a less
fundamental view by using experimental observations to allocate the
energy intake from solar radiation to growth depending upon the relative
"productive quality" of water, temperature, and soil conditions. A

model based on the first of these concepts would be able to examine
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certain aspects better than the second, but by being more comprehensive
it would be harder to develop. It would be more likely to run up
against the unknown in the biochemistry of growth. These two concepts
of plant growth would be used for different types of investigations
requiring different levels of detail of the process. If a highly
detailed model is desired, but the data to provide parameter values
and variable relationships is unavailable, then the structure of the
detailed model can be developed using crude working guesses until
better information can be incorporated into the model. Selection of
the concept, then, is important for it should be compatible with the
use of the overall model one is developing.

Once the concept has been selected, then the model itself must
be developed. Here one must be careful to include variables and
relationships which are relevant; one should exclude variables and
relationships which are irrelevant. Both are equally important. The
reason for this is simply that time and energy can be saved by excluding
variables and relationships which have no direct bearing on the process
being modeled. For example, in a model of the forage growth process,
solar radiation, temperature, rainfall, and soil nutrients are important.
Relative humidity has some effect on transpiration, but in the overall
process of growth it is relatively unimportant and may be excluded.
Relative humidity is irrelevant in this case. Variables and relation-
ships which are pertinent should be included; in general, those not

pertinent should be excluded from a model.
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11

A common discovery in models composed of a number of components
is that the individual components may be known rather precisely, but
the interactions between them are indistinct., This is partly a result
of increasing specialization in research, and partly from an inability
of human beings to grasp the whole picture of what is happening in a
large and complicated process. Fortunately, the use of the systems
approach in multidisciplinary applications has alerted a number of
people to this tendency in research, and one can hope that these gaps
are soon eliminated.

A basic decision to be made early in the model development
process is whether the model will be broken up into components or
developed in its totality. From a mathematical and computational
viewpoint it would be better for the entire model to be developed at
once. This is not the usual method. Most frequently a model can be,
and is, divided into separate components with each component developed
separately. The component model interactions can be remembered easily
with the aid of diagrams such as Figure 2.2. An advantage to component
development is that concept selection is easier for a less comprehensive
process. Other advantages are the ability to use component models
developed elsewhere, and the ability to test the model much sooner than
if the entire model were developed at once. The last reason is
particularly important in validation of the model. The model developed
in this thesis follows the component organization pattern.

Validation of the completed model is one of the most important

steps in its development. Validation is the basic process of verifying
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12

that the model correctly represents the real world it attempts to
describe. One can never be fully satisfied that the model is totally
correct, but use and experience with the model can bring confidence.
Generally validation can be assured by checking that the model is
logically consistent, follows intuitively obvious patterns, and is
able to track historical data. In many instances there is no historical
data to track, however, and confidence in a model's validity can only
be gained with use. When the model is of an existing system of which
information can be gathered, then a model can be validated by prediction
of the future. This approach works well in business management models
as the system--the business--is monitored frequently, and data is
regularly collected. Confidence in the validity of the model is gained
when the model and the real world agree, When they do not agree then
the model can be improved by using this newly recorded historical
information. Only when a model has passed the validation stage should
it be considered an adequate description of the system it represents,
Two final steps in the model development process are sensitivity
testing and stability analysis. In some senses these are both means
of checking the validity of a model, but they go beyond merely that.
Stability analysis and sensitivity testing are procedures whereby
individual and groups of model parameters are adjusted and the model
outputs observed. Sensitivity of a parameter is said to exist when
small changes in the parameter are followed by large changes in the

output variables. In the sense of validity testing the model behavior
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13
should match the real world. In many cases, the parameter in the real
world is unknown, so the knowledge that it is sensitive in the model
cannot be used to validate the model directly, This information is
very useful, however, in directing the research going on in this area.
Sensitivity of a parameter indicates its importance in the operation
of the system; if past and present research have overlooked this
parameter, then redirection of efforts should be beneficial. Stability
of a model or a particular parameter set is said to exist if transient
fluctuations induced by sudden input changes diminish, so the model
outputs adjust to a steady state. This aspect is particularly important
in designing systems or in determining policies for controlling
existing systems; undamped oscillations are usually very undesirable
behavior. As an example, excessive seasonal fluctuations in herd size
would be undesirable. As with formal validity testing, the information
gained in sensitivity testing and stability analysis is used to verify
that the model is correct or to improve the model.

