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CHAPTER T

INTRODUCTION

Definition of "A Grazing Management System"

Grazing Management is a large and integral part of farm management in
New Zealand. It involves the making and implementing of all the decisions
relating to the grazing of animals., This is a complex management function
which necessitates the assessment and integration of a large number of
factors.

Grazing Management invoives decisions relating to all aspects of
pasture production, its utilization by grazing animals, and the efficiency
with which these animals convert the pasture ingested into useful livestock
products. Many factors are involved. These include soil type, pasture
composition, fertilizer, type, age and number of livestock, grazing method,
and the influence of season., Many of these factors interact with each other.
Pasture production for instance, is influenced by the number of stock present,
and the grazing method. Equally, livestock intakes and productions depend
on pasture availability and composition. These interactions are a major
influence in grazing managemente.

The timing of events is also important in grazing management. Many
decisions depend for their effectiveness on being made and implemented at the
"right" time. Fertilizer applied in the spring or autumn, for example, is
of more value in stimulating pasture growth and if applied in the slower
growing periods of summer or winter,

Variability in most of the factors involved, is another characteristic
of grazing management, Much of this is due to the influence of weather but
the influences of variation in pasture and livestock factors apart from
weather, are also significant., Trequently this variability is difficult to

predict. This may be a consequence of lack of knowledge or the lack of
LIBRARY
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suitable methods for obtaining the measurements required. As a result
uncertainty exists in grazing management about the possible outcome of any
particular course of action. Risks, or alternatively insurance measures
are therefore often associated with grazing management. Further when
knowledge is limited, or objective methods for assessing the effects of
particular actions are inadequate, (as in frequently the case in grazing
management ) reliance must be placed on subjective judgement of situations.
This type of approach is typically that used in many practical grazing
management situations.

Grazing management is thus a complex process involving decisions
relating to all aspects of the grazing of livestock. As such, it is a
difficult "factor of production" to measure. The value of grazing manage-
ment as an input in an agricultura} production situation is not measured by
the number of decisions made. It is measured by the effectiveness of those
that are made. This involves a consideration of the effectiveness of each
decision in dealing with each of the features of grazing management described
above, This is a very difficult takk for which no satisfactory objective
measures have yet been devised.

Against this background of the main characteristics of grazing manage-
ment, a definition of a grazing management system can be introduced. Because
of the nature of grazing menagement this takes the form of a strategy. 1/
A grazing management system is thus defined as

"A set of decision rules which indicate the action to be taken in

every possible contingency which might arise in grazing 1ivestock‘

in a particular manner,"

v See Williams, J.D. (44)
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In this way a grazing management system is defined according to rules
to be followed in meking decisions on how, when, where and why to graze live-
stock. This is the concept of a grazing management system adopted as the

hasis for the research of this study.

Analysis and Synthesis in Reseerch

Generelly spesking research on any subject can be divided into two
phases: s&nslysis and gynthesis. The first of these, anelysis, is concerned
with breeking down a problem inte its consiituents and the analysis of the

rM

effects of the individual elements in the system. lypicelly this involves
holéing mest factors constant whilst allowing one or two elements to vary.
Examples of this type of worl: are to be found in leboratory experiments and
plot trisls. Usually this work is accompanied by some degree of experimental
design end statistical analysis. The methods and prectice of this type of
research sre well knovn.

The preocesses of synthesis in recesrch ere by comtrast less well known.
This phase of research is concerned with the assimilation and integration of
gnalytics? reseerch results. ‘hen, for instance it is found from analytical
work,that pesture under certein conditions grows most rapidly if medintained
at 2 helight of bhelween three and seven inches, thern it is also the function
of research to intégrate this knowledge by synthesising it intec a workalle
grazing management system. In doing this one or more new grazinrpg mancgemenf
systems may be propesed and appropriate research must te initiated to evaluate
these,

In the past.methods for this type of grazing menegement research have
been confined to small farm experiments and grasing menagement trisels. Both

of these involve an outlay of large quantities of research rescources (land,
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livestock, labour and finance) and in consequence are expensive to operate.
This has resulted in this type of research being restricted to a few trials
or experiments each year. In view of this, new methods of research applicable

to this phase of grazing management merit attention.

Motivation for this Study

With the development of high speed electronic computers and a new
discipline known as Operations Research, increased attention has been given
to management problems of the type encountered in grazing management.,
Operations Research, the study of the operations of businesses, industrisl
and defence organisation, has developed rapidly since World War II, and has
provided a new philosophy and several new techniques for use in the study
of business operations. 2/ One of these téchnigues is simulation.

Simulation, as applied to grazing management, involves mathematically
programming, by means of equations and logical decision rules, the events
involved in en actual grazing management system. Basic features of such
a simulation are equations linking weather and pasture production, pasture
production end animel intake, and animal intske and output. These equations
can he loaded into an electronic computer together with the basic data for
their solution. In this way an entire grazing menagement system can be
studied at speed and in a manner which readily ellows variation to be taken
into account. Using this technique it is possible, at least conceptually,
to test several grazing management systems over as many as 500 seasons in
as 1ittle time as a few days.

Such & research technique offers considerable potential as a tool for
synthesis in grazing management research. Compared with the existing methods

(field trials and small farm experiments) simulstion would appear to have

For a review of Operations Research see R.L. Ackoff Progress in Operations

Research (1)
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seversl adventages. These include speed in producing results, control over
all varisbles, and sc¢ope for the incorporstion of variation in all the
Important parameters by varying the information fed inte the computer. The
large apparent potentiel of the simulation method has been the reason for

initiating this introductory study.

Timitations of the Study

Simulation is a research method which properly demands a team of
research scientists, and, when & problem aslarge as grazing menagement is
to be studied, a considerable period of time in which to conduct the study.
In view of this, the contribution which a single master's degree student cen
neke in the course of eighteen months is restricted. Tor these reasons, the
investigation accounted in this thesis is necessarily shallow. It has not
been possiblebin the time. available to both, cover the subject, and to expose
it in detail. In these circumstances, it was felt that greatest wvalue would
be ebtained from a shallow study of the overall situation rather than a
detailed consideration of a section of the subject,

Further, no attempt has been made to take economic considerations into
account. An endeavour hes been made to understand and apply the principles
of' simulation to the physical processes of grazing management only. Costs
and prices, and the influence of economic criteria in decision maling have
not bheen taken into seccount,

This study has also been influenced by the lack of suitable data for
use in a simulstion, Strictly spesking, simulation invelves only the actusl
processes of combiring equations te represent a real life situation, and the
the solution of these under certein coenditions. The location of dats and

the formulation of such equations is therefore not part of the simulation
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per se. However, as grazing management information had not previously been
assembled in this form, the work of locating and preparing this data was a
necessary part of this study. This additional work meant that less time was
available for the study and development of simulation as such. The depth

of the study has been influenced accordingly.

Guide to the Thesis

This thesis gives account of a study conducted to investigate the use
of simulation in the study of grazing management problems. In Chapter 1,
the ideas of a grazing management system and simulation have been introduced.
These are expanded in subsequent chapters. Simulation as a general approach
to problem solution is discussed in detail in Chapter 2. In this chapter
simulation is first defined and specific characteristics of the technique
are then identified. The discussion of these characteristics is followed
by the introduction and definition of a special type of simulation, Monte
Carlo Simulation. This is the particular type of simulation proposed for
grazing management and its characteristics are elaborated in the latter
sections of Chapter 2,

Following the introduction of Monte Carlo Simulation, consideration is
given to usefulness of this method in comparison with alternative methods
which might be used to study grazing management problems. This discussion
includes small farm expériments, farm surveys, and the subsidisation of farm
practices, and is presented in Chapter 3. Chapters 4 and 5 introduce and
discuss certain technical problems associated with the use of monte carlo
simulation methods,

Chapter 6 then considers a general monte carlo simulation model for

grazing management. Attention is given to specific aspects of grazing



management, and the formulation of 2 overall model to represent the grazing

management, is discugsed. This is followed in Chapter 7 by the formulation

N

and exposition of & gpecizl monte carlo model of grezing manepement. The

G

process of operating thisz special model for a siwmlated season is then
desoribed in Chapter B, The results of this, together with those from a
further four "seasons", are then discussed in Chapter 5. Finelly, the

overall value of the method is considered and conclusions are Arawn,
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2.2

CHAPTER 2

SIMULATION AS A GENERAL APFROACH TO FRORBLEN SOLUTTION

Simulation Defined

Simulation is & word with a wide meaning. In general it is teken to
indicate any process or activity which resembles, or beers similarity to,
or is parallel to, another., Thus,many everyday events can be identified
as simulations. Children playing "house", the game of monopoly, a stage
play, and laboratory experiments are a1l simulations.

In research, the word simulation has & similsr meaning te that in
general use. (11) (30) (35){41) In this case it may be defined as

"Any process or activity which represents, or parallels, or in any

other way duplicates the essence of a real life situation."

This definition does net imply eny set form for a simulation. Rather
it allows each simulation to take that form which allows it to most

adequately represent the real situation under study. Thus a mathematical

model and a field experiment are equelly simulations. Any process, ectivity,

or operation which parallels an actuasl situation without achieving reality

itself is a simulation within the terms of this definition.

The Duel Mature of Simulation

A simulation as defined above performs two functions. The first of
these is the provision of & descriptive model of reality. The second is
that of operating this model for the purpose of observing its activity and
outcomes,

“hen a simulation of eny kind is considered it is first necessary to
cortruct a model which represents rezlity. This may be a physical model,

or it may be an abstract model set in terms of methematical equations.



2¢3

In both cases the formulation of a simulation necessitates a full and
detailed description of the situation under study. This is the first
function of simulation,

The model, once formulated, can then be operated so that observations
on its working and results can be made. A specific set of circumstances
which might be expected to occur in reality are superimposed on the model.
The model is then allowed to run its course of action under these conditions.
Observations on its action and its results are made. This is the active
phase of simulation. The two aspects of description and action indicate the
dual nature of simulation. This can be illustrated by reference to the game
of monopoiy.

In this game, the descriptive phase of simulation takes the form of a
board on which play is conducted. Around the perimeter of the board are set
out a series of rectangles each of which beers the name of an item of real
estate, or an operating instruction. The board set up in this way describes
a business situation. This is the descriptive aspect of simulation.

The active phase. consists of the process of playing the game. Dice
are thrown, and moves are made according to the outcome of this process.
Properties are bought and sold and rents are paid. "Business" is conducted.
This is the active phase of siﬁulation. Together,the active and descriptive

aspects of this game illustrate the dual nature of simulation.

Simulation as a Non Analytical Technigue

A simulation typically cohsists of a model of reality which is set up
and operated for the purpose of observing the operation and outcomes of a
particular process or activity. As such,it is a model which is "run" rather

than one which is solved. It evaluates only the consequences of decisions



and ections in a particular set of circumstances. Simulation does not yield
a “best" answer selected from a range of possible outcomes. It does not,per
se,attempt to optimize any particular objective function.
For example, a grarzing management simulation indicates only the outcome
which may be expected when a particular grazing management system is used.
It does not indicate whether this outcome is better or worse than others which
may have oocured if alternative grazing management systems had been used. -/
This contrasts with the results of analytical research methods. These
produce results which are in some way "the best" for the given circumstances.
One value is selected from a range of possible outcomes as being the optimum.
For example, consider the technique of linear programming. This technique (12)
selscts from a range of possible outcomes 2 single activity or combination
of activities which optimize & particular objective function (maximum profit
or least cost). For the given conditions this is then the best plan. Simu-
lation is a non analytical technique in the sense thet it doea not achieve

this uniqueness of result,

Physical Experiments as Simulations

Within the broad definition of simulation given in section 2.1, physical
experiments can be considered simulations. Physical experiments simulate
reality by using real physical conditions on a reduced scale. A fertilizer
plot trial can be used to illustrete this type of simulation. In this, a
small area of ground is marked cut, fertilizer is epplied, and in due course

the result of its action, is obssrved. The small area observed represents

1/ Though this can of course be assessed if the alternative grazing
management systems are also simulated.
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a larger area such as a complete soil type, The experiment thus illustrates
the two characteristics whigh identify a simuletion. These are & parallel
or model of reality,and a process which involves the running of the system

so defined. Physical experiments can therefore be considered as simulatiohs.

Soureces of Variastion in Physical Relations

Host physical relationships exhibit some degree of variability. This
must be taken into account when simulation of these processes is considered.
Classzification of such sources of varistion is, to a degree, arbitary. It
is useful however, to make certain distinctions before preceeding toc consider
methods which allew this aspect of physical relations ito be included in a
simulation. The distinction is made between {a) inherent variability,

(b} variability which is explainable but for which there is insufficient

data to allow it to be explained, and, {c¢) variability which exists but which

is not worth expleining,

(a) Inherent variability, the first of these involves that type of
veriation which eppeers tc be entirely random; variation for which no
logical explanation can be given, The varistion in the genotype of
animals can be cited as an example of this type of variasbility. In
this case variation arises as a consequence of two purely rendom
processes: the random interchange of genes between chromosomes during
meiosis, and the random union of gametes toc form a zygote. These
processes Jointly give rise to the variation in animal genotypes. This
is inherent variability.

(b} The szcond type of variation found in natural systems is that which
is "explained™ but which is not explained because of insufficient

information being currently aveilable to allow this to be done. This
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is the situation where cause and effect can be observed but where.
existing information does not allow the relationship to be identified
specifically in a way which would allow the variation to be predicted.
fnimal production under grazing conditions provides an example of this
type of variation. Animal output under grazing conditions depends on
intake, feed quality, productivs status (lacteting or dry), animal
health, body weight, maintenance requirements, activity and environmsntal
conditions. Many of these factors are currently ill defined and
difficult to measure., Little factual information, for example, exiats
on the influence of animal activity on production and in consequence
the varistion in animal output is "explainable® but at present un-
explained.

(c) The third type of variability is that which is "explainable” but
not worth explaining. In this case, variation exists and may occur for
one or more of a number of reasons, but because the magnitude of the
variation is not very great or bezause the ceusal relationship is of
1ittle or no interest, it is not considered worth expleining. The daily
variation of milk yields from a dairy herd may be cited as example of
this type of variation. Each day, the milk yields vary. Provided the
difference between deys is not great, the farmer will not be concerned
to find the cause of the variability. He could, if necessary provide
some explenation (in terms of weather conditions or feed quelity for
instence) of the variation, but so lonz as the variation encountered
ig within his bound of expsctation he does not bother Lo do this. The
variation therefore remains snd can be classed as "explainable" but not
worth explaining,

These different sources of variability are not mutually exclusive. The

concepts presented ars all relative and it is quite possible that the examples
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given in one category could, when viewed from a different point of view,
be considered to fall inte one of the cther categories., “hat is important,
hovtever, is the recognition of variability in natural systems so that account

can be taken of this in preparing and opsrating a simulation,

Numerical 3imuletion and Monte Carlo

Cne msthod of conducting a simulation is to use numbers and equations
to represent reality. 0One way of allowing for variebility in the system
lteing simulated is to use random sempling. These are the processzes of

nunerical simulation and monte carlo.

2.6, 1 Mumerical Simulation

A numerical simulation (30)of any process uses numbers and methematical
equations to describe end represent reality. This requires complete
enumeration of every aspect of that process and the formulation of an
equation to represent each phase. To do this, it is first necessary to
break the sctivity under study down into its smallest components or elements,
“ihen this has been done, groups of elements and submodels of the whole can
be identified. These are then expressed as mathemetlical Tunctions which are
taken to represent resality.

Once formulated, these equations can be pleced in their correct places
in a master plan or flow diagram of the whole system. This indicates how
the elements and sub models fit together and interact. At the same time the
flow diagram also presents & schematic representation of the whole process
under study,.

Time, in a time lapse sense, is usually assogiated with any real
activity. Provision must therefore be made for this aspect of real 1life in

g simulation. This is done by super imposing the appropriete time space



intervals on the overall model. Tf, for instance, the critical time interval
for use in making grazing management decisions is one week then each equation
in the model must be adjusted to this time base. If necessary,a different
equation must be provided for each time period. Alternatively, an allowance
can be made. for this by the inclusion of a time varisble in each eguaticn.

2 statement of the time interval to be used must be made together with the
equations and the flow diagram. These three components, the individual
equations, the flow diagram and a statement of the time intervals involved,
together constitute the simulation "model".

Operation of the model then proceeds in the following manner:

Values for each of the elements are first selected. These values
(numbers) are then inserted in the appropriate equations in the submodels.
This allows individual submodel effects to be evaluated. These are then
combined in the sequence indicated by the mastér flow disgram and the result
of their combined interaction is calculated. The result is recorded. The
process is then advanced one time unit, new parameter values are selected,
and the calculations are repeated. The process continues until a pre-arranged
stop signal is received. The final result is then recorded.

This pattern of events can be represented algebraically as in the
following statement:-
identifies the particular

-

element and j indicates the time interval it lies in) whose movements

(a) Collection of elements (Xi)j (where X

in space time through the system are to be observed,are first enumerated.
(b) Ordered submodels (Mk) are defined which determine the interaction

of the (X,), with the total system and with each other.

i)j
(e) Submodels (M, ) are connected in specific ways by input-ocutput flow-
k

lines including feedback where necessary.



(a) At each time intervel ¥, receives inputs from outside the system,

k
from within the system, from (Xi)j and or from cther Mk submodel autpuis.

(e} Within each time intervel, the sequence of submodels is applied in
a specific order and subject to specific logicel rules,

{r) At the end of the cycle all submodel outputs are transfered to the
next points of input, the (Xi} are moved ehead according to their system
passage rules, the system registers are advanced or "updated" and the
cycle 1s repeated. This continues until a pre-arranged stop signal is

received. The finzl simuletion output is then punched out.

Z2efe2s Charecteristics of Mumericeal Simulation

The process of numerdecal simulation described above has several
distinctive cheracteristics, These are summerised below.

{a) Firstly it iz an enumeretive technique. Tt "spells out" the
situation and details its operation using numbers and methematical
equations to link the sections together.

(1) The simulation model provides a complete description of all the
elements and submodels invelved in a system end slso formulates an
averall picture of the system under study. The model indicates how
a system operates, api it elso provides a description of its performance
in operation.

(c} The technique is a flexible one which allows a model to be drawn
up in a manner which ellows it to represent the activity being simulated
in the most suitable menner. Thus,any system or activity cen be simulated
provided it cem be hroken dovn intc a series of elements sach of which
can be desoribed by a set of working rules, If however, these rules

cennot be formulated even in a probablistic  sense, numerical simuwlation

is not possible.



