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CHAPTER ONE

INTRODUCTION

Agricultural supply analysis is concerned with the practical
and important problems of explaining historical and predicting
future patterns of livestock and crop production. Production at
the farm level i= the foundation of supply at the regicnal or
national lewvel. Decisions which determina the production of the
different agricultural products ars madae at tha individual farm
level, The collective results of these decisions are the aggregate
suppliaes which are available for export; local consumption or

further processing.

The objectives of supply analysis are to answer three questions:
Why has production changed in the past? How may aggregate preduction
be expected to change in the future? How may production be expscted
to respond to alternative controls contemplated by pelicy makers in
Covernment? In developing countries policy makers need to know what
is required to provide sufficient incentive for farmers to expand
production,. Highly developed countries such as tha United States
have sometimes suffered from an oversupply of particular products,
Policy makers in thass countries may need to know how production can

be rsduced, or diverted to more profitable products,

One approach to answer these guestions could be to survey all
farmers and/or experts in the field of agriculture to obtain their
opinions on the answers to thess questions. This would be a very
expensive and time consuming exercise, particularly since in a dynamic
world of continual change, repeated updating of information gathered

would be required,

An alternative approach adoptad by many supply analysts is that
of mathematical modelling. Mathematical models define variablas
precisely and assumptions explicitly, so that complex relationships

can be analysed and conclusions derived that cannot be derived by



vaerbal or diagrammatic analysis. Abstract models can be developed
to a very high degree of complexity limited only by knowledgs of
the system and by the ability of the researcher to translate his
knowledge into functional forms. In general, incrsased complexity
leads to added "realism", but in practice form and complexity need
to be related to the objectives of ths study, for interpretation of
the results is highly dependent on both these attributes.

Techniques such as budgeting, mathematical programming,
simulation and regression of time series data have been used in
attempting to quantify supply responses to price changes and other
variables of interest. In addition to the various techniques that
can be used, there are various levels of aggregation from which the
problem can be approached., These range from national aggragate

responses to individual farmer responsas,

Te1 Objectives of The Study

The objective of this study is to investigate the role of
investment analysis as it relates to the processes which determins
future livestock numbers and supplias of livestock products. The
initial Chapters of this thesis are concerned with the princicles
of investment analysis and with their application to the individual
farm situation. A modal is then bullt that attempts to simulatae
the investment and output decisions made by a representative farmer.
The representative farm modelled is the North Island Hill Country
(Class 3N) farm derived from the New Zealand Meat and Wool Boards'

Economic Service's Shesp Farm Surveys, If the methodology of this
study is successful then similar models could be built for the other

Farm Classes.

The behavioural hypothesis made is that the farmer will plan
to use his productive assets to generate a stream of income of the
greatest possible value to him for some period after he makes his
investment/output decisions. The major productive asset of interest
in this study is livestock which can be viewed as either a

consumption good to be sold for slaughter or to another farmer for



further fattening, or as an investment good in which case retained

for further fattening and/or breading.

The time period with which the farmer is concerned is the time
period over which income (or business activity) is important to him
i.e. his time horizon. Included in the behavioural hypothesis is the
assumption that the farmer fully recognises the interdependance

between changes in current ocutput and potential future production,

142 The Production/Investment Model: Conceptual Framework

There are two aspects to the mathamatical model of a farming
system developed in this study, The production process describes
the on=farm physical conditions that constrain the farmer's production
possibilities or plans. The decision process involvas the selection
of the best plan according to the farmer's objectives and

expectations,

The fremework of the model is based on the notion of Hicks
(1946) who developed a dynamic decision-making model of tha firm
under certainty. According to his visw, just as in static theory,
the firm is to choose from among alternative available courses cf
action, the one which is most conducive to the achievement of its
goal, The decision problem faced by the firm at any given time is
the selection of the best plan over the planning horizon, A
fundamental way of measuring the preferred production plan involving
costs and returns in future periods is that of capitalized value of
the stream of surplus, which Hicks called the capitalized value of
the production plan.

Following Modigliani and Cohen (1961) and Carvalho (1972),
the notion developed by Hicks is modified for this study. Leng-run
plans are not necessarily made up in order to be implemented, but
only to utilize all the available information to make the best plan
for the current period. Since expectations in one period relative
to economic and environmental conditions in future periocds might be
held with great uncertainty, the production and investment plans
which are based on expectations must continuously be adjusted or

revised with time., Emphasis is placed on the first move of the



planning period which cannot be postponed and, hence, must ba

carried out.,

1.3 Livestock Numbers or Product Suppliss

A distinction should be made betw=2en models deaigned to
projact future livestock numbers and models designed to pro ject
future livestock product supplies. Approaches to both problems
are very similar, the distinction usually being in the data used,
with the latter requiring some sort of yield estimates. As an
exampla, an increase in livestock numbers does not mean that at a
particular time in the future, sales for slaughter will necessarily
have increased as well, This will depend on market conditions at
that particular tims, However, an increase in livestock numbers
over a pericd of time must affect product supplies eventually,
provided that the increasze does not significantly decrease yields,
This study concentrates con attempting to explain increases in
livestock numbers while recognising that the objectives and

methodology of both types of problem may be similar,

1ed Thasis Guide

Chapter Two is a review of the Thecry of Investment as it
relates to principles derived under conditions of certainty about

the future.

Chapter Three applies some of the principles discussed in
Chapter Two to the farm situation. The importance of viewing
animals as consumption and/or investment goods is extensively

discussed.

Chapter fFour reviews previous work done on supply response
analysis of New Zealand livestock and livestock products, and
overseas studies that have the potential to improve the New Zealand
studies, This is followed by a review of models of price



expectation formation, and the expectation model used in this

Btl.ldy.

Chapter Five discusses the problems involved in using
representative farms in supply @nalysis and outlines the main

fesatures of the representative farm to be modelled,
Chapter Six describes in detail the model and its estimation,

Chapters Seven and Eight give the results and conclusions of
the study.



CHAPTER TuO

THE THEORY OF OPTIMAL INVESTMENT DECISION

This chapter explains the fundamental notions of investmant
decision theory - time prefersnce, production opportunity, and
market opportunity; and discusses the various criteria, togesther
with their associated rules, that can be used to quide an individual

in selecting among a number of alternative investmants,

A rational farmer, when faced with an investment decision
will consider the alternatives open to him and then according to
some criterion, will choose a course of action to be taken. of
interest, is the method he uses to analyse and choose betwean the
alternatives opsn to him, It may be intuition, expariance or soma

more objective method such as budgeting.

In attempting to meodel a farmer's investment behaviour it is
necassary first tc bes able to describe the method and the criterion
the farmer might use. Tha traditional investment criteria ars,
tharefore, discussed both from a theoratical and a practical point

of view.

This does not imply that the farmer will use a mathematical
formula in his analysis of the alternatives open to him, However,
it does imply that one or other of the mathematical formulas and
associated criterion discussed in the following sections can be used

in an attempt to model his investment behaviour.

21 Fundamental Notions

Traditionally, the theory of investment of the firm has always
been associated with the theory of production, but it is also closely
related to the theory of capital, The theories of investment,



interest and capital represent an sxtension of sconomic analysis
into the domain of time and of uncertainty, The questions of
criteria for efficient investments and optimum financial budgeting
are of such urnent practical interest that a large amount of work
has been done in these fields, much of it only loosely connected
with "mainstream" economic theory. DOiscussed in this study are
the principles derived under conditions of certainty about the

future.

The classical theory of interest was developed by Bohm—Bawark,
Wicksell and Fisher. Fisher's (1930) thecry of interest is built
upon three fundamental concepts mentioned earlier - time preference,

production opportunity, and market opportunity.

Income provides some measurable concept of the plessurablo
sansations (or consumption) available in a given period of time,
Tha amount of income clearly depends upon the quantity of resources
available and upon their utilisation. The best utilisation of
rasources is achieved where values of all marginal returns to these

resources are aguated,

Ns lonqg as thera are cpportunities to defer consumption of
current income to future time periods (i.e. there exists a range of
productive opportunitiss) a person is concerned not only with squating
the value of marginal returns from various possibilities at present

but also with equating the value of marginal returns over time,

It is usual to describe the stock of resources existing at a
point in time, and able to yield income in the future, as capital,
The future stock of capital depends on the current allocation of
present income between consumption and investment. In general,
capital will be created until the desire for additional consumption
at present is equated to a desire for additional consumption in the

future (i.e, time preferences for consumption are satisfied).

Consider a situation in which the costs and returns of
alternative individual investments are known with certainty. The

investor wishes to select, according to some criterion, the scale



and mix of investments to bs undertaken, The two=period situation
is analysed in the following two-dimensional diagram (Figure 2.1)

and can be extended to the analysis of investments in multi-period
situations,

In the case of a perfect capital market the individual (or
firm) is faced with a situation in which the borrowing rate equals
the lending rate, neither of which is affected by the amount of

borrowing and lending.

Figqure 2.1 Fisher's Two Period Solution

The current year's income Ku' is measured along the horizontal
axis and the following year's income K1, along the vertical axis.
Any point in the positive quadrant represents a given combination of
the current year's and the following year's incoma. The individuals
time-preference for income is represented by indifference curvas I,
the slopes of which are a measure of the marginal time preference of
the individual at the corresponding combination of present and future
incomes, i.e. they measure the rate at which the individual would
forego future income in order to attain a higher current income and

remain at the same level of satisfaction and vice versa.



Fisher (1930) separates the investment opportunities open to
the individual into two components = production opportunities and
market opportunities. The former are real productive transfers
between income in the two time periods (e.g. planting a ssed);

the latter are transfers through borrowing or lending.

In Fiqure 2.1, an investor with a current income O faces a
market opportunity illustrated by the dashed line QQ"'. Starting
with all his income in time 0O, he can lend at some given lending rate,
sacrificing present for future income, any amount until his Kn is

axhausted = receiving in exchange K, or income in period 1. Linas

.
such as 0Q' and PP' are in fact lines of constant present value with
slope = (1 + i) where i is the market rate of interest (or discount

rate).

The curve QST shows the range of productive opportunities
available to an individual with current income Q. It is the locus
of points attainable to an individual as he sacrifices more and more

of Ko by productive investments yielding K, in return.

1

The equation of QST is:

~dK_ = dK
o —

14p (2<1)

oF A (2.2)
(=dk )

Where:
dK1, dKo = changes in income for a movement along (ST

p = productive rate of return

The productive rate of return is the slope of QST minus one.
Since QST is concave to the origin a movement along it in the

direction of T reduces p.



10

If each point on QST represents a different projesct, then p
in effect ranks these projects, being the average productive rate
of return for each project, It is also possible to consider the
analysis as representing gne project in which case p ranks
infinitesimal increments to that project and is the marginal

productive rate of return.

To maximize his utility an investor must reach as high an
indifference curve as possible, The solution to this involves two
steps, The "productive" solution - the point at which the
individual should stop making additional investments = is at R!'.
fi' represents the investment opportunity with the highest present
value (when i is the discount rate). He may then move along his
market line to a point better satisfying his time preferences, at R,
He thus makes the best investment from the productive point of view

and then "finances" it in the loan market,

This analysis provides a fundamental insight intec what is
involved in selacting ths scale and mix of investments to be vnder—
taken, under the assumptions made. The analysis can be generalised
to the multi-period situation and some of the assumptions relaxed.

In practice some sort of measure of the notions discussed is required

to enable decisions to be made,

2,2 Criteria Commonly used in Investment Analysis

Three alternative measures of an investment's worth are usually

advanced:
1« The Net Present Value
2. The Benefit Cost Ratio

3. The Internal Rate of Return,



2.2,1 Notation

1"

Let C1, Cz, eseny Cn = the costs incurred during the years 1
2, eosey Mo
b1, bz, esosy bn = the benefits incurred during the years
1' ?. eenap Mg
v = the present value of all benefits
C = the present value of all costs
1 = the appropriate discount rate
r = the internal rate of return
N.P,V, = net presant value
2,2,2 The Net Present VYalue
A chosen rate of discount is employed to value all benefits
and costs as at the beginning of the investment, Tha "costs" are
subtracted from the "benefits" to give a net present value,
N-poU. - U b C
n n
b S €
= : -
=1 (1+) 7 =1 (1+1)
The decision rules are:
iff NPV, > 0 investment worthwhile
iff N,P,V., ¢ O investment unprofitable
iff NPV, =0 indifferent as regards the investment
for mutually exclusive projects
iff N.PV.(1)D N,PLVL(2) (1) is a better investment than

(2)

2.,2,3 The Benefit-Cost Ratio

The benefit-cost ratio is derived by dividing the present value

of all benefits by the present value of all costs.
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The decisions rules are:

iff v/c > 1 investment worthwhile
iff v/C <1 investment unprofitable
iff v/Cc =1 indifferent as regards the investment

it v/c(1) > v/c(2) and capital is not a limiting factor
(1) is a bettar investment than (2).

A variant of this is:

Net bsnefit/cost =

The decision rulss are based around zero instead of one.

2.Z2.4 The Intarnal Rats of Return

A rate (or rates) of discount is calculated such that the

prasent value of the benefits equals the present value of the costs,

When V. = &, i = r
n n

or 0 = Z b 3 _ Z c 3
= ()l = aw)

The decision rules are:

if r> i investment worthwhile

if o< & investment unprofitable

if r(1)> r(2) then (1) is a better investment than
(2)
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2.3 The Choice of a Criterion - Theoretical Aspects

Investment processes are characterized by the fact that time
elapses between the application of inputs and the attainment of the
resultant outputs. The choice between alternative investments is
commonly known as the capital "widening" process. Capital "deepening"
refers to choosing the optimum (according to some criteria) manner in
which to conduct an individual investmant, One aspect of a capital
deepaning problem is the optimum period over which an investment
should take place, commonly labelled a duration problem. In such
problems time is treated as a continuous variable. Ouration analysis
provides a framework for determining the optimum slaughter age for

farm animals discussed in detail in tha next chapter.

There are four types of these duration problems:

(a) Point input - point output
(b) Point input - continucus output
(c) Continuous input = point cutput

(d) Continuous input -~ continuous output.

The simplest form, point input - point output, involves only an
initial current outlay and a terminating receipt. If the initial
outlay is a given constant then the model is a variation of the tuwo-

period model discussed in Section 2.1.

A familiar example is the problem of when to cut a growing tres.
(Lutz, 1945). Consider an entreprensur who is investing in trees
and has perfect foresight in that he knows the lumber value of each
tree at all the future dates at which he may possibly cut the tree and
sell the lumber. The value of the lumber increases but at a
decreasing rate. The costs include the price paid for the sapling,

labour and rent for the land and are all incurred instantansously.

The entreprensur might sat up a series of equations equating
the costs of the investment with the value of the tree at the various
future dates discounted back to the present at the unknown rate of
return. He could then solve all these equations for the rate of

return, and find the one which gives him the highast rate of return,
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and choose the period of growth which characterizes this equation.
This maximization of the internal rate of return is represented in
Figure 2.2.

II

Valus R=f(t)

a M Time

Figure 2,2 Tha Growing Tree Problam |

R=f(t) = wvalue of lumber as a function of time
oc = cost of the investmaent

I, 11 ~ discount curves

The steeper the discount curve, the higher is the discount rate
on which it is baseds Curve II is tangential to R = f(t) at K,
giving an optimum period of growth 0OM, The discount rate of Curve II
is the maximized internal rate of return. At K then, the maximized
internal rate of return is equal to ths percentage rate of growth of
the tres.

If the market rate of interest is lower than this maximized
internal rate of return this implies that the percentage rate of growth
of the tree at OM exceeds this market rate and the entrepreneur could
increase the present value of his profits by extending the period of
growth, This will be so until the point is reached where the

percentage rate of growth equals the market rate of interest,



Value

log scale

Time

Figure 2,3 The Growing Tres Problem - Log Scale

Figure 2,3 is simply an extension of Figure 2,2 with the

arithmetic vertical scale transformed into a logarithmic scale.

The general equation of the discount curves is:

rt
Ut = an whaere Ut - yalue at time t
Uo ~ an arbitrary present value
or In Ut = 1ln UD + rt which is linear in t.

Lines 1, II, I1I represent discount lines based on the same
interest rate (the market rate of interest), while line IV
represents a discount line based on the maximized internal rate of

return,

It is obvious then, that unless the market rate of interest
coincides with the maximized internal rate of return, the optimum
period of growth will be different according to whather the
entrepreneur maximizes the internal rate of return or the net

present value.

15
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Maximization of the internal rate of return dictates that OM
is the optimal duration while maximization of the net present value
dictates it as Om',

Lutz points out that under competitive conditions the situation
depicted in Figure 2.3 could not last, since the profits would
attract other investors and speculators, thus altering the value of
the costs and returns until the present value of the output bscomes
equal to the cost of investment. In this equilibrium situation the
internal rate of return becomes equal to the market interest rate.
Lutz (1945, p 70) concludes that:

"provided a market rate of interest exists, the entreprensur
investigating the profitability of a given investment opportunity
should adopt total profits as his criterion of profitability, in

preference to the internal rate of return",

If this is the casa, then it can be shoun that the optimum
period of growth will be such that the marginal earnings from tree
growth would excesd his sarnings from investing the value of the
lunber elsewhers if his invastmant period were slightly shorter than
the optimum, and would be less than his sarnings elsewhere if it
were slightly longer than the optimum, In additiony, an increase in
the rate of intersst will lead the entrepraneur to shorten his aging
period, and a decrease will lead him to lengthen it (Henderson and
Quandt, 1971, p 323).

2.3.1 Capital "Widening"

There are two main functions in which the choice betwsen the
different criteria must be considered:

(a) Accept - Reject (absolute function of a criterion)
(b) Ranking of alternative projects (relative function).

In either function, different criterion can select different
pro jects. There is no generally applicable method of evaluation,
The criterion touse in a particular situation depends on the
conditions under which the decision is being made and the maximands,

assumptions and constraints of the different criteria,



From a theoretical point of view Hirschleifer (1958) strongly
criticises the internal rate of return as an investment criterion.

He goes sven further to say:

"Since Fisher, economists working in tha theory of
investmant decision have tended to adopt a mechanical
approach = some plumping for the usz of this formula,
some for that. From a Fisherian peoint of view, we
can sea that none of the formulas so far propounded

is universally valid."

For the two-period case (Figure 2.1) with a perfect capital
market, the present value rule and the internal rate of return rule
lead to identical answers (Hirschleifer, 1958). As previously
noted the market opportunity linas are in fact lines of constant
present value with slope - (1+4i), where i is the interest rate.

To maximize present value is to invest until the highast such lina
is attained i.e, R' in Figure 2.1, This rule says nothing,
howsver, about the financing also necessary ta attain the final
optimum at R since knowledge of the decision-maker's utility

isoquants would be required to determine R.

Even in the simplest possible situation, these rules only
give the "productive solution" - only part of the way towards
attainment of the utility optimum, In addition, this productive
decision is optimal only when it can be assumed that the associated

financing decision will in fact be made.