There are several approaches to modeling that can be selected by
the modeler depending upon the system and the intended use of the model.
A major characterization of a model is whether it is static or dynamic,
A static model is one in which time plays no role; the model only
describes variable interrelationships at one instant in time. For
example, a static model is the optimization of crop sales and purchases
for feeding uses at crop harvest time. A dynamic model includes time;
variables may change their values from one instant to another. Even the

relations between variables can change with passing time. An example
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of a dynamic model is the relation between quantity of feed consumed
and amount of weight gained in growing cattle. Another classification
for models is "black box" versus structural. "Black box" models
essentially deal with input and output variables; the inner workings
of the real world process are useful only as a guide in selection of
variables to use. This approach can only work if historical data are
available from which input/output relationships can be determined, for
example by regression analysis. Structural modeling derives its name
from models which incorporate the structure of the real world. Structural
modeling is more complex than "black box" modeling, because frequently
the exact structure is unknown. Nevertheless, structural modeling is
the approach used when feasible because greater confidence in the model's
representation of the real world exists.

No model will ever be perfectly representative of the process it
seeks to describe. Man's knowledge of the world is too limited for
that to occur. Even the totality of man's understanding may not, and
probably will not, be included in a model. There is simply too much
information to use, and the relation of the parts to the whole are

indistinct. One must always work with models that are imperfect in

some way. As human understanding grows and is incorporated into
models, they will perform better and have fewer shortcomings. Even
imperfect models are still valuable because they are so much better
than no model at all. This last point bears repeating; generally

models are so much better than no model that the imperfections are
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gladly tolerated. Decisions based on use of a model will be very
useful and correct provided the limitations and imperfections of the
model are recognized.

Decision making is a process which involves uncertainty. This
uncertainty arises from lack of understanding of the process in
question, sampling errors in the data collected to represent the real
world, and the presence of stochastic variables. Imperfect models
are a result of this lack of understanding of the process, or perhaps
conscious exclusion of factors thought to be irrelevant. Proper
qualification of the predictions of models, and experience in using a
model should reduce the uncertainty due to model imperfection. This
still leaves the basic sources of uncertainty in decision making.
These can be partially overcome by certain statistical methods (Monte
Carlo usage of modelsl), but never completely eliminated. In short,
decision making will remain risky.

Modeling is greatly assisted by graphical aids that present
concise visual representations of the interrelationships among
variables. The human eye can readily discern the multiple interactions
between variables in graphical form; whereas it is much more difficult

to observe these relationships in a series of mathematical equationms.

1. Hahn, G.J., "Sample Sizes for Monte Carlo Simulation", IEEE
Transactions on Systems, Man, and Cybernetics, No. 1972, pp. 678-680.
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@) = ©) add quantity (1) to quantity
(2) to get quantity (3)
+
(2)
(1) 3)
T multiply quantity (1) by
quantity (2) to get (3)
(2)
1) (3) divide the numerator (1) by
the denominator (2) to get
d quantity (3)
)

@ @ integrate quantity (1) to

get quantity (2)

(€5) @ differentiate quantity (1)

to get quantity (2)

@ - take the value of quantity

(1) to use at location A

Figure 2.3 Block diagram symbols for mathematical operations
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11.3 Simulation
Development of a model as a mathematical description of a system

is an extremely useful and beneficial undertaking, but it is only the
first step. Solving the equations that make up the model is the next
step. As the size and complexity of models increase, the difficulties
in finding a solution become greater. While several possible methods
are theoretically available for determining a solution, the one se-
lected is nearly always closely related to the size of the problem.
Models that are amenable to analytic solution are generally very
small; for this reason modeling was not a very well-developed study
before the introduction of the modern digital computer. Simulation
is a particular method of solution for a model which employs the
computer.