(a) The method allows time intervals to be taken into account. The
time space over which an activity takes place is subdivided into suitable
intervals and simulation proceeds within these intervels. Combined
effects taken over several time periods are assessed by summing the
results of the short periods. )

(e) As the scale of digital simulations is frequently lsrge and because
even the simplest requires many mathematical calculations, electronic
calculating machinery is a virtual necessity. This is one of the reasons
why little was known or achieved with numerical simulation prior to the
advent of electronic computers. With this facility now becoming more
readily available the technique is being studied more carefully and its
applications are becoming more widespread.

(f) If necessary logical decisions can be incorporated in a numerical
simulation., This can be achieved by building a decision sequence into
the simuation programme. Simple decisions based on yes - no answers to
simple questions, (or where computers are used, on positive or negative
signs of numbers,) can be included in the simulation model.

(g) Numerical simulation is not an efficient method of research when
compared with analytical methods. It uses professional skill and
computer time extensively to formulate and operate what is really a
very simple and unsophisticated model of reality. Its use is therefore
only justified when problems are beyond the scope of orthodox research
methods and analysise.

Account has been given above,;of the main characteristics of numerical
simulation. From these it is apparent that the method is one of comparative
simplicity. DMNumbers and equations are used to parallel reality and the

insertion of specific values in these equations allows particular circumstances
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to be studied. Because of its simplicity, the method is extremely flexible
and is therefore suited for application to a wide range of subjectse
Monte Carlo

When variation in a parameter involved in a numerical simulation is
encountered, omway to evaluate its effect is to take a series of random
samples from the probability distribution function which defines the variation
involved. This is Monte Carlo Sampling and an example of its use is found
in the Random Walk quoted by Churchman (6). This example is quoted in detail
here as it allows several features of monte carlo method to be clarified.

The Random Walk as an example of a monte carlo simulation, is accredited
to a legendary mathematician who observed the perambulation of a saturated
drunk. His observation led hismto ask "How many steps, on average, would
the drunk have to take to cover a specified distance from his starting point?"
The mathematician, who presumably wished to avoid the circumstances of a
practical experiment, devised a simple simulation to provide a solution to
this problem. Details of this were as follows:=

It was first assumed that each of the drunk's steps had equal
probability of going in any direction. A set of cartesian co-ordinates
was then set up on greph paper and using thisé the drunk's simulated course
of perambulation was followsd. ZEach of the drunk's steps was decided by
choosing a 2 digit random number and moving according to the following rules.
The first digit of the random number was taken to represent one unit along
the X axis; positive of even or zero negative of odd. The second digit
of the same number was taken to represent one unit along the Y axis, positive
of zero, negative if odd. The drunk was assumed to start at the origin (0,0)

of this system. (Xn, Yn) then represented the drunk's position at the end

of the nth phase and /X 2 + Y 2 was the distance of the drunk from the
n n

starting point after n stepse.



Random numbers were selected and emd using these rules; the drunks path
was plotted until the specified distance from the starting point was reached.
The number of steps to get this far was then recorded. This process is re-
produced and illustrated in Figure 2.1.

In this two simulated random walks are shown. One takes five steps to

cover the five unit distance, the other nine.

+ 5 ¥ X
Rendom Random
Number A Number
Sequence Sequence
One ' Two
L6 5 27
70 - 99
32 40
12 Average Number of Steps = 7 52
40 90
13
23
73
3k

Figure 2.1 Rendom ¥alks




2efs4eCharacteristics of Monte Carlo

The random walk example allows the main features of the Monte Carloe

method to be identified.

(a)

(v)

(c)

(@)

Firstly, the process is one involving random sampling. This means
that a ready supply of random elements must be available to a user of
Monte Carlo techniques. Also, as the process of sampling has to be
repeated several times for each estimate in the simulation, the number
of random elements required per simulation is large. The provision of
these elements is discussed in section L.1.

Samples are taken from a probability distribution function of the
variable concerned. In the random walk case two discrete distributions,
one for X and one for Y were sampleds Within each of these distributions
only two feasible points (X = =1, and X = + 1 and Y = =1, and Y =+1)
existed. More generally a continuous distribution of some kind is
involved, particularly where events of nature are being studied. In
these cases it is frequently possible to use formal distribution functions
(normal, poisson or binomial) for defining the variation to be sampled.

Single random samples are inadequate to represent the effects of
variability in a simulation. Repetition of the sampling process is there-
fore necessary. In each case random sampling must be repeated & sufficient
number of times to provide an accurate and representative sample of the
variable involved.

Monte Carlo produces a representative answer. This is generally
expressed as an average of the outcomes observed and constitutes a
measure of the expected value of the outcomes of the various events which

form the simulation. As well a variance for these estimates may be
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calculated. This indicates the degree of variability in the answer
and reflects the effect of variability within thé simulation. Monte
Carlo thus produces a mean, a range and a variance for the results, and
can be considered to produce more information from which to draw a
conclusion than do some other types of study.

(e) Monte Carlo is essentially imprecise. Tterations give a mean value
and possibly a confidence limit about it. There is no absolute measure
of error and there is no way of testing for a departure from reality.

As a rule only two significant digits are obtained from a reasonasble

number of trials (12) and it is uneconomic to improve precision by

increasing the number of trials. Accuracy only increases in proportion

to the square root of the number of trials.

Monte Carlo is thus an unsophisticated method of incorporating variability'
in numericel simulations. It uses the simple processes of random sampling to

select values for use in a simulation,

Definition of a Monte Carlo Simulation

A Monte Carlo Simulation (19) (22) (23) (29) (32) is a numerical
simulation which employs random sampling for the selection of parameter values,
It thus combines the processes of numerical simulation and monte carlo. TIn
consequence of this, it exhibits the characteristics of both these processess

An example of this type of simulation is that developed for grazing
management in this thesis. The simulation model in this case is based on three
sets of equations. These relate weather and pasture growth, pasture growth and
animal intake, and animal intake and output. Each equation is accompanied by a
statement of error variance. Also included in the model are definitions of the

populations to be sampled in selecting parameter values for use in these



equations. These are stated in terms of distribution of specific mean and
variance.

The model is run by using random sampling and solving the eouations.
Random samples of each parameter subject to varistion, are talen. These are
inserted in the eppropriate egquations which are then solved. As each
equation is solved, a random sample of iis error varlance is made. Equations
are solved seguentially in the order in which the events which they represent,
occur in reality. Repetition of these calculations is made to allow &
representative sample of outcomes to be produced. The result is expressed
as a mean butterfat production with a particular variance.

The egsence of this type of simulation is given in a statement by
King (12)

"The Monte Carlo method (of simulation) sets up a typical operation,
programming the sequence of events by deterministic rules where they
arise, and by tossing a coin (random sampling) when either, the

determining factors are obscure, or subjsct to probabalistic processes”g/

An evaluation of this method can conveniently be made in terms of the
advantages and limitations which the fechnique has a ressarch tool.

2.7.1 Advantages of Yonte Carle Simulation

(a) 4 Monte Carlo Simulation provides a model and a method which deals
with a problem in its entirety. UNot only are the elements which ccmpose
the situsation under study, studied in detail., Their interactions and
the overall integration ere teken into account too,.

(b) A descriptive model is provided, This enunerates the situation
urder study in detail. As well only & minimum of ideslization of the

problem is necessary to put the real situation intc a suitable model

2/

The words in brackets have been added by the author.



(e)

(a)

for study. In fact, in most situations it would be more correct to say
that the model is fitted to the situdtion.

The method is one which provides control over all variables. Changes
in each of these can be made by the operator as and when required. Where
variability is characteristic of a situation under study, this can be
incorporated in the simulation by the process of monte carlo sampling.

When the simulation is operated (run) it provides, in addition to
a gpecific answer, a display of how the system operates. The method is

flexible and can incorporate time considerations and logical decisions.

2.7.2 Limitations of Monte Carlo Simulation

(a)

()

(c)

There are no formal tests for assessing the accuracy of a simulation
model. This means that it is possible to inadvertantly omit important
variables from a simulation, and equally to include variables which are
in fact redundent. In the absence of any formal tests of model adequacy
(tests which in themselves would be extremely difficult to formulate
because of the diversity of situations to which simulations may be applied),
only improved knowledge of the reel situation will alleviate this position.
Simulation is thus only a best representation of reality, a guide to
thinking = not reality itself.

Simulaticn is a comparatively inefficient means of research. Any
cut and try enumerative procedure is necessarily so. Lack of sophistication
in the model is a major reason for this and the need to iterate random
sampling procedures also contributes to the low efficiency of the method.

Large numbers of people are involved in collecting data, designing
submodels, fitting functions and programming the simulation. This is

costly and to these costs must be added computer time. Financielly



simulation is likely to be expensive.
2.7+3 Conclusion
Monte Carlo Simulation is a technique which offers considerable
potential for use in the study of large scale problems. It is financially
expensive and must therefore be used with discretion. When this is done it
can be considered a most useful technique. It can be of real value as a

check on other methods and invalusble when all else fails.



CHAFTER 3
THE: PLACE OW MOMYE CARLO STMULATION IN THE STUNY OF GRAZING

MANAGRMEND PROBLEMS

The study of grszing management problems necessitates an evaluation of
grazing management systemg in their entirety. DRBecause grezing management involves
decisions which integrate a series of productive inputs, an overell evaluation of
their joint acticn is necessary. Theve are four ways of doing this. These are
case Farm Surveys, Smell Tarm Experiments, Subsidised FParmer Research and Monte

Carlo Simulation.” These will now be discussed,

3.1 GCase Farm Surveys

Where a grazing management system is salready in use, & survey of a
nuriher of case farmeg cszn be uzed to study the grazing menagement system.
A survey for this purpose is defined (ﬁ)as

"4 series of interviews with farmers to gein infermation about some

one {grasing) management practice" 1/

In this type of survey, interviews are made by the research worker
himself and particuler attention is paid to the way the farm praclice has
fitted into the overall menagement system. This requires that the work be
done by a trained technologist (farm menagement specialist) who is capable
of discerning the influence of particuvlsr decisions on an overall menegement
system.

The survey is conducted on a case farm basis. Each farm and farmer is
treated as an individual and conclusions are drswn on the basis of case
farm results and not from aggregated data,

Frequently preblems are encountered in obtaining the type of date

1/ The word greazing has been added to thisdéefinition by the author.
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required for san evaluation of a grazing management system. These stem
meinly from a lack of farm records snd 2 conseguent relisnce on memory.
The preofessional skill of the interviewer in summing up both farm and farmer

is therefore importent. As well, objectives must be clearly defined before-

‘hand. This is particulerly so in the case where sampling of any records is

reguired.
The financial cost of survey work by comparison with other methods
which might be used, iIs compearatively low. The time taken to conduct a
survey depends on the scope of the survey and the manpower aveileble to
conduct it. “here & single reseerch worker is employed te formulate a survey,
conduct it, and colate the results, a period in excess of 12 months is typicel.
The case farm survey method is a szimple one and can easily be operated
by trained perscnel. Given this letter, practical results, capable cf
illustrating rezl differences, can be cbtained. The technicue is well

suited to the study of existing grazing management systems.

Small) Tarm Experiments

Smell Farm Experiments provide a situation where one or mere farm
menegement systems cen te studisd in deteil on a small scale. The zdvantage
of this type of ressarch compared with the other methods which might be used,
is that it uses actual physicel conditions to study a grazing managsment
system, Such a technigque yields factuel information based cn real physical
conditions. This type of information has a2 greater general acceptance than
that based, for instence, on a Monte Carlo Simulaticn of the =zame situation.
In this sense, small farms make good demcnstration units for extensicn
purposed.

The methed is ome which takes,in gemeral, 12 months at least to yield



s set of results. Further these results are, strictly speaking, applicable
only to the year and conditions under which they were observed. As a
consequence of these two conditions, the method is very slow in producing
estimates of variability. This contrasts sharply with the potential for
producing results indicated for Monte Carlo Simulation.

Costs of small farm experiments are high. Cash costs are high because
of the large amounts of physical resources involved. These are partly offset
by the sale of produce from the experiment. Opportunity costs are high
because of the large outlay of capitasl, land, and labour involved and the
long time taken to obtain useful results. This factor restricts the use of
small farm experiments severely. 2As well, the value and interpretation of
replicates of these experiments is subject to doubt.

Small farms can be used to study grazing management problems in several
ways. TFirstly a single small farm can be used to study an existing manage-
ment practice. This would however seem an expensive and slow way of
collecting information on existing practices. More could probebly be gained
in the same time, and for less cost, by using the survey method.

Where small farms do appear useful however, is in the testing of new
farm management plans. In this case, no information exists elsewhere and
the method can therefore be useful for producing the knowledge required. A
single small farm is sufficient, but if adequate resources are available a
comparison of two small farms set down under closely comparsble conditions
will yield more useful results. Because of the high costs and the time taken
to obtain results in this way, it would seem logical tc compare the two
management systems which appear most likely to differ widely. To this end
one farm should be set down as a base farm and represent average managemsent

practice for the district. The other should be defined in terms of "being
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similar to the base form, exXcePteessccceosencssccnss » here the exceptions
defined deviations from average practice which appear most likely to be
profiteble.

Alse because most ceomponents of a8 graszing menegement system intersct,
there is litile point in varying one component of the system at a time.
Betier purpose is served by varying =11 factors in the direction of maximum
profit. The most worthwhile research use of amall ferms therefore appears
to be in comparing (and thus evaluating) new management systems.

The uvse of small farms in this manner may be considered complimentary
to lonte Carlo Simulation. Monte Carlo Simulation provides a mezns of
creating and testing new management systems at speed. “hen 2 "most profitable
merniegement system" has been hypothesised in this way, it cen then be verified

by small farm experimentation.

Subsidisation of Ferm Prectices

£ second method Tor svaluating new grezing menagement systems is that
of subsidisation of farm practices., In this case subsidies, are offered %o
farmers to induce them to adopt new techniquesz of management. In this way
the costly overheads of a small farm experiment or 2 simulation are avoided.
The resources of the farmer are used instead.

This method of research inte grazing manzgement problems would appesar
to have a real advantage in thet it yields "on ferm" results.

These represent actuel farmer experience under commerciel farming
conditions. This is the ultimate prectical test for & new management system.
Subsidies, either in the form of a guerentee of income or a payment for the
extra resourceg required, or both, need only be offered to the extent

required to induce farmers ito adopt the new management system. In this way



Jele

- 28 -

the method could well be considerably less expensive than smell farm
experiments. This depends, of course, on the nature of the plan to be
adopted and farmers' willingness to indulge in this type of research work.

The success of this method depends elmost entirely cn the extent to
which the farmer is prepared to become a research worker. If farmers can
be found who are prepared to respond to the incentives offered and follow
accurately the definitions of the new grazing menegement system, the method
can be used %o provide useful information. In event of these conditions
not being fulfilled, it is doubtful whether the method would be of any great
value. The method is one which to the author'®s knowledge has not been
widely used in practice. It has however been included in this szction as
it constitutes one of the few ways which allows a study to he made of a

grazing menagement system as & whole,

Monte Carlo Simulation

The relative strengths and usefulness of each of the techniques which
might be used for the study of grazing management systems, depends largely
¢n the emount of informetion which is available. This is particularly true
in the case of ¥onte Carlo Simulation. If there is no information available
for the individual phases of Morte Carlo, then no simzlation is possible.
‘then however, al least some, how be it poor informetior is available,
simulation provides a useful technique for the co=-ordination and evaluetion
of' this data. The advantage of monte carlo simulation in this case is that
it symthesises pieces of information. It is 2 method which collects
together a miscellany of research resuvlts and evaluates them in terms of
their usefulness in grazing management systems.

Monte Carlo Simulation methods force attention onto the mechanism of



- B

a system. Here the analogy of driving a car is useful. g/ Simulation
forces research workers to be like a mechanic driving a car. The mechanic
understands and appreciates the mechanism of the car. The other methods
(surveys, small farm experiments and subsidised farm practices) are, to a
degree, more akin to the lady driver who does not necessarily appreciate the
mechanism of the car she drives. The fact that Monte Carlo forces r;search
to take the mechanic's point of view means that more attention is given to
understanding the processes involved in grazing management.

Monte Carlo Simulations are capable of producing results at a high
speed. New grazing manasgement systems can be evaluated over a wide variety
of simulated seasons in a short time using an electronic computer. In this
respect, monte carlo simulation has an advantage over the other methods so
far discussed. It can produce results and an indication of their variability
at a rate which is incomparably faster than the other methods.

Disadvantages of Monte Carlo Simulation include the requirement of
detailed input information. Little information of this type is currently
available for grazing management systems, and the cost of obtaining this may
be high. As well a monte carlo simulation of grazing management is likely to
involve extensive use of computer services. These may also be expensives

Where Monte Carlo methods are used there is no means of checking the
results except by practical trials. The question of the accuracy with which
a monte carlo simulation represents redity is one which is unanswered.
Reference to the plausibility of its results is not a sufficient test of the
value of the model. Errors of up to 50% could be encountered before\this
eriterion would reject results as unsatisfactory. Thus, whilst it may be

possible to reject results on the basis of their being implausidle, it is

2/ This analogy is Lerner and is quoted by Candler and Sargent. (5)



not safe to accept the results of all plausible findings. The necessary
condition in assessing the value of a monte carlo simulation is that it
yield information which could not be obtained by any other method,

The ability of monte carlo simulations to produce new information,
combined with the potential of the method to do this at speed,are the major
advantages of using a simulation to study grazing menagement. In the absence
of any further techniques for studying grazing management systems, Monte Carlo

Simulation would appear to be worthy of further attention.



CHAPTER 4

SPECIAL PROBLEMS OF MONTE CARLO SIMULATION

Associated with the use of monte carlo simulation methods are certain

technical problems. These are the provision of random numbers, the generation of

random varistes, and variance reduction. TIn this chapter, consideration is given

to thse aspects of monte carlo simulation.

b

The Generation of Random Elements

The generation of random elements involves consideration of the ways
in which randomness can be achieved when there is a demand for a continuous
supply of random elements to a computer conducting a Monte Carlo Simulation.
Random numbers are by far the most extensively used supply of random elements,
but other supplies such as pseudo-random numbers and random physical processes
may also be employed. These three methods have been discussed by Toecher (gg).

Three methods of providing random elements, for use with automatic
computers, are suggested: external provision, internal provision by a random
physical process, and internal generation of sequences of digits by a re-

currence relation.

Le.1.1 External Provision

One solution to the problem of supplying a series of random digits is
to derive these from a source outside the computer. The main group in this
category is tables of random numbers. These are generally inadequate, except
for very small simulations being operated on desk machines. Where computers
are involved such a method is inadequate and too slow. TFurther, repetative
extension of the tables soon becomes necessary and this is not readily accept-

able method of generating additional random values.