The analysis can be extended to the case where borrowing and
lending rates are not equal, the borrowing rate being higher than
the lending rate (Hirschleifer, 1958), This would be represented
in Figure 2.1 by two market lines, the steeper one representing the
borrowing rate and the flatter one the lending rate, Where the
productive opportunity, time-preference, and market (or financing)
opportunities stand in such relations to one another as to require

borrowing (lending) to reach the optimum, the borrowing (lending)

17

rate is the correct rate to use in the productive investment decision,

However, when the borrowing and lending rates differ a third
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possibility exists, If a tangency of the productive opportunity
locus and an indifference curve occurs when the marginal productive
rate of return (Equation 2.2) is somewhere between ths lending and
the borrowing rate, neither borrcwing nor lending is called for and
some interest rate between the lending and borrowing rates would
lead to the correct results. Hirschleifer (1958) calls this the
marginal productive opportunity rate. In such a case neither rule
(present value nor internal rate of return) is satisfactory in
providing the productive solution without refersnce to the utility

isoquants.,

Invastment opportunities that are non-independent result in

complications in choosing from the alternative criteria. (Figure Zehi)e

Figure 2.4 Non Independence

Consider two mutually exclusive investment opportunities given
by the loci QU'V and QT'T. With the assumption of a perfect capital
market the productive solutions are given by V' and T' respectively.
However, the one attaining the highest present value line (QT'T at T')
will permit the investor to reach the highest possible utility curve
at R. The internal rate of return rule would locate the points T!
and V' but would not discriminate between them,
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Figure 2.5 Non Independence, Uifferent Borrowing and Lending

Rates

Figure 2.5 can be used to show that under conditions of non-
independence of investment opportunitiss, and different borrcocwing
and lending rates the pressent valus rule can also fail. If thae
production opportunity loci 00' and wWwW' are interpretsed as mutually
exclusive alternatives, then it may be necessary to compare, say,
a lending solution at ¥V with a borrowing solution at T, The two
sclutions attain the same Lndifrerenca curve U1, but the present
value of the solution u(—w ) at the relevant discount rate for it
(the lending rate) far exceeds that of the soclution T (=T%*) at its
discount rate (the borrowing rate), when the two are actually
indifferent,

Hirschleifer's work provides a general theoretical solution
against which to judge the methods. Despite his conclusion that
nons of the formulas is universally valid, in a practical context
the decision-maker is forced to resort to one or other of the methods

since he can rarsly make a utility analysis,
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2.4 Practical Aspects of the Criteria

Under certain rigid conditions (i.s. compstitive general
equilibrium) all three criteria will give the same solution to the
same problem (Lutz, 1951). Since these conditions are generally
not met in a practical envirenment the choice of an investment
criterion will rest mainly with the value judgements of the investor,
his maximands and tha constraints in operation. Some of the main

considerations are discussed briefly below,.

2.4.1 Net Present Value versus Internal Rate of Return

The mathematical nature of both of these criteria can be a
disadvantage, particularly when considering their adoption by an
individual investor,. The ingrained inclination of businessmen to
assecss projects in terms of a rate of return on capital favours the

internal rate of return criterion.

In order to compare criteria it is important to determine
tha characteristics of an investment which are maximized. For
gexampls, maximization of the internal rate of return will achisve
the fastest growth rate of the investment if the antreprensur can
forgo consumption of procesds i,e. all income must be re-invested
to achisve such a result - no consideration is given to consumption
preferences. Other characteristics than maximization of overall
profitability or growth rate, may be important, for example, the
life of the project.

In addition to these broader aspects there are several more

spacific arguments for the use of a particular criterion:

(a) Ranking

A common criticism of the internal rate of return is that it
fails to rank projects correctly. This criticism is based on the
unstated assumption that a net benefit criterion must always be
maximized which is perhaps not universally relevant. For example,
if the aim is to accumulate assets as fast as possible then only

the internal rate of return gives the true order.
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{(b) BRe=Invastment

whare discounting takes place over ssvsral time periods a
common assumption is that during intervening psriods any funds
mada available must be re-invastad at the discount rate. UWhile
the same basic assumption is regquired for the prasant value approach
the actual re-~investment requirements ara not so stringent. Thus,
if the discount rate in the present value calculations is the markst
rate of interest, then re-investment at the same rate can be
expacted. However, if the internal rate of return is substantially
above the markat rate, it seems unresalistic to assums that re-

investment can continually occur at this rate.

There is considsrabla controversy on this issus. From a
practical point of view it is possible to argus that the re-investment
assumption is unwarranted (Sinden, 1972). The basnafits may not be
available for ro-investment, zarticularly in public investment
projacta. If tha investor is intesrasted in ths intarmediate cash

3

flows and not just the final pariod assats, than the ra-investment
question would be ralavant, The quastion is really only relsvant
when projact szlaction is affected if neat proceeds are ra-investaed or

not.

Sindan (1972) argues that when two projects are baing
considarad, if procesds are re-investad and the internal rate of
return is used, then the relative and absolute values are likely to
be changa2d cut of proportion bescause re-investment opportunities are

likely to differ.

(c) mMultipls Solutions

There are conditions under which the internal rate of return
is not unique; the exact number depends on the number of changes of

sign of ths investment. .

In many practical applications only one solution is possible,
and the internal rate of return would be acceptable as a choice

indicator.
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Lutz (1945) suggests that if outside capital is not availabla,

the entreprensur should maximize the benafit/cost ratio, Ths
argumeant for ths uss of the ratio is basad on two considsrations,

i.e. the limitation on capital and the scala problam, If capital

is limited then net benefits will be maximized only by salection of

tha project which has the highest ratio of bsnefits to costs.

It is then suggested that capital is usually, if not always, the

limiting factor therafore the ratio is usually the correct measure.

The size of the benefit/cost ratio gives no indication of how

worthwhile the invastment is. for axample, if there was a choice

batween mutually exclusive projacts, A with ¥V = $120, C = $100 and

B with V = 312, C = %10, than in both cases ths bensfit/cost or V/C

ratioc would bs 1.2, which by this critasrion would indicats

indifferenca, Howegvar, provided no capital restrictions applied,

projact A would ba supavior to preoject 85 as the prasent value of

future net incoma from praject A is 320, wharsas from project 8 it

is only 32,

25 Chaoice of Critsrion = Conzluysion

Tha various assumptions of the main criteria are rarely

satisfied in practice. Hildreth (1954) sumnarisas the valid basis

for selection:

"rational maximization criteria for individual investment
opportunities are likely to depend on the technological
possibilities and input limitations associated with each

investment opportunity.”

None of the thres criteria ars generally inappligabla,
Selection of a mathod therefore depends upon specification of the
objective and constraints aof each project and szlection of ths

method which best satisfies these conditions,
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CHAPTER THREE

OPTIMAL INVESTMENT DECISIONS ON THE FARM

The previous Chapter outlinad the critaria a farmer might use
in evaluating alternative investments. Tha criterion to be chosan
was shown to be dependent on the type of investma=nt and ths
conditions undar which it is to be undertaksn. One of the important
investment dacisions a farmer is required to makes is concerned with
his livastock. He must decide whethsr to restain his current flock
and herd sizas and structures, or altsr them, His policy to some
axtant will be determinad by physical factors such as climate and
soil type, however economic conditions will bs a major datarminant of
any changes mada. Thass changes are brought about by sales and
purchasas. A gurchase of an animal is an investmant, Similarly,

a dacisian to retain (rathar than sall) an animal is a decision tso

furthar invast in that animal. Convarsely, tha sala of an animal
is a disiestaent.
3.1 Tha Theory of the Firm

-

72 farm managar in the thsory of the firm is faced with the
decisisn cf the optimum allocation of 2 set of rescurces to the
production of altsrnative products given factor and product prices.
His animals can be resgarded as end products (i.e. as slaughtered
animals), or they can be regarded as resources, The livestock thus
hava a dual role, that of a finished product and that of an investment
good. The farm manager also has a dual role; that of investor-
producer. His set of resources (animals) is constantly changing
and he is faced with the decision of holding on to tham (further
investing) or selling his stock at any point in time, either for
slaughter (consumption) or to scme other farmer—investor for further

fattening.(1)

(1)

The ideas outlined here originate from Yvar (1971) and Jarvis (1974).
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(1)

good repressnted by animals that differ in typs, sex and age. The

At any time the typical farm is holding a composite capital
decisions faced by tha farmer can be classified into three

categories:

1)  How much capital to ouwn,

2) what the composition of the capital should be,

3) What the rate of utilization of capital should be in tha
alternative usses of producing further capital goods and consumption

goods.

Under the classification of ths previous Chaptar, 1) and 2)
are capital "widening" choices whila 3) is a capital "despening"
(duration) choice. Farmars can therefore be viswsed as portfolio
managars seaking the optimal combination of different catsqgories of
animals to complament their non-animal assets, given existing

conditions and Tuturs esxpactations.

342 Tha Capital Periczcs of Mala and Female Aninals

Tha capital value of an animal indicates what the animal is
worth to the farmer eithsr as 2n investment good or as a consumption
geod to ssll for slaughter, or to anothar farm. The capital valus
of an animal can bs icantifiad with the maximized net prassnt valus
of that animal at birth or for its remaining lifatime. Conceptually
this is found by jointly determining the optimum amount of feed and
other inputs the animal should receivs cver its lifetime and the age

at which the animal is to be sold.

Jarvis (1974) outlines how micro-modsls could be used to
determine the optimum slaughter age and feed input for a stesr, given
growth Functions for the animal and the following parameters faced by
the producers: the price of beaf, thas interest rate, and the cost of

inputs. Undar the assumption that the animals arse fad‘tha optimal

(1)

The farm is considerad as a firmj; the farmer is the manager.
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ration, the criterion to find the optimum slaughtar age bacomes

(1)

process, which in perfect markets will be the valus of the calf at

maximizacion of the present discountad "profit" of thea fattening

birth. This is given in esguaticn (3.1)3
a3
TH{(8) = p(i,g)m(i,g)a-rg - ci f) e~ Tt d¢ (3.1)
a
Whers:
8 - the age of thes steer
TU - the present discountad profit of ths fattening process
i = a fixad bundle of daily inputs to the stesr, independant
of &.
¢ = the cost of ths fixed bundle, i.
p = price per kg of beef as a function of fead inputs and age.
t - time
T - intersst rate.
w = waight of stasr as a function of Teed inputs and age.
\
Batr tha waight ang ths prics of ths animal ave assumed to be

L

functions of 1 and &, implying that tha guality of the beef is |
reflecta:d in the unit pricsz received. Tha inputs required consist

primarily o7 feed, but conceptually may include all inputs such as

labouyr, :¢=aslter, fences, wachinaery and vetzsrinary care. Javvis (1974) ‘
notas tnat ths assumption that the input bundle is fixed is unrealistic

since for b=2af it varies over the animal's life, howevsr to ksap

mathematical complication to a minimum thesa effacts ars not

included in tha analysis.

The first-order conditions for a maximization of 7T resquire
that the producer selact both ths optimal slaughter age and the optimal

input stream:

3T = g8 (Pdu +wdp ) - re "y - cie TO =0 (3.2a)

de o6 26

(1) j.2, Nat Prasent Valus. Under tha classification of Section 2.3

this is a continuous input = point output duration problem.



I = 578 (pduw +wdp) - ¢ S " gt = (3.2b)
di di di ,
Which yield:
pPoYW + wWoD = rpuw + ci (3.2¢c)
d8 d8
A
a3
5 ~-rt ra

pow + wdp = ca'® S 2t dt = ¢ (a7 = 1) (3.2d)
i di 2 r

at ﬁ, the optimum slaughter aga, the change in value dus to
changing wsight and quality (unit price) less the cost of feading
is egqual to tha current interest forgons, Similarly at i, the
optimum input level, tha present discounted value of the marginal
net weight gain and price increass corresponding to a higher stream
of inputs throughout ths stesr's 1lifa, lass the present discountad

cost of faeding the 2nimal these inputs, must ba zero.

A similar analysis can be carcied out for cous, Cows can
produce beaf either dirsctly, by being fattenad for slaughtar, or

indirectly, by bearing calves which can thamselves ba fattened for

slaughtar. Tha analogous equation to (3.1) for cous is:
a o
\ -t
- g "o e A s H e Pt
7 (8) o clint) = G 5 & b wopln,0uL,8)e T  (3.3)
£=1 }

A 1
Y

0

]

Where C{i,t) is the expected valus of the calf born in y=ar t,
assuming the cow has been fed input stream i throughout its life.
Maximization of (3.3) with respect to 8 and i shows that the female
may be withheld from slaughter, even though it has ceased to gain

weight, on account of the (expected) valua of its calf output.

The response of capital valuss at birth to a change in bsef
prices, input prices and the interest rate are important since
these measure the effect exogenous changes will have on the future

composition of a herd. This response is reflected in changes in
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tha optiwmal fead ration and the cptimal slaughter aga.

1z can be shown that the response of capital valuss to changas
in be=ef prices is positive and that for input prices is nsegativas,
Both are greater in absolute terms for females (3Jarvis, 1974).
This means that femala capital values at birth will increase (dacraass)
relativaly more than mals capital valuss when bsef market prices

increase (decrease) which implies that, ceteris paribus, an increase

in beaf market prices (expected to parsist) would make it more
profitable for a farm to hold r2latively mora female animals than
mala. Also of interest is thes fact that there is a positive raspoaonse
of capital values of steers, to changss in besf prices, This
indicates that a negative slaughter response for steers is expected

in the "short run", ceteris paribus. Fewsr steers are slaughtarad

temporarily because a higher price causes them to ba withhald to

be furthzsr Tatianed,

93]
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Enuasion (3.1) cepresants the present discounted profit of

the fant:ning process for a stear. Assuming the staer raceives the
optimum ‘aount of fesd and other inputs (i.e. i = 1) equation (3.1)
can b2 rawritten:
3
e = p (3,9)ud,e)e™ - S T gt (3.4)
0

Then, if & is replacad by ﬁ, the optimal slaughter age, the
equation gives the maximum present discounted profit, or the capital

value of the animal at birth,

>

Fad
* AL - -
T(B) =p (E,ﬁ)w(i,a)a . o”Tt at (3.5)

8]

*. A * A
Tv (8) represents the calf's value at birth; that is, 7V (8) is

the amount which if invested at interest rate r would have the sams
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money valua at time 8 as the finished steer, less the total feed
casts compounded from their time of input to 6, at rate r.
Equation (3.4) is illustrated graphically in Figure 3.1 by the
curve Tf*(g).

n(a
Value un(a)
3
A N
P(i,8)w(i,8)
* N
(2)
8 Age
Figure 3.1 Tha Valua of a Stear
Whera:
A A
p(i,8)w(i,B8) =~ market value of the animal over time,
ym(8) - supply cost
*
m(8) - nresent discountad profit
*
1Y (%) - maximum presesnt discounted profit (Equ. 3.5)
A
B - optimal slaughter ags.

In deriving the optimal slaughter age and input stream, it
was assumed that producers faced known functions for the rate of
gain and the rate of change of price per unit for each animal,
The product of these functions would, if graphed as a function of
age, yield the locus shown as p(f,g)u(g,g). This represents the
market valua of the animal over time. Given the previqus
simplifying assumptions, slaughter occurs only at one ags 5, and
because perfect competition is assumed, the market valus of the

animal at 8 must equal the cost of producing the animal,
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An expression for the markat valus of tha animal at the optimal

ags ﬁ can pe cbtained by rearranging (3.5).
A A A ¥ a 3
AN M
p(i,8)uw(i,8) = TW e~ +ci (e -1) (3.5)
£

Tha cost of producing the animal (the sdpply cost um (8),
which reflects tha cost of feed inputs as well as tha intarest forgone
on the value of the calf) is in fact the capital valus of the
animal at ags 8. From birth on, the capital valus UM (8) will bs
gqual to the sum of the initial capital value and the valus of the

feed intake, compoundedat rate r up to age 8.

um (8) = ‘n‘*erg+ el (e-;rg -1) (3.7)

r

A
Equating the market value and the supply cost at 9

A N
A NN p T ~ o3 AN AN
i _ o F . S _ Ty 0 A 5
y(s) =T o + 3 {e =1) = p(i,9)ul(i,s) (3.3)
which is iraicated by point A in Figurs 3.1. All transactions in
animals will take nlace at the capital valus ux(8). Under tha

original assumption of parfect compatition a calf'’'s capital valus
e A %
dominata~ 1%s slaugnter value until age 8, and no calf will ba

slaughteraed until this age,

Many animals are in fact sold for slaughter before their
optimum slaughter age. If animals wzsre sold at their capital
values then a farmer would be indifferent between holding or selling
any animal of age lass than 3. This implies that for a transaction
to occur at less than the optimum slaughter age, the market price
must sxceed the farmer's expectation of the future productive and

slaughter value of that animal.
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J.4 The Whols Farm Situation

The model discussad hare has consideraed stesrs as consumption
and investment goods and has indicated how cows could bs analysed
in a similar way, The feading and selling dscisions with regard
to shesp can be subjactad to a similar analysis, At any one point
in time the farm holds a mixed portfolio of animals of differsnt
typa, sex and aga. A profit maximizing firm will try to equalize
the rates of return to investment in its mixed portfolio, Under
steady state conditions there will be a set of capital prices such

that ratas of return are indeed squalizad.

A changas in meat, wool or input prices alters not only the
level of capital pricss but also the rzlative capital prices cf
animals of differsnt typs, sax and age. The fact that animals ars
simultaneously a capital good and a consumption good imposes an
additional complication to ths way the adiustment to a disturbed
equilibrium situatiocn takas place. For exampla, a rise in beaf
prices would result in the capital price of a young femals rising

in relation T

(%}

the capital price of an adult male, Since thare can
be only one price for a given animal, eithz2r as a capital good or
consumotion good, the adjustment process via changed capital prices
would requira that the consumption price of the young female rise
relative to that of the adult male. This would require that
consumers pay a highar price for famale beaf than for male beef and
this would not be acceptablas for basf of similar guality. As a
result the move to a new equilibrium brought about by changed market
conditions, would occur through altering ths physical composition of
the capital stock of animals. In the example above it would pay
the farmer to purchase more young females since their capital valus

has increased relative to older male animals,

The model discussed here focuses on the partial equilibrium
behaviour of producers facing excgenous changes in prices, although
clearly such prices are endogenous to the sconomic system as a whole,
The Minstantaneous" increasea in capital value which is reflected in

this model is a partial equilibrium result. No account is taken
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of the fact that other adjustments will occcur in response to a
beaf price increass, Ffor exampls, as the capital valus af an
animal rises producers will respond by retaining more such animals
to be used for future production, and will reduce the number
currently slaughtered. The resulting reduction of current
slaughter will increase sven more the current price of besf but
will also increase the future supply of beef, thersby lowering the
expacted futura price of beef. As the capital value of an animal
depends on expected as opposed to current prices, the movement of
expected prices will dampen, at least at some point, the tendency

for the relative prices of animals to change.

When considering retaining or buying-in a particular class of
animal as an invaestment, the investment decision should be made by
a comparison of its capital value (maximized present value) with the
alternative slaughter value. 1f the capital value rises relative
to the slaughter value following a nrice changa, then this weuld

indicate further investment in that type of animal,

In the production/investment modsl davzloped latar in this

thesis, it will ba wuseful, following Yvar (1971):

", .to ragard the change in the composition of the sales as the
manifestation of an adjustment process, triggerad by changes in
relative capital prices, leading to the egualization of rates of

return to investmant in diffezrent animals."

In the short-run, land area and technological constraints are
placed on the possible investments the farm can make. Increasing
meat and wool prices may call for an increase in all classes of stock.
With fixed land areas and slow technological change this may not be
possible. This desire to retain animals of all classes will cause
a rise in the opportunity cost of feed, which in turn will prompt the
slaughter of some. Tha animals most likely to bte affected will be
those which are nearing their time of slaughter, such as‘'steers or
wathers, for the capital values of animals with longer productive
lives will be less sensitivs to a short=run change in the cost of
foed,
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A rise in the prices of inputs which is expectad to persist
will have the opposite effect to that of a rise in meat and wool
prices. This effect could be particularly important in the
New Zealand livestock industry which has recently been suffering

from the so=called "cost=price" squesza.