A simulation model is a further abstraction from the real world,
beyond a mathematical model, because certain approximations have to
be made to make the mathematical model solvable. The most important
approximation is one dealing with the time dynamics of a model. The
infinite number of points lying between the starting and stopping
times would present an impossible task if each were to be solved. A
simulation model uses discrete time instances to approximate the con-
tinuous time which actually exists. Using discrete instances in time
makes the number of points where the model is to be solved finite,
and thus open to reasonable computation. Simulation, because of its
ability to easily handle time dynamics, is the method of model
solution frequently chosen when a model includes time.

The use of discrete time in place of continuous time is an

approximation that inevitably introduces error into the solution that
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is obtained. The size of this error is generally a decreasing function
of decreasing step size (the interval between time points used). The
number of steps required is inversely proportional to the step size,
as is easily shown. The modeler is then confronted with a classic
tradeoff; a tradeoff between simulation error and cost of running the
model. There is no best step size to use, as a widespread rule of
thumb calls for the smallest step size the project budget can afford.
Another criterion frequently used employs the information obtained
from running the model with successively smaller step sizes until an
asymptote is reached for an important output variable. By assuming
that the asymptote value is correct, one can choose the step size
giving a value within the desired range of error. The following figure

1llustrates this idea.
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Figure 2.4 Relation between simulation step size and simulation
error
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Simulation offers an advantage as a method of model solution
because it is able to utilize the organization pattern of computer
programming. A program is the main section of instructions directing
the computer to perform specific operations, A subroutine is a sec-
ondary section called from the main program, Simulation can be
handled as a program with subroutines as components. Changes in
component models then mean changes in the subroutine simulation
models, A model can be made operational rather quickly by inserting
dummy subroutines that have the proper interaction and connections,
but which may not actually perform any calculations or have a mean-
ingful effect. Debugging of each individual subroutine is much easier
than would be debugging for one single program model. This advantage
is another practical reason that the model development process uses
component models more often than large integrated models.

Simulation is then, first of all, a method of determining a
solution to the mathematical model. In practice, a simulation model
is a further abstraction from reality because it makes approximations
that need not be made in the mathematical model. There are tradeoffs
to be evaluated and made, mainly between simulation-induced error
and cost of running the model. The advantages of component models
in reducing the debugging time required are an asset to simulation.
Finally, simulation is an extremely valuable technique for developing

solutions to models possessing time dynamics.

I1.4 Uses of Simulation Models
Simulation models can be used in a wide variety of ways.

Important among them are testing specific cases, running "best versus
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worst" cases, Monte Carlo applications, and optimization of objective
functions. The goals of the user, the available budget, and the char-
acteristics of a particular use are all important elements in selection
from among these. This section will discuss alternative uses, the
decision criteria for choosing among them and the limitations, capa-
bilities, and costs of each, Costs will be viewed primarily in terms
of the number of simulation runs required for that use.

A fundamental use of simulation models is testing alternative
parameter and input variable values to determine the outcome. This
use allows a very creative interaction between decision makers and
the model as they are able to test various ideas and intuitions. A
major benefit that occurs is the learning experience on the part of
the decision maker as he gains a better feeling for how the system
works, The ability to interact with the model, learn from previous
trials, and try new values not previously felt helpful is very valu-
able. In this use the simulation model functions as a tool of the
decision maker, extending his ability to evaluate the outcome of
particular pol‘icies.

An example of this use of simulation models can be found in a
model of cattle grazing on natural pasture. A management policy over
stocking rates is necessary to maximize the effective use of forage
growth. A ranch manager can experiment with different stocking rates,
and evaluate their effectiveness by using the weight gain of the cattle
at the end of the season as the desired output variable. The manager
can gain a better understanding of the grazing process by using the
simulation model to test his intuition and the traditional methods of

grazing control.
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This first use of simulation models is extremely easy to organize.
The cost is quite low, since only one run is required for each test
case. A limitation is that a single run of a deterministic model
says very little about the likelihood of that outcome if there is any
randomness in the real world system. If randomness has been incorpo-
rated into the model to reflect the real world, then a single run is
not sufficient to allow choice between alternative values of parameters
or control variables. An additional limitation is that one may be
uncertain how to go about modifying the choice of control variables
to improve upon the outcomes of a previous run.