L.1.2 Internal provision using random physical processes

A second solution to the problem of supplying random elements is the
use of random physical processes. Such random physical processes as
radicactive decay or thermal noise from an electronic valve circuit are
suitable for this purpose.

The disadvantages of these methods is that they cannot be reproduced.
Checking of calculations is therefore not possible. A record of the actual
numbers generated can be made for this purpose. If however, the number of
digits used is substantial it will be necessary to read the digits out of
the machine and pass them back agein when required. This is unsatisfactory.

L.1.3 Internal Provision by a recurrence relation

This third category of solutions contains methods of more widespread
application. These utilize recurrence relations within a computer to generate
random elements (numbers) as they are required. Both random and pseudo-
random 1/ numbers can be generated in this way. Probably the best known
method in this category is the Mid-Square method.

From the middle of the square of the preceding "random" four digit

number bi’ a new four digit number b is extracted by the computer.

i+
This is used in the monte carlo trial to be decided at that instant and is
then stored for the next application. For example, suppose the probability
of a new born calf's survival is described by the discrete probability
function

0 < p(live) £ .95 < p(die) 1
and it is desired that a sample of this distribution be taken for inclusion

in a monte carlo simulation. Using the mid square method, bi may for instance,

1/ Pseudo=random numbers sre a set of numbers which conform to some,
but not all the known tests of randomness.



be equal to 2444. -

2
b~ = 5,973,136 and thus LT

Applying this random number, as a decimal to the calf survival probability

= 9731

function, it will be seen that the calf dies in this simulation.

Methods of the mid-square type can be used to produce long sequences of
random numbers, but inevitably, since there is a finite number of digits in
the originsl random number, any process of this type will repeat itself after
some point. This is seldom of practical importance as methods now exist for
producing sequences of up to 1010 random numbers. Nevertheless it is
important that the user of any sequential random number producing technique
be aware of the tendency of these methods to be periodic. Of greater importance
by far is the fact that random numbers produced in this manner are the product
of simple arithmetic calculations. They are therefore reproducesble. This
allows checks, and accurate comparisons of two systems using the same sequence
of random numbers, to be made.

The chief objection to this type of technique is philosophicale The
theory relating to randomness asserts that the subsequent variation in "random"
numbers all depends on the choice (even if arbitary) of the first number.

This can of course, be met with the pragmaetic argument that if the figure
produced satisfy the known statistical tests of randomness, they will do.
This latter justification is commonly taken as sufficient and methods of this
type find widespread application.

More sophisticated methods than mid=-square method of producing random
numbers using a recurrence relation do exist. Many of these are refered to
in the Symposium on Monte Carlo Methods (22) and in the U.S. Department of

Commerce National Bureau of Standards, series on Monte Carlo. (22)



Multiplicative and additive congruence methods have been devised to generate
random number sequences of greater length than the mid square method. One
method for instance, the residue class method, quoted by Foster, (2) is
capable of producing 1.7 x 1010 numbers exactly uniformly distributed in the
range O=1 before repeating itself.

The process of generating Random elements can be summarised by saying
that there exist many useful ways of generating random elements. None is
perfect. For use in engineering and physical science applications (where a
large part of the application of Monte Carlo has been in the past) absolute
randomness is desirable. In Operations Research attention to this detail is
not of such great importance for frequently there is much less accuracy in

the simulation model)than in the random elements used.

ko2 The Generation of Random Variates

A random veriate is an observation or sample value of a parameter
selected from the range of all possible values by random sampling. The
generation of these elements for a monte carlo simulation involves drawing
sample values from a probability distribution, using random numbers. In
each case a random sample is drawn from a sample space (population) described
by a particular probability distribution function. This distribution
function may be defined in one of two ways, depending on the amount and type
of' information available. Methods for generating random variates vary
accordingly. Two methods are discussed.

Le2.1 The case of a well defined distribution function

Where there is sufficient informetion on a parameter to allow it to
be stated in terms of a well defined distribution function (such as the normal

distribution functions), the process of generating random varistes is



comparatively simple. The simulation parameter for which a random variate
is required, is first defined. The parameter under study may for instance
be mean temperature for the month of January. This mey be defined as being
normelly distributed with mean 65°F and variance 36°F (that is, mean
temperature is N(65,36) . EKnowing this, a random sample of this population
can be made by using random normel numbers. g/ A table of these numbers
is consulted and a value is drawn. Such a value might be -0.752. Multipli-
cation of the standard deviation of the mean temperature population by this
figure gives a random deviate of the temperature population. In this case,
/33 x =0,752 = =4e51., This deviation is then applied to the mean
temperature value (650) and yields the random variete, 65° - 4e51° = 60.49°.

This is a random variate for the case of a well defined distribution function.

Le2.2 The case of an empirical distribution function

When there is insufficient information to allow a formal distribution
function to be used, or when empirical information does not fit one of these
well known functional forms, an alternative method of generating random
variates must be useds The method 2/ in this case proceeds as follows.

To draw an item at random from a population described by the probability

density function f(x),

(a) First plot the cumulative probability function
x
y = F(x) = f(u)edu (Figure L4e1)
-

2/

Y

Random normel numbers are a series of randomly selected deviations, from the
mean of the standardised N(O 1) distribution function.
For a table of these see Massey and Dixon (28)

See Sasieni (34) Chapter 3.



(a)

B

Choose a random decimal between O-1 (to as many decimsl places as
desired) using, for instance, a table of random numbers,

Project horizontally, the point on the y axis corresponding to
this random decimal value until the projection line intersects the
curve y = F(x).

Write down the value of x corresponding to the point of intersection.

This value is the sample value for x.

Random
decimal

0 Sample x X

Fige 41 Monte Carlo Sampling: "Drawing an item

from a population with & cumulative

distribution function F(x)"

Proof of the validity of this procedure involves showing that any

item in the population has equal probability of being measured, that is,

that the probability of ending up with a sample value between x' and x' + dx

is proportional to the probability density function f£(x').



Reference “o Figurs 4.2 shows that

P{x‘ < x <:{' +c1}:‘}= dy {Lo1)

and since gy = Ft{x)
dx
= f(x)
dy = f(}’:'oﬁ:{ (}—3-12)

Tnsertion of the velus of dy from equation {4.2) in ecuastion (L.1)

gives

P{x‘ < x <:{'+dx-} = £{x),ax

= F(x)
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Pig. he2 Diagram for the justification of the Monte

Carlo sampling routine

That is, the probability of getting any particular value of x is proportional

jiv]

to £(x), 2s desired,
A1} types of empiricel dete cen bs sampled in this way. TIf however
raw date is used in this way, it can be argued thet all thet is achieved in

reality is a simuletion of the past. It is a much stronger assumption that
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the basic form of the distribution will remain unchanged with time.
Formalized or even smoothed empirical distributions are to be prefered for
this reason.

Two apparently different sampling techniques have been described. The
difference between them is howaver)superficial. Both methods in fact rest
on the same foundation. The first is a specialized case of the second. It
is only the formalization a particular distirubtion type in the first case
that makes the two appear different. Tables of random ﬁormal numbers are in
effect "ready reckoner" summaries of the random sampling process for the
standardised normel distribution. The proof of the validity of the sampling

process given above therefore applies to both sampling methods.

Variance Reduction

As may be expected the overall variance of a system involving several
random sampling processes can beccme very large. This is substantiated by
an exemination of the rules of probability theory which cover this domain.

Where two random variables are added or subtracted, variances add in

the following manner.

Var(aX1 + bX2) = a%Var X + bVar X, = 2&bCovar(X1X2)

1 2

Where random variables are multiplied a complete function involving

squares and expected values of squares evolves e.g.

2 2
Var(x1.x2) = E [x1x2 -2 X1X2.E(X1X2) + E(X1X2) ]

2 fe 12
E(X,%,) ‘E(x_z)fz)
The variance of a quotient is defined as

Var<X1> = E(X12) - E(X1 )2 ; E(Xz) #0

X, E(X22) - E(X2)2

(E in all cases stands for Expected Value)



The increszse in variance from sddition or subtraction is cleer. The
increase resulting from multiplicetion is not so obvicus, as the definitive
formula does not lend itzelf to factorisation into parts which are clearly
Var X1 or Var Xzo In this case, it is the presence of squared terms which
suggests an increase in veriance. In ths quotient case there is no a priori
reagon for assuming any particular direction in variance chsenge. It iz only
included for completenesse

Large varisnces can thus he generasted in the process of uvsing YVonte
farlo procedures. The extent of this in any one preject is dAifficult to
agsess g priori; but fthe evidence of theesquations above indicates that lionte
Carlo methods tend to produce large variances. Actuel evidence is only
aveilable by deduction from Xahn and Mann who cite examples of a reduction
of varience by fectors of up to 10 (17} «

Several variance reducing techniques have been devised. Wost of these
invelve a medified ssmpling prooedure, (1§} (11) (gz) although suggestions
heve been made (22) that it msy be pessible to use a degree of experimental
design in Monte Carlo. To date the mair achievements in variance reduction
have been made with modified sampling procedures. These include

1« Importance Sampling,

2. Russian Roulette and Splitting,
3. The Use of Zxpected Values,

4o The Correlation ané Regreassion,
5, Systemetic sampling and

6o Stratified Samples.

Le3e.1 Importance Sampling

Tmportance sampling is, as the name suggests, s techrique of deliberstely

distorlting the netural protahility distribution according to the importance



placed on szamples from a particular part of the distribution. The disteortion
is subsequently discounted Wy eppropriately weighting the samples from the

unimportant part of the distribution. TIn this way the desired number of

0

important sampls wvalues can be obzerved without including the varianc
associated with the inclusion of a proportien of "unimportant” somplese.
The method achieves variance reduction by the exclusion of unimportant samples,

4o3.2 Russian Roulette and Cnlitting

Russian Roulette and 3plititing is e similer technique to Importance
Sampling., Both Russian Roulette and Splitting,and Importance Sampling employ
proecesses which dispense with certain groups of semplez. In Importance
Sampling "unimportant" samples are determined a pricri. In Russlan Roulette
and Splitting the decision to dispense with soms samples is withheld until
sampling has been completed.

In this latier case, samples are drawn from the natural population.
After sampling, the outcomes are split inte two groups: thosge which are in
some Way “interesting" and of further use in the simulation, and those which

" gamples is then

are "uninteresting”, BSome percentage of the "uninteresting
killed offs. The remainder are weighted to meke up for the loas. Usually,

the "killing off" is done by a supplementary game of chance. If the
supplementary game 1z lost the sample is killed; if it is won the zarple

is countad with extra weight to maks up for the fact thet it ran some risk

of being killed, The similarity of this procedure with the Russian zame of
chance played with revolvers and forehsads, has led to the method being
entitled Russian Roulette. By means of splitting the samplss intc "interesting”
and "uninteresting” zroups and by Ykilling off" some of the "uninteresting

samples, fewer sample ocutcomes continue in the simulation. The varisnce of

the overall simulsztion cutéome is therehy reduced.



43.3 Use of Expected Values

An ewpeected value is the sum of sll the possible sample outcomes, sach
weighted by the freguency with which it occurs. This value summarises the
long term balance of outcomes expected from continued sampling of a population.
It is the mean of 211 the possible values which might occur from sampling a
population and it tskes the variance of the population into acceunt. ‘n
expscted value can thus be used to express the effect of a parbticular para-
meter without introducing the varlance of thet parameter intc the simulation.
Tn circumstances where the deliberate sampling of a population only adlds to
the veriance whilst coniributing no more than s mean value this methed is

valuable as a variance reducing technique. Tt is one of the more powerful

k) * -y - . - r A 3 Fal
techniques of wvariesnce reduction. Kahn and Mann (ﬁ?; guote the use of
expected values as having deecreased effsctive variance by fzetors of the

PR 1 . . . . .
order of 107 « 107 in physics and snginesring project

I

Correlation or Regression mey be employed when Wonte “arlo Simulaticn

ar

iz being used to malke comparisons or calsulate differsnces. Tn these

irocumskbances elimination of irrelevant fluctuationa which Ao not affect tThe

technigues can he illustrated as follows. Conglde
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producticn is being simulated using monte carlo methods, and two types of

Fo B

pasture sre to be compared over a series of "seasons™, Equations are set
up to rvepressnt the growth of each type of pasture. These may, for instance,

relate pasture growth to westher. Random samples sre then drawn for weather

and the predicted growth of each area of pasture is celeculated. The results



are then compared.

In this situation there are two ways of drawing the random samples.
The first of these inveolvss drawiag seperate random samples for each pasture
production equation. The second is wmore subtls and usss the same random

sappls in both pasture equaticnsz. This mesns that whilat the random

influence. of wzather is maintained in the simulation, both eaustions are

@
e

"fectad alike., The comparison of their outcoms, thus becomes more accurate
baeauvse the irrelevent fluctuation associated with sampliing the weather has

e2n eliminated.

o

In this illustrative case a correlstion of of plus one was assumed
between the random numbers used for deciding the parameter values for ecach

f the pasture production eoustions. Thig need not have been so. Mor nsed

]

havs besn the random numbers which were correlated, Any system of sampling

|
ck

£,

which includes some degree of correlation or regression helween two aspects
of a sampling procedure is a variance rsduecing technique of the corrslastion
and regresaion type. This method of variance reduction is of mosi use in
cases of comparison.

he3.5 Systematic Sampling

In certain multistage sampling problems it is frequenily possible o
conduet the first stage systematically. If for example, two dice are going
to bz tossed one at a time, there is no real value in actually tossing the
Tirst dice, provided the total number of samples to be taken is known. If,
for example €00 samples were planned, 100 samples of each fece of the dice
would e expecied. In this case no bhias is introduced to it, instead of
random sampling, 100 cases of the dice showing 1 spot are assumed to occur

first, followed by 100 cases of the two spois showing etc. This is



svetematic sampling.
e advantage of this method is thet the error caused by fluctuations
in the proportions of the different feces cscurring with random sampling

the first die cubtcomzs ia eliminated. The extent o which this technigue

chiesves variance reduction is small., TFactors of 5 ~ 3G percent ers

o

indicated (iz) but as the method iz likely to ceozlt litltle or nothing to
implement it is one which is resdily used., The main application of
Srstematic Sampling is in multistage sempling problems where it is ftrivial
to calculote the distribution of svents at the first stage.

Lie3.6 Stratified Sampling

Stratified Sampling involves a procedurs which combines the principles

£ Tmportance Sempling and Systematic Sempling. <8 In 3ystematic Sampling,

each group of outcomes is assigned a Aefnite number of samples instsad of
a random amount. However instead of just taking this number eaual to the
expected numher of cutcomes for that region, it is chosen to minimise the

variance of’ the estimate bsing made., Tn this latter respect Stratified

s similar to Importance Jampling.
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For example, suppose 600 tosses of & pair of dice were to be made and
tne only outcomes of interest are those which total three. In this cass,
systematic sompling can obvicusly be ussd in place of random sampling Tor
the throw of the Tirst die. Tn addition, Importance Sampling can be used.

In the trial being congzidered; results cof throwing the first Ais which yisld
vzlues of thres to six are of no importance, since under these circumstances,
it will never be possihle to get a2 total of three. The systematic sampling
of throws of the first dice yielding three to six can thersfore be declarsd
"unimportant™ and Ieft out of the sampling. The combined practices of

systematic end important sampling constitute Stratified Sampling.




Six variance recducing techaiques have bLeen discussed. TFach hes value
in certaein circumstances. Some methods f©ind widespread application aend achieve
large refluctions in variance. Others are wore restricted in their usefulness.
Overall, their use cen contribute significantly teo reducing varience in ¥onte
Carle Simulations.

In Operations Research applications of lonte Carlo Simulation however,
use of varisnce reducing technigues has not been asx great as may be anticipated
from the discussion above., Marshall {27) has suggested possible reasons for this.
1a Tt is possible that to some exient users of the ¥onte Carlo wethod have

been insufficiently aware of the resgources at their disposel for this type
of work,

2 In most Operations Research very accurate answers, are not required.
Therefors sample aize is not large sven when random sempling is used. TFurther,
it is often the case that model accuracy, no matter how complex the model,
is only nominal. This may arise from diifficulties in defining the variables
involved, or from weaknssses in the empirical data used. Tt is also trus that
Cperetions Ressarchers are usually looking for and only interested in large
differences between, Tor example, existing and proposed systemsa

Je interest often centres on the working model itself as much as on the
outcome of its operation. Study of the model leads tc understanding and

U ean he decided afterwards when

suggestions Por improvements. "Tmportancs
it is seen "how the model goes”, rather tha a priori as is necessary for
importance sampling, Realise promotes understandiing, UDisvortion of the
model for increzsed efficiency is not readily accepiable in this situation.
Tt is thus evident thst the chances of achieving significant geins in

varianee reduction in Operations Reséarch onte Carle Zimulations are compromised

by the emphasis on gimulation. HNevertheless, useful variance reduction cen be



T

achieved by using ths techniques discussed to exploit specific details of Monte

Cerls Simulations.



CHAPTER 5

SPECTIAL PROBLEMS ASSOCIATED WITH A MONTE CARLO SIMULATION OF

GRAZING MANAGEMENT

In this chapter two further problems associated with the use of monte

carlo simulation are discussed. These are distinct from the problems of the

previous chapter as they arise from the application of the technique of Monte

Carlo Simulation to a specific situation: grazing menagement. The two problems

are, the specifiication of simulation functions and the difficulty of obtaining

appropriate data for the simulation.

51

Specification of Particular Simulation Functions

Before a monte carlo simulation can be formulated completely, each of
the events in the grazing management system under study must be specified
in detail. This involves identifying dependant and independent variables
within the system, and expressing these in the form of mathemetical equations.
To the author's knowledge no equations of this type were available from
previcus grazing management research. The process of formulating equations
to représent real events in grazing management therefore become part of this
study.

Two problems were encountered. These were the specification of the
functional form of relationships (equations) and, the emount of dta required
to make the equations truly representative of reality. In the absence of any
2 _priori knowledge on this aspect of simuletion, solution to these two problems
was found by empirical procedures. In considering any one function the method

was as follows:
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the amount of data currently available was found to he limited. The
EN

squations which it was possible tc formulste ars based on ons or at the

sentetive

m

mosi two years' obgervations. These may or may not be repr
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otservetlons of the real function being vepresented by the equaltion over

longer periods of time,

[

The speeificeation of simulation funsticons has thus been mede using
empiricel methods. Froblems including the form of functional relationships
and the amount of data required for the enumerstion of these, have Leen
encountered. Wevertheless it hes been possible to enumerate sufficient
functions to allow a monte carlo simulation of grezing management to he

formuylaoted,

«2 Difficulty in Obtaining Appropriete Data

A9

sgociated with the problem of specifying the funclional relstionships

B

1/

involverd in zrazing mansgement is the problem of ohterining appropriate deta.