3.5 Implications of this Analysis

The microw=models discussad in this Chapter indicate that a
supply model of sheap and cattle products should be disaggregated
to obtain a clear understanding of producer behaviour and improved
estimates of future production. Animals of different age, sex and
breeding ability have different economic functiosns within the herd
or flock and their productive valuass will accordingly be

differentially affected by exogenous shocks to the system,

"

ey T e 1 L Lt T
wiootheslis is that bthe Tarme

responds ta tha changed
structure of relative capital pricss by altering the composition of
his stct of animals in an attempt ts egualize the rates of return
to invasbment in his mixed animal portfolioc. This emnphasizes the
need to vrzat the whole Tarm managesment system simultaneously.

This is particularly important in the short—run when limitations to
expansian axist, and a3 particular enterprise may only bz abls to

expand 2t Lhe axpenss of another.

The analysis indicates that the instantaneous response in the
number of animals slaughtered to price increases should be negative
for bath zattle and sheep, since farmers may build up stock numbars
when prices increase in the expectation of increased future income
outweighing present income. The previous supply studies of
Court (1967) and Bergstrom (1955) hava derived negative short~-run
and long-run price elasticities of supply for mutton and beef in
flew Zealand. Thase studies have not been able to show that rising
breeding herds and flocks, through higher calf and lamb crops would
lead to rising slaughter over time., A reduction of slaughter one
year (the transitory componant) increases the siza of the herd or

flock in the next (and therefore the permanent component of slaughter),
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and it is the nat effect of changas in both the permanent and
transitory componants which yields the true effect of price in

lagged geriods,

3.6 The Discrete Naturs of tha Data

The thezoretical micro-modsls outlined have all been continuous.
This implias that dsecisions are being made continuously by the
farmer with regard to sales, purchases and input levels, In
addition expenses are being paid and income received continuously.
However, the model to which these investment principles are applied
in Chapter 5ix is a discrelte ons. This arises because of the nature
of the data available, which summarizas a whole year's activities by
statemants of the situation at the beginning of a year and the end
of that year, In a sanse, this implies that everything takes place

on only en2 day of sach year.

The continuous situation is the more realistic, howsver many
tivities do take place in a discrete way. The important thing is

ouvg remain tha same whather

8]

hat the investment principles outlined a

th
th2 model is continuous or discrets,
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CHAPTER FOUR

AGRICULTURAL SUPBLY ANALYSIS

This Chapter reviaws the Theory of Supply and follows this
with a review of empirical work reported on supply analysis of
flew Zealand agricultural products, A number of oversesas studies
arve discussed and the technigues used in these studias are contrastad
with the tzchnique developed in this thasis, The chapter concludes
with a revicw of Price Expectation models, and a dascription of ths

Price Expectation model usad in this thesis.

441 The Praductiaon Faoundation

Tha Theary of Supplv has its orlgins in profit maximizing

princisl

25 and rational sconamic bahaviour by individual entrepren=zurs.
Under coniitions of parfact knowledge with respect to all variables,
firm's static supply function could be derived from tha production

a
function, given a goal of profit maximization for competitive firms.

ider tha case of a firm using two inputs (x1 and xz) ta
produca one ocutput (Y). Its production function shows ths maximum
product sutput obtainable from various levels of factor inputs and

can bs written;

Y = f(x-‘! xz) (4'1)

where - f is a function
- Yy X19 X, are divisible
= Xg9 X, are continuous variables
- the production function f is continuous and twice
differentiable,

The profit for this firm can be represented by ths following

function;
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i = Py F(x1, xz) - p Xy = PoX, (4,2)

1 2

Whare: ™ - profit
Py ~ price of the product
f(x1, xz) - the production function

P1, Pz - prices of the inputs X4 and Xy respectively,

The nacessary condition for maximum profit iss

AN = Pyf, =P, =0 Pyf, =8¢ (4.3a)
D X
1
gTr = Pyf,-P,=0 Pyf, =P, (4.3b)
4
2

The product prices multiplied by the marginal product of an

input is called thz marginal walue product of the input, Equaticns
3a) and (33) state that for a» optimum, the marginal value procuct
must sguzl the input pricee. They iaply:
P1 P2
> = 7 = By (4.4)
r .
1 2

It can be shown that the input price divided by the marginal
product is the marginal cost. Henca, for an optimum, marginal cost
is equal in terms of each input, and tha equalized marginal cost is
equal to the product price. This result, based on the production

function, is the same as that derived from the cost function.

In the short-run the firm's problem is to minimiza total cost

subject to the constraint of the production function,

The Lagrangean function L for this minimization problem is;

F
il

Px, + PyX, + b +h[ Yy - f (x1, x2) J (4.5 )

il

C + A [Y - f (x1, xz)_! {4.5b)
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WYhere: v = P1x1 + P2x2 4+ b is ths total cost

fixed costs

> T
h

Lagrangsan multiplier

Salving the problam for Xy and Xy and the Lagrangean multiplier

in terms of P, and P, and Y will give a cost function

1 2
C = g(¥) +b (4.6)
Whers: g = a function,

The marginal cost function is therefore:

]

a'(v) (4.7)

|
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ocaducing an coptimum amount of

output when it maximizes its profits 1.8, toctal revenue minus taotsl

wid o

cost:

T = PyY =g (y) =b (4.8)

Tt assumption is mada that the demand curve for the firm's
produczinn and its oun demand curvass for its factors of production
are ccmpletely =zlastic, Under these assumptions profit in (4.8)
is a functicon of output Y alona. For the firm to maximize its

profits, the first-order condition is:

'
dmr = Py=-g(y) = 0 (4.9)
dy

i.e. product price = marginal cost,

The second=-order condition for maximum profits is:

d°T = -g"(Y) € 0 (4.10)

i.s. marginal cost must be rising.
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Tha marginal productivities f, and f2 in (4.4) are

1
functions of X4 and Xoe Hence they make up a system of two
gguations in two unknowns X4 and Xoe Solution of this system of
simultanecus equations can yield ths demand functions for the tuwo

factors:

*
x, = 9Py, Poy P,) x, = h (Py, Py, P)) (4.11)

and the product-supply function:

* ke *
y; = (x, 9 %, ) = F s (Pys Pyy Py) (4.12)
whera: gy hy Fj’ Fj ara functions
*
Yj - product supply from the jth firm in the industry.

If, as assumad above, the dzmand cucves for the inputs are

inFinitely elastic then the industry supply function is obtained by

the horizontal summatian of tha individual Tirm's supply functiions.
n n
*
Yy = y ¥ = Z £ (Byy, Pyy P,) (4.13).
j=1 3=

The static supply function derived from the relevant production
function and sat of commodity prices provides a concaptual starting
point in any analysis of output rasponses. The analysis can be madas
more realistic by assuming that a firm is concerned with an optimal
production plan over a number of years, rather than just a single
period as has been considered up till now. In many instances the
firm is free to borrow and lend money in addition to, or as an
alternative to, purchasing inputs for a production process. Given
these opportunities, the firm will generally desire to maximiza the
Present Value of its profit from production subject to the technical
constraints imposed by its production function(s). As for the
static situation discussed above, the individual firm's input dsmand
and output supply functions can bs derived. The individual firm's

supply of a product through time can be expressed as a function of



cutput prizes, input prices and interest rates, with all prices to
be recsivad or paid in future periods being appropriately disceuntad

(Henderson and Quandt, 1971 pp 311=312).

4,141 Empirical Supply Analysis

The equations (4.1) through to (4.13) provide the invaentory
of typas of variables which are usad in deriving actual output
responsa functiocns. Techniques such as budgeting, mathematical
programming, simulation and regression of time-seriss data have been
used in attempts to gquantify supply responsss to price changes and
other variables of interest, In addition to the various techniques
that can be used, there are various leswvsls of aggregation from which
the problzm can be approached. Thess range from national to

individual farm response studies,.

Merlave and 8achman (1950} have revizuwed tha problems and
apnroachas in supply analysis oc-lar to the 1960's, and while a
considaratla amount of work has besn done on supply analysis since
than, tha problems reamain far from being fully solved., They list

four imparsant theoratical gaps in supply analysis:

-

“n adaquats theory of aggragation for firm supply functions.

‘4 adaguata thesory of behaviour under uncertainty.

3) An adequate opsrational theory of investment of the firm,
i.e. how so=called fixed factors are variad over time in
responsea to sconomic and cther forces.

4) A theory of, or at least techniques for measuring, the

diffusion of technological changas.

The use of representative farms and the resulting aggregation
problems are discussed in Chapter Five. A number of studies which
have proceeded part of the way towards solving some of the other

problems are discussed in Section 3 of this Chapter.
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4,2 Positive and Normative Analyses

The major distinction between positive and normative analyses
is adequately described by Heady (1961):

"Positive analysis can be described as prediction of
gquantitative relationships among variables as they
actually do exist at a point in time, or have existed
over a period of time. In contrast, normative
analysis refers to what ought to exist, under certain
assumptions. It is an indication of what might be
expected to happen if decision makers posssss certain
goals and knowledge and are free from certain resource

and institutional rastraints.,"

The most common type of positive supply analysis involves
reqression of time-series data. The major limitation of this
technique is that if historical data are used then the model is
necessarily tied to the pasty, and there are problems in incorporating
major changes in technology, institutions and government policy in
the model, In addition, because of statistical necessity,
regression models are highly aggqregate with respect to inputs and
cannot reflect quantitative effects of many specific variables of

interest.

Normative supply analysis techniques include budgeting,
programming, judgement and related methods. Programming techniques
usually take the individual farm as the unit to be analysed and thus
aggregation problems arise if regional or national aggregates are
required. A common criticism of normative supply analysis techniques
is that they usually require a profit maximization assumption and

this may not reflect the aspirations of a great many farmers.

The classifications discussed above are not mutually
axclusive, Positive regression analyses are in fact based on the
analysis in Section 4.1. In regressing the quantity supplied of a
product against its price the implied assumption is one of profit

maximization of the individual or firm involved, Conversely, a
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linear programming model of supply is considered normative in nature,
however the input-output coefficients in the simplex tablsau are
usually obtained in a positive manner from observations drawn from

"repal world" situations,

4,3 Literature Survey

This section revisws previous attempts to model New Zealand
Agriculturel Supply and overseas studies that have potential to

improve on thesa.

PN P | New Zealand Studies

Previous attempts to analyse the supply of New Zealand sheap
and beef products have been reported by Bergstrom (1955), Court (1967),
Aayner (1968) and Johnson (1970).

Bergstrom's (1955) supply model was an integral part of a
system of simultaneous difference equations explaining supply of and
demand for New Zealand's exports. Supply of agricultural products
was mstimated as a function of product prices and stock numbers.
Past prices, rather than expected prices are among the explanatory

variables.
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Bergstrom derived negative short-term and long-term price

(1)

explains this as being due to some beshavioural aspects of farmers!

elasticities of supply for the main sheep and beef products. He
investment processes i.e. preference for "normal" income rather

than maximum profit.

Rayner (1968) used single equation multiple regression techniques
to predict animal numbers in various sex/age categories, Explanatory
variables used were product prices and time, to allow for

technological change. The model was validated by comparing its

(1) The price elasticity of supply is:
E = ARl .,
s sj AP
ﬂc' _J.
p
J

where: [S - Elasticity

ﬂsj - fuantity supplied of product j.
A Qsj - Change in guantity supplied of product j.
0 Fj = [Change in price of product j.

P. = Price of product j.
J
This is a ceteris paribus concept. 1.8, it attempts to measure

the response of supply of a product to a change in its own price,
assuming all other things are unchanged, This is of doubtful theoretic
value where such independencies do not exist. In a dynamic multi=-
product agricultural industry such independencies would be extremely

rare.

Elasticities have remained of interest because many statistical
single commodity models produce them as a single invariant parameter
for response estimates, This thesis does not attempt to estimate
any elasticities, however, it is useful to discuss previous studies
which have estimated them.
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predictions with actual 1967 data and the results found to be poor,

especially in the case of ewes and swe hoggets,

Court (1967) used regression techniques to estimate a system
of simultaneous equations that attempts to explain both supply and
current prices of lamb, mutton and beef. A theoretical model was
developed first based on the hypothesis that a farmer will attempt
to maximize his expected (discounted) total income up to some horizon,
subject to restrictions on wool production and stock numbers and to

his ability to vary stock numbers over time.

These restrictions are incorporated in the objective function
through the use of Lagrangean multipliers. Differentiation of this
objective function with respect to outputs, stock numbers and
multipliers results in a system of simultaneous equations, from which
expressions for meat and wool output and stock numbers can be obtained.
The resulting equations explaining supply are functions of ratios of
prices within the same season and between different seasons. A
modified adaptive price expectation model was used te generate expscted

prices.
The final functions derived for meat supply, as an example, were:

¢ = S (Prgs Pugs Py s E)
p

mt Lt Preer

%t = By (Prea Pips Py » €)
ot Pre PLe-
wheres SL' Sm = functions
Xt = lamb supplies in year t.
Xt = mutton supplies in year t.
pL = eaxpected price of lamb.
Pu = expected price of wool
Pm = eaxpected price of mutton,
E = time shift operator from the Price Expectations

model.

In order to obtain suitable equations for estimation purposes

the functions SL and Sm must be approximated by convenient functions.
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The theory is developed for an individual farmer, but the
estimated model is an aggregate one. The theory suggests which
variables should be included in the model to be estimated, however,
it does not state explicitly how they should be included,. Court (1967,
p 295) states; "It is not assumed that there is any necessary or stable
relationship between micro-parameters and macro—parameters, but only
that the supply macro-parameters exist and are stable over time."(1)
Court also obtained negative short—term and long-term
elasticities of supply for the main sheep and beef products. He
suggested that if livestock numbers are used as explanatory variables
rather than lagged supply of lamb and mutton, a better model could be
drveloped. This would enable changes in livestock numbers over time

to be better explained,

Under the definitions of Section 4,2 the three studiess discussed
so far represent positive approaches to supply analysis, All are

statistical analyses based on aggregate time-series data.

In contrast Johnson's (1970) study is normative in nature. He
used a linsar programming (LP) model to make projections of future
shaep and beef production in New Zealand. The model was based on tha
New Zealand Meat and Yool Boards' Economic Service's farm classification,

the unit of analysis within each region being a repraesentative farm,

The model assumed that farmers are profit maximizers, It also
assumed farmers are aware of all the opportunities open to them and that
they are sufficiently flexible to bring about changes that are required.
The objective of the LP was to maximize total net revenues considering

(2)

represented by an average farm which incorporated the range of

all relevant activitiss over all the regions. Each region uas
productive activities found in each region. Resource availabilities
and activity requirements were estimated on a per farm basis. Once
the activity levels for each average farm had been solved for, the
regional totals were found by aggregation and finally the national
totals by aggregation of the regional totals through the use of a
raising formula which weighted each class according to some criteria,

(1)
(2)

Problems resulting from aggregation are discussed in Section 5.2,

Example of an activity = sheep breeding.
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Intra=-regional constraints included the levels of resource
supplies such as land and capital, and constraints on the present
and potential limits of civen crop and stock policies in esach region.
Inter-regional constraints were included to control stock movements
between regions and the rate of growth of the national beef breeding
hard. These satisfy the requirements that net sales of various
classes of store stock from all regions are balanced by net purchases,
Various combinations of high and low levels of expected prices for
products were chosen and the resulting range of projections of stock

numbers and wool production presented.

Ge3e2 Overseas Studias

The studies of fvans (1971), Yver (1971) and Jarvis (1974) are
similar to each other in approach. Each developed an extensive model
of production response in the cattle industry, Evans fer the U.K. and
Yver and Jarvis for Argentina. In sach case the national cattle
industry is regarded simply as a scaled up version of an individual
vertically-inteqrated beef enterprise, with the qualification that the
‘aggreqgate' producer responsible for the enterprise also engages in
external trade. The theoretical framework on which these studies are

based has been discussed in Chapter Three of this thesis.

Evans' (1971) models are systems of regression equations linked
together to represent the particular sequence of operations assumed
to characterize the decision-making pattern of cattle production.
Primary decision equations describe how producers respond to changes
in values of economic variables by altering cattle inventory levels
and flows, They are primary decisions because their outcoma affects
other decisions taken in later periods. Secondary decision equations
also describe producer behaviour but the predicted values of the
dependent variables are not fed back into the model as part of a
causal chain. e.g. retaining a certain number of the calves born in
any period for further rearing is a primary decision, while the
secondary decision is to dispose of a certain number of calves by
sending them to be slaughtered, The model also includes a number of

price formation and technical equations.
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Yver (1971) and Jarvis (1974) estimated systems of simultaneous
equations using time series data, The theoretical models they
developed provided the frameworks for econometric models of the
Argentinian beef sector., Both studies obtained negative short and
positive long=term price elasticities of slaughter, contrary to
previous studies which had obtained negative long-term selasticitiss.
Both argued that the previous studies using single equation estimation
techniques were unable to show that a rising herd, through higher calf

crops, would lead to rising slaughter over time.

Thege studies imply that an econometric model of livestock
production should be disaggregated to obtain a clearer understanding
of producer behaviour and better estimates of future output. Animals
will have different economic functions (investment functions or output
functions) and will be affected differently by exogenous variables

according te their age, sex or breeding ability.

Carvalho (1972) reported a study of the United States cattle
industry. He first derived a model based on a framework very similar
to that of Yver (1971) and Jarvis (1974). The 'aggregate' cattleman
is assumed to maximize profits for his entire productive life.

i.e. maximize the expected net present value of his enterprise. The
problem is to derive the producer's present value expression as a
function of decision variables and maximize its expected value with
respect to those decision variables, The approach used for
representing the dynamic features of the problem is the concept of a
desired stock (by class and age distribution). The cattleman compares
a desired stock of cattle with his actual stock, assumed to be
different from the desired, and his action is to adjust his stock
towards the desired, in accordance with some allowance for adjustment

costs.

This theoretical framework provides the inventory of variables
used in a simultaneous equation regression model. Carvalho (1972)
then suggested that construction of an explicit profit function and its
maximization may be a better way to approach the problem, In this

case, all the arbitrary assumptions are concentrated in the construction
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of the profit function, so the maximizing solutions can be estimated
without additional simplifications. A simple profit function was
constructed which was quadratic in its arguments, thus guaranteeing

a unique maximum. The maximization was accomplished by dynamic
programming techniques and was used to obtain the relevant behavioural
functions, which were then estimated by Ordinary Least Squares
regression. The major problem encountered by Carvalho was the severs

computational burden in deriving the behavioural functions.

Shecter (1968) reported a complex study, the methodology of which
could have application in supply analysis, It involves a model based
on a behavioural theory of farm firms. Behavioural thecries can
account for the fact that while profit maximization may be hypothasized
as the goal of a farmer, for various reasons this may not be achieved.
It may stem from a cautious attitude on account of some unfortunate
past experience when a similar situation existed; or, the farmer may
simply wish to maintain the present size of an opsration because it
fits his objectives, which may cr may not be strict profit meximization.
Behavioural theories incorporate a theory of search in addition to a
theory of choice. A decision maker Faced with an uncertain situation
would usually seek soms additional amount of evidence and information
to aid him in making his decisions, Behavioural modaels can allow for
changing goals or aspirations of firms over time as a result of
experience, The revision can be done through a fsedback control
mechanism, Shecter incorporated these basic propositions of a
behavioural theory of the firm into simulation models, which attempt to
represent the problem solving processes of the firm and the ensuing

decisions.