Perhaps the easiest way of dealing with aspects of randomness
in a simulation model is to devise the worst and best cases of inputs
that could be encountered. By running the model with these two cases,
one can determine bounds on the outcomes that should not be exceeded
in the real world system. All other outcomes will be contained within
the "envelope" determined by the best and worst cases. This method
is only slightly more difficult to use than the first. A limitation
is that "best and worst" cases may be difficult to determine, espe-
cially when there are multiple sources of randomness in the real world
system. Another limitation is that one still does not know the most
likely outcome, only the bounds on the outcomes. Costs are quite low
for this use of simulation models, since only two runs are required
to evaluate each parameter or input variable desired.

A much better method of dealing with randomness in the model is
using the simulation model in a Monte Carlo mode. This requires that
the probability distributions of each source of randomness be known;

perhaps a difficult requirement to meet, A run of the simulation model
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4 is made with particular values drawn from properly random sources for
each stochastic variable. All output variables of interest are re-
corded. Another run is made with a new set of random variables,
again drawn from the proper distributions, and the outputs recorded.
After a sufficiently large number of runs have been made, the sta-
tistics of the outcomes can be computed with confidence. Mean and
variance would be the most important. These computed statistics can
be used to develop the confidence intervals of the poiicy variable
or parameter under study. The major difficulty with using a simula-

tion model in a Monte Carlo mode is the large number of simulations

required to properly determine the statistics of the outcome. The
cost of Monte Carlo analysis for very large simulation models is
frequently so high as to be prohibitive.

The final category of simulation rodel use is optimization of
specified parameters or control variables. This method can provide
very beneficial results when an objective function can be specified
for minimization or maximization. Optimization is very important in
design of new systems. In problems of management policy or control
optimizatio. of those policies, the optimized values should result
in the best system operation possible. A major difficulty with
optimization of simulation models is the large number of simulation
runs required: the same difficulty with Monte Carlo analysis., The
cost of the required runs may preclude use of optimization. Another
limitation of optimization in simulation models involves models that
have unspecified or arbitrary exogenous inputs. Specification of that

input allows optimization to be performed, but the values obtained

TN




s optizal
aother v
iptinal &
The
o deeid
letus 1
et
itha
uitfa
tive ¢
af t

study

oy

s



23

as optimal are conditional on the specific exogenous input used. If
another value is encountered, then the "optimal policies' may not be
optimal at all.

The objectives of the system study are the most important aspect
in deciding which way a simulation model is to be used. For example,
let us reconsider the cattle ranch possessing natural pasture. One
objective could be to determine the most likely weight gain of cattle,
with a specified stocking rate subject to the stochastic variables of
rainfall and temperature which influence plant growth. A third objec-
tive could be to optimize total revenue by controlling stocking rate
and timing of animal sales. Each of these three objectives of a
study would use the same simulation model, but in different ways.

Cost is an important factor to consider when making the decision
about the way a simulation model is to be used. It should also be
considered from the start of the entire modeling process, as the form
and content of the model should be guided by the ultimate goals of
the system study. If an objective can only be achieved by use of
Monte Carlo analysis, for example, and the budget is tight, then the
content of the model, or sometimes its depth, can be altered. An idea
to keep in mind throughout is the relationship between the cost of the

entire system study and the benefits obtained from it.

II.5 Summary

This chapter has discussed the systems approach to problem
solving, some topics of systems science, and simulation models. A
review of the systems approach is, once again, an organized methodology

of problem solving that seeks to achieve the ultimate problem goal by
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selection of a solution which best meets specific objectives derived
from the goal. A systems approach works best where the process and
objects under study are well enough known that mathematical relation-
ships among variables can be specified. Another requirement for
successful application of the systems approach is that adequate deci-~
sion making power exist to carry out the solution, whether it is a
problem of planning (design) or of management (control). The systems
approach utilizing simulation models is not perfect. The models
developed for the system under study can never be made perfect. The
results they predict must be viewed with an eye to their imperfec-
tions. On balance, however, the systems approach is a valuable
technique for analyzing problems and developing solutions to them.