The simulation of grezing manegement wes found to require data fulfilling the

A N . - - . . .
{a) Data showld be directly applicable to gresing mensgement situations.
Thers is little or mo wvalue in ixying to simulate reality with data which

is not relevant %o a real sitvation. Por example, data for pasture

13

grovilng in the absence of livestock iz ineppropristes for use in &

]

simulation which includes grazing animals,

1/ . s .

=~/ It should he apprecieted that this is not a probtlem of Fonte Carlo per sc.
Honte Carlo Simulation in a strict sense invelves only the formulation and
operation of a model of reality from given dsta. The problem of providing

oL

appropriete data however, has been a practicel problem in this study.
5 T L



(b} Three relztionships zre fundamental to grazing manazgement and to
the simulation model. These are the weather-pasture growth relation-
ships; the pasture prowth-animal intale relationship; and the animal
intake oubput relationship. TIn order to delineate these Tunctions,
obgervations are regquired on weather, pusture production, aniwal intske,
ond apimal production. The winimum information required for e grazing
managenent gimulation includes et least some ohessrvations on each of
these four parametsrs.

(c) Time 1s an imporiant variable in grzzing management and sipulation
is essentlally ateomistic. Observations on grazing menagement veriebles
were therefore required ai reasonably short intsrvals (1 - 2 wesks ),

In adiition it was preferable that datae extend over at lesst one season
and if possible over a longer period,

(d) Natafrom & single ferminz situation is desirable, Spart {rom
providing a co-ordinatsd factual base for simulation, a single farm
providss & test site to which simulation results are properly spolicable.
If date is derived from e wide range of sources, the interpretetion of
the simulation and its results is difficult.

These then were the Tormal ohjactives in searching for and evaluating
possible sources of simulation data. It was realized it may not have besen
ossible to fulfil all these abjectives aimulitaneously, but equally it was

hoped thet more date than jusit that fulfilling thess requirements, might e

located. Severel sources of grezing mansgement records end date were

inveastigated. Tive sources were studied in detail, These were =

1. The Xassey College Small Farm Tntensive Projsct

2, The Te Awa Hill Research Tarm
3. Thz Jenganui Farm Tmprovement Clubk Sheep Farm Reoorda

Le A commereisl farm employing e Harvestore



3

% The Ruakurs Wo. 2 Dairy Farm Projzct
Far each of these situstions, weather information was available in the form
of monthly summaries of observations made in the vieinity of the projsets.
Since, then, weather information was availaeble for all five situations,
evaluation of the sources of data was hased meinly on their ability to supply
information on the other thres parameters pasture production, intaks, and
oubput, and on their ability to fulfill the other objzctiives set out ahove.

Investization proczeded in the order shown.

5.2.1 ¥Yasgey Smwall Tarm Frojest:

An iptensive small farm project involwvwing 30 ascres of one of the Messey
Collergze Dairy farms at Palmerston Yerth, ew Zealand., stocked at 1 son/Bore
was conducted in the years 1952-57 {31) (33). The object of this triel was
to test the hypothesis that 5001b of Butterfat per acre could ke attained with
ryegrass white slover pastures on the heavy soils of ths Manewatu.

This projsct was closely recorded and most of the original inforwmstion
was 3till svailable at the time the author made enguiries about it in March
1962, TInitislly it oppeared that there wes sufficient information recorded
on this trizl to allow some altitempt at simulation to be made.

TDetailed investigeticn of these records however revealed thet there
were no estimates of pasture production made at any time during the study.
“his msent that the first functional relationship in the simulation, weather =
pasture growth, could not be estimated. Turther, estimntes of intake were
based on Yallace's {1956, equstion (42, which only provides o measure of
intake over a full year and is not suitable for short term studies.

In view of those two Aeficiencies it was decided that this scurce of

information was inadequate and that others should be investigated.



5.2.2 The Te Awa Research Tarm

Te ‘wa is a hill eountry research station eof 185 zcres in the Fohangina
Country of the ¥ansewatu Province, Wew Zegcland. Tt was set up b Tresslands
Nivisien of Meparitment of Scientific and Indugtrial Research in conjunction
with the Haonawatu Catchment Board, to study hill country pastures and erosion
control. Details of the farm and the projects there on have been recorded
by Svekling (37) (38).

Recent resesrch has involved study of pasture and livestock production
under several stocking rates. Tull records were available for, weather,
fertilizer, pasture production, wool weights, stock liveweights, and lamb
growth rates, for levels of stocking of 3, &, 5, 6%'ewes per acre with and
without cottles

The inadequacy of this situation wasg the leck of some measure of intake,
There has been no measure of this made at Te .wa. In view of this this
source of informition had to be disregarded.

5.2¢3 Tangarmi Farm Tmprovemsnt Club Nata

Observation by one of the author's fellow students, that the Vanganui
Worm Improvement Club wes keeping some useful records, lead to the consider—
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data.
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ation of ancther source of sh
Comprehensive records of production were available for farms in the
Tanganmui Term Improvement Club., Divestock production had been closely
racorded and pasture production had been estimated on the basisof ewe
equivalent grasing days per acre. There was a wide range of information
available.
The problem with this source of information was the pasture produstion

data. The measurement used, ewe graring days per acre, confounds three

factors: pasture production, livestook intake and menegement, Tt measured



in eff'ect, whichever is the least of ths pasture production potential, the
animal production potential and the management potentisl. Yor example, if
the amount of pasture available is in excess of animal requirements, then the
animals determine the number of grazing days per scre. If feed is short, the
pasture determines the grazing day limit. If the manager decldes to fatten
stock, the stocking rate is kept low and the stock are well fed. Conversely,
if the manager wishes to restrict livestock intakes he will increzase the
stocking rate. In each case, the number of grazing days measures scaething
different. In no case does the measure record the amouant of pasture produced
effectively. The confounding of several influences in the records zvaeilable

from this source was the reason for disregarding this supply of data.

5e2s4 The Harvestore Farm

After investigating the three scurces of information described above,
no suitable source of simulation date had bheen found and both pasture and
intake measurements under graszing conditions appeared to he deficiencies in
the provision of this information. Consideration was therefore given to
avoiding the difricult circumstances associated with the measurement of pasture
grovwth and livestock intake under graszing conditions by studying a system which
dissoclates the animal from the pasture. This situation appeared to be
adequately represented on a leikato farm where a Harvestore had been
instazlled, 2/ Cn this ferm it was ithought that records of pasture
production and animal intake in terms of harvestore input and output {(with
lmown losses in between) may have.been available, end using these, & simulation

tr

of "z pasture snimal asszociation” may have been formulated,

The Harvestore is an airtight steel silec used for storing cut wilted pasture.
Preservation in the silo is by carbon dioxide and & very nutritious and
palatable feed is produced from this type of storage.
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of the No, 2 Dairy Tarm Freject 2t Rualura fnimal Research Station, Hamilien,
Mew Zealand. This project was originally set up to atudy two graszing

set stocking and rotat
ariended to take

account. The records of this latizr stace of this

chzervations on all four parameters recuired
gimulation of grezing menagement.

The Mo, 2 Delry Tarm project over the yezrs 1957
¥ prog 7

been fully accounted by ¢ eeken and Talshe (25) and

Rasically four smell farm experiments

these was to evaluate conirelled (rotationally

.
sim of

(set stocked ) grazing practicesz undser high and Ilow

details of this trial are shown in table 5.71.
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TABIE 5.1

AMMLARY OF THE RUAXURA NO., 2 DATIRY TAR PROJECT 1957-64

I
1957/58 1955/€0
Treatrent Ares 1958/59 1960/61 Steck Details
CL 42,6 ac Standard Herd
Composition and Age
CH 5.0 zc LO cows L2 cows Nistribution
oniy only
UL, 45,0 ac per per 167 Replacement rate
1 PR o e de
treaiment trestrant
N 2 vr olds/yr
UH 3h.5 ac 723 ids/yre
Where C stands for ccnlrolled grazing and where U stands for uncontrelled
grazing
and whers ¥ stends for high stocking rate and where I stands for Jow stacking

rote.

The centrolled grazing treetments involved fifteen anoroximately

eaquelly sized paddocks. The uncontrelled grazing treatments use? only twe

paddocks, a day and a night peddock. Peddecks for different treatments wers
intermingled to obtain a rendom and even distribution of s0il and pasturs
types. Two hunfred weight of ssrpentine supershosphate fertilizer was

applied annoeslly. Hay was made on the unconirelled treatments and hay and

silage on the controlled ftreatments. Tasture dry matier was measured on
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a pilot ares of Tive gscres, set up withi
repliceted bazis. This duplicsted both grazing method and stocking rate
differences of the mejor experiment. Caged srees on the U trestments were

cut 2t 1k = 2 day intervals snd similar areas on the C treatments were out

a2t intervals 4 termlrcﬂ by tha rate or rotation of the herds about the

o



paddocks sn these treatments.

4

Assoclated with, or adjacent to, these experimental areszs

following inforwmetion was recorded.
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Tor three seasons 1958/5%, 1959/60, 1960/61.
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Intake: Estimates of dry matter consumed by T he stock on the pasturs
production sampling area.
Production:
Tndividual cow millk weights, fat percentage and liveweight by
weeks for all cows in all ysars.
Summaries of Preduction/cow,
and Production/hcree
General: Ceaelving Dates.
Lactation Lengths.
Herd Composition, wastage and disesse.
Calf weights,
Hay end Silage made end fed and measvrements of Autumn saved
pasture.

The situation of Mo. 2 Dairy thus appeared to fulfil all the initial
requirements for data for a monte carle simulation of grazing managerent,
Tt was therefore sslected as the source of informetion for the simuletion
of zrazing menagenent in this study. OSubseouent detsiled investigation,
however showaed that sven this situetion was inaslequate in some respects.
In particular, the animal intalle measured on the Wo. 2 Dairy Project nroved

74
ungatlsfactory for use in a simalation, and data from another Rualura

project had to bs substituted,




CHAPTER 6
A GENBERAL MONTE CARLO STMULATION MODEL OF GRAZING

MANAGEMENT

In this chapter a discussion of the problems encountered in

formulating a grazing menagement simulation for dairy cattle, is presented,

This is followed in the next chapter by the development of a numerical model

for a specific grazing managesznt system.

6.1

A Description of the Grazing Manegement FProblem

The management of grazing livestock is a very complex funciion. Tt
inrolves decisions relating toc all aspects of pasture production, its
utilization by grazing eanimals and the efficiency with which these animals
convert the ingested pasture to a saleable livestock product. Theszse factors
are influenced by a series of other factors. The amount of paslture grown is
influenced by type of s50il on which it is growing, the pasture composition,
the emount of fertilizer applied,and the weather. Pasture growth is alsc
dependant on the degree of farm subdivision, arainage, grazing, treading and
pugging by livestocks In eddition, each of these factors hes a 4ifferent
influence according to the time it is applied.

The utilization of the feed by livestock is similarly dependant on
many factors. The amount of pasture consumed depends on whether the animels
are dry or lactating, growirng or mature. The feeding plan: set stecking,
rotational egrazing, strip agrasing, the congervation of Autumn sowed pasture
and the making and feeding of hay and silage, also plays an importent part
in determining the amount of grass eaten by livestock.

Cnce the pasture has been ingested by the animal, olther factors operate



te influence the amount of intake actually converted to animel output,

In this category genetic merit, stock health and thrift, and physiclogical
productive status (stage of lactation, pregnancy etc.) operate to influence
production.

Marthermore many of the factors involved in grazing manegement,
imteract. Adjustments to one factor can rarely be made without studying
the changes required or induced in other factors. There are few truly
independant variables in a grezing menagement system.

Continuity through time is another feature of a grazing systems Bach
month's production is influenced by that of the preceding month and that
of the current month influences that which follows. The end of one season
is the stort of arother. “Within each season, grazing manegement decisions
influence one another. Nach new decision can only be made within the limits
of the previous one. T¥Tor example, if two thirds of the dairy herd is dry by
the end of #April, then decisions about drving off can only be applied to the
remaining one third of the herd. The c¢ollation of decisions through time
is therefore an important part of grezing mansgement,

There is also the aspect of time which is concerned with the timing
of events. This is frequently one of the most critical factors in grazing
management. This can be illustreted by the case of the cone ferm manager,
who moves his stock one or two days before another. In the ssme circumstsances
judiciously avoids a stock thyift problem which the second mpan encounters
simply hecause he waits two deys longer.

lUncerteinty also influences grazing monagement practice. There is
for instance no way of knowing in advance the type of growing season to
expect in any one year. In consequence grezing managers must teke risks.

Alternatively they must make provision for the possible detrimentel effects
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of uncertainty by insuring ageinst these. In both ceses, the decision
taken influences the rest of the grazing managemenit system.

Many factors associated with graging mensgement require subjective
evazluation. This ocecurs for one of two reasons. ZXither it is not possible
to define particulsr influences in the grazing mansgement system explicitly,
or if it is, no suitahble method for mezsuring the variation in the factor
exists. Judgement, the art of evaluating situations subjectively, is
therefore important in most grazing manegement situations.

Weonomic consideretions are also invelved in grazing mansgement. BRach
of the many factors invelved in grazing management can only he cbtained at
some cost. Against this, a price for the output produced, can be set. A&
profitable balance of these two economic factors is required.

The management of grazing stock thus calls for consgidersble skill and
knowledge. Tt requires knowledge of the physical cheracteristics and
responses of the large number of factors involved and knowledge of the
eccnomie Implications of the intrcduction and adjustment to these. Overall
the grazing menager's problem is one of optimising (in the sense of using
resources effectively and efficiently for profit) the combinetion of pasture
producing and livestock factors. A simulation model for studying the
physical aspects {exclusive of ecoromic considerations) of this problem is

now considered.

An Overall YModel

Before & grazing management simulation can be formulated in detail,
it is first necesgsary to reduce the grazing menagement problem stated above
to a grazing management problem invelving a particular situation. In this

study, the simulation of the grazing menagement of lactating dairy cows hes
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been considered. A dairy cattle situation was chosen because this was the
only grazing menagement situation for which sufficient information of the
type required for simulation was available,

The first stage in the process of formulating of a monte carloc simulation
of grazing management is the drawing up of a flow diagram or master plan.
In this, all the known important variables are specified in a way which
indicates the logical order of events and the interactions of these, in the
simulation. Such a flow diagram for grazing management expressed is shown
in general terms in Figure 6.1. v This is thought to contain all the
essential features of a grazing management system. Actions and interactions
are indicated by arrows in one or two directions respectively.

From this diagram submodels and dependant sets can be identified.
Obvious submodels are pasture production, intake and livestock output. Each
of these can be expressed as a function of several dependant, independant

and interdependant variables. The following identities were made.

In this diagram, the abbreviation Prodn. Status. means productive status
and represents the influence of stock type (lactating or dry, pregnant or

not pregnant) age and sex.
H and S and A.S.P. mean hay and silage and autumn saved pasture respectively,



TABLE 6.1

TABLE OF GRAZING MANAGEMENT SIMULATION SUBMODELS

f(Pasture species, soil type, weather, fertilizer,

Amount of Pasture Grown

state and stage of growth after last grazing.)

f(Amount grown, decay losses, digestability and

]

Pasture Available:

nutritive value)

Intake: f(Amount pasture available, amount supplementary
feed available, stocking rate, rationing system,
productive state of animals, level of preocduction,

maintenance ration required, liveweight change,

environmental conditions)

Production: = f(Intake, food conversion efficiency, liveweight
gain or loss, age and health of stock, stage of

lactation)

Each of these functions is now discussed. In each case consideration

is given to the problems of formulating a simulation model from the data

available,

6e3 The Pasture Production Function g/

The use of data from a particular source (in this instance the Ruakura
Noe. 2 Dairy Project) means that certain restrictions are placed on the type

of simulation function which can be formulated. In considering the pasture

2/ The pasture production function discussed in this section considers jointly
the pasture grown and pasture available functions of Table 6.1.



grown function {es stated in Pable €.1) in particular, the use of data from
Ruakura meant that the factors of soil iype, fertilizer applicalion and
pasture composition were automatically determined and constant, 45 well

the fact that pasture production estimstes hzd been mzde at all meant that a
stage and state of growth at eech cutting was implicit in the data.
Hffectively then, the only real variable which could be included in o pasture
production simulation function was weather.

Tn considering the pasture production function there are thus three
poinis to be congidered: +the form and amount of weather informaiion to bhe
used, the amount, types, and usefulness of the pasture production information,
and the determination of the availability of the paslure to the grezing
enimals.

€e3.1 leather

idvice was sought from members of the Plant Physiclogy Division of

New Zeasland Depertment of Scientific and Industrisl Research on the
significance of the varicus climulic influences recorded on pasture growth.
It was proposed thst these should be used on the variables in a simulation
function relating pasture weather conditions. Two points of view were
expressed. Pirstly, it was suggested that the function most likely to
provide an accurate and comprehensive prediction of pasture growth using
weather information, was nne which employed as many weather parameters as
poasible., The following parameters were therefore recommended.

Mean Temperature

Maximum Temperature

inimum Temperature

Tvaporation

YHnd RBun



4 measure of soil moisture stetus.
An index of the quantity of light.
Soil Temperature at 4" and 8".
Rainfall
Rain Days
In confiict with this point of view was a second which emphasized

that each of these ohservations wes only one index of the total environment

in which the plants were growing. As such, each observation is related to

the others. Each measures a different aspect of the same thing - weather,

This lack of independance amongst tha recorded weather variables is well

evidenced in the case of the fowr temperature measurements suggested abovs.

Each is related to the other. BEqually, but perhaps not so obviously

evaporaticn is correlated with wind run, so0il moisture, rainiall and temper-

ature.
This fact has two implications in HMonte Carlo Simulation.

{1) If a multiple regression model is to be used to represzent the
functionel relationship involved between weather and pasture production,
one of the assumptions of this model is violated by using this data.

The assumption is that the independant variables of the regression are
independant, and those suggested.are nots

(2) If 2 multiple regression model is fitted in spite of the
assumptions of the model Leing violated, conditional prohability
funetions would be required for random samoling the parameteyrs inveolved.
Tor the number of parameters suggested above the formulation of these would
present a task of immense proportions., Tven if the number of parameters
was reduced to three; temperature moisture and light, the task would

not be small. s well it is not clearly established that there is &



need to use as many parameters as suggested for prediction equations

in a simulation. Tt is quite possible that & gingle parameter for

vweather may be sufficient. This will not explain all the variance

involved in reality but in a monte carleo simulztion this is not

necessary. Equaltion srror variances can be used to include

"unexplained" variation., A measure of this is included in the

simulation by rendom sampling the equetion error variance.