Day (1963) used recursive programming (R.P) to estimate the
production response of cotton and alternative field crops. R.P is
the problem of optimizing an infinite set of resursively generated
linear functionals subject to an infinite set of recursively generated
linear constraints, This differs from multi-period linear programming
which is the problem of finding a set of functions which optimize a
single linear functional subject to a set of intertemporal linear

constraints, Both approaches allow incorporation of important
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production dynamics. Basically the R.P procedure involves a series
of linear programmes linked by "flexibility constraints", These
constraints reflect such things as tha needed delay for setting up

new investments, the duration of production cycles, producer attitudes
towards uncertainty and risk, and producers! passive resistance to
change. The major criticism of this approach is that it stresses
one=period decisions, rather than allowing for the possibility that a

farmer will make his decisions on the basis of a multi-~period plan.

However, Day (1963) discussed the possibility of using a multi-

period linear programming model in a recursive way,

"The actual process of planning over time can be simulated by
embedding so called dynamic linear programming models into a
recursive structure. This combines the anticipatory nature
of planning with the necessity of continual re-evaluatiaon and

reformation.,”

This procedure was in fact adopted by Chien and Bradford (1974),
The conceptual framework of their model is very similar to that used
in the model developed in this thesis, The unit of analysis was
the individual farm, and based on his expectations and goals the
farmer was assumed to form an ex-ante long-run plan, Only the first
step of this plan is definitely implemented, The farmer's
expectations and thus his plans are changed as new information is
obtained. Chien and Bradford's technigue then takes into account
the fact that in reality the farmer may not be able to, or may not
wish to maximize net returns. This could arise because of uncertainty
(in prices and yields), personal preference for keeping an established
farming practice or a number of similar reasons., This means that
the "optimal plan" which is based on the assumption of perfact
rationality in the ex-—ante planning model may be modified.

The technique used involved a multi-period linear programms/
simulation combination. Only the first or current year solutions of
the M.L.P. model are directly of concern, since they are the only
activities of the current plan that are actually implemented.
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A simulation model then adjusts the "optimal" levels of some of the
first year activities found by the M,L.P. model to take account of
factors such as those discussed above, These results are then

passed to a further M,L.P,/simulation model, and the process continued
in a recursive manner. In this way the model can be used to make

pro jections,

843 An Alternative Techniqus

The studies reviewed in the previous Section encompass a wide
variety of alternative approaches, These range from the less complex
statistical models to the very complex behavioural simulation approach.
The approach used in this study incorporates features from several of
these studies, The unit of analysis is a representative farm.
Following Carvalho's suggestion the farmer's explicit multi-period
objective function is written out and maximized with respect to
decision variables, subjsct to constraints. The maximization is
carried out by differentiation of the objective function which is
quadratic with respect to the decision variables and thus a unique
solution can be obtained,. The constraints are production constraints
and restrictions on the stock numbers attainable, in the form of
stock reconciliations, which are incorporated by direct substitution

into the objective function.

The approach is thus very similar in principle to a multi-period
L.P. Model (or more strictly a multi-period quadratic programming
model). However, an analytical solution is obtained, from which a
numerical solution can be obtained by appropriate substitution.

A programming model will only give a numerical solution,

The decision variables solved for at any point in time represent
current decisions, in that they are the first year decisions of an
envisaged five year plan. Only these decisions are actually implemented
and since they are current they can be compared with actual values of
the decision variables from available data, This means that the
ability of the model to predict values for the decision variables can

be improved in a pragmatic manner. Certain parameters within the model



can be estimated so that the values for the decision variables
estimated by the model are as close to the actual values as possible.
It is then hypothesized that if the model can predict the decision
variables accurately it should be able to predict the resulting stock

numbers accurately.

If the model in this study was set up as a programming problem
then the decision variables could be solved for in the usual way,
The solution could then be compared with actual data and attempts
made to improve the ability of the model to estimate the decision
variables, These attempts would involve parametizing the model,
This could only be done essentially in an ad hoc way, unlike the

approach used if an analytical solution is available.

The framework outlined ahove enables the important investment
principles discussed earlier to be incorporated in a model that can
be used to make projections of livestock numbers. The estimation
technigue discussed above is described in greater detail in Chapter

Si)(a

4o.4 Models of Price Expectation Formation

To makse dynamic economic models complete, various expectations
formulae have been used. Early this century Econcmists recognised
that for some commodities the current price was determined by the
size of the current cropj while the current crop was influenced by
the previous year's price. This indicated that the farmers must have
some expectation of the future price, when they plant their crop.

The recognition of this lag effect led to the formulation of the
Cobweb model. Since then various alternatives have been suggested
to explain price expectations, however it is unlikely that there is a

unique explanatory mechanism,

49
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4.4.1 Cobweb Models

Current Output, Lagged Price

Price

Figure 4.1 A S5imple Cobweb Model

In Figure 4.1 the price curve shows how current prices are
related to current production, The output curve shows how
current output is related to past pricas. These curves are not thse
Cournot=mMarshall demand and supply curves, nor are they simultaneous.
Fzekiel (1938) was careful to point out that the price curve showed
how current production affected current price - not the amounts some
oroup of consumers would buy if the price were set at various levels.
He emphasized especially that the lagged=-output curve differed greatly
from a supply curve indicating how much of a commodity cellers would

be willing to offer currently at various current prices.

Provided both curves are linear a model will converge to an
equilibrium if the lagged-output curve is steeper than the price curve;
will oscillate continuously if the slopes of the two curves are equalj
or will diverge if the price curve is steeper than the lagged-output
CUrve. As Ezekiel points out, the Cobweb theory can only apply to
commodities which fulfil three conditions:

1) Production is completely determined by the producer's
response to price, under conditions of pure competition.

2) Where the time needed for production requires at least one
full period.

3) Where the price is set by the supply available.
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These restrictive conditions, the requirement for linear or
well behaved curves, and the poor eampirical support of the theory have
been frequently presented as arguments against it. Since farm
production decisions must be made in advance (the period of production
is at least one year) these decisions must be based on expected prices.
The Cobuweb theorem postulates that these expected prices, P:, are the

current prices at the time of the production decisions, Pt 7°

4,4.2 Extrapolative Expectations

The naive price expectations assumption of the Cobweb model led
Metzler (1941) to propose an alternative, the extrapolative expectation
model, the purpose of which was to make the Cobweb theory take into

account the most recent trend in prices.

3

Pr = Peog * M (Peg = Py ké+13)
WWhere:
Pt = expected price for period t at period t-1.
Pt_1 ~ observed price in period t-1.
Dt_2 - observed price in period t-2.
U -~ coefficient of expectation.

The extrapolative property of this expectation formation model
holds only if 1 >?]> O. IF'U =0 the model becomes the traditional
Cobweb model and expectations are said to be static. IF’3< 0 the
expected price will be a weighted average of the past two prices with

weights 1= Pnl and IT]I for P and Pt_z, respectively,

t=1

4,4,3 Adaptive Expectations

The concept of adaptive expectations was used extensively by
Nerlove (1958), Under the adaptive expectation hypothesis, the
individuals are assumed to revise their expectations according to

their most recent experience.
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* * %

P, = Poq =¥(P,_o=P ) for [¥|<1 (4.15)
Where:

*

P, = wexpected price for period t at period t-1.

*

Pt_1 - expected price for period t-1 at period t-2,

Dt_1 - observed price in period t-1.

¥ -~ coefficient of expectation,

*
Expansion of (4.15) yieldes a useful expression for Pye
® *
By = (1 -%) P = ¥ H., (4.15a)

Replacing (1 = ¥) by 4 and introducing the lag operator 8,

i
8 I E = =
such that B Xy Xe s
a) 1* )
(‘l-,‘g__,;pL = ¥ Py, where ¥ =1 = & (4.15b)
so that:
r-t o (_.L':_g pt1
\ 1—}8@
Now provided 0] </5'( |

1 +/58 +‘ﬂ282 +ﬂ383 + (AR R RN N ]

l

00
L6 = g Z/gi Pt (4.15¢)
i=0

Under the adaptive expectation hypothesis, the expected price
may be expressed by an infinite weighted average of past realized
prices with weights which decline geometrically with the lag. Much
of the criticism of the adaptive expectations theory has to do with
its implication of geometrically decaying lag structure. There is no
economic explanation for this lag structure other than the form of the
expectation model. Despite this, adaptive expectations have been

popular because of their simplicity, because maximum likelihood estimates

for & can be ubtainad(1) and because they appear to work well in a
number of empirical studies.
(1)

Although not from expression (4.15c).
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4.4,.4 Rational Expectations

Muth (1961) advanced the hypothesis that expectations that ars
formed are essentially the same as the predictions of the relevant
economic theory. If a producer operating under free competition has
some idea of market conditions, he will use the information available
to him about demand and supply conditions in generating his expectaticns
about the relevant variables for decision purposes. Muth (1961) uses
a simple example to explain the hypothesis:- Short-period price
variations in an isoclated market with a fixed production lag of a

commodity which cannot be stored.

The market equations take the form:

C, = =8P (demand)
*

Qg = ¥Py + ug (supply) (4.16a)

o, = Ct (market equilibrium)

*

Pt = Et—1(pt) (expectation Formation)
Where:

Et = quantity demanded in period t

Dt = quantity supplied in period t

Pt = market price in period t.

P: = expected price for period t in period t-1.

Et-1 = an expectation function,

The expectation function results from Muth's suggestion that
the expected price for period t+1 at paeriod t must be equal to the
expected value of the market equilibrium price for period t+1 as

expected in period t,

*
Peyr = Ep (Pey)

i.e. Expectations are unbiased and the expected price is treated as

endogenous to the system.

In the model (4.16a) above there are four endogenous variables:
* *
Ci » Oy » Py » and p, «  Solving the system for p, . (Muth 1961,
pp 318-320):
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®
LA ) L1y
Pe = 7y = "y P} (4.16b)

¥

This equation is very similar to the adaptive expectation
formulation (4.3c). The differance is that here the analysis states
that the "coefficient of adjustment" in the expectations formula
should depend on the demand and supply coefficients, whereas tha

adaptive expectation model arbitrarily defines an expectation coefficient.

4.5 Price Expectation Formation = New Zealand Farmers.

To test the hypotheses discussed, in the New Zealand situation,
data from a random survey of farmers were analysed. The survey was
designed to obtain information as to how farmers assess the future
profitability of their enterprises from the information available to

(1)(2)

them,

4.9, The Survey

The survey was conducted over 130 randomly selected farmers from
four different farm classes during fApril of 1975, The respondents
were asked for their price expectations (budget prices) for commodities
they would buy and sell during the 1975/76 year. They were also
asked the prices they had previously expected to receive during ths

1974/75 year,

Responses were generally good in that the farmers were consistent
in their answers, willing to provide the information and held similar
ideas on 1975/76 prices. Initially a sample of 180 farmers was drawn
randomly from a list of all sheep farmers in New Zealand, The sample

(1)
(2)

I am indebted to Mike Davey who conducted the survey,.

For a comprehensive survey conducted in the U.,S. see Heady and
Kaldor (1954)., According to them (p35) "no single procedure was
employed by all farmers. Moreover, the same farmer often used
more than one procedure, depending upon the amount of information

possessed and upon the degree of confidence attached to it."
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was stratified in that there were 45 farmers belonging to each of four

farm classes:

1) Hard hill country, North Island,
2) 1Intensive fattening farm, North Island.
3) Fattening-breeding farms, South Island,

4) 1Intensive fattening farms, South Island.

The response rate was 72/, reasons for non-response being mainly
retirement from farming or the farmer having changed his type of

farming enterprise.

4,042 Survey Results

The survey results were analysed to provide an answer to the

question:

How do farmers assess the Future profitability of their

enterprises from the information available to thom?

Two commonly accepted explanations of how farmers assess future
profitability were tested. The first explanation is that farmers
assess future profitability by extrapolating recent trends in prices.
This explanation was rejected as it did not give consistent results
when tested. The second explanation is that farmers adapt their
assessment of profitability in the next period according to the errors

that they made in their previous assessment for the current period.

The second explanation was found to be consistent and was a good
description of how farmers formulate their future price expectations,
This explanation is described mathematically by the adaptive
expectations model discussed in Section 4,4.3. No attempt was made to
test Muth's rational expectations hypothesis since an expectation model
of this sort would not fit into the framework of the production/
investment model developed in Chapter 5ix of this thesis,

The results obtained are of a very tentative nature and a
continuing survey over a number of years would be required to obtain

the true nature of price expectation formation. However, ths results



are adequate enough to provide estimates of the parameters of an

adaptive expectations model to be used in this study.

4,6 The Price Expectation Model

The Adaptive Expectations Model used is:

£ ” = =
By« By = 8 Ry = EPypy)
where
EPt = expected price for period t at period t-1
EPt_1 = expected price for period t-1 at period t-2
PF_1 = ohserved prics in t-1
X = coefficient of expectation

From the survey data, ¥ was estimated by Ordinary Least Squares

regression for the following products:

Product g

Lamb 0.8551
Cull ewes 0.9145
Yool 0.9199
Beef 0.8563
Two~t ooth swes 0.6802
eaner steers 0,8504

Yearling steers 0,6914

56




57

CHAPTER FIVE

THE REPRESENTATIVE FARM TO BE MODELLED

This Chapter is introduced by a discussion of the different
farming systems in New Zealand. The use of representative farms
to describe these different systems, and the New Zealand Meat and
llool Board's Economic Servioe's farm classification, are outlined.
Details of one such class, the North Island Hill Country farm, are
discussed as an introduction to the production/fnvestment model

developed in Chapter S5ix.

501 Farming in MNew Zealand

Exports of pastoral products have historically made up over BOJ
of New Zealand's total exports. Agricultural production has grouwn
in a way which has resulted in increased quantities of dairy products,
meat and wool for export. A genaral improvement in management
practices and a heavy rate of investment in land improvement have been
the principle factors responsible for the expansion of output. The
pattern is one of more intensive farming, the area used for farming

having not expanded much since early this century.

The types of farming carried out in any particular arsa are
mainly influenced by climate and topography, although soil fertility,
location of markets and servicing industries and historical usage also
are major determinants. In the high country of the South Island
breeding flocks of fine-woolled sheep dominate. There is some scope
for varying the proportion of dry sheep, and there are possibilities
for breeding cattle. In the foothill country of the South Island,
breeding medium-fine wool sheep also predominates, but there is
considerable potential for both breeding and finishing cattlae.

Most lambs are now fattened. The mixed hill and light land country
of the South Island is similar to the foothill country, but crossbred



sheep now become important, a higher proportion of lambs are fattened,

and a small area is available for cash or forage crops.

In Southland, the choice is whether to breed crossbred wool
sheep or to buy in mixed age crosshred replacements, to produce fat
lambs along with both ecattle alternatives, and a small crop area.
Carrying capacities are much higher in this region and most surplus
lambs fattened. In Canterbury cropping is dominant and other
alternatives include buying-in fine woolled replacements, as well as

a choice of cattle breeding and fattening.

In the North Island, cattle are frequently more important, and
most sheep are crossbred, although some distinctive breeds (e.qg.
Perendale, Coopworth) are becoming important. On hard hill country,

he farmer is restricted to a choice of expanding his breeding flock
or breeding cattle. In either case a considerable proportion of
income comes from store stock and wool with very little finishing of

stock being possible.

On North Island hill country, farmers have a choice of breeding
or buying their own replacements of both sheep and beef cattle.
5tock can be turned off in fat or forward condition, On the best
North Island pastoral country, fattening stock and dairy farming are
the main alternatives, plus cash cropping for specialised crops like

maize, potatoes, peas and some grain.

In general, there is a wide diversity of enterprises undertaken
by New Zealand farmers. Despite this, there are reasonably well
defined systems based on combinations of these enterprises. These
systems can be classified and a representative farm chosen or
hypothetically constructed to describe both the productive processes

and the decision processes of each system.

58
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5.2 Representative Farms and the Aggregation Probilem

A considerable amount of work has been done on the problems of
using representative farms, and the associated aggregation problems

when regional or national supply response estimates are made,

Following Barker and Stanton (1965), the procedure most

commonly used is:

i Stratify the region into areas based upon type of farming or
other relevant characteristics such that the farms within the
area might be expected to have similar entqrprisa alternatives,
and to be faced with similar yield potentials, prices, and

costs.

24 Sample each area to provide a basis for sorting farms into
homageneous groups based upon size, soil type, or other relevant

factors.,

5 Define a representative farm for each stratum (actual or

hypothetical).
G Derive supply functions for each such farm.
Bs Aggregate the supply functions.

Aggregate supply response is obtained by the summation of
weighted representative farm supply responses, Farm input/output
relationships are assumed to be the same at all levels of aggregate

production,

Se2e Selection of Representative Farms

In any farming region there is usually a diverse variety of
farmer managerial abilities, financial and economic circumstances,
soil and physical characteristics and farm resources. Almost evary
individual farm departs widely in one or more important characteristics
from the so-called norm, Thus the objective in defining a

representative farm is to isolate the primary characteristics of the
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farms and farmers that tend to dominate or strongly influencs ths
particular decision under study. Some of the apparently more important
characteristics such as managerial ability or risk aversion, which affect

supply responses are the most difficult to quantify,

Frequently it is assumed that each stratum (Barker and Stanton's
Step 2) being considered is homogeneous or normally distributed with
respect to a relevant attribute. The representative farm (actual or
hypothetical) is defined to be that which is characterized by the

(1)

made as to what is an acceptable degree of variability (measured by

mean level of the attribute« being considered. A decision must be
variance) around the mean of the attribute. If the variability is
unacceptable then a further stratum may have to be defined with another
representative farm. As the number of strata for a given population

of farms is increased the variance of the estimate of the mean attribute
level for each stratum can be reduced, However, increasing the number
of representative farms undermines the purpose of using them in the

first place, and increases costs and time required for analysis.

The representative farm becomas much more difficult to define as
economic time (and calendar time) becomes longer. A typical farm
however selected, remains typical only as long as the technology,

institutions, and other attributing factors remain static.

Two .main problems face the economist in defining representative
farms. The first is the criteria to be used in sorting the farms.
The second is the guestion of the number of representative farms that

are necessary to reduce the aggregation error to a tolerable degrse.

5e242 Aggregation Error

Aggregation error is the difference between an area supply
function as developed from the summation of supply functions for each
individual farm in the area, and summations for a smaller number of

representative farms.

(1)

In some instances the mode may be a better measure of central

tendency to use e.g. Adeemy and MacArthur (1968).
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An example should help to clarify this:

Consider an area with two farms A and B.

Table 5.1
Resources Farms Average
A 5]
Labour 50 units 150 100
Capital 100 units 100 100

Fach farm has two resources, capital and labour and produces
one product, say Y. The production function is such that it requires
10 units of labour and 10 units of capital to produce 1 unit of Y.
Farm A can produce 5 units of Y before its labour is exhausted, Farm B8

10 units before its capital is exhausted.
Total production = 15 units of Y

1f the resources are averaged the representative farm would have

100 units of capital and 100 units of labour.

froduction = 10 units of Y

fggregation involves multiplication of this by two.

Total production = 20 upits of ¥

.« Aggtegation error = 5 units of Y

The error in this example resulted because the farms in the
sample differed according to their most limiting resource - labour for
farm A and capital for farm B. The method of selecting representative
farms according to their most limiting resource is a common one
(Frick and Andrews, 1965). In general, aggregation error is a result
of how well the representative farm describes the population from which

it is derived.

5423 Other Sources of Error

Stovall (1966) considers two other types of error in addition to

aggregation error;
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a) Specification error arises because the model does not
accurately reflect the conditions actually facing the farm firm.
It may include errors in the technical coefficients, the resource

restraints, or the prices (product or input).

h) Sampling error arises because the parameters which

characterize the population of farms are estimated from a sample.