By necessity the coverage of this chapter has been very rapid
and it has only touched upon the high points of these topics. If the
reader is interested in pursuing these subject areas in greater
detail, then the references listed in the Appendix are an excellent

source of introductory information.
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CHAPTER III

THE PROBLEM STATEMENT

This chapter will present four topics: the general description
of the problem, a review of the literature, a rationale for selection

of the simulation method, and the detailed problem statement.

III.1 General Description of the Problem

This thesis is a study of a beef cattle enterprise: a farm or
ranch operation involving the breeding, growing, and selling of
cattle for slaughter. There has been a steady historical progression
of specialization in the industry to either breeding or fattening.
Moreover, the availability of low-cost grains, chiefly corn, has led
the fattening operation to lose its requirement of a land base. Feed
lots are the result. Management of such feed lots has been extensively
studied in recent years. The cow/calf operation, which is important
in the production of feeder calves, has received little attention.
The exception to this rule has been better weight gaining charac-
teristics. The current depression in the beef cattle industry, due
to both low cattle prices and the world food supply problem, is caus-
ing rethinking about the organization and methods of operation of
the entire cattle industry.

This thesis concentrates its attention on a specific type of
beef cattle enterprise: one which is characterized by a land-

extensive cow/calf organization. Further, this operation is

25
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to be small enough to have no market effect from either its sales or
its purchases. That is, prices remain unchanged by its activities.
The scale of operation is sufficiently large, however, that the
methods of systems and simulation can be profitably applied to this
individual enterprise. Rough bounds on the number of breeding cows
for this operation might be 50 to 1,000 animals.

This thesis also concentrates on particular questions of
management of the enterprise. Management is an area that has not
received extensive study at the scale of the overall system operation.
Individual aspects of production and certain forms of production ef-
ficiency have received the bulk of the analysis here to date. This
thesis will not make any analysis in the areas of genetics, alloca~
tion of land to alternative uses, by-product or destination marketing,
or production of crops (except grazing forages). The emphasis of
this thesis is on study of management policy in the areas of grazing,
breeding, timing of sales, and general herd management.

Part of the reason why study of the management of this enterprise
is so attractive is the general low level of mathematics used in tra-
ditional practices. A major problem in the past has been a lack of
predictive capability. Extrapolation of past trends has been a
dominant method employed. This is not sufficient when the dynamics
of the beef production process have delays approaching two years.
Another problem has been uncoordinated analysis of "separate" aspects
of production, rather than an integrated analysis of the whole. This

tendency has lead to dominance of certain types of emphasis, such as
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genetic manipulation. A general characteristic has been the dominance
of husbandry practices and recommendations over economic considerations.
Some typical problems unanswered by traditional management practices

are pasture management to maximize efficient forage use, proper feed-
ing levels to improve net profit, and the proper response to changing
market conditions. This thesis seeks to contribute to the solution

of these past problems and to increase the level of management

performance.

III.2 Review of the Literature

An extensive literature discussing the beef cattle enterprise
exists. Much of it is characterized as non-quantitative explanations
of various subprocesses and reports of experimental observations. To
a large degree, this literature is spread among various specialized
disciplines such as animal nutrition, genetics, crop sciences, agri-
cultural economics, and physiology. Relatively few studies have
viewed the beef cattle enterprise as a system and rigorously ana-
lyzed it from the systems science point of view. The quantitative
studies which do exist have taken three broadly distinct approaches;
namely, analytics, optimizing, and simulation. Of these, only a
minority use the simulation approach; the one seeming to offer the
most potential for significant gain in this complicated, involved
process of beef production by individual enterprises.

The remainder of this section will review the previous work
in the area of mathematical representation of, and management control

over, beef cattle enterprises. The three approaches of analytics,
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optimization, and simulation will each be discussed as a separate

unit, although there is some overlap between them.
The Analytic Approach

While a strict definition for analytic would include all of the
studies referenced here, the term is used to describe those which are
limited to functional representations between variables. There are
some areas in which the analytic approach has been most prevalent:
tutorial papers, analysis of data to determine values for relation-—
ships between variables, and attempts to offer advice to management.