In view of these considerations, it was decided that a single paremeter,
temperature, would be used to represent wesather in the weather-peaszture
production functions

Be3s2 Pasture Froduction

Related closely to this problem of mzasuring and expressing the
environment adequately is the problem of measuring pasture growth under
grazing conditions. For this situation there is ne fully satisfactory method
and constructive suggestiona are difficult to formulate. Disgussion here
reletes mainly to the methods currently in use and value of these for
simulation purposes.

Predominant amongst pasture measurement problems is the fact that the

pasture is grown for grazing animals., This means that simple growth effects

in pasture, which might quite adequately be measured in terms of pounds of
dry matter, are confounded by the fact that the only pasture that is of any
valus is that which is palatable, digestible and preferably of high nutritive
value to the arimal, .4s yet none of these latter attributes of pasture have
been satisTactorily measured without the introduction of the aenimal. These
three attributes can,; however, be essessed without actually applying the
animal to the pasture.That is, by indoor feeding $rizls. This howsever

eliminates important animal influences on the pasture. These are treading,
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the influznce of excreta, selective grazing, and grazing pressure {extent

and severity of defoliation). These are known to have substantial effects

in pasture growth. The measurement of pasture production in the absence

of livestock is therefore not a true memsure of growth for grazing

management studles. Animals must be inecluded and when this is done the
pasture measurements recorded are a Tunction of the animal factors: appetite,
treading, return of dung and urines, selective grazing, end the management
Tactors of stocking rate and length and freguency of grazing. Much as it is
desirable to separate plant and animal effects this does not eppear possible
if one inzists on measuring pasture grown under graszing conditions.

Several methods have been devised for measuring pasture growth undiler
grazing conditions (gl\. Most of these involve the placement of protective
cages within the grezing area. Pesture grown within the covered area is
harvested at suitable intervals with & mower or other suitable cutting tool,
Pretrimming of the covered area is practiced with some methods.

A method of this type wes employed in obtaining the pasture production
data recorded on the No. 2 Dairy Project at Ruzkura (1). Two replicates of
approximately one acre, each grazing one sverage cow from the herd on the
particuler treatment, were employed. Five ceges were deployed randomly
within each area. The enclosed areas were cut at 14 day intervals and the
cages relocated rendomly thereafter. There was no pretrimming of cage areas,
Tnstead a second area outside each cage, hut similer teo the caged area was
harvested at each sampling date. This method provides a means of measuring
as nearly as possible the weight of dry matter produced in the areas in a
particular time period. The method does however have the following
limitations -

(a) The method gives a measure of net change in the amount of pasture



available over the period. Tf the rate of decay {due to slugs, worms
parasite and seprophytic fungal growth) exceeds the rate of growth, as
vag found in some months, & negative net growth figure is registered.
“hether such & figure iz realistic measurement or not, is a point of
conjecture. The pasture may decay in the cage, but outside it may well
be eaten by the livestock present, particularly under conditions of
continuous grazinz (set stocking).

(v) Strictly speaking,data obitained in this menner is only applicable

to grazing situations of exactly the seme type as those in the triel,

This conf'ines the applicability of the simulation equations. based on

this data. Lo set stocked areas grazed at a stocking rate of cbout ons

milking cow/acre. S3ince ons of the objectives of simulation is to
investigate the influence of changes in such factors as stocking rate
this data is inadequete for this purpose.

(c) frazing livestock are not concerned with pasture dry metter per se.
Thirty pounds of dry malter as rank dried up summer "top" is not the
same productive ration for a cow as thirty pounds of dry matter as lush
spring or autumn growth. Therefore in order to simulate at all
adequately, some measure of pasture quality must bs included in the
cbservations., There were nc pasture quality cbservations recorded on
the Mo. 2 Deiry Project. Tn lieu of this, pesture qualily ohservalions
for the zimulation of graziang management have been taken from another

Rualkura trisl.

£.4 The iniral Tntale Funclicn

The pasture intske of grazing dalry cattile is determined by a bvalance



- 67 =

of two groups of factors: the pasture aveileble end the animal reguirements.
Tactore influencing the pasture availeble include the amount of pasture
grown, the rate of pasture decay, the feed rationing system, the stocking
rate end the ameount, if any, of supplementary feeding. The factors
influencing animal requirements are the number of stock present, their
productive status, their level of profuction, maintenance regquirements,
liveweisht change and hesalth.

€.ha1 Tactors involved in the Intake Tunction

Consideration is given first to the factors influencing the feed
availseble side of this bhalance. From a simulation point of view the amount
of pasture grown is determines by the peslure production function discussed
in the previcus section. The other factors, (feed rationing system, stocking
rete and the amount of supplementary feed fed) are determined by specific
grazing menagement decisions. Tor any one grazing mansgement system, these
are faectors which are made explicit by the Jefinition of the system. For
exomple, a grazing management systen may be defined as

"Continuous grazing at e stocking rate of one cow per acre; making

hay where possible, buying it if nscessery, and feeding it when
insufficient pasture is available". é/
This statement defines the feactors other than pesture grown, involved in
thie pasture aveilable side of the Lelance.

The problem of evalueting the animal requirsnents side of the balance

ig ~ore AifTicult, This side of the balance contrins a number of faclors

which are difficult to measure. In Mew Zealand attempts to estimate the

é/ This defivition tokes no esccount of economic consideretions, This is in 1ine
with the formel assumpticon that no economic considerations would be taken into

account in this study.
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requirements of grazing dairy cettle have been made by "7ellace (&g)(&g),
The method used was one of p&rfitjoning the variance of measured intales
between milk production, liveweight chenge, and a factor {(liveweight to the
povier 0.73) for body maintensnce.

on was given to using the results of this viork together with

[

Considerat
liveweight and milk production data frcm cows on the MNo. 2 Dairy Preject,
for estimating the intake requirements of grazing dairy cattle in a simulstion,
This however, proved to be an unsatisfacltory approach as the estimates
aveilable from 7pllace's work exhibit considerszble variability. In addition
the estimates apnly only to periods of time in excess of 3 months., Tor
simulation, this was considered unsatisfactory and an elternative was sought.

A solution to the problem of estimating grazing cow feed requirements
vas found in the use of some empirical data collected by Hubton in e nutrition
triel stuyding the full feeding of dairy cattle (13). The datz available from
this trial included measurements of intake for fully fed lactating dairy cows.
These figures were talen as indicative of the requirements of milking cows
an? heve been used in the formulstion of & simulaticon of a graszing management

system.

The ‘nimel Production Function

Of the fzetors involved in the animal production function (intake,
food conversion efficiency liveweight gain or loss, age and health of stock),
inteke is the factor which normelly exerts the grestest influence on

production. This is discussed first.

GeBe1 Intake

The intake of a grazing animel is predominently pasture. This is

grezed selectively by the animal as end when, and in such quentities (within
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the limits of the amount available to it) as it may decide for itself.

Intake under graszing conditions is thus characlterised by the fact that it

is an independant and selective animal function. Little is known of why

livestocl: select pasture for ingestion in the manner in which they Ao,
There is therefore = problem of specifying what to measure. ..gsociated
with this iz 2 problem of hew to measure animel intake, on pasture,

A"
(a} Yessures of Intake

Three measures of pasture intake huve been proposed and uszsd under
Y I

+

ligw Zesland conditions., Wach is subject to limitaticns and no one

measure is fully adequate. The three measuresz asre Dry ¥atterg

Digestible Organic Matter end Energy mezsures (calories). CF these,

dry matter is the moat simple to measure Wit it lzeks any measure of

nrtritive value. Tn view of this it finds 1litile useful avplicaticn.

Mgeetitle Organic Matter is betier as it incorporates z meazure of

Aigestibility. This messure has lLeen used extensively by Yellace
(12) (43} in deiry catile rutrition studies, Tt has a Limitotion.
Digestible Crganice Matter has been found by Butten (11) to exhibit

considerable seasonel vardiation. In view of this he has suggested

and

enployed an engrgy measurement for intske. The messurement of encrgy

ingested and digested provides detailed information of one nutrient

aof' the retion eaten by dairy cows. As it is zenerelly accepted thot

New Zealand pastuvres normally provide & well talencod raticn in terms

of nutrients, the fect that only one nuirient (energy) is measured
2 '

A

18

not & signficant shortcoming. This measure does however fail to mske

any measurenent of the physical tulk of the pasture ingested and this

mey be a important factor in the spring feeding of Mew Zesaland dairy

dattle (li)o



(b)

¥easurement of Intake

Associated with the problem of what to measure for intske is how
to measure the intake of grazing animels. So far only one method heas
been found at a2ll satisfasctory under New Zealand ceonditions. This is
the chromic=oxide. - nitrogen indicateor method. Tn this, chromic oxide
is fed as an external merker and is used to calculate a feed - Ffaeces
retio. At the same time indigestibility is calculated from a measurement
of the nitrozen in the faesces. (gg) The two coefficients so obtained
allow an estimate of intake under grazing comditions to be made. This
is the method employed by Tallace (42) for estimeting Digestible Organic
Matier intakes of milking cows grazing pasture.

Znergy measures of intake have not been made in the field., Indoor
feeding is necessary. This requires much labour and extensive facilities
and tends to become remcte from grazing conditions,.

A method has however been devised hy Hutton (1_1) which allows a
simulation of ocutdoor conditions to be made whilst these measurements
are being taken. This can conveniently be termed indoor outdoor feeding.
3tock are fed indoors, so that measurement of intake can be made, but
are muzzled and kept out of doors at all other times. Care is taken to
present fresh undameged herbapge to these animals, and sufficient quantity
is 2lways offered to allow animals to select their feed in the menner
similar to that in which they employ in the field. This method is not
ideal but does sllow measurementi of' greater accuracy than the Digestible

Organic Hatter estimates to be mdde.

Tntake Data

The intalre output function of dairy cattle is composed hasically



f two elements. Some measure of each is required for an enumeration
of this functions The two elements are:
1. The production achieved on full feeding (to appetite
capacity) and
"

2, The productien achieved when intakes are depressed

below this Tull feeding level.

The intuke measuremsznts recorded ca ths Mo. 2 Dairy Trojecl were
in terms of dry matter. These measurements were in the form of
estimates of intalke made from using & difference cutting technique on
the pasture production sample areas, Dstimates were made at 14 = 2
day intervals. The hasis of the pasture production trial under which
these estimates of intake were mede was such bthat ons cow was grazing
an area equivalent to the averasze area grazed by each cow in the main
herd of' the zrazing method treatment. 'This meant that an individunal
animal could be identified and its particular input output funstiion
followed,

Several features of this iaformation made it unsultable for
simuilation. Tirstly measurements were in terms of dry matter - nct
nutritive value, and as such hear littlas or no relation to the animnals
requirement. Froduction iz therefors uniikely to be highly correlated
with thiz index of intake, Secondly estimates besed on pasture
production difference cutting techniques are subject to considerable
limitation, not the lzast of which is the confounding influence of
pasture decay over certain portions of the growing season. 0Only one

animal's records were available in each season and this prevented any

allowance of animal varialbility being included in the simulation.



Tinally there was no way of telling from the informziinn available
what plane of nuirition this animal had been subjset to throughout
the season. Tt is possible that the cow providing the estimates of
intake made, was fully fed over the spring and eutumn periods, for
instance, and seversly restristed during a dry summsr. Thus, whilst
an animal production function mey perhaps have been satisfactorily
gstimated from this date, the level of production to which it apwlied
and also the effects of variatisn in this Ievsel would be unknown. In
vigw of this and the other deficlanciss in this data, other sources
were sought,

The omly trials which heve been conducted for the specific purpose
of studying production according to level of intake have been two
conducted by Muttcne These trials involved full fesding & group of
dairy cattle under his "indoor - outdoor" system (15) and a "depression
trial” operated under similar conditions (14). The first of these
trials provides information on intake, production and liveweight changes
vy weeks from calving, for fully feed milking dairy cows. The szeond
trial assessed the degrses of depression of intake possible hefore the
production of wmilk was affected. é/' In both cases intake was measured
in energy terms. Data from these trials has teen used in the simulation
of dairy cow grasing msnzgement.

£.5.2 Food Conversion Efficiency and iLre of Stock

There are two ways of taking these two Tectors inte account in monte

sarlio sirulatiosns.

L .
—/' This was found to be 7% on average over the ssason.



Tha first of ‘these is b definition. In this case, the type of cows,
their ages and food conversion efficiency, are defined al the outset of the
simulation, The eguations to he used and paremeter populations to be
sampled are defined as bhelng specifically applicable to a particular group
of cows.

The alternative to this is to neglect th:ase factors and allow them to
contribute to the error term of the scuations used. This second method
assumes however that the srror due to the age and productive efficiency of
the stock is included in the error term used. This need not necessarily be
so as one or other or hoth these variables may have bzen held constant in
the situation from which the equation to be used, was derived. Since this
was in fact the case for the information used in tiis study,the first method
of accounting for these variables has heen used.

Go543 Livewelizht

The influence of liveweizht on production is not well established.

The liveweight changes typical in dairy cattle under New Zealand dairy
ferming conditions are well known, &/, tut it is not clear whether these ars
cause or effect in production. Tt is commonly thought that the early
lactation loss of bodyweight contributes to the energy supplies for body
maintenance and milk production. Thisz however cnly occcurs over a peried

of & - 8 wegks. later in the lactation it would appear that this funciion
is reversed, As well there is usually a perisd in later lectavion where

liveweight tends to remain relatively constant. In this situation it is

&/ The typical pettern of liveweight ohznge for dairy cattle under New Zealand
dairy farming comditions is a loss of bodywelght after the first € - 8 weeks,
a resain of this over 8 - 10 subsequant weeks to reach and hold a fairly
static level from the middle to the end of lactation.



difficult to Mmow whather liveweight is a cause or an effect in production.

Liveweight of dairy cattle is difficult to measure accuretely.
Yeasuremenkts can he taken but these vary considsrably according to gut £ill,
The assessment of true liveweight changes over short periods is therefore
difficult and i3 is doubiful whether measured changes indicate trus changes
in bodyweight. Trequent weighings esnd assessments on an apnual or 3 monthly
basis give satisfactory estimetes of hodyweight changes, hut for shorter
periods, such as a week or a fortnight, it is doubtful whether liveweight
obgervations are sufficiently accurate to warrant inclusion in & simulation
function.

In view of thrse considerations liveweight has been omitted from the
enimal production function. This ommission however, is only formal. In
reality, liveweight is included in the production equation as part of the
error term.

6.5.4 Production

The output of dairy cattle tekeszs three Torms: milk, trus liveweight
gain and body maintenence. Milk produstion is rsadily wmesasured and can be
expressed in ferms of a standard fet corrected (47%) milk for the purposes
of ecalculation and comparison. This is the main form of production of
interest in a simulstion of grazing menagzement.

Bedyweight pain and body mzintenanse also absort energy znd must also
be considered in formulating 2 simulztion., However, in as much zs liveweizht
changes tend to balance sut over the season and body maintenance can ue
assumed to be a continuous and fundamental function of 2z grazing animal,
hoth these forms of output have bheen onittzd from the simulation production
function. .ny variation which may occur in these factors can be considsred

to be represented by the error term in the milk produstion enuation in the
P v 1!



6s6 Summary

In this chapier the grazing management problem has been defined in
terms of a deiry farming situation. 4iAn overall model for this has been
introduced and the main funsctions involved have begen discussed. Froblems
associated with the data and the explicit formulation of the functions
invelved have bLeen considered. Of these problems, the measurement of
pasture production and snimal intake under grazing conditions, are out-
standing. Consideration is now given to the formulation of & special model

of srazing management.



7.1

7.2

CHAPTER 7
MIBFHRICAL RSTIMATION OF 4 SPECTAL MODRL 07 GRAZING

HAMAGEYEMT

L Special Yodel

The discucsion of the factors involved in & monte carlec simulation
of grazing management given in Chapter 6 allows considerztion to be given
to the formulation of a special monte carlo model for grazing manzgement.
This has been developed within the confines of existing information for
grazing management.

The special model consists of a description of the farming situation
envigsaged in the simulation, This includes twe equations for simulating
pasture producticn cn this farm,a set of decision rules for zrazing the
pasture grown, an intake - output squation for simulating the milk
production of cows grazed, and sundry decision rules for the particular
grazing menagement situation envisaged. Tor this model threeeguations

are required. Netails of the numericsl estimntion of these are now

considered.

Numerical Fstimation of the Pasture Troduction Function

The pasturs production function for the special model was estimated
from weather and pesture production infeorwstion recorded on the Mo. 2 Dairy
Tro ject at Punlura dnimal Research Station,

The mean or the maximum an? minimum temperature recorded daily in the
standard meteorological Stevenson screen at 4' slbove the ground, wes used

ag the weather index for this functicn.
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Ths Tmcontrolled Tow (UL) trestment measurements of pasture production
for the 19€0/61 season were selected for the initial investigation of the
wezther pasture growth relationship. e Uncontrolled Low data was
selected because it was the treatrent least complicated by hay, silage, and

avtumn seved pasture practices and the 1960/61 season was selected on the

grounds that it wos the most recent informetion availeble, Pasture

measurements on this treastment and in this season were at 1L + 2 day
intervals.

tneven time intervals bhelween measurements of pasture nroduction
present 2 minor problem initielly but a seolution to this was founrnd in usirg
cunuletive totele of temperature data. Thesze tolels were found by swming

the meximum and miniwum daily tespersiures for the number of Jays in the
growing period {(including the first and excludirz the lest, as cutting
coourred on the moraing of the lasi day) and averaging these two totals.
The data acoumulsted in this wey together with the observaticns of pasture

1

A
production are shown in “able 7.1 4/. This data wre graphed and the result

of this iz sk in Pigure 7.1 Tnitially no pattern wes obvicus in thi

date, and a variety of equations to fit the data were tested before a

-

gsatisfactory conclusion was reached. This conclusion involved the division

of the date intc two time periods. Once this had been done 1t was possible

£it two liasar eocuations to the data. These ars those shown in Wigure

o=
Q
]

Tne linear eousticn was fitied te the ohservationz made belors the

Fth Movember. ‘nother was fitted to the dste for the remainder of the

EELE0N. 2/

S

Appendix T

In doing this one point from the secend period (16/1) mas omitted as it
appeared entirely inconsistant with the patiern of dbservaticns flor this tine
the year.

Fiy



The resulting equstions for the two periods were respectively

P, = -3680 + 5,63743T ; R° = .B8657 (7.1)
(C.E7411)
P, = -1819 + 2412037 ; R° = .65118 (7.2)

(c.62595)
“here PH is the pasture production {in pounds of dry metter per acrs)
in any 14 + 2 day period between 7th June and 8 November,
P2 is the pasture production (in pounds of dry mstter per acre)
in any 14 + 2 day period between Bth November end 22nd May.
T 1is the mean of the 14 + 2 day sums of maximum and minimum
deily temperatures.