The three types of error are not independent, Specification
error, for example, may result in part from sampling error.
Either sampling or specificatfon errors may lead to aggregation error,
though there may be still other sources of aggregation error which

are independent of baoth,

S5e2.4 Agaregation fias

The previous sections have discussed the agoregation problem
when the agnregate supply response is obtained by the summation of
welghted representative farm supply functions, However, a number of
supply studies (e.q. Court (1967), Yver (1971)) develop theoretical
supply models based on individual farmer maximization behaviour and
then estimate the model using aggregate data, This is called the
analogy approach (Theil, 1954). The aggregates are averages, index
numbers, or national totals and macrotheories are derived from micro-

(1)

theories by means of analogy considerations. On this method of
aggregation, Theil (1954) states; "It is clear that the principal
merits of this approach are to be found in its simplicity, not - at
least not necessarily - in its intrinsic gualities. Nevertheless it
is highly important, first because of its almost universal application,
secondly because lack of data often prevents other solutions." The
problem then becomes one of discovering under what conditions
consistent aggregation is possible, where aggregation is said to be
consistent, "when the use of information more detailed than that
contained in the aggregates would make no difference to the results

of the analysis of the problem at hand" (Green, 1964 p 3).

(1)

Relations postulated from theories of individual economic

behaviour.
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Unfortunately, many studies ignore the implications of inconsistent
aggregation. As a result a number of problems arise in this

aggregate type of analysis, The number of separate variables that

may be considered has to be determined in terms of data availability,
and also with renard to the resocurces available for estimation,

As the number of variables increases, the work involved in computation
grows more than proportionately. In addition, it is necessary to use
a functional representation that is statistically manageable, both in
terms of estimation and of testing. The necessity of confining
attention to a few relevant vdariables in time-series analysis invariably
results in several distinctive variables being aggregated into a single
variable category. This can lead to serious problems of aggregation

bias in the estimation of parameters.

Consider the following function (5.1) and assume it represents

the true aggregate supply function for a particular product,

Y = Ao o+ $_ﬂ1i Xe;: 4 L\__,gzj Koy i+ =K (5.1)

A J
LUhere s
Y - aggregate supply
“'s = independent variables e.g. prices, uweather.
pBls ~ parameters.

Haméuer, for estimation purposes insufficient data are available

and the model is estimated as:

+ B, % (5.2)

In matrix notation the ;5- estimates are, (Johnson, 1972)

/% = (T'T)q*i“rv (5.3)

Rewriting (5.1) in matrix notation the true regression model is:
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Y = x/fi + E (5.4)

Where:
Y is a vector of depandent variable ohservations
is a matrix of independent variable obsaervations

£ 1is a vector of disturbance terms.

Substituting (5.4) inte (5.3) and taking expected values

- (T'T>-1‘><“3</5 (%) Te £5:8)

since it is assumed that
E(e) =0

& (p)lg (5.5a)

)

v d

m
<p
B
P
5!
~{
x—.
gLl
=

N . .
Where (P) = (x 3 Ty
is a (3xK+1) matrix

The matrix (P) is in effect the matrix of regression coefficients

of the columns of X on all the variables included in X .

Rewriting (S5.5a):

g2y = (w A (56)
A
A1 P2
2]\,

In equation (5.6) the expected value of the estimated parameters
actually derived are expressed in terms of the true parameters and
the available data (X). It can be shown that each )Er is
influenced by all the f?'s. In fact the expected value of each
aggregate coefficient ( fET and 25; ) is equal to the arithmetic mean
of its corresponding coefficients (thelf?i's urff?j's), plus the
weighted arithmetic mean of its corresponding coefficients, plus a
sum of weighted arithmetic means of the "non-corresponding" coefficients
(Green, 1964). All terms other than the arithmetic means are defined



as forms of aggregation bias. If the weights and the true supply
function parameters are uncorrelated there will be no bias due to

aggreagation, however, such a situation is not to be expected. It

65

can be shown (Theil, 1954 p 119) that this bias is in general different

for different statistical methods of estimation,

From the preceding discussion it is clear that any attempt to
obtain estimates of national supply responses hy modelling techniques
will face aggregation problems whether the approach is to use
representative farms and aggregate the results from these, or whethsr
it is to use aggregate data in the first place. The approach chosen
will depend on a number of factors such as the ob-jectives of the

analyst and the availability of data and computing facilities.

(1)

5.3 The Meat and Ulool Boards' Economic Service's Survey

The Economic Service carries out a sample survey of New Zealand
sheep farms based on 2 random sample stratified by geographical
regions and by sheep numbers., Tha sampling unit is the farm and the
prime source of data the farmer. The survey results are presented

in eight farming sub-groups and include:

)  Physical features of the farms.

Y  The livestock and general management policy.

) fuantities of meat and wool produced.

) Financial results, including capital invested and details

of annual revenue and expenditure.

Stratification divides the "population" of eligihla(z) farms
into groups of units, in such a manner that the units in each group
are as homogeneous as possible, Variable sampling fractions(s) are
(1) Sheep Farm Survey — an annual publication.

(2)

Flocks of over 500 sheep,.
(3)

Geographical and Flock size stratifications are used initially,
Each of the groups or strata is sampled at random.

The need to have at least 25 to 30 farms in a stratum before it
is of any analytical use has resulted in the variation of tha
sampling fraction as bestween strata i.e. different numbers of
farms in each strata.
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used for different strata and this can lead to considerable gains in
accuracy in cases where the material is shown to have a wide
deviation from the mean. Since the survey results are presented in
eight farming sub-groups a hypothetical farm can be constructed to

represent each such group.

5.4 Class 3N = Hill Country, MNorth Island

This class represents the easier hill country of the North Island
of New Zealand, The holdings average about 800-1100 acros and carry
2 to 3 sheep to the acre with a high proportion of breeding ewes,
Cattle are an important adjunct, with a gensral average of 1 beast to
10 sheepe. Sales of wool have been slightly more important in recent
years than sales of sheep and cattle (Figure 5.1). As a result of
aesrial topdressing much of the surplus stock (other than breeding euwes

and heifers) is now turned off in fat or forward condition,

18
Gross
Revenueg

18 wool
(8,000) Wo

14

12 ’Shaap

Cattle

1963/64 64/65 65/66 66/67 67/68 68/69 69/70 70/71 71/72 72/73 —

(1)

Figure 5.1 Gross Revenue - Class 3N Farm

(1)

Source: N,Z, M, & W, Boards' Economic Service
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Sedal Productivity

Production levels have fluctuated only slightly over the period
considered, and there has been no upward trend. This could indicate
that technology increases over this period have had very little
apparent effect, for this particular representative farm. If the
figures in Table 5.2 are compared with those in Table 5.3, it is clear
that while the stocking rate has markedly increased (3.55 EE/Acre -
4,17 £E/Acre) from 1963/64 to 1972/73, real expenditure per swe
equivalent has not increased and even decreased in some years, This
effect coupled with a probable small technological advance would

explain the apparent constant levels of production per animal.

Table 5.2 Productivity on Class IN Farms

Stocking Rate Lambing ¥ Calving 7 Wool Production (1lbs)

(£e/Acre) (per shaep) (per acre)
1953/64 3.55 94 42 86,0 11.4 30.9
64/65 5457 91.5 81.0 1242 33.8
65/66 3.64 9346 77.0 13.4 37.6
66/67 3091 95,1 85,0 12.4 37.8
£7/68 4,12 9647 84.0 12.2 40,0
68/69 4428 90.8 75.9 1.1 36.6
69/70 4423 96,8 81.8 10.1 397
70/71 4,18 90.8 80.9 1.7 38.5
71/72 4,09 92,7 82.0 11.9 3743
72/73 4,17 95.0 85.1 11.8 37.0

Source: N,Z. M. & W, Boards' Economic Service

Behe? Expenditure

Real expenditure per stock unit increased until 1965/66 at which
point sheep farmers' terms of exchange declined dramatically for the
next three years followed by a rapid fall in expenditure per stock
unit. It was not until the 1972/73 season that real expenditure per
stock unit approached the level reached in 1965/66. This is shown in
Table 5.3
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The Economic Service uses three groupings to classify

expenditure:

1) UWorking Expenses
llages and rations
farm requisites
Shearing expenses
Fertilizer, lime and seeds
Vehicles, fuel and power
Feed and grazing
Contract
Repairs and maintenance
Railage and cartage

General expenses

2) Standing Charges
Insurance
Rates and land tax
Managerial salaries

Rent
3) Deprociation

Working expenses plus standing charges represent total cash

expenditure,

Since few farm accounts show development expenditure as a
separate item the Economic Service points out the difficulty in
separating maintenance from development expanditure.(1) As a result
the normal set of farm accounts obscures the true rate of re-investment
in farms. The expenditure figures presented here are assumed to

include both maintenance and development expenditure.

Real expenditure is obtained by deflating actual expenditurs.
Deflation is the process of removing the effects of price changes from

the dollar values measuring the level of expenditure.

(1)

NeZo M. & U, Boards' Economic Service = Sheep Farm Survey 1972=73
P 25,
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Deflated dollar value Original dollar value

An appropriate price index

In this case the appropriate price index is the Index of Prices
Paid by Sheep Farmers (Base 1960-61 = 1000) which is compiled by the

Fconomic Service.

Tablae 5,3 Expenditure on Class 3N Farms

Warking Total Cash Deflated Working Deflated MGrking(1>
Expenditure Expanditure Expenditure Expenditure E/F
1963/64 8220 10038 8019 2.81
64/65 8062 5970 7656 2,79
65/66 9164 11252 10382 2.92
66/67 8862 11122 7926 2.54
67/68 8041 10319 6950 2:1%
68/69 9714 12130 8142 2,31
69/70 10600 13027 8618 2,47
70/71 10174 13028 7880 2.28
71/72 11031 13938 8034 2,34
72/73 14712 17935 10188 2.83

Source: N.Z. M., & WU, Boards' Fconomic Service.

5.5 General Management Policy on Class 3N Farms

Bas5a1 Sheep

Over the ten years considered, the number of mixed-age ewes
‘carried on the average farm has risen from approximately 1000, to 1400 in
1972/73. The number of two~tooth ewes has risen from 350 to 500 and
the number of hoggets from 500 to 620. The two~tooth and mixed-age

ewes account for approximately 70% of the total sheep carried. The

(1) Deflated by an Index of Prices Paid by Sheep Farmers
(1960/61 prices).
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majority of replacements are bred on the farm with a small number of

replacement ewes being purchased each year.

The lambing percentage has ranged from 90-96%. Most of the
wether lambs are sold fat. In recent years an increasing proportion
of the ewe lambs have been retained with a few tail-enders being

sold as storss, A small number of wether hoggets are also carried,

5.542 Cattle

The number of breeding cows carried has increased from 72 in
1963/64 to 114 in 1972/73. Dry stock are comparatively more
important in the cattle system than they are in the sheep system,
with approximately egual numbers of weaner, yearling and two-year
old steers being carried. Replacement cows are bred on the farm,
A small number of weaner and yearling steers are usually purchased
and sold mainly as two-year-olds, probably to take advantage of
surplus feed in good seasons. The calving percentage is usually

between B0-857 with most of the weaner calves born being retained.

S«6 Summary

The previous Sections have sketched the major characteristics
of the farm to be modelled. Since the farm is only a hypothetical
one, more detailed information is not available. The general
(1)

management policy represents a summary of stock reconciliations

for ten years of data,

The information obtained from the reconciliations, and the
expenditure and productivity data, can be used to build a model
that attempts to simulate the production processes on the
representative farm, and the decision processes of the representative
farmer. This is outlined in Chapter Six,. There are many
decisions the farmer makes, however the decisions of interest are
the ones which will directly affect the numbers of the different

(1) NoZe M, & W, Boards' Economic Service - Sheep Farm Reconciliations
by Type of Farm, - Class 3N, North Island Hill country Farm,
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classes of stock carried, both at present and in the future. The
basis of the behavioural hypothesis is that the farmer fully
recognises the interdependence between changes in current output and
potential future production. Thus, the decisions ha makes regarding
livestock sales and purchases can be regarded as either investment
decisions, in which case the farmer will be prepared to forgo some
present income for the sake of future income, or, as consumption

decisions, in which case present income needs are being satisfied.

The decisions the model attempts to simulate are:

fwe lamb sales (ELS)
Cull ewe sales (cE)
Weaner cow sales (wcs)
Cull cow sales (SALE)
Working Expenditure (Exp)

The values for these decision variables over a ten year period are

given in Table 5,4,

Table 5.4 The Decision Variables
ELS cE wes SALE EXP §
1963/64 120 297 A 16 8019
64/65 100 275 5 16 7656
65/66 156 240 7 26 10389
56/67 13 290 5 19 7926
67/68 150 327 7 22 6950
68/69 163 404 6 32 8142
69/70 208 403 6 33 8618
70/71 27 401 6 28 7880
71/72 45 406 T 25 8034
72/73 27 453 10 3 10188

Source: N.Z.M.,&% W, Boards' Economic Service - Sheep Farm

Reconciliations by Type of Farm and Sheep Farm Surveys.
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CHAPTER SIX

THE SHEEP AND BEEF FARM INVESTMENT MODEL

In this chapter the concepts discussed in the previous four
chapters; investmant theory, expectations formations, and the
management systems observed on a North Island hill country
representative farm are incorporated in a model that simulates the
production and decision making processes of the farmers concerned.
Since these decisions determine the likely output response to
various exogenous changes, the model can be used to make pro jections

of livestock numbers for that particular class of farm.

Section 6.1 is a general outline of the model, including
explanation of how it can be used to make projections. The

remaining sections discuss the model in greater detail.

6.1 Model Outline

It is useful to divide the model into two sub-models =

(1) Production model
(2) ODecision model

The distinction between the two is to some degree artificial
since they are not physically separate models. The production

model can, however, be treated as a complete entity in itself.



GIVEN: Farm firm's goals -
and current situation with
regard to livaestock Nos.
and input levels.
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Revise expsctations

in the light of new
knowledge gained

PRODUCTION MODEL

Formulate possible production
plans for a planning horizon
of K periods.

Formulate expectations

of prices and costs for
up to K periods in the

future.

Figure 6.1

Decide on an ex ante
multiperiocd production/
investment plan for a
planning horizon of K
periods. This includes
the decisions on livestock
Nos, and input levels
required for the first
step of the plan.

Implement the first
staep of this plan

Conceptual Model of Production/Investment Process

The production model by itself indicates what the farmer

envisages the outputs will be if certain decisions are made. The
complete model indicates what the likely decisions will be, in

addition to the resulting outputs.

The livestock numbers that

result from the first step of the plan are the projections made by

the model, This is shown more clearly in Figure 6.2,
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Figure 6,2 Projections
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In any given year the farmsr knows what his current stocks are
and current and past prices for these stocks. He has an expectation
of future prices based on these current and past prices, and
envisages a plan for the following four years based on his current

knowledge and expectations.

In the following year, he will have a new set of stock
determined by the decisions made in the preceding year; this
constitutes the first step of the envisaged plan, However, he will
now have a new set of prices and therefore price expectations, and
will form a revised five year plan based on this latest information.
The plan in years two through to five initially snvisaged by the
farmer will only materialise if he has perfect foresight with regard

to prices, therefore these plans represent conditional predictions,
(1)

determine the following year's stocks. Howaver, it is not fully

The model is recursive since current year decisions
recursive as following year's prices (and hence the farmer's further
expectations) are not known unless a price prediction model is

available,

In summary, the model suggests that the farmer envisages a
five year plan based on his expectations of future prices and costs,
and according to his objectives and time preference for income he
makes his decisions concerning stock levels and input expesnditure
for the following year, The hypothesis is made in this study that
the farmer's objective is to maximize the net present value of his

income stream.,

(1) This framework is very similar to Chien and Bradford's (1974),
the difference being that the model in this study is not solved

by programming methods (and does not involve a simulation model).



The model can be conveniently summarised algebraically:

Objective:

Maximize Z = Y1 + d2Y2 + d3Y3 + qu4 + d5Y5
Where s L (Pt, Ceo sst) T = VyeoswayD
and St, = f (Stt_i, SSy 9 E’j) b =isuessDd
i = 1,...,&
J = Tgeeeyn
i<t
e st, = f, (St?, 5549 XJ ) t = ZyesesD
and 55, = f, (5t1, 551, XJ ) & =12 wwuyD
Jo Yy =19 (P Cp Styy 55, Xj) b= 2jesesd
Where:
Z -~ Ffuture income stream.
Yt - Net income in year t.
Stt - Stock numbers
SSt - Stock sales
Pt - Product prices
Et - Costs
dt ~ Discount rates
X& - Parameters (from production functions, cost functions,
and discount rates),
fsg - Functions
Substituting (6.5) into (6.1)
Z= v1 + 0 (pt, Cys Sty SSy, xj)
or
Z =Y, +g (pt, Ceo st1, §Syy DV, Kj)
Where: DV, = Decision variables Kk = 1,.eee45

k
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(6.1)

(6.2)

(6.3a)

(6.3b)

(644)

(6.9)

(6.6)

(6.,7)
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From Equation (6.7), the first-order conditions for a maximum are:

L
3305 = h, (Styy SS;, DU, Py, Cy, xj) = 0
e . (6.8)
1
‘g Z =h (5t1, SSy9 DUy Pry Cyy gj) = 0
\
5

This results in 5 simultaneous equations which can be solved

for the decision variables.

A
o T

P (6,9)
k = 1,-.0’5

A
ov, = h (5t1, §S.9 Puy C

The decisions solved for are current decisions in terms of
current stocks and sales, prices, costs, and the parameters.
Since they are current decisions they can be compared with actual

decisions from the Economic Service data.

It is important to note that Equations (6.9) are explicit
analytical solutions. This enables some of the parameters ?jto
~
be estimated so that the estimated DUk are as close as possible to
the actual DV . This is done by an iterative technique which is

k
described in Section 6.5.

Once the "best" parameters in the above sense have been found,
they are retained and the model is set to make projections in the
way described in Figure 6.2. The appropriate price information
is fed into the model and the decision variables estimated. These
decisions determine the following years stocks through the stock
reconciliations. This results in a one year projection and further
projections can be made in the recursive way outlined, The whole
process is fully automated - the computer programme for making
projections is described in Rppa:dix I. The computer programme

for estimating the parameters ¥, is also described in Appendix I.

J
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6.2 The Production Model

The production model is a simple model of a sheep and beef
farm production process over time. 1t represents the process as
it is envisaged by the farmer, The relationships between
animals of different age classes are defined, and represented by
a series of stock reconciliations. The envisaged relationships
between expenditure on inputs and output of each product are
described by production functions. These functions are not the
true ones, rather they represent the functions as the farmer sees

them.

6.2.1 Income

Income is derived from sales of:
Wool
Lambs
Cull ewes
Weaner, yearling and cull cows

Ueaner, yearling and two-year-old steers.

6.2.2 Stock Classes Defined

BeZe2e1 Shjﬂ

Lambs- euwe (EL)
- wether (wL)
Fwe hoggets (HG)
Tuo-tooth ewes (2TH)
Four—tooth ewes (4TH)
Six-tooth ewes (6TH)
Mixed-age ewes (MAE)
0ld ewss (oE)

The assumption is made that all wether lambs are sold and no

wethers are purchased,
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Be24242 Cattle

Weaner couws (we)

Yearling cous (vc)

Breeding cous (8C)

Weaner steers (Ws)

Yearling steers (ys)

Two-year-old steers (25)
(1)

6.2.3 Reconciliations

6.2.3.17 Sheep

The planning horizon assumed is five years. The farmer has
some desired flock structure he would like to attain. Whatever
his envisaged total number of sheep, the different age classes will
be in some predetermined ratio., This, he envisages,will ensure that
a balanced flock results. The process can be represented

diagrammatically as in Figure 6.3.