Representative of tutorial papers designed to present material
new to the readership are development of general crop and livestock
response functions[12), traditional descriptions of the cattle growth
process[5], and the use of marginal analysis to optimize feedlot
rations[4]. Uses of analytics to develop mathematical relationships
from experimental data are too numerous to mention in detail. Several
examples will serve as illustrations: algebraic growth models from
cattle age-weight data[6], comparison of calving performance between
drylot and pasture[37], and comparison of traditional versus modern
range practices in Argentina[13]. Carpenter’'s paper[9], developing
an algebraic growth model, is typical of analytic means of offering
advice to management over questions in the production process.

The simple analytic approach to studies of the production process
is inadequate for such complicated systems as this enterprise. While
the analytic approach is not used appropriately in studies of the
overall enterprise, it does continue to have value in determining the

relationships between variables from experimental data.
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The Optimization Approach

As a general technique, optimization has been extensively used
for the last three decades. Linear programming, dynamic programming,
and nonlinear programming are some important methods of optimization.
The usual agricultural application of these techniques has been in
determining the best combination of feed inputs to maximize economic

return in beef cattle feedlots[29,53]. Long, et al.,[33,34,35] have

used a simulation model in an optimizing mode to study the effect of
cow size on productive efficiency in drylot and pasture operations.
Schwab[49] has used linear programming to optimize the entire range
of resources used in a cow/calf operation.

The majority of applications of optimization in beef production
have employed linear programming as the optimization technique. This
method has certain restrictions which limit its usefulness in study-
ing dynamic processes. Linear programming requires that the variables
be linearly related, and that the relationships not be functions of
time. A model that can be optimized using linear programming cannot
provide an adequate description of the population and reproduction
dynamics of a breeding cattle herd.

All optimization algorithms possess some type of objective func-
tion that is either maximized or minimized. While there is no doubt
that the optimized variables are optimal for that objective function,
the e is doubt that the objective function correctly specifies what
an enterprise manager wants optimized. For example, an important
characteristic to some managers might be a flexibility of operation
which allows some room to maneuver if expected conditions do not mater-

ialize. An objective function cannot measure an operations flexibility.
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Additionally, the usual methods have trouble with exogenous variables
that are arbitrary or stochastic. For these reasons, optimization
is not a method of analysis which provides a way of solving all of the

problems facing an enterprise manager.

The Simulation Approach

Simulation is a method for developing solutions to mathematical
models. Because of its ability to handle time dynamics, simulation
is frequently used where time is an explicit part of the problem.
The majority of uses of the simulation approach in beef cattle studies
have been macroeconomic in scale. Initiation of economic development
by using the cattle industry[26,31,42,43] and government policy anal-
ysis in the agricultural sector are well represented in the literature.
The World Bank has used this approach for several years in evaluating
the potential value of economic development projects concerning the
cattle industry([10].

Simulation of beef cattle at the enterprise level is beginning
to appear more frequently in the literature. A pioneering work by
Halter and Dean[23,24] studying management in an integrated range/
feedlot operation appeared in 1965. Cartwright and Long of Texas A&M
University have participated in a number of works which concentrate
on questions of cow phenotype optimization using a simulation model
of cattle energy requirements[28,33,34,36]. Witz[54] has applied
simulation to the feedlot ration optimization problem, while Afzal[1l]
has studied inventory modeling to respond to drought conditions. Many
more references could be cited, but these serve as illustrations of

the aspects of a beef cattle enterprise that been studied using the
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simulation approach. Joandetl has recently published an extensive

bibliography of simulation applications involving beef cattle production.