Equation 7.t explains a significent proportion of the variance at the 997
level of probability, Tquetion 7.2 explains a significant proportion of the
varience at the 95% level. é/.

Having obtained these results two courses of ec¢tion were open. The
first of these was to increase the accuracy of the two eguatiorns fitted. This
could have been done by including and testing terms of T2 and higher powers,
or by reconsidering a previous decision about the inclusion of other weather
parameters with a view to including some of these.

The alternative courae of action waes to examine dsta from one or more
other segsons to see if this pattern of growth was maintained in different
seasons, It apveared that if this were found to be so, & new simulation
equation, based on several years data oould be formed, Such an equation, it
was thought, would form a2 much stronger basis for simulation., This second
line of study was chosen as 1t was felt that representstiveness was more
important in a monte carlo simulation {where variance outside the equation
can be dealt with hy sampling) than accuracy.

Records of pasture production on the No. 2 Dairy project had only been

3/ Table 7,3 JAppendix I
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made over three seascns and of these only two were slrictly comparable
for the purpose oultlin-d above. A change of stocking rate Lietween the
first and second seasons recorded mesnt thaet only the latter two could he
studied with a view to forming a jJjoint between years equation. The two
comparable seasons were 1959/6C and 1960/61. The 196C/61 dste had already
teen usedt 1o derive the eocualtions quoted above. “n examination of %he
1959/€0 dats was therefore made,

Raw dats for this season's production is recordel in Table 7.2 &/
and was graphed, Figure 7.2. The pattern of growth in this sesson was not
as distinet as in the 1960/6€1 seeson but it was nevertheless possible %o
fit twe functions of the type used for the 19€0/61 season, In this second
seasan, growth tc which the firat periocd functioen could bhe fitted continued
over an extra cutting period. This meant that, the initiel equation fitted
in this season, covered a slighlly longer period than in the first year.
In view of this, it appeared more ressonable to divide {the data into two
gravth periods rether than two erbiltarily fixed cslendar dated periods. This
explaing the occurrance of more points in the first period of the second
vear data. The first period in this season was taken %o te the interval
8th June to 21st Decembier and the second period 2i1st December to Sth May,

Regrassion equations for these two periods were derived and are respectively

P3 = =2709 + L,54332T R2 = 68563 (?;3)
{0.86120)

PL = «5G8  + 1.0,L21CT Rg = .23L563 (7»&}
(C.€6135)




Whera P3 is the pasture production (in pounds of dry matter per acra)
in any 14 + 2 day period between 8th June and 21st Dedember
PA is the pasture production (in pounds of dry matter per acre)
in any 14 + 2 day period between 2ist December and Sth May.
T is the mean of the 14 + 2 dey sums of the maximum and
minimum daily temperatures.

Bquation 7.3 explains a significant amount of variance at the 997 level
of probability. ZAguation 7.4 explains a significant amount of variance at
the 85% lavel of prohability.

Faving derived these two equations, the possibility of emalgemating the
two seasons data was evamined using an enalysis of covariance. The basis
proposed for the amalgamation was that of combining the data of each growth
period of the first season with equivalent growth period of the second season.
That is, the combination of equations 7.1 and 7.3, and 7.2 and 7.4. The
enelysis of covariance showed that, in both cases, the two seasons' date could

he combined. 2/ This was done and equations 7.5 and 7.5 wers fitted.

P, = =371+ 4., 98B327 RS = L76650  (7.5)
(0.57260)

P, = 1159 + 1.667M4T ; R% = 659 (7.6)
(0.47410)

“There PS is the pesture production {1bs. DM./éc.) over the months June
to November inclusgive

P_ is the pesture production (Ibs. DM./ec.) over the months December
ta ¥ay inclusive.

T is the mean of the 14 + 2 day sums of the maximum and minimum

daily temperatures in these periods.

2/ Table 7.4 Appendix I
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Both these equations, 7.5 snd 7.5 explain significant amounts of
varisnce in the dependant varisble et the 997 level of probability.
These two equations are representative of two years' experience and

provide a basis on which to simulate pasture production.

Numerical Estimation of the Inimal Production Function

The gnimal production function for the special model was estimated from
intake and milk production date recorded on Hutton's full feeding nutrition
trial at Rualura Animal Research Station. The following information was
available from this trial.

TABIE 7.5
DATA AVAILABIE TROM HUTTON'S FULL - FEEDING

NUTRITION TRIAL

1960/61 1961/62
No. of Cowa Recorded: & 7
Aversge Calving Date: 2nd July 1st fugust
Average Age Cows! 5.0 yrs. Lo3 yra.
Parameters recorded: Pounds fat corrected (47%) milk

Der cow per week.
Intake, X cals energy.
Liveweight in pounds by weeks.

Stage of lactation by weeks.

Period of regording: 36 weaks from calving for each

COWe

Tt was decided thet the formulation of en snimal production simulation

function should be made on an individual cow basiz. This allows the full
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degree of animal variahility encountered in practice to be represented in
the simulation,

fne typical cow, a 5yr old, was selected and the records of this
snimel intake end production in the 1960/61 season were studied in detail.
Tntake and production data for this cow are given in table 7.6. ”/ A
graphic study of this information was made before formuleting the
simulation function. The graphs plotted for this purposs are shown in
Figures 7.3 and 7.4, From these it appeared that intake was probably
exerting a linear effect on milk production, and stage of lactation a

quadratic effect. In view of this evidence, the following function was

fitted to the dsta

Yt = a+ 'bqt + 'b2f2 + b_'ﬁIt
“There Yt = Fat corrected pounds of milk produced in period %
It = Intalke in kilo calories x 103 in the period t
t = The time interval from celving in weeks,

The equation estimated was

Y. = + 155 =3.28271t + - 0.00708t° + CRYITE A RS = 0.92624 (7.7)

© (0.23167)  (0.08377)
Bach of the independant vsriebles in this equation explains a signlfizant
(2t the 99% level of probability) amount of the variance ocouring in the
dependent variable, milk production. L
As with the pasture production simulation function it was hoped thsat
the intake output equation could have been hetter substantiated by data from
a further 1 or more years. This however was not possible as records of ths

type used to derive the eqguetion above were cnly kept on each animel inveolved,

é/ Appendix IT

7/ Table 7.6 Appendix II
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for one ysar. TEquation 7.7 is used in the special model.

The Special Fodel

Using the data available from Ruskura ani the equations derived above,
it  has been possible to formulate and operate a basic monte carlo simulation
of grazing management. Because of the severel limitations of the daﬁa and
equations used, this simulation is restricted in its application., Tt i1s
perhaps best viewed as an illustrative exemple of the technicue of simulation
from which certain useful conclusions abeout simulation and grazing management
may be dravm.

The following details give an account of the conditions, both
substantiated and assumed, which describe the situstion being simulsted,

These jointly form the speciel model.

7+4o1 Pastures and Soils

in area of pasture and soil of the types encounitered on the Wo., 2 Dairy
Project at Ruskura Animal Research Station Hamilton, Mew Zesland, which under
an annuel fertiliser dressing of 2 cwt, of serpentine super might be expected
to grow pasture according to the two equations given below is envisaged

P = =371 + 4.988327 (7.5)
5 (0.57260)

For vhich the error term (ei) iz taken to be normally distributed with mean

zerc and variance equal to 43,685,

P, = -1159 + 1.66714T (7.6)
(0. 47410)

For which the error term, (32) is taken to be normally distributed with mean

zere and variance equal to 32,946, 2/

The numericsl estimate of variance in each of these caszes, is an evaluation
of the error variance taken at the mean, for the eguations involved. Normaliiy
of these variances is assumed.



7olo2 Livestock Complement, Grazing Method and Stocking Rate

The grezing management plan being simulated provides for deiry cattle
to be grazed continuously on this erea at the rate of onz cow per acre. The
animals on the area are taken to be of the type and productive capacity
indicated by the input oubtput relationship.

Y, =+ 155 =3,08271¢ + 0,00708t% + 0. 45511 Tt (7.7)
(0.23167) (0,00581) {0.06377)

Por which the error term, e dis teken to be normally distributed with a mean

. 10
of zero and s variance oi 8. -—/

e T e Pl

(a) The simulation starts at calving on &th July and proceeds for
3¢ weeks, The &th July hes been chosen as it is this date the original
aniral input -~ ocutput data is zpplicable. Bimulation is most likely to
be accurate if this date iz used.

(v} The time unit for pesture growth simulations is 14 days. That is,
eguations are used to predict grass growth over 14 day intervels.

() The time unit for the livestock production simuletion is 1 week,

The difference in time base for pasture production and livestock
producticn is equalized by assuming the pasture production to be evenly
distrituted over the 14 days. DBgual messures of growth are allotied to
the two 7 day animal production periods involved,

{a) Pesture production 7.5 is taken to apnly from calving until the
30th Yovember and thereafter for the remsinder of the simulation equation
7.6 is used., Thisz is purely an erbitary choice of a change over date.
Tt lies approximately halfwsy between the two dates encountered in deriving

~ the equations.

0/ . . . . . .

19/ The numerical estimate of variance is an svaluation of the error variance
taken at the meen, for the ecuation specified. MNormslity of the varisnce
is masumed.



Tobol. Unit Bage
A11 simulation celeulations are made on the basis of 1 acre of grazed
pasture. No economies of scale are either implied or explicit,

Tolie® Decision Nules for Livestock Feeding

In determing the velues of intake, It’ for use in equetion 7.7, &
srazing management system defined by the following deecision rules is used,
TABIE 7.7

LIVESTOCK FEEDING DECISTONS RULES

[alr - =
l"at >/ Oe_JJIat s I‘t Iat (1)

TFeed pasture only.

» 3 ‘l
ooéera_t < Pt < 0931, I, =P, (2)

Feed pasture available

e

Pat L 0,66, ; I =P, +8 (3)
Feed pasture mvailable

Supplement with hay to make It = 0,661at

Where Iat is intake to appetite, in week t as given in

Table 7.& —1l/

I, is the actual intake made in week t.
L5]

Pat is the pasture available in weel t.

St is the supplementary feed in weelk .

These three decislon rules define the way the livestock are fed in
this simulation. Rule {1) indicate thet sc long as the amcunt of pasture

sveilable exceeds 93% of the intske required for full feeding, an intzle to

11/

Appendix TI



appetite is fed. The allowance for a 7 depression below full feeding
before a chnage in intake is made, in accordence with Hutton's depression
triel resulits (1&).

The second rule {2) indicates that so long as the pasture aveilable
at any stage of the lactation is grester than two thirds the full feeding
requirement, but less 93 percent of it, the pesture asveilable will constitute
the intake mede. The actugl amount available is the amounl f=d in these
circumstances.

“Yhen, as in the third situation (3) the pasture avsilable falls belaw
two thirds of that required for full feeding, pasture supplies are considered
inzdequate. Hey is fed to the extent reguired to bring the inteke level up
to two thirds of that required for full feeding. |

In defining e grazing management feeding plan of this type, it must
be appreciated that some liberty has been talen in the use of eguation 7.7
The regression coefficients of this equation are, strictly spesking only
applicable to values of I, = Iat for £t = 1, 2,4c00sec0see03bs Therefore when
IthIat values are inserted in this equation, the mssumption that regression
copfficient for intake when T does not equal Iﬁt is the same es It equel
to Iat’ is impliecit. This may or may not be substantiated in practice. In
that such an assumption involves only en extrepelation f'rom a known situvation,

it may in fact not be unreasonable.

7. he& Veather
The populeticn of weelher parameters to he sampled in the simulation of
pasture production was taken from the records of mean temperaturss of the 15
years 1947 = 1962 (including the first and the last years but omitting 1951,

for which no records were available, ), The long term mean monthly temperatures



and variances were calculsted from these records. It was not possible to
estimate the 14 day period means recuired for the pasture producticn
simulation functions satisfactorily from the data available. TIn conesequence
monthly means have bheen used to define the populations to be sampled for
temperature observaztions. Variances of the means were however adjusted for
the shorter period. This was achieved by doubling the monthly variance of
the mean 1'?*/.

Normality of these temperature dlstributions is assumed. This
assumption is bazed on the fact that meens are used to describe the monthly
temperature populations. The distribution of these meanz tends Lo normality
with increasing numbers of* observations (g). For 15 observations this
approximation is sufficiently accurate to be cocmmensurate with the accuracy

of the remainder of the simulation data.

7ole 7 Pasture Composition

The figures for the energy value of pasture and its digestibility at
different times of' the growing season are taken from unpublished records of
the H3;60:61 nutrition trial at Ruakura. 15/ This datae representas a sample
of the conditions which might be expected to occur in the grazing situstion
being simulated here.

7elto & Feed Available

The feed availeble to the cows in this simulation is cskulated &z &
weekly balance, From pasture production records it avpeared reasonable that
500 1b. of dry matter per acrs of nutritive value 2020KCals/1b should be "on

hand" when the cows caelve. This was taken as the starting point for all

15/ The temperature data for the different months of the year is given in Tatle
7.8 of Appendix I.

e
1%/ See tovle 7.9 ippendix IT.



evailability caleulations which then proceeded according to the following

equation.
A= Ay L4y TS o q)
+ G%
2
“There At is the amount of feed available in period %
A y is the amount of fead available in period (t - 1)

Ct = 1 is the amount of feed consumed in period (t = 1)

Gt is the amount of feed grown in pericd t.

The remainder
B - 1) P - 1)
et the end of each period is divided by itwo because some allgwance for
waste of the unused pasture must be made., 7Tithout specific factual
information on this aspect of grazing it is difficult to kmow the exact
degree of the wastage. Tif'ty percent is taken here tec cover losses from
treading, lying and loss under excrets. Decay, as previously mentioned,

iz covered in the estimation of pasture preduction.

These detaeils then define the speciel simulation model for grazing

management. Its operation cen now be considered.
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CHAPTER 8

STEULATION OF A STMELY S¥ASON

In this chapter, the simulation of a single "season" using the special
model defined in Chapter 7, is described. This is followsd in the next chapter

simaiation of five such "“seasons".

4¥]

by a summary and discussion of results from th

"he process of operating or running a monte carle simulation is shown
diagramatically in Figure 8.1. Rendom sample values, in this case temperature
and equation feviates, are combined with the lnowvm factors, pasture growth and
animal response functions, to provide = sample estimate of the ow come, pounds of
butterfet, achieved under the conditions of the simulation. Decause the sample
outcome is only one of many which might have resulted from random sampling, these
calculations of a sample value for cutput must be repeatsd. This expleins the
large N outside the bracket round the left hanl side component of Figure 8.1. &
serica of N such sample estimates allow distribution function of oulcome to be
plotted. From this, conclusicns about the most 1likely outcomes and ths overall
varianee of the system can he made.

The actuzal steps involved in this process for a grezing menagement
simulation under the conditions of the special model are os follows.

Fithin each time period of the simulation, pasture production iz first

¢ this, a random sample wvalue of the sempezrature is drawn from

i)
5
]
£
R
Q
o=
Y]
=
-]
]
o
1)

the population defined fer the period. This value iz inserted in the appropriate

pasture production equation, and an estimate of pasture produstion is medls by

solving the equation, Theeror variance of the squetion is then rendom sampled.

f

= ' = L] ] b b 3 i} o 3 !
The sample of varisnce obiainzd is zdded to the predicted (Irom the equation)

EN

pegsture producticn. The result is an estimeie of pasture production for the



period,

Pasture available {pasture grown in the period under consideration
plus thet remaining at the end of the preceeding time period) is then calculated.
This estimate is then compared with the animal requirement figure for the period.
An estimate of the"feed" halsnce is thus obteined. The Ffeeding decision rule
aporopriate to this situation is invcked. This results in an estimate of intake
being made. The intake estimate ia inserted in the animal production ecuation
which is then solved., The solution of this ecuation together with a random
sample velue of its error variance give an estimate of milk production for the
time period under consideration,

These steps are repested for each and every time period in the
gimulation. ‘Then production estimates for 213 the time periods have been made,

'

these are summed. "he estimate so provided is an estimate of one "sesson's"

' allews ceonclusions

preoduction. Ilerstion of this process for seversl "seascns'
to be drawn about the oversll grazing management system.

These vrocesges will now be elahorated in greater detail.

B¢t Derivation of Random Mumbers and Rendom Veristes

The simulation of grazing management using the special monte carlo
model involves random sampling on three occasions. These occasions are the
determinetion of the temperature index to represent weather in the pesture
production function, the determination of & sample of error variance for the
pasture preduction funcltion, and the determination of a sample of error

variance for the animel production function. In esch case, the variance to

]

heing normally distributed. Random vormel

1/

he sarnled has been defined 2

numbers are therefore used to sample these variances.

1/ This is the method described in Chapter 4 section 2,1. ZRendom ~ormal numbers
for this phose of simulation have been drewn from the tables of randcm
normel numbers given by Massey and Dixon (gﬁ}.



An example of a table of these numbers is given in Table 8.1.2/fhe method
involves the following steps.

In each case, the variance tc be sampled is first identified. 4 random
normal number is then drawn from a table of these numbers. The number drawn
is uszed to calculate o random sample velue of the verlance under considerstion.
This is done by multiplying the rendom normel number drawn, end the standard
deviation of the veriance under consideration, together. The result is a
random standard deviate (deviation from the mezn). This is then added or
subtracted, according to sign, to or from the mean of the population being
sampled.

For example, consider the sampling of the tempereture index to obtain
5 value for inclusicn in e pasture production equation in the simulation.
Supoese the population to bhe szampled iz defined as being normally distributed
with mean h6.7 and veriance L. To random sample this population, a random
normal number is first drawn from, for instence, Table 8.1 Suppose the
number drawn is the eleventh number of Column 17, -0.527 of this table, the
stendard devietion of the variance for the temperature index is {then
multiplied by this velue

2 x =0o527 = =1,054
This figure, { -1.054) is 2 rendom deviate of the temperature population,
This is then added to the mean value 46,7, to give 46.£, which is the
random variste for temperature in this case.

The random sampling of the error wvariance of a simulation equation is
achieved in the same way,

For example, consider ths case where milk production has been estimated
using coguatien 7.7. 4n estimete of milk production given by this scquation

= e

may, for instance be 241 pounds of fat corrected milk. The error variance

Appendix IIX



for Bauation 7.7 is 6k To sample this, a random normal number is first
drawn from, Table Bsi. This may, for example, be the fifteenth number in
Column 14, + 1,063 of that table. The sample of error variance for equation
7«7 then is, the standerd deviation of the error variance multiplied by this
number.

B x 1.063 = 8,504
This new value, {(8.50k), is & random deviate of the error variance, This
is rounded to a whols number and added onto the vslue for milk production
estimated from the squation.