Year 1 2 3 4 5
EL. EL
1 5
HG, T HG, HG
\’
2T 2T 2T
1 3 < 5 Predetermined
4T 47 4T
1 4 3 5 Flock Structure
ET1 ET5
NHE1 MAES
UE1 0E2 DES

Figure 6.3 Sheep Reconciliations

A ewe lamb born in year t=1 (the current year) will become a
six-tooth in year t=5, Therefore, in the absence of a buying or
selling policy for younger ewes, the number of six-tooth ewes in

year t=5 is dependent on the number of ewe lambs retained in year t=1.

(1) The reconciliations are listed in APPENDIX III.
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All other age classes in year t=5 (except for old ewes) will
have numbers in some specified proportion (as desired by the farmer)

of six-tooth ewes in year t=5,

Thers are two decisions the farmer can make regarding the

envisaged future size and structure of his flock.

(1) The number of ewe lambs to sell(ELS)
(2) The number of mixed-age sewes to cull (CE)

The exclusion of hogget and two-tooth ewe sales as decisions
is justified on the grounds that the basic decisions regarding future
flock size and structure are made at the most fundamental levels.
For example, if the farmer envisages building up his flock, his first
actions are to retain more ewe lambs and/or cull fewsr mixed age

Buwes,
From Figure 6.3 the following relationships can be cderived:
HG, = K1 (El_1 - ELST) (6.10)
where X1 is the survival rate,

This says that the number of hoggets envisaged in year t=2
is the number of ewe lambs retained in year t=1 that survive.

It is assumed that the survival rates are the same for all classaes.

Similarly,
2T, = x1 HG, = ‘x12 (EL1 - ELS1) (6.11)
4T, = ¥, 2T, = 313 (EL1 - ELS1) (6.12)
6Tg = ¥, 4T, = 314 (EL1 - EL51) (6.13)

The other classes in year t=5 are likewise given by:
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HGg = ok, 6Tg = &, ‘5’14 (EL, = ELS,) (6.14)
2T, = o, 6T, (6.15)
4T, = ol 6T (6.16)
MAE; = o, 6T (6.17)

where:

=(1,....,°<4 - proportion constants reflecting the desired flock

structure.

The assumption is made that all old ewes (0E) are culled each
year together with a proportion of the mixed age sewes, The
proportion of mixed age ewes culled in year t=1 is a decision made
by the farmer. The number of mixed age euwes envisaged as culled
in other years is given by the relationship

CE, = CE, MAE, t = 2iiveesD (6.18)

NHE1
Total culls in any year is:

TCE, = CE, + OEy E & VysnweyD (6.12)

It follows then, that the number of old ewes in any year is:

¢)
Referring back to Figure 6.3 it should be obvious that these

reconciliations enable envisaged stocks to be expressed in terms of

current stocks and sales, for which data are available. The way

in which these expressions are used is indicated by equations (6.1)
to (606)0

Because a predetermined desired flock structure is envisaged
in year t=5, the envisaged intermediate year stocks and sales are

determined and expressions can be obtained for these as follous:

Stocks

t f(Stnckss) t = 2,3,4

g(Stocka1, Sales,, '81) (6.421)
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An example:

From Figure 6.3

5 1 4
5% 2T, = _147¢
L&
from (6.16) and (6.13) = 9{3 813 (EL1 - ELS1) (6.22)

Envisaged income is obtained from envisaged sales of stocks,

therefore expressions must be obtained for thase in each year,

The number of culls sold in any year is given by eguation
(6.19).

Other intermediate year cales are determined in the same way

as intermediate year stocks. In general:

Sales, = FT(Stocksa) ¢ = 254
= 91(Stncks1, Sales,, E1) (6.22)
An example:
Ewe lamb sales envisaged in year t = 2
given HG, = ‘31(EL2 - ELSZ) (6.24a)
i.e. lambs retained in ysar t=2 that survive will become hoggets
in year t=3.
Re-arranging (6.24a)
1
ELS, = EL, - 3;- HG, (6.24b)
1
From Figure 6.3
2T, = ¥, HG,
e HGS = _1 2T4
¥4
from (6.22) = oy ¥,° (eL, - £LS,) (6.24c)

Substitute in (6.24b)

Pt ELS, = EL, = o, ¥, (EL1 - EL51) (6.24d)
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EL, is the number of ewe lambs envisaged born in year t=2 and
is obtained from the lambing production function which is discussed

in detail in Section 5,2+4.2,.

Cnvisaged wool sales zre obtained from expressions involving

wool production fumctions which are also discussed in Section 6.2.4.1.

Finally, expressions for year t=5 stock sales must be derived.
Since it is assumed that a stable flock structure is envisaged in

year t=5, the structure will be identical in year t=&,

This means that year t=5 stock sales are determined and

gxpressions for them can be easily found.

GaZadal Cattle

The basic ideas involved are the same for cattle as for
sheep. The farmer has in mind some desired herd structure he would
like te attain. The planning horizon assumed is three years, The
steer enterprise is considered a subzidiary to thal of the breeding
COWS Any decisions made regarding cattle concern only females
directly. However, & decision to retain more weaner cows to build
up the breeding cow herd will eventually result in more steers being
boen and raiesad, so decisions regarding females indirectly affect

males,

-

(2) Females

Year 1 2 3
1 1
JC1\ uc,, JCs
ve, YC, YC.,
coy cou ™ cou
2 3
Figure 6.4 Cow Reconciliations

Replacements are bred on the farm, with two-year-old cous
entering the breeding herd, or being sold as culls along with the

other breeding cows culled. Sales of weaner cows (WCS) and
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yearling cous (YCS) are also made. (To avoid confusion with sheep

culls, cattle culls are denoted as SALEt).

From Figure 5.4 the expressicn for breeding cow numbers in
year t=3 is:

_ - {0 - .
BC, = 2:’5(w:2 YCs,) + }{S\ucz SALE,) (6.25)

KS - cattle survival rate

The breeding herd in yegar t=3 is thus the herd from year t=2,
less deaths and cullsy plus the yearlings retained which enter

the herd as two year olds,

The number of yearling cows in year t=3, (YCE) is some desired
proportion of breeding cows.

YC, = "(5853 (6+26)

L

The breeding herd in year t=2 is given by an expression
analogous to (6.25).
BC, = ¥ YLR, + XS(BL - 4;:1_:_1) (6.,27)

where:

YCR = yearling couws retained
Yearling rows in year t=2

YC, = KS(uc1 - ucs1) . (6.28)

The number of weaner cows (UEt) is obtained from the calving
production function discussed in Section 6.2.4.3, Again it is

necessary te find expressions for sales.

Weaner cow sales in year t=2 (NCSZ) is easily obtained from
the requirement that yearling cows in year t=3 be in some desired
proportion to breeding cows in year t=3.

YC, = 2(5(uz:2 - mcsz) (6.29)



Ra=arranging:

Wes, = uc, = 1 YCg
is

= uc, =<6  BC,
¥s

where : *

A is defined in (6.26) and further substitution in (6.30)

(6.30)

results in an expression in terms of year t=1 stocks and sales.

Yearling cow sales in year t=2, (YCSz) is assumed to be some

proportion of the number of yearling cows in year t=2,

ves, = « ve, (6.31)

Cull cow sales in year t=2, (SﬂLﬂv) is assumed to be equal to

sales in the previoue ysar,

In an analogous way to that for sheep, all sales in year t=3
are calculated according to the requirement that stocks in year

t=4 egqual stoclks inyear t=3.

!b! Males
Year 1 2 3
s 45 WS,
. 1 2 3
Ys, Ty 8 Ys,
25, . S, T~ 28,

Figure 6.5 Steer Reconciliations

Sales of weaner steers (WSS), yearling steers (YSS) and two

year old steers (255) are made.

The assumption is made that half the weaners retained in year

t=1 are sold as yearlings in year t=2 and half as two-year-old

steers in year t=3, Thus nc steers older than two years are carried,

Yearling steers in year t=3 are carried in proportion to two-year-old

steerse.
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Y5, = o . 25 (6.32)

Sales in year t=3 are calculated as for female sales.

G.2.8 The Production Functions

The requirement for an analytical sclution to the maximization
problem (see Smction 6.1) means that the production functions cannot
be too complex. Similar types of study to this one have used
extremely simple functions, For example, Carvalho (1972 p.67) uses

a calving function of the form:

2n

1

A Kn
where:

Bn - calves born
Kn ~ the reproductive herd

A -~ calving percentage

The use of fairly simple functions is furthar justified since
the functions for years t=24...,5 are in fact those envisaged by
the farmer, which could not be considerad to be the true functions.
Rather, they are some fairly simple sort of function which reflects
the farmer's weighting given to different variables affecting

envisaged production,

Therefore, in estimating these relationships no attempt is being

made to estimate the true production functions.
With these points in mind the following functions are defined.

(5P O T | ool

2
_ (ExP) (EXe)
YERM'¥ Py sey “L5 50 (6.33)
where:
Y = wool yield (kg/sheep)

AY = average wool yield (kg/sheep)

EXP = total working expenditure (deflated by a Prices Paid by
Farmers index)

SPW = number of sheep producing wool

B4 -135 -~ parameters
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where :

Lp
ALP
EXP

BE

£eF

cP
where:

CP
ACP
EXP

BC

Aer Ao

bel2ede2 Lambs

64244,3

= AP+ B, (EX) - A8, (£x0)°
BE

lambing percentage

average lambing percentage
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(6.34)

total working expenditure (deflated by a Frices Paid

number of breeding eues

parameters

(cxp

= ACP + B o 4E

502.&l¢

Calves

calving percentage

avarage calving percentage

by Farmers index)

(6.35)

total working expenditure (deflated by a Prices Paid

number of breeding cous

parameters

by Farmers index)

The Functions for Year €t = 2,405

The lesvel of expenditure on inputs is a decision made by the

farmer.

Envisaged expenditure in years t=2,....,5 is related to the

current expenditure decision in the following way:

EXP

where:

EXP
TSN

§

t

t
t

EXP, + § TSN

(1
t

)

- expenditure in year t

t = 2.0-00,5

- total stock numbers in year t

- a parameter relating the level of anvisaged

expenditure to stock numbers

(6.36)

(1) A better relationship would have been:

EXP

= EXP
The inclusiof of thi
an extent that it was not considered.

+ &

(SN

- SN
s would ﬁau

)

tﬁ’.I.’Sl

e iAcraased the size of the model to such
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The general form of equations (6.33) - (6.35) is:

ro
P, = RP-+/8 (EXP )-/5;(EXP ) (6.37)
SNt SNt
where:

P, = production in year t
AP -~ average production
CXp - deflated expenditure in year t
SNt - the appropriate stock numbers in year t (i.e. BE, 2C or
53Py)
Substituting (6.36) into (6.37) the general form of the

envisaged production functions is obtained:

2
£ 5N, Y - £X 5
b, = AP + /8 (exp, + S‘Tbht) A, (Exp, + & TsN)

£ =
Sh
SNt JJt

(6.39)

where the variables and constants are as previously defined.

The assumption is made that the farmer envisages technology tao
remain unchanged over the five year planning horizon, therefore the

production function parameters are the same over the five years.

6.2.4.5 Estimation

Equations (6,33) - (6.35) were estimated by Ordinary Least
Squares Regression using time-series data from the Economic Service

Survey data. .

The equations were estimated as:

2
P, = AP = A (EXPy) = g ,(EXPy) (6.39)
4 o -
SN N,

In forcing the equations to the origin calculation of the
usual tést statistics was not undertaken. The estimated functions

are presented in Appendix IV,
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6.2.4.6 Interpretation

The unusual nature of these functions has already been
outlined. A further problem in the interpretation of the estimated

functions requires consideration (Lewis, 1971).

Production functions are generally represented as in

Figure 6.6,

Output

Input

figure 6.6 A Production Function

The scatter of points which enables such a line to be drawn
can be thought of as being brought about by different levels of
response from the same amounts of inputs (i.e. differences of a
technical -nature) or by farmers, with identical farms and responses,
for no apparent reason using different levels of the input
(i.e. decision differences). * Of concern is the reason for the
variation in ipput use and the variation in response to identical

levels of input use.

If cross—section data are used, then drawing or estimating a
line as above is suggesting that all farmers have the same production
function and know it, and therefore if they all seek to maximize
profit, they would all use the same amount of input and achieve the
same level of production. This would result in a single point on

the graph and it follows that the above line could not be estimated.
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What in fact the above line is attempting to represent is the average

production function, This situation is depicted in Figure 6.7.

Jutput

Inﬁﬁ%

Figure 6,7 The Average Production Function

The dashed line ie the average production function, The line

threcugh the points ﬁ1,ﬂ 1 and M which would be the observations

2! 3‘! a!
secured, in no way represents the average production function.

If in fact farmers do not know what their production functions
look like and in seeking to maximize profit make mistakes in choosing
the level of inputs, then a conglomeration of points will result which
would only by accident give the average production function. The
direction-the line will take will depend on which has the greater

variation = the production function or the decision function.

If by some means, all but the decision variation could be removed
then a line very close to the average production function could be
obtained. However, this will still be biased because of the different

managerial abilities of farmers, and this cannot easily be measured.

When time-series data are used the reason for different levels
of input use in different years might be changing prices of inputs and

product. Because of this, the identification problem is not so acute,

although problems of bias still arise if technological change has

occurred over the period the data cover.
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Keeping in mind that the parameters estimated represent only
weights applied by the farmer to the effect that envisaged
expenditure will have on envisaged production, and that time series
data are used then the estimation of the parameters in the way
described is satisfactory. An important property is that the
gstimated functions exhibit diminishing marginal returns as in

Figure 6.8.

Productien

Expenditure

Figure 6,8 General Form of the Functions
b &

6.3 The Decision Model

; (1)

Be3el The Objective Function

Through the production %odel, expressions have been obtained
for all envisaged stocks and sales over the five year planning
horizon. Information can be cobtained about the farmer's expectations
of future prices from the adaptive expectations model discussed in

Chapter 4.5,

with the incorporation of a cost function it is possible to
write out an explicit analytical net income function representing

the farmer's envisaged net income stream,

(1) The complete objective function is listed in APPENDIX III.



Depending on his "time preference™ and "investment opportunity”
the farmer can alter his income stream to achieve desired goals.
If, as is hypothesized, his objective is to maximize his returns
over his entire lifetime, then this is best achieved by maximizing

the net present value of his income stream.

Under normal circumstances, future income is not as desirable
as current income, therefore future income is discounted. The
discount factors are estimated by the iterative technique discussed
in Section 6.5, The resulting estimates are conditional on tha
values of all other parameters in the model. If the paramesters all
have their true values, and the model is an exact representation of
the production snd decision making processes on the farm then the
discount factors so estimated would represent the farmer's time

preference for income.

In summary, the problem is to derive the farmer's present
value expression as a function of decision variables and maximize it

with respect to these decision variables,

B.5,2 The Cost Functions

Costs are incorporated in the objective function as follows:

92

Ly = FC, + )31 SN, + /Bz swt‘) = Tyeveesd (6.40)

wheres:

C, = total costs in year t

or

FC, = FPixed costs (standing charges)

SNt - stock numbers in year t

04363 The Decision Variables

These are all current (year t = 1) decisions.

El5 - guwe lamb sales

1
CE1 - cull ewe sales
uCS1 -~ weaner cow sales
SALE1 -~ cull cow sales

- EXF'1 - expenditure on inputs
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Daedh The Procedure

G.4.1 Differentiation

The full objective function is differentiated with respect to

each of the five decision variables.

The assumption that the farmer wishes to maximize Z requires

the first-—order conditions:

B_i_ o B_i = eeee T 3 a_i__ = 0 (6.41)
JELS,  aCE, 3 EXP,

These conditions yield five equations describing simultansously
the five decision variables in terms of each other, initial stocks
in ysar t=1, current and expected prices, discount factors and the

constants previously defined,

o

4.2 Solution

For any time perioed, given values for initial stocks, the
parameters and prices, the valuss for each of the decision variables
can be determined, Data are available for initial stocks and current
prices for the periods 1963/64 to 1972/73. The same data can be used

to estimate the constants previously discussed.

The model should therefore predict values for the decision
variables in period t=1 that bear a close relationship to the

observed values for the data period. This relationship can be

improved by an estimation procedure to be discussed in Section 6.5.

The five simultaneous equations resulting from (6.41) above

can be represented as:

AB = C
i.ao (ELS,I,.JQQ’EXIJ) 81,1000081,5 = (D1..009C5)
(1x5) (1x5)
85’1"'85’5

(5x5)




A = a vector of decision variables
B ~ a matrix of coefficients
c

- @& vector of constants

This system of equations is solved by inverting the matrix B
and postmultiplying the vector of constants by the resultant inverse.

The computer programme is written in FORTRAN,

Be a3 The Coefficient Matrix B

This matrix is symmetric thus providing a check as to whether
the differentiation and coefficient extraction have been performed
accurately, A failure to find an inverse of O would also indicate
possible linear dependence between columns of the matrix, indicating

that two or more of the decision variables are not independent.

6.5 The Estimation Procedurs

Carlier it was stated that the model should predict values for
the decision variables in year t=1 that bear a close relationship to

the observed values for that year.

Once initial predictions have been made an iterative procedure
is then usad to improve these predictions. Essentially, this
involves finding values for certain parameters which it is desirable
to estimate within the model (e.g. discount rates), which minimize
the differences between the predicted and the observed values of the

decision variables.

More explicitly, it involves minimizing the determinant (F) of
the matrix (5S) of sums of squares and cross products of the
differences between the observed and the predicted values of the
decision variables, This criterion for estimating parameters in a

multi-response model was suggested by Box and Draper (1965).
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where:
F =2 155] i.e. the determinant of the malzi B0
ME = matrix of estimated values of the decision variables.
MA = matrix of actuzl values of the decision variables,
I = 14404y10 number of years of data.

Since there is more than one decision variable, a change in a
parameter value may reduce the difference between the actual and
estimate for one decision uagiahle but increase the difference for
another, The Box and Draper (1965) criterion attempts to overcome
this problem by ensuring that each decision variable receives an
appropriate weighting such that a new parameter value improves the
pverall fit of the model. The procedure is an unconstrained
minimization and is carried out by a computer routine called MODFIT.
This minimizes a function of several variables by changing one
parameter at a time and is based on the idea of conjugate directions.
Powell (1964) explains the algorithm used., The procedure does not
require derivatives to be calculated. The properties of the method

and the errors associated with each estimated parameter are unknouwn,
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6.6 Simple Analytics of the Problem

It is not possible to represent such a complex procedure on a
two dimensional diagram, However, it can be simply explained

using a partial approach.

For any one particular year and one particular decision

variable, say ewe lamb sales, the situation is depicted in fFigure 6.9.

Gross

K e’
Incnmst : / Cost 5

/ S ;
Costs P ﬁdfﬁﬁ Incoma

t
(Envisaged)

Net
Income

I
|
|

t |

(fnvisaged) l

l

Ef% " Fwe Lamb Sales

Figure 6.9 Simple Analytics of the Estimation Procedure

The dashed lines represent the actual functions and ELS the
actual sales. The solid lines represent the functions as derived
from the model., The true shape of the functions is not known but
they can be represented by the above functions since they are

assumed to be quadratic with respect to the decision variables.,



The iterative estimation technigue works by moving the solid

lines towards the dashed line or more correctly A
1

ang G === g
Points A and 8 represent points where the slope of the income

function equals the slope of the cost Function,
i.e. Marginal Revenuz = Marginal Cost for lamb sales

The net income function is also guadratic @nd negative definite
with respect to the decision variables which guarantees a unique

solution to the maximization problem,

The complete problem is far more complex, As well as equating
marginal revenus to marginal cost for each productive opportunity,
it involves equating marcinal revenues between different productive

oppertunities beth at present and over time,
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CHAPTER SEVEN

RESULTS

71 The Production Model

The production model has been extensively discussed in Chapter
Six. It represents the production process over time as it is
envisaged by the farmer. The relationships betwsen animals of
different age classes are specified, and represented by a series of
stock reconciliations, The envisaged relationships betuween
expenditure on inputs and wool, lamb and calf production are

described by production functions.