II1.3 Rationale for Selecting the System Simulation Approach

This thesis will use the system simulation approach in analyzing
a beef cattle enterprise. Simulation was selected because it offers
the greatest potential for understanding and solving the model of the
process as involved as production of beef cattle. What are the char-
acteristics of the enterprise that are so troublesome as to require
the simulation approach? Most important are the time delays inherent
in the growth process. In the U. S. the time required from concep-
tion to marketing for slaughter animals may range from 11-30 months.
Not only are time delays present, but the length of these delays is
a variable which is partially under the control of management. Feed
intake rates are an important control variable affectit;g growth rates.
Feed intake also governs the reproductive characteristics of both ma-
ture cows and growing heifer replacements. Reproduction, then, is also
a dynamic process. In short, the entire herd population is in a state
of dynamic flux. Herd population dynamics is a major complexity of
the beef cattle enterprise requiring the power of the simulation approach.
A similar source of complexity is the decision making that controls
the enterprise's sales and purchases. Decisions involving breeding,
because of the delay length in the growth process, will not affect

sales revenue for nearly a year. The proper price to use in decision

1Joandet:, G. E., and T. C. Cartwright, "Modeling Beef Production
Systems," Journal of Animal Science, Vol. 41, No. 4, 1975, pp.1238-46.
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making is that which will be in force when the product is sold.
Management decisions are conditional on the stream of expected prices
that are to occur over the interval between the present and the anti-
cipated sales date. To further add to the trouble of the enterprise
decision maker is the well known volatility of agricultural prices.
This implies that price expectations change rapidly. Control over
the beef production process is very complicated and uncertain; this
is another powerful impetus toward using the simulation approach.
Other studies of beef cattle have developed partial representa-
tions of the production process as a way of decomposing the system
into more manageable pieces. These studies cannot, however, be ag-
gregated together to form proper recommendations that are generally
applicable. While simulation of the production and management dynam-
ics of the enterprise is possible, it is not easy. Very long lead
times are required to model and then simulate these processes. Fur-
thermore, simulation models can never be perfect because of the
approximations necessary to determine the solution. The following
section will describe in detail the exact problem that this thesis

will study.

II1.4 Detailed Problem Statement

The system to be analyzed here is a beef cattle enterprise. Such
an enterprise can be characterized as being land extensive, involving
breeding of cows for calf production, and producing a significant pro-
portion of the nutrient requirements of the herd through forage growth.
It is of such a scale that it can be treated as an atomistic economic

entity.
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The problem addressed by this thesis is the construction of two
distinct groups of components of this beef cattle enterprise. First,
this thesis develops a dynamic simulation model of the enterprise
itself. This includes models for the four major components of the
system: cattle demographics, forage growth, feed stock accounting,
and nutrient impacts. Second, this thesis develops an interactive
management algorithm which allows the user to investigate very detailed
management control policies for ongoing operational decision making
or for investment planning. This algorithm is structured so that the
manager can evaluate alternative strategies to cope with the effects
of exogenous variables on the enterprise. Three examples of the
capability of the model to assist decision making for ongoing decisions
and investment planning are presented.

The simulation models of the four components of the enterprise
are designed to be useful in analyzing various management policies to
control the cattle herd and related processes. This requires disag-
gregation to a level such that the herd can be controlled as discrete-
ly by the user as could the manager himself. This also requires that
the control variables of the model be devised so that a manager's
actions can be simulated. Since a major weakness of previous simula-
tion models of beef production enterprises has been a lack of popula-

tion dynamicsz, and since these are required to correctly evaluate

some herd control policies, the demographic model fully develops herd
population dynamics. Introduction of herd population dynamics requires
that cattle nutrition and reproduction clynau\ics3 be included to
e S I SN SRS

2Ibid., p. 1243.

3Developec} by Margaret Schuette in partial fulfillment of M. S.
requirements, Department of Animal Husbandry, Michigan State University.
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effectively and correctly describe births and deaths. The forage
growth and feed stock components are constructed with the appropriate
management control variables to allow the entire spectrum of manage-
ment decision making to be exercised. These four component models
represent an adequate description of the physical processes of the
enterprise to allow realistic simulation of the system behavior through
time. Several secondary components are developed to accomodate the
non-physical aspects of the enterprise; an example is the financial
component that determines the financial effect of purchases, sales,

and other activities.

The management algorithm has certain unusual requirements which
stem from the nature of the simulation models of the physical pro-
cesses of the enterprise. As an example, the cattle demography com
ponent model maintains populations on a very disaggregated basis.
Many control variables must have the same level of aggregationm,
thereby requiring many values to actually control herd populationms.
This large number of effective control elements among a number of
variables has the effect of eliminating all optimization techniques
because of the extremely high cost of their use. Management control,
then, is exercised exogenously when certain decisions are required.
This necessitates an interactive control algorithm, but since the
usual source for computer interaction--the teletype--is ruled out
because of the large number of control elements that must be inputed,
an interactive batch mode of operation of the model has been devised.
A way to control the model's simulation through time is developed
which allows stops and restarts of the simulation whenever required.