24t + 9 = 260 1bs. F.C.H

- This estimate, 2501bs. F.C.lfe, is then the mente carlo simulation estimete

of milk preduction for the period under conszideration.

These two examples indicate the procedures for random sampling used
in operating the special model. The remaining details of +the simulation
procesas are now considered. 'Vhere necessary the discussion is illustrated
with examples taken from the simulation of "Beason" One, which is given in

its entirety in Table 8.2. 2/

cinulation of Pasture Production

The simulation of pasture preduction is conducted en the basis of a

1%, day growing pericd. fithin any one of these intervals, the process involves

the following =zteps

(&) Selection of a2 random variate of temperature by random sazmpling.

(v) The calculation of the amount of pasture grown in the 14 dsy
interval by sclving the appropriate pesture producticn eguation,

(c) Addition or subtraction from the predicted value of a random sample

of error variance applicsble to the pasture production equation used.

3/ Appendix TIIT



- 9% -
(a) Division of the pasture preduction predicted at the end of stage

(e} into two equsl perts, and the allotment of these two amounts of

pasture growth to the itwo weeks comprising the 14 day period.

{(e) The expression of the seven day pasture grown figures in terms of
ener iy,

£ e . N o

Lf) e calenletion of the pasture available to livestocks

These steps zre illustrated numerically by the celculolions jnveolved in
sstimeting the pesture grown in the first 14 day period (Z0th June to 13th
July) of the simulation of "Season" Cne.

Wor this period the mean daily temperaturs population to he sampled is

normal with a mean of 46.7 and variance ke

(a) The randem normal nmumher, -C.527, was drawn and ylelds, when used
in the menner described in the seotion 8,1, a random variate for
temperature equal to 46.6. This value is assumed to ccecur on all 14
days in the period, thus giving 2 totel tempersture ocbservation for

the period of 14 x 4E.6 = 6£38.L.

(b) The pasture production eguztion for this period is ecustion 7.5,
P o= w374 + 4.OBS32T ; RS = .76690 (7.5)
2 (0.57260)

n this equation whieh is then

[

The valus (£38.L) for T je inserted

golved, The pasture preoduction predicted is:

m

P, = ~3171 + (4.9°R32 x 632,14)
= 131% of dry matter per zcre,
{o) Tle rendom normal number, ~0.129, was drawn, This is used to

calonlate the provortion of error variance to be added or sudbiracted to
the selution of eouation 7.5. Tor equation 7.5, the error variance is

L5,685. The random standard devicte for Pa is therefore



~0,129 x /LZ,685 = =27 1bs of dry matter
This is subtracted from PS, the pasture growth predicted using equation
7+5
13 =27 = =14 1lhs of dry matter.
The pasture grown in this period is thus simulated as being -141bs of
4/

(4) The 14 day zrowth estimate above is divided squally in

dry matter per acre.

seven day amounts of =7lhs of Adry matter each. Thess amounts ars

allectted to the separats wesks ending 56th July and 13th July respectively.
{e) Caonsidering only one of these two weeks, the sscond, the factor for

converting dry matter to energy is 2041 Yile calories per pound. E/

Minus seven pounds of Jdry matter is thus equivalent to minus 1h287 Kilo

3 3,
/

calories or =14 Feal, x 107,

3

his figurs { -14 Koal. x 107) is the
simulaticn estimate of the pasture produced in the 7 day period &éth -
13:h July.
\ 74
{#) The pasture remaining at the end of the previous week, was 1040
Keal. x 103, The pasture grown in the week 6th - 13th July is added to
this, giving 1026 Kcals. x 103 of available pesture. This last figure

is the pasturs available to livestock in the wesk 6th = 13th July of the

similation. The utiliszation of this can now be considersd.

2

This is interpreted as meaning that during this particular 14 day period
pasture decayed faster than it grew. This is an alloweble interpretation
as the situation from which equation 7.5 was derived included this
circumstancs.

Table 7.9 Appendizx T

In this case, at the start of the simuleation



8.3

Simulation of Inftake

The simulation of intake involves evaluating the balance betwesn pasturse
zvailabls and animal requiremsnts. “Then this has been dene the appropriate
decision rule for livestock feeding, is invoked. The intake astimated in this
way iz expressed in terms of gross energy. This must be converted to
digestible energy terms for uze in the animsl production equation. This
conversion is made by multiplying the gross energy figure by the digestibility
percent. The esztimate of digestible energy so derived is the intake sstimate
used in the simulation of animal production.

The example used in the previous section ig continued. Pasture availsblz

3

in week one of the simulation has been estimated at 1026 x 40~ Xecal, The

. . 3. . . . L .
livastock pregent regquire 25% x 107 ¥eal. in this weeck. -/, The balance is

therefore in favour of the cows being fully fed f{rom pesture. 4&n amount of

b

pasture eguivalent to 259 x 103 Keel. is therefore deducted from the 1026 x 10
Fecal, of pasture available, as the intake of the cows in the period. The

/
digestibility of this materiel & is 76,017 which meansg that the digestibls

3

intake of the cows is 197 x 107 Kecal. This is the figure to be used in the

animal production eguation.

The remaining pasture, (1026 - 259 = 767) x 107

Feel., is subject to
pusging, treading losses, and general wastage. This is estimated at 507
in accordance with the wastage rule for the speciel model, Ta conssquence

only 383 x 107 Keal. of pasture go forward to the next time period of the

aimvulation.

——r

This is a2 gross energy estimate. Tt is derived from the digestible energy
figure given for the week in Table7:5. Appendix II.
Gross Energy = Digestible Bnergy x 1 -

Digestibility

Table 7.9 Appendix T



8.4 Simulation of ¥ilk Production

The simnlation of milk produstion recuirea the solving of the milk
producstion equaticon using the intake information derived frowm the simulation
of intake sbove and a random sample of the error variance of this eocuation.

Tn the previocusz ssction an intake of 197 x 103 Keals., of digestible
energy was caleuleted. This is inserted in the milk production equation

Y, = +155 -3.28271% + D.007087 + OuLS51T, 5 R° = .9262k (7.7)
(0.23167) (0.00531)  (0,06377)

for week one of the simulation, The equation to he solved ia then

¥ =155 + (0.45511 x 197) =~ (3.28271 x 1) + (0.00708 x 1)
which on solution yields

Y1 = 241 1bs of fat corrscted milk.

The error wariance at this predicted value is &4. The random rormal number

I

drawn was -1,560 which means that { 8 x 1.560 ) = 13 1bs of fat corrected milk
are to be subtracted from the 2L1 predicted, te allow for ervor wvariance in

productions The simulated milk output for week one of the simulation is

therefore 228 1bs of fet corrected milk,

2.5 pdatinz The Simulation to Record a "Season's"Results

.

The simulation process for week one has been described in fetail, This
however is only the begimming of the simulation operation. Once the milk
production for the first week has been estimated, production in the second
wesk must be studied, The simulation parameters are therefore brought uvp to
date ready for a repetiticn of the calculations just described. Further
random samples ars taken and production for the second week is estimated.

The records are then again updated and the proceass continued until preduction

in each of the 26 weeks in the simulation has been estimated, This entire
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process for one such simulated ssason is shown in Table

Onee the calculations are complete,nilk production over the whole year
can be summed and expressed as pounds of butter fat., TFor "Season' Cne, this
astinate is 7398 lbs of fet corrected milk. This is equivalent to 296 1bs
of butterfat., Since the simulation is conducted on the basia ol enz acre of
pasture, this is a production of 294 1lbs of butter fat per acre.

8.6 Simulation of Five "Seasons"

The estimate of 296 pounds of butterfat achieved in "Season" One constitutes
one semple value equivalent to thel shown in Box 3 of Tigure 8.%1. This is only
one of many possible oulecomes which might have occured. Before results can
be examined in detail iteration of the simulation is necessary. This is to
allow for the occurance and effects of alternstive random varistes, Iteration,
in this study, has been limited to five "seasons". The operation of the
simuletion model for the four seasons subssquent to that described in detail

in this chapter. follews exectly the seme patiern as that deseribed here,

except that different rendom numbers are used. The derivation of the random
10/

numbers used in these remaining four seasons is summarised in Table 8.3,
A simulation of five seasons' grazing management using the special model
has heen conducted. Consideration is now given To the results of this

similation.

9/ Appendix ITI

10/ ‘4ppendix TIT



SUIRARY OF RREULTS FOR FIVE "SEASOMS"

In this chapter the results of the five iterations of the special model

are pressnted and discussed.

PN

11311k Production

The outcomes of the five iterations are summardised in Table F.1. This

presents ths butierfat ver acre production figuresz for the five "seasona”

simulated.

MITE PRODUCTION

"Season" Production,Bf/ac.
4 244
2 258
z 291
L 287
5 7292
¥ean 262,68
TVeriance 18.8

rv

e results indicate bthat "on average" a production of 2%2.8 lbs of
hutterfat per acre can be achieved under the manszement system of the
spgeial model, This production is net to be the sams every yzar hut varies,
In congidering this varistion normality of the distribution of cutcomss

can reasonably be assumed since each outcome is the result of a series of



ck

his

11z, it can then te said thet, when this management

caleulations, ¥nowing

system is employed, it cen be expscted to yisld outputs of between 288,5 1b

(=]

2P, faere and 297.1 1b. Bf./zore in two thirds of the seasons in which it is
"These estimates indicate that the zrazing monagement syziem simulated
seasonal
vardabiliiy ir pasture produciion (see beLow),

To 2 degres, this outcomz was Lo he expected. The simulated feedlng
plan was such that enly e moderate amcunt of underfeeding was s&llowed,

gren when pasture production was low. In view of this; 2 reascnably stable

zset of outcomesz 1z to he expected,

a7

- . . ]
cf oolu the zimzleticn of "Season™ One < indicates

5 seasgonel patbtern of pasture growth in the simulsaticn. Trom 2 pericd of
slow growth in July, production of pesture dinecrsased gratually through August

Japuary.
which continue throuvghout the rzmeindesr of the simvulsticn. Similar patierns

wers obgerved in the simulstion of the cther four Seasons.

raal crazing managemant sftustionz. Tts aprecrance in the sizmlstion indicatfes
that a reasoneble parallel oFf reality has been achisved,

v “oble 8,2 ippendix ITT
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"egative"Pasture Froduction
One anomaly waos encountersd in the simulstien of pesfure productlon.
This was the oroblem of Interpreting negative sgrowih estimetes in veriods

when 21l the pasture avallable in the previous period has been consumed.
Fegative growth figures can e taken to represent decay in the pasture pro-
vided there is gome there to decay. In event of there Leing no pasture
initizlly, "negative"” growth is difficvlt to interpret. This resulis from
using the normal distribubtion {with & range from minus to plus infinity)

Por sampling errors which, in fact; cen only be non negative.

£a this event oceured infrequently in the "seascons" s
from s posgible 180, =and these continued to 3 of the 5 seasons ) it was
decided tc trealt them az zero pasiure production weeks. In the long term,
however, the occurance of these events calls for a reconsidersation of the

pasture production simulation functions.

Feed Shorieges

Tn each week of each "season" am eveluation of the feed availsble from
pasture is made. Tn certain weeks of the "seasons" studied, the pasture
available fell short of thal reguired for full feeding. The occecursnce of
these shortages is shown in Table €.2

1ight,

xa
o
o
b
w
w3
4]
-l
Lte
c+
s
%
s
=
@
[T
LL )
in

In this table, three tvpes of shor
significont, complete. A slight shortage represents the situvation where the
pasture aveilable is between €6 and 100 percent of the intake required for

full fegding, A significant shortsge identifies = situvation where the

i'.'h

pasture avsilable is bslow 66 percent of full feeding intake recuirements

N 2/ e e
znd supplementery feeding is recquired. A1 complete shortage is a zituation
shere no Peed l1s available in the form of pasture and livestock have to be

fed entirely on supplements. The timing and extent of these shortages variss

Qceasions when ant Teed shortege are encounitered in "Season" One are

a sig ca
irdicated by as teriskq in Table 8.2. (‘ppendix III).
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between "seasons'.

TARLE 9.2

DISTRIBUTICN OF PASTURE FE™D SHORTAGES
Sesson Type of Shortage Wesks of
Munber Occurence
S1ight 7. 11, 23, 24, 25.
1 Significant 3, 5, 26, 27.
Complete
Slight 21}-’ 259 290
2 Significant 3, 6, 7, 3C, 3.
Complete &k, 5, 32, 33.
Siight £
3 Significent 7, 2k, 25, 30, 3, 32, 33
Complete
Slight 23, 29, 30, 36.
4 2ignificent 3, 6, 7, 2k, 25, 3L, 35.
Complete L, R
S1ight 5, 11, 23.
5 Significant
Complete 325 33

Hay Reouirement

%hen feed shortages occured in the simulatien, the feeding plan used

provided for the use of supplementary feeds to be e where necessary.z/

"\_\q

Thet is when the amount of pasture available iz below 6C% of the full
feeding inteke requirement.
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The amount of energy regquired in the form of supvlementery Tezede for the
various "sesscons" is showm in the first part of Table 9.3
p
TARLE G.3

SUPFLEMENTARY FEED RECUIIRED

"Seaacn" 1 2 3 4 5
7e 117 28 62 204
Energy 33 129 1C6H 129 158
Required 61 1€0 126 160
h2 12 9 93
Dizestible By o3 106
KoCQ—lSo ?1 85 l}-é
% in 5l 83 53
22
29
Total 218 574 LEC 760 LO2
Gross Energy
3 363 G56 766 1264 £70
F.Cal % 10
Hay (1b) 363 956 766 1266 ET0
Hay (Pales) < 14, 11 12 10

Fach entry in the energy required szection of this iteble represents one

. . . . L
occasion on which supplementary fesding was required. */ These energy

4 R s . .

H/ The energy ¥alues given have been derived using the following formula.
ES = (Br ~ Ea)

“here T_ is digestibhle supplementery snergy required

Br iz 667 of the total gross energy required for full fseding.
Fa is the gross energy available from pasibure
is the pasture digestibility percentage.
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requirements have been summed up for each szason and expressed as & hay
requirement. To do this, a digestibility coefficient of 6C% and an snergzy
content of 1000 H.cal x 103 per 1lb, has been assumed for the hay,
number of balesz of hay recuired in each "season" is sheown in the last line
of Tanle 9.: 3&

The mean recguirement of hay over the five seasons is 12 bales. This
te has o variance of 23.5. 'Thizs is "new knowledgze" and provides
informatiorn for caleulating the inventory of heay which is required, for this
type of grazing system.

Mo allowence for the maling of this hay was mede in the running of the
simulation. Tf was assumed that hey was made the previous season or bought
end stored till reguired. The haymsking activity could however have besn
introduced into the simulation. The method ia comparatively simple. Jhen
feed sterts to bulld up 2 Aecision to set zome aside Tor hay would be taken.
The remainder would continue to grow and bhe graged in the manner already
defined. The closed area would grow according to some different but eppropriate
function until harvest. MNutritive value, waste, and dry matiter assezsments
could be made and knowledze of the amcunt of effective feeding value stored,
thereby obtained. & preliminary appraisal of the surplus pasture available
towards the end of the spring in each of the "ssasons" actually studied
indicates that there should he little 4ifficulty in using this method to make
the grazing management system used in this study, self sufficient in hay.

Comparison with Small Farm Reszults

The resulis of ths simulation of the five "seasons" gziven in table Q.1

are rosults which might reasonsbly be anticipated in practice. The "seasons”
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simulated are short owing to a restriction on the data available for the
animal production equation. When due allowance is made for this, (an
extra 5 weeks at 140 1bs of fat corrected milk per week; 28 1lbs of
butterfat) production figures of about 320 1bs of butterfat per acre are
obtained for the seasons simulated. These can be compared with the results
of a small farm experiment involving & similar grazing management system.
The Uncontrolled Low treatment of the No., 2 Dairy Grazing Management
Stocking Rate Experiment at Ruakura provides-the data for this compariscn.
On this, a similar, but not the same, grazing management system as that of
the special model, has been used. (25) Results Prow this experiment include
"estimates of production of 370 1bs of butterfat per acre. The variance of
thése estimates is 568, Comparison of the simulation results with these
estimates indicates that the simulation is capable of producing results

which are comparable with reality.

Each of the results discussed above illustrates the way a monte carlo
simulation produced new information. At the start, there is no informetion other
than the equations describing the pasture and animai production systems, and a
sample of data for several populations. Nothing is known of the integration of
these factors,

Once the simulation has been completed detailed information is provided
on how pasture might be expected to grow; when excesé may be anticipated; when
shortages are likely to be encountered; what supplementary feed is requiréd and,
what output can reasonably be anticipated. This knowledge is, of course implicit
in the data but it is not until the model is actually "run", that it is exposed

in detail,
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CONCLUSINNE

Trom this study the following conclusions can be dravn.
Simulation is a4 nseful and feasible technigue for use in the study of

grazing management prohlems,

Yonte Carlo methods provide a useful way of incorporating the
variability typical of egricultural production Ffunctions, into e

similation.

A simunlation provides the ooportunity to evalusate existing knowlaedge
on &l1 phases of grazing management and to review the integration of

this eritically.

The pogsibility of simulating grazing management does not leassen ths
number of problems involved in this complex function. It doss however

identify limitations in existing kmowledge,

The extent to which the aimulaticn of grazing management is possible

o

is limited by the amount of data currently available Tor graz

fie

n

e}

management functicnsa.

This study has been concerned only with the simulation of grazing
management on the bazis of existing knowledge. The possibility of
simulating grazing management on the basis of hypothetical data has

ot been evamined, This may possibly merit atiention.
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APPENDTIX

PASTURE  PRODUCTION

DATA

AND EQUATIONS




TABLE 7.1

PASTURE PRODUCTION/TEMPERATURE DATA
UNCONTROLLED LOW TREATMENT
1960/61 SEASON

Date Period Pasture Sum Sum Mean
Cut (Days) Grown Max T Min T Sum
1b.D.M.Net Pd. Pd, Min
=Max
16,60
7.6 6 1 380.8 2665 308, 6
20.6 13 -30 758.3 515.3 636.8
L7 14 ~-162 7741 521,0 64745
18.7 14 =24 781.8 448,7 61542
1.8 14 -14 805.5 547.5 6764
15.8 14 142 799.4 542.5 67C.9 Period 1
29.8 iy 134 829.5 519.3 6734
12.9 14 488 863.8 B11.4 737.6
26.9 14 456 859.6 646.0 752.8
10.10 14 1034 907. 4 669,14 788.2
25,10 15 1008 976.9 658.3 817.6
8,11 14 629 G284, 4 567.9 798.1
2111 13 175 889.3 660, 2 T 7
5.12% 14 2152 947.7 £00.1 783.9
19,12 14 108 976.7 698.1 837.4
hel.61 16 474 1180,6 783.6 982,1
1601 12 622 886.5 65145 769.0
a1 15 814 1109,7 852.7 9831.2
1342 13 202 T 97k 63544 829,7 Period 2
27,2 1 178 10bdady 76364 903.9
13.3 14 4114 1039.7 777.6 908.6
27 3%* 14 =947 991.2 662.3 826.7
10, 4% 1 722 971.8 613.1 792.4
2444 14 =91 957.8 687.0 822.5
845 14 43 895, 4 589.6 742,5
2245 1L 83 89341 61447 753.9
3045 8 -53 475.6 302.8 389.2

Yhere T is temperature
# TInconsistant observation omitted from regression anslysis.
##Confounded observations omitted from regression znalysis,

Source: Rualura Pasture Production Measurment Records for the No. 2 Dairy
Project, and the official daily weather records for Ruskura Animal

Rowsarnrh Stakinn.