The production madel can be treated as a complete entity in
itself. The realism(1) of the model can be tested by substitution
of different values of the decision variables; in effect "making the
farmer's decisions for him". The results obtained with a particular
set of values of the decision variables represent an envisagad five

year plan.

This type of analysis is a simple simulation and thus shares
the verification and validation problems encountered by most
simulation studies., Anderson (1974,p 16) describes verification
as "checking the correctness of the model as conceived in earlier
stages'", and validation as "déciding the adequacy of the model to
mime the behaviour of the system being modelled", Since the model
produces a plan that is envisaged by the farmer, the only way to
truly validate the model would be to ask the farmer what he envisages
his plan would be if he made the particular decisions substituted
into thes model. Since this is clearly impossible with a hypothetical

farmer, resort is made to Anderson (1974,p 16) @

"A thorough review of a model to determine if its behaviour
is as anticipated during construction can be regarded as an

essay in applied commonsense,"

(1)

- Realism = The ability of the model to accurately describe the

true process,

98



In addition the model should satisfy certain conditions which

are discussed in Section 7.71.Z.

Telal A Simulated Comparison of Two Envisaged Five Year

Plans-

The difficult nature of validating a simulation has been
discussed in Section 7.1. In general, farmers do not make radical
changes in their operations over a short period of time. For this
reason a comparison of the envisaged plans resulting from the
decision model with historical data can be of some use. This type
of comparison can indicate the likely magnitude of changes the
farmer could envisage making over a period of time, however its

usefulness is limited in that it is purely a subjective evaluation,

In Chapter Thres the concept of animals as investment and/or
consumption goods was discussed. There, it was argued that a
farmer will invest in potential breeding stock by retaining greater
numbers of young female animals to gain future increases in total
livestock numbers. The importance of this investment function of
young animals in the determination of future livestock numbers
requires that it be explicitly accounted for in a model which makes

projections of livesteck numbers.,

Using actual livestock and expenditure data from the 1963/64
and 1972/73 reconciliations and Sheep Surveys, a comparison of tuo
different sets of decisions and the resulting simulated plans can
be mades These are detailed in Tables 7.1 (a) and 7.1 (b)s
This enables subjective evaluation of the plans by comparison with
historical data, and investigation as to whether the investment

principles outlined above can be accounted for.

MASSEY UNIVERSITX
LIBRARY
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Table 7.1 (a) Envisaged Plans = Stock Numbers

PLAN 1 PLAN 2
Decisions 1963/64 data 1972/73 data
(Year t=1) (2) (2)
Fue lamb sales 120 175 27 Ky
e T T 14 5 98 277
Weaner cow sales 8 25% 10 2158
Cull cow sales 16 21% 3 374
Cxpenditure § 8019 10188
Resulting Flan
(Years t=2,.4445)
Sheep Stock Year (3) (3)
Numbers 1 1705 2209
(E.E) 2 1756 2418
3 1946 2796
4 2239 1325
5 2627 350 T | 3947 447 1
Cattle Stock
Numbers 1 758 1096
(£.E) 2 751 1008
3 533 669
4 533 669
i 5 533 2938 ¥ 669 3975 L
Total Stock .
Numbers 1 2463 3305
(E.E) 2 2507 3426
3 2479 3464
4 2772 3994
5 3159 28% 1% 4616 39% 1

(1)

(2)
(3)

As defined earlier this does not include old ewes (DE) which

are automatically culled.

Sales as a percentage of initial stocks

Percentage increase or decrease in stocks from year t=1,

100



Table 7.1 (b)

Envisaged Plans - Stock Sales

Decisicns as in Table 7.1(a)

Resulting Plan

(Years £=2,..,5)

(1)
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PLAN 1

1963/64 data

BPLAN 2
1972/73 data

Year

Lamb sales 2 784 1041

3 1052 1532

4 1045 1532

o 1078 1676

Cull ewe sales 2 272 341

3 260 327

4 318 467

5 482 744

(1) ,

Weaner couw sales A 21 24

3 2 5

Yearling cow sales 2 8 13

3 11 13

Cull cow sales 2 16 31

3 5] 10

Weaner steer sales 2 20 26

> 3 13 14

Yearling steer sales 2 11 18
3 0 - (2)

2 year old steer sales 2 26 28

3 11 18

Sales in years t=4,5 are the same as in year t=3 for all cattle,

(2) Negative indicates a purchase.




Tale2 Discussion

In Plan 1,17ﬁ of ewe lambs born are sold and 57 of the mixed
(1)

age ewes are sold as culls, In Plan 2, 37 of ewe lambs born are

sold and 27% of the mixed age ewes sold as culls.

If the investment principles outlined above are accounted for,
then Plan 2, which involves retaining comparatively more ewe lambs
than Plan 1, will result in comparatively higher future sheep
numbers. This is in fact what happens as Table 7.1 (a) shous.
Under Plan 2, a 44, increase in sheep stock numbsrs from year t=1 to
year t=5 is envisaged while under Plan 1 the envisaged increase 1is
anly 357, .

Both plans envisage decreasing cattle numbers. Under Plan 1,
25 of weaner cows born are sold and 21 of the breeding cows are

~

culled, while under Plan 2, 21l of weaners are sold and 37]0 of the
breeding cows are culled. The difference between the two plans in
the percentage of weaner cows sold in this case is negligible,
however the higher cow culling rate under Flan 2 means that
comparatively lower future cattle numbers ars envisaged than for

Plan 1. Table 7.1 (a) indicates that under Plan 2 there is a 39);
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decrease, from year t=1 to year t=3, envisaged in cattle stock numbers

while under Flan 1 the decrease is only 29,

Finally, both plans envisage increasing total stock numbers

over the following five years, Plan 1 by 287 and Plan 2 by 397,

(1) The stock classes are defined in Section 6.2.2 e.g. mixed
age eswes here is a narrower definition than normally used,

See Appendix I1.
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Te2 The Decision Model

The method of solving the decision model is discussed in
Section 6.4 2. The model aims to predict values for the five
decision variables in year t=1 that bear a close relationship to
the observed values for the data period. This relationship can
be improved by an estimation procedure (MODFIT) discussed in
Section 6.85. Initial results are presanted in Table 7.2, The
predicted values for the five decision variables for ten separate
years of data are presented with the actual values of the decision
variables from the Economic Service Reconciliations alongside

each for comparison.

Table 7.2 Initial Results from the Decision Model

ets{ s oo ofie |ues ubs [sae sAle | exe £xe
}953/54 120 425 14 2663 | B 20 | 16 =46 8019 4529
64/65 | 100 209 3 2590 | 3 | 16 -8 7656 4511
65/66 | 156 174 -41 2647 | 7 49 | 26 5 8461 4512
66/67 {113 260 -15 2859 | 5 58 | 19 -18 7926 4510
67/68 {150 208 27 3012 | 7 70 | 22 -5 6950 4489
68/69 | 163 -110(3) 69 3316 | 6 45 | 32 87 8142 4490
69/70 | 208 276 58 3283 | 6 71 | 33 =17 8618 4492
70/71 | 27 424 52 3302 | 6 24 |28 ~38 7880 4501
71/72 | -45 372 57 3326 | 7 43 | 25 =33 8034 4519
/%3 | 27 288 54 3485 (10 46 | 31 -2 {10188 451q

(1) Source: N.Z, M.k W,B's Economic Service - Reconciliations by
Type of Farm,
(2) Estimated by the model.

(3) A negative indicates a purchass.

7.2.17 Estimation by MODFIT

The MODFIT routine estimates parameters within the model which

minimize the determinant F of the matrix of the sums of squares and
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cross products of the differences between the estimated and the

actual values of the decision variables. (See Scuction 6.5).

For the initial results given in Table 7.2, F = 4.1 x 10°°,

The values of the parameters estimated by using MODFIT are
conditional on the values of the other parameters., A number of
parameters (usually between one and five) are chosen to be estimated
for a particular run and MODFIT alters these one at a time until a
local minimum is reached. These parameter estimates are then
retained and a different set of parameters are estimated in a new
Tun. Two problems arise in using MODFIT for such a large scale

problem:

1) It is not possible to know whether a movement to a local

minimum is in fact a movement towards the global minimum.

2) No constraints can be placed on the values of the
parameters being estimated, thus while F may be at a minimum (local
or global), the parameter estimates resulting may not be sensible.,
Using this method a model that is in fact a poor representation of
the true process can be made to perform well (predict the decision
variables accurately) by using perverse values for the estimated
parameters, Ideally a model should be able to predict the decision

variables accurately and have sensible valuss for the parameters,

A large number of computer runs using MODFIT were undertaken
in an attempt to improve the models performance, however the
improvements were negligibla.’ For illustrative purposes one run

is reported.

Te2:2 Estimation of the Discount Factors Using MODFIT

Table 7.2 gives the results from the decision model with:

1

d S| ETy——— b= zgcaogd
et
Where: dt - discount rate in year t.

i = the interest rate. (Set at 6%)
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and /

1 ;
d5 = TT—:—T)S// p ]

Tha fifth year's envisaged income is discounted and capitalised.
Although the farmer's immediate planning horizen may be only five
years, hs is also concerned with his longer term future.

Capitalisation allows for this.

These discount rates dt (not the interest rate i, although this
could be done if desired) are re-estimated to try and improve the
model's predictions of the decision variables. Table 7.3 (a) shous

the effect of estimating the discount factors using MODFIT.

Table 7.3 (a) Results from the Decision Model - Fstimating the

Discount Rates

n e’ Y
ELS ELS CULL CuuL UCS WCS |SALLC SALE EXP  EXP

1963/64 | 120 333 14 2417 f 14 | 18 8 | 8019 4223
64/65 | 100 241
65/66 | 156 256 |-41 1936 7 59 | 26 12 | B461 4255

(&

2049

&
B
B
-
oh
)
o]
<}
oy
%]
o
I
M
Ltn
Vs

66/67 | 113 311 |-15 2144 | 5 60 | 19 25 | 7926 4246
67/68 | 150 326 | 27 2082 | 7 80 | 22 30 | 6950 4260
68/69 | 163 251 | 69 1919 | 6 115 | 32 46 | 8142 4263
69/70 | 208 354 58 2413 6 73 | 338 32 | B61B 4268
0/71 727 336 | s2 3028 | 6 13 | 28 23 | 7880 4282
71/72 | 45 327 | 57 2888 | 7 30 | 25 28 | 8034 4275
72/73 | 27 313 | sa 2676 |16 15 | 31 29 |10188 4230

Table 7.3 (b) gives the values of the discount rates estimated.

Table 7.3 (b) The Estimated Discount Rates

d2 = 0,86
d3 = 13.15
dd = 3.30
dS = 43,30



For the new results given in Table 7.3 (a), F = 5.1 x 10%°,
Estimation of the discount factors has reduced F by a factor
of approximately 102. However, this improvement is only very small
and the resulting values for the discount factors are extremely
suspect. A value greater than 1.0 would be expected for d5
because of capitalisation. Discount factors greater than 1.0 for
years t=3,4 are unlikely, These results are not surprising, since
the initial results before estimation of the discount factors by
MODFIT were very poor, In order for MODFIT to be successful the
initial results need to be quite close to the actual values For the

decision variables. MODFIT then can be used as a "fine tuner',

These results are reported for illustrative purposes only.
Attempts were also made to re-estimate the production Ffunction and
cost function parameters using MODFIT, however none of the rasults

were any better than those reported here,

T Model Performance Under Different Price Combinations

The decision model's performance in predicting values for the
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decision variables is disappointing. Despite this, it is interesting

to study the performance of the model under different price
situations. The direction and magnitude of responses of the model
to price changes are reflected in the values of the decision

variables. .

Changes in values of the observed prices affect the farmer's
expectations of prices, The hypothesised relationship betwsen

observed and expected prices is given by the adaptive expectations

model :

By = EP o + ¥ (P~ EP ) (7.
Whera:

EPt - FExpected price for period t at period t-1.

EPt_1— Expected price for period t-1 at period t-2,.

pt_1 —~ Observed price in t-1.

¥ - Coefficient of expectation.

B3
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The variables of interest are the observed or actual current
prices. The responses to changes in the observed prices of the
dif ferent products are given in Table 7.4 Using 1972/73 data the

model is run under seven different price combinations:

Medium Sheap(1) - Medium Catt18(2)
Low Sheep - Low Cattle

High Sheep - High Cattle

Low Sheep - High Cattle
Medium Sheep - High Cattle

High Sheep - Low Cattle

High Sheep -~  Medium Cattle

The Medium Sheep - Medium Cattle combination represents the
"mormal" situation for comparative purposes. For each product the

medium price is set such that:

i.e. expectations do not change from one year to the next.

The high prices ara set at actual 1972/73 prices (which were
very high compared to previous years' prices). The low prices are

set at values equal to half that of the medium prices.

(1)
(2)

Sheep prices = Wool, lamb, cull ewe,

Cattle prices - Weaner, yearling, and cull couw.
- lWeaner, yearling, and 2yr old steers.
e.g. Medium Sheep means all three sheep prices are set at

medium prices.
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Table 7.4 Decision VYariable Predictions = Different Price

Combinations

Cattle Prices

La o MED - ~ HI

£LS CULL WES SALE ELS CULL wWCS SALE ELS CULL WCS SALE

309 3530 36 -5 . . . . 348 3579 24 =14

. - . . |315 3528 a7 —15] 331 3540 36 ~13

249 3437 57 6 271 3473 57 ~4 288 3485 46 =2

A study of Table 7.4 indicates that the short-term responses
of the madel to different price changes are largely zs would be
expectad from the principles outlined in Chapter Three. The changes
in observed prices are reflected in changes in the farmer's
expectations ef future prices, As an example, a rise in Sheep
Prices (which are expacted to persist) with low or medium expected
Cattle Prices results in fewer ewe lambs and cull ewes being sold,
Thus, the response to a high expected price for sheep products is to
build up the flock size to take advantage of these high prices in
future years, However, if the expected prices for cattle products
arg also high then sheep numbers would not increase to the same

extent, This emphasizes the misleading nature of elasticities

estimated under ceteris paribus conditions.
L]

Ted Response Time Paths

The envisaged response over time, of sales of animals, to an
increase in product prices can be obtained from the production
model as outlined in Section 1.2 of this Chapter. For example,
the 1972/73 prices for wool, lambs and ewes represented a substantial
increase over the previous year's prices. The envisaged effect

(Plan 2) of these increases is shown in Figuré Ted.
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Source: Tables 7.1 (a) and (b).

Figure 7.4 Envisaged Response Lo Sheep Price Increases

Initially the price increases result in envisaged lamb sales
decreasing as a large proportion of the ewe lambs are retained.
(The transitory component). As the resulting breeding flock builds

up the envisaged lamb sales increase. (The permanent component).,

The actual(1) response over time, of sales of animals, to an
increase in product prices, can only be obtained from the Projection
Model. For example, the response to an increase in lamb prices is

obtained in the following way:

(1)

Actual refers to the model's predictions — not the response as
it occurs in the real world; hapefully both would be the

same.
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The new high price is substituted into the Projection Mndul(1)
and the decision variables solved for, These recursively determine
the next year's stocks. The same high price is retained and the
model solved again, this time with the new stocks. This praocess
is continued for the desired number of steps. Nt each step the

resulting lamb sales can be easily calculated.

Again it is emphasised that different response time paths will
result depending on what assumptions are made about the other product
prices. If all Cattle Prices were assumed to remain unchanged then
a similar time path to that in Figure 7.4 would be obtained for lamb
sales, However, if cattle prices increased at the same time as
the lamb prices, then a very different time path to that in Figure

7.4 would be obhtained.

Figure 7.5 is the result of making four year projections with
the Projections Model, under different price combinations. IS/ is
the result of increasing Sheep Prices (i.e. lamb, cull ewe and wool)

over time according to

' = P $ 25T
Ft ID + 0 )
where:
Dt — Price of product in year t.
PG - Price in current year
—T - time in years.

The other projections are thus the result of once and for all

price changes that are expected to persist through to year S.

(1)

The Projection Model is outlined in Appendix 1.
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Figure 7.5 Time Path of Ewe Lamb Sales Response to Different

Price Changes
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Te5 Projections of Livestock Numbers

The use of the model for making projsctions of future live=-
stock numbers was extensively outlined in Chapter Six. The
ability of the model to make these projections is dependent on its
ability to predict the decision variables. In view of the model's
disappointing performance in predicting these,; as outlined in
Section 2 of this Chapter, no attempt is made to make any more

projections,

Even in its simplest form the model turned out to be very
complicated, conceptually and computationally, Unfortunataly any
simplification returns the model to models of the conventional type

which have proved unsuccessful in the past.



CHAPTER EIGHT

CONCLUSIONS

The objective of this study was to investigate the role of
investment analysis as it relates to farmers' decision making
processes which determine future livestock numbers and supplies of
livestock products, Some aspects of the Theory of Investment
ware reviewsd and the application of investment principlss to the
farm situation outlined. Emphasis was placed on the importance
of recognising that livestock has a distinctive dual role; as a

consumption good or as an investment good.

Animals of different type, age and sex have distinctive
economic functions within the livestock system of a particular farm,
and their productive values will be affected differently by changes
in prices and costs, At any time, a typical farm is holding a
composite capital good represented by animals that differ in type,
sex and age. Farmers can therefore be viewed as portfolio
managers seeking the optimal combination of different categories of
animals to complement their non-animal assets, given existing

conditions and future expectations.

The supply models developed in a number of previous studies
have been insufficiently disaggregated and have not been able to
account for the different economic functions of animals of various
types and ages. These models have been unable to show that an
expanding flock or herd, through higher lamb and calf crops, would

lead to an increase in the number of animals slaughtered over time.

In this study, a model was built that attempted to simulate
the investment and consumption decisions made by a representative
individual farmer. Satisfactory performance of the model would
have enabled projections of livestock numbers to be made. The

approach used required a large amount of information, much of it



not available, concerning the decision processes of an individual
representative farmer and the production relationships of his farm,
A survey was conducted to obtain information on the way in which
farmers form their price expectations, however further surveys

over a number of years would be required before the results from the

initial survey could be accepted with any real degree of confidence,

The ultimate aim of many farmers would be to maximize profit
from their farming operations. However, a number of farmers would
have othar objectives, for example, minimization of the variation in
income between years subject to some minimum income level being
achieved, There are a number of possible objectives, and many
farmers may even have multiple objectives. Lack of reliable
information on these and the difficulties inherent in modelling when
alternative objectives are specified, resulted in profit maximization

being chosen initially as the farmer's objective for this study.

It was the intention at the outset to make a rough predictive
madel then to refine it till further refinements gave little
improvement to its predictive pouer, Thus the effects of taxation,
of various government policy measures and of farmer objectives
othér than profit maximization were ignored in this initial stage.
However, the mathematics and computer programming for the simplified
model described turned out to be so complicated and so wide of the
mark that further refinement was not attempted. This is not teo say
that the final model presented here has not undergone extensive
revision, It has, and the revisions from version to version have

been substantial.

The performance of the model was very disappointing. Despite
this, some success has been achieved in that the important investment
principles outlined in the earlier Chapters of this study were
explicitly accounted for in the results generated by it, The model
was able to show that the short-term response of a North Island hill
country farmer to a price increase for sheep or sheep products that

was expected to persist, ceteris paribus, would be to retain more

young breeding stock (those with the highest capital value). In

114
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addition it showed that the resulting expansion in flock size,
through higher lamb crops, would lesad to an increase in the number

of sheep and lambs slaughtered over time.