A beneficial feature of this interactive management algorithm is
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that multiple management policies can be evaluated, and the "best"
used as the base from which the simulation is restarted. Use of this
algorithm results in a time simulation which is a series of short
runs, inputing control variable values as required by the particular

decision to be made.

Specific Component Requirements

The four components representing the physical processes of the
beef cattle enterprise must meet certain requirements. A requirement
common to all is that each be dynamic, because a major element of the
model is the inclusion of time in an explicit manner. A second re-
quirement common to all is that the component models contain the con-
trol variables that allow the manager's decisions to direct and in-
fluence the physical processes of the components. A third common
requirement is that each model be constructed in a sufficiently dis-~
aggregated fashion that a real manager's decisions can be simulated
in the behavior of the model. These general requirements and the
specific requirements outlined below must be met if the objectives of
this system simulation are to be realized.

The individual requirements of the component models will be
briefly summarized by listing the processes that each component model
must contain. The cattle demography component must contain:

(1) age, sex, and function disaggregation of the cattle herd,

(2) births, deaths, and transfers of herd members,

(3) birth rates a function of breeding activities,
(4) weights for each herd subpopulation grouping.
The forage growth component must include:

(1) plant growth as a function of exogenous weather variables,
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(2) quantity and quality of forage disaggregated by land areas
which are homogeneous,

(3) grazing as a means of forage removal,
(4) mechanical harvesting as a means of forage removal,
(5) grazing consumption and wastage a function of stocking rates.
The nutrient impact component must include:
(1) determination of weight gains for herd subpopulations based
on the difference between energy consumption and maintenance

energy requirements,

(2) determination of the onset of estrous cycling in young heifers
as influenced by nutrition from birth,

(3) dynamic energy requirements for mature cows as related to
reproductive condition, i.e., lactating, breeding, and
stage of gestation,

(4) determination of energy intake of cattle from multiple feed
sources with individual TDN characteristics.

The feed stock accounting component must include:

(1) accounting for current feed stock levels as a function of
purchases, sales, production, cattle feeding, and waste,

(2) feed stock losses from such sources as spoilage, handling,
waste, and pest contamination,

(3) determiantion of the feed stock TDN value for individual
feed stocks with particular rates of TDN decline over time.

The four physical components' requirements, as outlined above, are
derived from the basic intent of this thesis to develop a system model
that includes population dynamics, and that is capable of offering
realistic simulations that are useful to enterprise managers.

The management decision making component has two general require-
ments in addition to numerous specific ones. First, the decision
making algorithm must itself be dynamic to control the physical com~
ponent models which have included the dynamic elements of their pro-

cesses. Second, the component must include the correct control
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variables to allow evaluation of realistic strategies to cope with
actual operating conditions. The specific decision elements required
of the management algorithm are:

(1) timing and quantities of cattle sales and purchases,

[¢3

=

separate feeding rates for each herd subgroup,

(3) timing and level of feed stock sales, purchases, cattle
feeding, and production,

(4) control over stocking rates in the individual land parcels,
(5) control over stocking rates for the individual herd subgroups,
(6) timing and level of mechanical harvesting of forage,

(7) control over the timing and degree of breeding, culling,
and weaning.

These requirements, both general and specific, stem from the stated
intent of this thesis to develop a simulation model that can be used
to investigate alternative strategies of management response to
changes in the environment in which the enterprise operates.

The decision maker must make specific decisions based on the
information that is known to him at the time. When the simulation
pauses for exogenous control inputs, the following criteria should
be available along with useful state variable values:

(1) accumulated cash flow to date,

(2) accumulated net profit to date,

(3) current levels of short and long term debt,

(4) current level of working capital on hand,

(5) production efficiency measures, such as the ratio of the
weight of cattle sold over the weight of feed<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>