TABLE 7.2

PASTURE PRODUCTION/TEMPERATURE DATA

UNCONTROLLED LOW TREATMENT

1959/60 SEASON

Date Period Pesture Sum fum Mean
Cut (Days) Grown Max T fin T Sum
1beDM.Net Pd. Pd. ¥in
10,6459 Hax
B.G 7 9 38,5 219,9 _300.7
22, € 1l =165 786.¢ 522.9 665+
67 14 43 780.€ 531.7 65641
20,7 14 203 785.2 490.9 £38.1
3.8 1 224 779.5 552.0 665.8
17.8 14 189 830.8 £08.3 719.5
31.8 14 453 812.3 Sl £63.5
15.¢ 15 435 918, 3 55844 738.3
28.9 13 716 825,€ B6Z.1, £9%4..0
12.1C 14 425 848.7 599.9 724.3
27.10 15 857 95641 703.5 829.8
9.11 13 oL2 880, 627.8 753.¢
23411 14 909 9%3.C £63.7 818.14
7012 14 1224 980.5 £76.3 829,1
21,12 14 995 1015,0 74843 881.9
5.1.60 15 LEC 1105. 4 £19.2 262.3
18.1 13 58 S42.9 66143 802.1
2.2 15 590 1135.9 87241 1004, C
152 13 533 973.5 €89.8 821.6
29,2 14 142 1071.2 818.8 945.0
14.3 T4 251 1016,9 To4e5 885.7
28.3 1Y 503 963,k €90.0 826.7
1ok 14 211 §35.6 606,5 771.C
26,4, 15 96 1016,.0 72h41 87C.C
9.5 13 101 8L0.5 525, 6 £83.2
23,5 14 =260 877.7 £07.0 752.3
35 8 1 486.3 33640 4111

Where T is temperature

Source:

Pericd 1

Perio

Ruakursa Pasture Production Measurement records for the No. 2 Dairy
Projeect and the of'ficial weather records for Ruakurs Animsl Resesrch

Statione.

=1

2



TR PASTURY PRODUCTION BOUATIONS

P, = ~3580 + B.E37L3T ;3 RS = L B8657 (7.1)
(0.67014)

P, = —1819 + 2,412030 ; R° = 45118 (7.2)
(0.62595)

ihere P1 is the pasture production (in pounds of dry matter per acre)
in any 14 + 2 day period belween 7th June and 8th November,

92 is the pasture production (in pounda of dry matter per acre)
in any 14 + 2 day period between 8th Movember and 22nd May,

T 1is the mean ol the 14 + 2 day sums of maximum and minimum

daily temperatures.

Py = ~2709 % L3320 R = 78563 (7.3)
(0.85120)

Ph_ = -hG8 & 1,04210T (7,1,_)
(0.566435)

“There P, is the pasture prodnetion (in pounds of 4dry matter per acre )
3 ! ] ¥
in any 14 + 2 day period between £th June and 29st December,

P is the pasture production {in pounis of dry metter per acre)

L
in any 14 + 2 day veriod between 21st December and S5th Mey.
T ds the mean of the 14 + 2 day sums of the maximum and minimum

daily temperatures.

2

Po= =371 + Le98R32T 5 RT = 76690 (7.5)
(0.57260)

P = <1159 + 1.667147 3 R° = L1659 (7.6)
d (0.47410)

Jhere rs is the pasture production (1bs. Dﬁ/éco) over the months June

to November inclusive,

Pr is the pasture production {lbs. D¥/2c.) over the months DNecembar
%0 Yoy inclusive

T is the mean of the 14 + 2 day sums of the maximum and minimum

daily temperatures in these psriods.



Wote: In derliving these equations the data was coded as

o+ 200

-
1l

X =T ~ 600

The equations given are however applicable to the decoded data.



ANALYSES OT VARIANCE FPOR THE PASTURE
PRODUCTION REGRESSIONS

TABLE 7.3

Sesszon Equation Source 35. df. ¥5 F S8ignif.
196€0/61 7o Total 1,802,2131 10
Regression 1,598,416 1 1,598,416 | 70 wa
Brror. 204,497] 9 22,721
7.2 Potal 613,428 9 .
Regression 339,448 1 339,448 9,¢ #
Error 273,980 8 3,247
1959,/€0 7.3 Totel 2,045,832 13
Regresgion 1,539,816 ] 1,539,816 | 27 ke
Error 706,016 1 12 58,83
Tols Total 386,942 S
Regression 87,119 1 87,119 | 3.0 | AF
Error 229,823 B 28,727
Both 75 Tatal o MO, L9611 24
Seasons Regresaion 3,305,724 1 3,305,724 | 76 W
Error 1,004,772 | 23 43,685
7.€ Total 1,016,502 1
Regression 408,559 1 408,559 | 12 o
Error €07,943 1 18 33:77%

e

w

4

997 level of probability
957 level of probability
85% level of probability



TABLE 7e4.4

ANATYRIS OF COVARIANCE FOR EGUATIONS

7.1 AND 7.2
Source 88 dar. M3. F Signif.
Joint 3,092,164 1 3,092,1E4L 71 R
Diff. 46,071 1 LE,071 14,062 NS.
Error. 910,510 24 43,358
Totel 44 310,496 2h
Oversll 3,305,729 1 3,305,729 76 ks
Regn Error| 956,581 22 43,481
lieans 18,086 1 48,086 1,105 NS.
TABLE 7o4.B
AMATYSIS OF COVARIANCE FOR EQUATIONS
7¢2 AND 7ol
Source 33, Af'. MS. ¥ Signif,
Joint 119,48 1 419,48) 13,2 o
Diff, 70,751 1 76,751 2.22 N3.
Error 510,135 16 31,883
Totel 1,016,502 12
Overell 423,465 1 423,465 1204 e
Regn Error| 580,886 17 34,170
Heans 12,151 1 12,151 21 3




TABLE 7.8

TEMPERATURE DATA SUMMARY FOR RUAKURA ANIMAL RESEARCH

STAT TOM
Monthly Variance 14
Month Mean of the Day
Monthly Variance
Mean
Jamery 634 5.6 1143
February €. 8 L6 93
farch 61.€ Le3 B.€
April 57.0 7.1 ks
Yay 52,9 Lot 8.3
June 48,7 1.8 3.6
July 46,7 1.2 3.9
August L8.7 1.3 246
September 5i.6 0.9 1.9
October 5543 2.8 5.6
Movember 58.2 1e2 2.3
Decembar &1 .6 3.7 Tok

Derived from the Official Yeather Record Summeries putlished by
the Meterclogical Service of the New Zealand Air Depertment.



TABLE 7.9

PASTURE COWPOSITION BY WEEKS

Yeek Calories Keals Digest-
No. per per ibility
Gram pound %
equivalent

1 4500 2041 76.01

2 LL80 2032 7543k

3 4555 2066 75.43

N L5L5 2061 75.04.

5 4490 2036 7530

6 L5505 2043 76425

7 4500 2044 76011

8 4525 2052 76422

9 4135 2038 70.67
10 5575 2075 76,62
11 4605 208§ 75.36

12 4570 2072 75045

13 L4 50 2018 7h.78

14 1L55 2020 77.95

15 4505 2043 7323

16 400 1995 73.27

17 4350 1973 72,30
18 4335 15975 71.84

19 4430 2009 a2

20 4375 1984 70.49

21 L4145 2002 69,67

22 4,390 1991 68,40

23 4370 1082 67.82

24 LiLEC 2018 66479

25 LL00 1995 65.89
26 4395 1993 65026
27 4315 12957 63099
28 4360 1977 62,84

29 L4130 2000 62,73
30 Ln25 2007 62.21

kX 20 2004 64,0l
30 WLEO 2023 665426 Week 1 is 6th to 13th

July.
33 4360 1977 6553
Source: Ruakura Animel

34 4325 1561 64,80 Research Station
35 14375 1981, 66433 Bxperiment He3.60.61
36 4105 1995 67,93 records.
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TABLE 7.6

INTAKE AND MILK PRODUCTION DATA FOR RUAKURA COV
NUMBER 972, TOR 36 WEEKS FROM CALVING (6th July 1960)

Weeks in milk, Intake 3 Fat Corrected
Dig, Kcal.x 10 Milk, lbs.
1 197 265
2 195 260
3 191 216
& 194 212
5 24,0 2ty
é 266 253
7 285 262
8 262 225
9 259 222
1@ 289 269
11 277 253
12 276 255
13 266 241
14 2 246
15 268 232
16 2N 221
17 280 222
18 289 235
19 282 229
20 297 227
23 207 e26
22 287 22)
23 274 222
2L 27 195
25 284 213
26 240 191
27 222 178
28 223 178
29 218 165
20 233 166
] 211 158
32 203 154
33 197 133 Source: Bipt.
o 197 138 Reakurs fninal
35 215 1L9 Research
Z6 248 154 Station.




Tt

S ANTIAL PRODUCHIOW EQUATION

5 _3,28271% + 0.007086° + OLLESI1T. 3 RS = 0.92624

Fat corrected pounds of milk produced in period t
3
Intake in Filo-calories x 107 in the period t.

The time intervel from calving in weeks,

(7.7)



TABIE 7.6.4

CORRRELATION MATRIX.

7.7
t 2
& 41,00000  + .96995
2 #1,00000
Ty
Yo

TA"L.HLE ?o 6.3

T

- v1 ‘!1-865
- .33885
+1.CC0C0

FOR THE ESTIMATION OF HQUATION

Ty

- 8713k
- .22410
+ 53352
+1.C0000

ANALYSIS OF VARIANGCE FOR REGRESSION EQUATION 7.7
(STANDARDIZED TERMS)

Source 85. ar. MS. iy Signif
Total 4 00000 35

£ . 75924 1 . 75921 373 X

32 10529 1 10529 51 w2
Intake 07252 1 .07252 35 ok
Error «06295 234 00203

% Significant at the 99% level of probebility.
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TABLE 8.1

RANDOM NORMAL NUMBERS

(e =0 6 =1)
14 15 16 17 18 19
-0.988 ~0. 445 0.964  =0.266 -0, 322 -1.726
0.090 0.050 0.523 0.016 0.277 1.639
0.973 -0.058 0.150  =0.635 -0.917 0.313
-C. 994 -0,807 -1.203 1.163 1620, 1.306
0,731 04420 0.116  =0.496 -0,037 -2.466
0.233 0.791 -1.017  =0.182 0.926 -1.096
0.746 0.890 0.824  =1,249 -0,806 -0.240
0.990 0.900 -0.837  =1.097 -1.238 0.030
3.282 04295 -0.416 0.313 0.720 0.007
0.366 -2. 654 -1.400 0.212 0.307 -1.145
-0,257 1.120 1.188  =0.527 0.709 0.479
0.178 0.524 -0.672  -0.831 0.758 0131
-1.033 1.497 -0, 661 0.906 1.169 -1.582
1.220 Oul71 0.784 -0 719 0.465 14559
1. 063 0.320 1,406 0.701 -0.128 0.518
-C.481 14521 -1.367 0.609 0.292 0,048
-1.789 -14211 -0.871 -0.740 0.513 -0.558
0.510 -0,150 0.034 0,05 -0,055 0.639
0.102 -0,939 -1e457 1,766 1,087 ~1+275
0.891 1.158 1.041 1.048 -0432 -Co4OL

Source: Massey and Dixon. An Introduction to Statistical
Analysis.
Appendix 1 p. 372




GLOSRARY OF TERMS USED IV TARIE £,2

. . o
“emMpe Temperature, ¥
. o}
T. Random variate of Mean Temperature, F.
EaDe tandard Neviation
R.3. Random Sample. A random normal number derived from column 17
i7/3
starting at block 3 of the table of these numbers given by
azsey and Dixon (gﬁ)
T4
T 14 day sum of the temperature variate
¥ Pasture production in pounds of dry matter, over 14 dayse.
(14}
b3l Fagture production in pounds of Ary wnatter, over 7 days.
(7)

E per 1b. D.Me Fnergy velue in Eilo~celories of one pound of dry matter of

pasture.
S Tnergy value in Kilo-calories x in of wpasture grown.
E
Ea Energy value in Xilo-calories x 163 of pasture available to the
grazing animels,
. - et ; 3 . -
Ev Energy in Filo=-gcalories x 107 required to fully feed the animals,
g Nigestibility percentaze of the pasturs.
- . s . - . 3 . .
I Inteke, in digestible Xllowcalories x 107, made by the animels.
t time, week of lactation,
A
T i1k Production, pounds of fat corrected (h%} milke
A
¥ Simulated milk output, pounfds of Tot corrected (4%3) ailk.



TABLE 8.2

SIAUTATICN

3 Days Tempo RS, T 14, R.S. P P E
Mean  17/3 T F 70/k  (14)  (7) per 1b.
(SeD. ) : (14) D.H.
) )
7 14 6,7 [=0.527 45.6 638.4 13 0,129 =14 -7 2041
7 (2.0) 3 2032
7 14, 0,831 15,0 630,0 =29 0,167 6 3 2066
3 83 2061
3 14 48,7 | 0,906 50.1 70t.4 327  =Q770 166 83 2036
3 (1.6) 173 2043
3 14 0718 47.5 665.0 1456 0,957 346 173 2041
3 217 2052
3 14 ~0,701 50,6 708.4 362  0.345 L34 217 2038
3 51e6 164 2075
3 1 (1e4) | 0,609 5244 733.6 488 -0,759 329 165 2081
2 265 2072
10 A% ~0, 740 50,5 707.0 355 0,834 530 265 2018
10 231 2020
10 1% 5543 0,054  55.4 775.6 697 =1,121 U463 232 2043
i0 (2o4) 646 1995
11 14 1,766 59,5 833.0  98L  1,4LB1 1293 ghy 1973
11 M7 1975
i1 14 5842 1,048 59,7 835.8 998 0,783 834 17 2009
11 (1.5) 508 1985
11 1l -1,190 564 789.6 757 1,190 1016 508 2002
2 65 19N
t2 14 61,6 | 0,758 63,6 830.4 325 1,077 130 65 1982
12 (2.7) 183 2018
12 14 -0,48L 60,2 842,8 256 0.663 366 183 1995
1 76 1993
(! 14 634 §=0,410 62.0 B68.0 288 =0, 743 153 77 1957
1 (3e4) 372 1977
1 11, -1.339 58,8 823,2 213 2,984 Th5 373 2000
2 292 2007
2 14 (6ha8)|=0.913 62,0 568,0 288 1,643 585 293 2004
2 ( 3.0) 233 2023
2 14 0,848 62,2 870.8 292 0,965 467 234 1977
2 193 1961
14 1.475 65,8 921,2 376  0.054 3B6 193 1984
61,6 190 1995
1h (2.9) 1-1.253 57.9 810.6 192  1.041 380 190 1998




oF SEASON O

; E B Dig. I ¢ % < R.S. A
g a r 4 85/1 Y
1040

i 1026 259 76.01 157 1 1 241 1,560 228
6 389 259 75634 195 2 4. 257 0,412 240
6 7tE 253 75.43 126 3 9 202 10237 219
74 171 258 75.04 128 4 16 200 0.83 206
38 168% 318 75.30 160 5 25 241 0,948 219
33 353 349 76.25 266 6 36 256 0,724 261
53 355 375 76.11 285 7 49 262 - 1,276 251
i1y L45 345 76.22 262 8 6l 248 =0.931 240
2 494 338 76.67 259 9 81 243 ~1.381 231
0 §18 377 76,62 289 10 100 254 1.141 263
w3 363 368 75.36 277 1 121 245 -0,297 243
+9 549 366 75.45 276 12 Wy 242 1,204 232
5l 626 356 74,78 266 13 169 234 1,117 242
56 6014 he2 73,95 312 14 196 252 0,270 249
5 563 366 73,23 268 15 225 229 1404 240
38 1386 370 73.27 27 16 256 227 -0,991 219
76 1784 381 72.30 280 17 289 228 0,624 232
23 1524, 402 71.8% 289 18 324 229 0,510 224
37 1398 396 .12 282 19 361 223 0.509 227
8 1509 2 70.49 297 20 400 227 -0,592 222
|7 1561 L4 69.67 307 21 IR 208 0. 605 282
29 689 390 68.40 287 22 LBl 216 -0.316 213
28 278 40k 67.82 188 23 529 168 ~2,368 165
59 369 141 66.79 246 24, 576 192 0,406 195
35 365 427 65.89 240 25 625 186 C.573 19
1 151% 368 65,26 160 26 676 147 0.234 149
30 150% 376 63,99 148 27 729 138 CoHT7 146
35 735 354 62,84 223 28 784 17C 2,427 189
6 S41 347 62,75 218 29 841 164 -1.201 154
36 883 374 62,21 233 30 900 168 1,406 156
37 841 330 64,04 211 31 961 156 0,681 150
1 726 10 65.36 203 72 1024 149 =0.459 145
32 670 301 65.53 197 33 1089 144 1,203 153
78 562 303 64,80 197 34 1156 101 -0,70L 135
32 512 324 66,33 215 35 4225 146 -0,877 138
79 473 362 67.93 246 36 1296 157 0,066 157

79 7358




SUMMARY OF SOURCES OF RANDOM NORMAL NUMBERS

TABLE

% =

843

5

FOR THE SIMULATION OF "SEASONS"

Startinf/point in Massey and Dixon

"Season" Tables L
Number Column, and Block Mumber
Temperature|Pasture Milk
Sample Equation | Equation
Variance Variance
Sample Sample
2 28/1 80/1 03/1
3 73/2 14/ 1/,
b 92/ 74/6 75/3
5 91/5 60/6 37/6

v Massey and Dixon (28) pp. 371 - 380

Note: Hach time sampling is required in the simulation,
random numbers are drawn from the tables indicated,
starting at the point indicated and working down

the column,

LIBRARY