The methodology involved in building and using the model, while
conceptually similar to a number of previous studies, differed
markedly in a number of important respects. The advantages of
obtaining an explicit analyticel solution to the problem of solving
for the decision variables has been described previously,. If these
decisions, which are the investment and/or consumption decisions made
by the farmer, can be predicted with accuracy, then the resulting
projections of livestock numbers are likely to be more reliable.
Thus, there are raal advantages in a3 methodology that enables the
ability of tha model to predict values for the decision variables to

be improved in a pragmatic manner.

In practice, however, a number of difficulti=s arose with the
use of this methodologye. Much of this difficulty arose in the
derivation of the explicit analytical solution which raquired Lhat a
large number of algebraic manipulations be performed by the model
builder. As the sophistication of the model increases so do the
number of manipulations. The result is an extremely difficult and

(1)

with respect to each decision variable and the resulting system of

tedious checking problem. The objective function is differentiated
simultaneous equations solved for the decision variables. The
algebraic statements that result must then be programmed for the
computer. The model is very much more difficult to construct and
check than a similar type of model based on a numerical procedure

such as linear programming would be,

It is the complexity of the production model and the number of
decision variables to be simultaneously solved for that determines
how large the decision model will be. Since a sheep and beef

farming system, such as the one described in this study, is an extremely

(1)

This function is a very long and aukward algebraic statement.
See Appendix III.
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complex system a number of simplifying assumptions are required in
order that the model can be kept to a manageable size, Thase
assumptions are reflected in the results from the production model
which have been discussed in the previous Chapter. While these
results appear to be reasonable there is no way in which they can
be properly validated. The poor predictive performance of the
decision model could well be traced back to simplifying assumptions

made in the production model.

Estimation of parameters using the MODFIT routine was outlined
in Chapter Six. It was pointed out that by using this routine, a
model that is in fact a poor representation of the true process can
be made to perform well (predict the decision variables accurately)
by using pervaerse values for the estimated parameters. Ideally, a
model should be able to predict the decision variables accurately
and have sensible values for the parameters, A routine such as
MOOFIT, which enabled a priori bounds on the values of the parameters

being estimated would be a significant improvement.

The ultimate aim of building models such as the one described
in this study is to provide projections of national livestock numbers
and/or agricultural product supplies, and to evaluate the probable
effects of various CGovernment policies. Te enable this, eight models

(1)

and estimated and the results from these reconciled with each cther,

such as the one described in this study would have to be formulated
Alternatively, one large model with sufficient flexibility to
incorporate all eight farm classes could be built. The amount of

work involved in either undertaking would be extensiue.

(1)

There are eight farm classes in the N.Z, M.& U, B s! Economic

Service Classification.
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APPENDIX I

THE COMPUTER PROGRAMMES

Figure A1.1 outlines the programme used to estimate the
parameters of the model.

Differentiation of the objective function results in five

simultaneous equations. (Chapter 6.3.3.1).

AB=C A(1x5)
B(5x5)
c(1x5)

Subroutine Calc calculates the elements of the matrix B and

the vector C. This is done ten times for ten years' data, Sub-

routine Model then inverts the matrix 8 and solves far A, the vector

of predicted values for the decision variables. As each year's

solution vector is found it is placed in a matrix ME(10x5).

—-——

ME= ELS1 CULLS1 esee EXF

1

ELS}D LA B BN NN Exp

10

A matrix MA(10x5) of actual values of the decision variables
is also set up,

From these two matrices, a 5x5 matrix SS is derived according
to the procedure outlined in Section 6,5.

5SS is the matrix of the sums of sguares and cross—products of

the differences between the estimated and the actual value of the
decision variables.
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The determinant of 5SS, F is calculated in Subroutine Calcfx,
and Subroutine Modfit then proceeds to Tind the x(T), the valuesof
the parameters to be estimated, such that F is minimized. It

does this by iteration, altering the X(I) one at a time.

Figure A1.2 outlines the programme for making projections,
The programme is written such that projections of up to and
including ten years can be made. An N year projection, however,
requires N-1 predicted prices for each product, therefore the
length of projection is determined by the availability of thess

price predictions,
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Figure A1.1 The Computer Programme = fFor Estimating the

Main Programme

Read data

Parameters

Subroutines

+¥ (P, =P

Set initial values
of parameters to be
estimated

()

t-1 t-1

Print results

e |
|
|

Calecfx

(g
(%7

35(5x5)

Does N iterations
altering the x(T) .
one at a time until Vi
F is minimized.

A=~ 'C
ME(10x5)
MA(10x5)

Do 10 times for
10 years data.

AB=C
B(5x5)
c(1x5)
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Fiqure A1.2 Projection Programme

Main Programme Subroutines

Read data

o price predictions
- current year stocks
- base year price

expectations

|

Set N N+1 = Number of years ahead

projections are required.

L ]
r—% DO 3 I=1,N
ExEE!I!
M *

Model (1)

A=g" ¢

ELS(I)=A(1) setc.

4

Projections
HG(I41)= etc. Calc(l)

EPW(I+ )= Pw2(I1) " ARE

3 CONTINUE

L

Print Results
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APPENDIX II

THE DATA

The source of all non-price data is the New Zealand Meat and
Wool Boards' Economic Service. The Sheep Farm Surveys from 1963/64
te 1972/73 provide data on production, expenditure, income and
capital structure of representative farms for eight different
farm classes, The Flock and Herd Reconciliations By Type of Farm
from 1963/64 to 1972/73 provide data on stocks and sales of animals.

Calculation of Constants

In Chapter Six a number of constants are defined. The values

assigned to these are derived from the Economic Service data,

¥‘1 Sheep survival rate = 0,96

H Cattle survival rate = 0.95(1)
Expenditure parameter = 0.1

§

Proportion constants reflecting the desired flock structurs.

0(1 = 1,78
Y > = 14
oA 3 = 1.0
iy = 1.0

Proportion constants reflecting the desired herd structure.

Adg = 0.35
O{ = 005
O{? = 1.0

Mixed-age Euwes

The Economic Service Reconciliations do not disaggregate mixed-
age ewss further into age classes. The separate age classes are

obtained in the following way:

Mixed-age ewes = 4TH + 6TH + MAE + OE

(1) Varied in the MODFIT routins
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Prices
Actual Prices §
pw(1) PL(Z) Pﬁ(z) puc(1) pyel?) pec3) pys(?) pv5(3} p25(3)
1963/64 0.91 4,75 3.08 34 44 56 42 56 68
64/65 0.72 6.08 3,90 44 60 72 56 72 86
65/66 0.69 S.44 3,50 44 64 64 60 64 80
66/67 0,57 4.56 2,96 32 50 54 56 54 70
67/68 O0.44 5,46 3,54 32 50 55 45 55 70
68/69 0.51 5.45 2,30 40 50 60 50 €0 80
69/70 0.47 5.76 4,68 45 70 75 55 75 100
70/71 0.45 5,70 3,90 55 90 30 70 a0 100
71/72 0.59 4,92 3,33 60 90 a5 A0 a5 100
72/73 1.25 9,34 12,00 90 120 115 100 115 160
Sources: (1) lool Marketing Corporation
(2) Schedules
(3) Representative prices — auctions at Te Kuiti and
in the Hawkes DBay.
Expected Prices generated by the model ¢
pu PL PE PuWC PYC PCC RS PYS P25
1963/66\ " 0,70 4.00 3.00 24 36 48 28 48 56
64/65 0.89 4,65 3,07 33 42 54 50 54 64
65/66 0.73 5.81 3.80 42 54 66 55 66 79
66/67 0.70 5.49 3,56 44 61 65 59 65 B0
67/68 0.58 4.69 3.01 34 53 57 39 57 73
68/69 D.45 5.35 3.49 32 51 56 44 56 71
638/70 0,51 5.44 2.41 39 50 59 49 59 77
70/71 0.47 5.71 4,50 44 64 70 54 70 98
711/72 0.45 5,70 3,96 53 82 77 68 77 99
72/73 0.58 5,03 3.40 59 88 89 78 89 100
73/74 1424 B,75 11.23 85 110 112 96 107 141

(1)

Arbitrarily set.
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APPENDIX III

(1)
THE _OBJECTIVE FUNCTION

- J m p VY 3 SV =i H
2 = (0.6HG1 + 2TH1 + 4TH1 4 61}{1 + MAE, + OE, ,.AL_.Pw1 + By JEXP, PV,

b
- EXPES o Ph 5 WIS PL. + CULL. .PE F_JPT
35. XP1 PU1 + ( EL 4 + WIS, ) PL, IL, q + OF, ’
WCS .« 3 I SALE_ .PCC WHS, PR (50, +PYA
+ Jf"S,1 PWC1 + YC 1 PYC1 + S 1 F 1 + 1 P 1 v Y 1 T 1
“»
o e T = T = :,.r
+ 2L>S,1.P23,| FC Bq'Shq Bg.wN1

+ ( 1.54.EL1 - 1.54.ELS1 i O.QG.?TH1 + o.qﬁ.hTH1 + 0.96.6TH1

+ 0.96,MAE, - 0.96.CULL, ). AWY.PW,.D, + B, JPW, B, .TXP,

3
I, - W EXP. ~ 2.B..PW..: SN, JEXP
+ By oPW,D, o DguSN BooPW, D, EXPY = 2.8 PW,.D, D SN, (EXP,

2 2
- BE.Dg.PwZ.DE.SNg + ( 0.05,FLS, = 0.05,EL, - 0.91,CULL,
+ 0.91.( 2TH, + 4TH, + 6TH, + MAF, )oPL,.D. + B PL,.D,.TXP,
+ BgaPLyoD, FXP, + B Dg PL.D, 5K, - P?.PLE.DQ.EKPi
. 2,5?,pL2.D2.38.ﬁXP1.SN2 - ??,WE,P?.“lﬂ_“ﬁ.xvz 4 ﬁ.@ﬁ.imwrPﬁp.ﬁj,nULLq/

l"!AT"J,T * 0.96.Ma?1 PE, oD, = G.QG.PT?.DD.ﬁVﬂTq + F.CH.YD?1

i
- e I
g

0.17.WC, + 0.5.4CS, + 0.4.BC, = 0.67.350T7, ).PH0,.D

i 2
+ 0.5.BgeD,aFAT aPHC, 4 0,500 . THC, 2D, Do SN, - “-5-“?-P?Q”KP2.PKU?
= ByePUC, D, Dg FXP, 60, = 0.5.8,.D5.D,.E15.PWG, + ( 0.48.%C,
- o.hB.w031 ).;ch.ng + SNLE . POC,.Dy + { O.ze.quq . O.BQ.Bﬂﬂ
. 0.38.SALE1 - o.nR.wqu ).ngg.pe DS RGN, JFRD, PH,
+ 0.5.Bg.D, Dg PHS oSN, = 0,5.8,.D,,. P, BHS, - g PU D, iy o EXP, 151,
- O.S.Bg.Dg.Dg.PwSZ.Smg + 0.U6.1SR,.D,.PYS, + 0,96.YSR .D,. P25,
- FC,.D, = B.D,.SN, - B,.D,.SN3

% 2.39.RL1 - 2.39.EL31 + O.Q”.ETHq + O.Q?.hTH1 + 0.92.6TH1
- i - 1 r
0.92.6TH1.CULL1/MAE1 ).an.PU3.D3 + Bh.n3.Pns.EXP1
2
B o PW_ oD .DaeSN, = B_.D_.PW,.E = 2.B_.D_uDgPY_.E «SN
+B)y o PW5.D5.Dg . 5+Dz P - XP1 2 35 5°0g P 3 xp1 )n3

2 2
- Bs.DS.D3.Pw3.SN3 + ( 0,46,.BL

+6TH1)).PL3.D3 + BgoPL

- 0. 462
4 o..6.LLs1 % D876 2TH1 ¥ uTH1

DR.PL oD o8N

oD EXP B
; * z*3

35 1 6° 3

CONTINUED. -

(1) The survival rates and ~renortion constants have been

substituted.
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OBJECTIVE FUNCTION CONTINUED,...

2 2 2 . —
iy = «DgoPL_ oD W8N 0,92 4TH, D, ,CULL_,PE B
7.D3 FXP PI 87 Dg 13 D3 8 5 * oD, II‘,| ¥ 3/Pﬂ 1

3 E. - 92 ,6TH, . D..CN LR LMAR 0.02.VC
+ 0.92.CTH1.D3.P..3 0.92, 5 Do & I " 4 ( 02,vC,

- 0,06.W08 + 0.0L.YCR, 4+ 0. 0L .RC., = 0.08.23AT5. ).D_.PWC

qe 1 »BC, 08, 3ATE, L FHES
+ O.S.BS.Dﬁ.PWCB.EXPq # 0.$,D9.chﬁ.b3.?q,ﬂﬁz - o.n.wq.?wcﬁ.nﬁ.azpf

= BguPUC, Dy DguSNLBXP, - 0.5.80.D5.PIC, . DLu8M2 4+ ( 0.08.4%,

= 0.2hC8, + 0.16.YCR, + 0.16.8C, = 0,37.5ALF, }'P"ﬂ3'L3

V| o.os.wc1 - o.1?.wcs1 + 0L12,YCR, + 0.12.3C, = o.?h.:1121 ).DE,PGC3
+ £ t}.’t-‘%.wc,f - 0,55,WC8, + 0.37.YCR, + 0.37.BC, ~ P.?h.”ALE1

- o.hS.w591 ).P“?z.Da + 0.5.Tg D FXP, TS, 4 o.ﬁ.ag.rvti.ns.no.qwf

- 0.5.Bq.Pws3.n3.wxp§ - Rq.vv'z.n3.nﬁ.nxr1.J‘z - o.ﬂ_qn._o.P“vt.t%.GN£

- 0,02,W5R_,DPY¥8 .D3 + 0.“F.Wﬁ‘1.P2ﬁ oD, = TC_ D = B, JSH_oD_

4

- B,«SN

2

oD

i
-

W

+ (3.32.E11 . 3-33'E134 + 0 RE Ay 4 ﬂ,Fg.hqu = O.”“.hv”1-9”111/hﬂ54)
| |

A‘-’-’Y.P“L}.E s Bl . ‘r-r. h--'“}— + P}L_T"h.T"-“_DQ__"N" ez '?r“‘[“'rh-vil'j,‘_':::xr‘.—i

- L.B PY) oDy oD a P 8Ny = B Po.rr "n-““i + ( 0.93.FL, = 0,93.ELS,
O.Qh. 2TH oy £TH - D.84 4TH JCULL /VAR I, .D

+ 0,84, 2TH, +hTH, + ETH, ) 1 VAR IR 2 )

ot

-
F D w i - Q‘ - ] .:f;‘. !
+ 86.114! .D! .JX 1 + B(. !R.Fllll.” P | _? II” D‘Tl {t

- , EXP, - 3 8.2, +PEy D), .CULL, / MAE
2.B,,4PLy, oD), . Dgo SN, JEXP, Hﬁ.n,p 4y oDy oS rI + 0.88.7TH, .PE, ,D;, .CULL,/ MAE,

. 0.88.#TH1.PthDh - 0.88,hTH_, CULL /rnw ¢ ( o.oz.wcq - 0.06,WCS,

Eh' L=
- SALE i 0.5BueD; o F PV

+ 0.0#.YCR1 + 0.04.301 0,08, ALE1 ) JPW h'nh + 0N, .58 DQ Xp1 P\C&

+ 0,5,Bq.PWC; D) .DgoSN, = 0,5.B

9
2 2 N " 2h _wes
.Dg.chu.Dbf.snh # L o.oa.x.c1 o._;.qu1 + 0.16.YCR1

‘ T 2 = NP 1
oPUC, oD} JEXP, = By PUC, D) JDg EXP, .M

e 0.5.B9

- " r ’ - - - WCS ™ E - R
+ 0.16.1301 0.32.SA1E1 ).PYCM.D4 T o.og.wr1 0.18 JCw1 i 0.12.3¢ 1

+ 0.12.1301 - O.24.SALE1 ).Pcch.nh + ( o.18.wc1 - 0.,55.WCS, + 0,37.YCR

1 1

4+ 0,37.BC, = 0,74.,SALE, = 0.48.w5n1 )'P”SA'Du

1 1

CONTINUFD.es e



OBJECTIVE FUNCTION CONTINUED.,..

+ 0,5, BB.Dh.Pth.'"P

2

b B .P\’.’Sh.D[{.EXP,]

9 O

-

+ 0.5.Bg PWE) D JDgl SN, = 0,5,B

- Bq.PWSh.Dh.Dg.SNh.FXFq TS
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Eusl.nh.ixp

] "\J\D

r'}.‘p_ TJ .F L}'Dh.h] ‘J+

O.

= 0.02,WSR, PY5,.D) + 0NELMIR,JPRS, Dy = 73,00, = BooSN,.D,

~B, D, .S

+ ( Lo61.EL, =~ 4.61,ELS, + 0.84.2TH, - 0.84.2TH ,CULL, /AL, ).ﬁWY.FWB.DS
+ By oPU o Do BXP, + Hh.ﬂfs.DS.HKF1 + ﬂh.PHF.DS.DS,SNS - ‘S'Pvi' 5 mxpf
- 2.BguP D Dg EXP, SN, - nﬁ.ng.ch.ns.s ? ¢ ( 1.93.EL, ~ 1,93.ELS,
+ 0.81,2TH, - 0,81,2TH, .CULL, /MAE, ).PLS.DE + BroPlgaDg BXD,

+ BgeDgePLg.Do.SH, - 37.an.nq.sz; =208, s FLg.D o Dg SN L BXP,

- B7.DE.PL5.DW.9N§ + (0,84, 7L, = 0.BhTLN, - 0,88.77H,
+0.88.PTW1,CULL1/HﬁT1 ).PE_ D+ ( U,Ph,?“ﬁq - 0,84 ,2TH 4+ CULL /r”. D
PE..Dy + ( 0.07,8C, = 0.06,405 0,0k.¥0%, + 0,04,8C, = O.ﬂ?.s&lmq).
PwCS.D5 # D.S.PR.DB.PWC‘ JEXP, 4 O.C.HQ.P“CF.Pﬁ.WQ,ﬂNG

. 0.5.39.pwcF.ﬁm.?xp§ - BoelC DeuDg ", TP, - D,E,UU.Dg.THCEQDF.Sﬂg
# (0.0B.HC, = 0.20,W08, + 0,710,788, + 0,76,3C, = 0,32,001%, ).FYC5.D5
+ ( 0.06,uC, - 0.18."0'.'-1 # 0L12.YCR, & 0,127,832, = 0,74, JALE ).Pccrj.m5
+ 0 0.18.MC, ~ 0.55.WC3, + 0.37.YCR, + 0,37,30, - 0,74,SALE,

- 0.48.wsn1 ).PWSS. 5 * O.ﬁ.“h.W;.thﬁ.DG.Exri +n.f.“8.vwn5.nr.n8.sn5
= 0.5.Bg. WS D, .uxrj = BgelgaTpeDge il BXP,

- O.S.Hq.Dg.PWSS.DS.SNé - 0,02,WSR, PYS_.D. + 0,456,085 R eP28,.D,

= FCgaDg = B, oSN..De - B, ﬂvi.n5
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STOCK NUMBZRS TN YEARS t=71,...,5

- '.p "T E 4 -
SN,1 0.6.HG1 4 2TH1 + 4_H1 e 6TL1 + MA.1 + 0F1 + W ¥C

+ 6.BC1 + M.YSq + ’-I-..2S,.|

SN, = 1.54,EL, = 1.54,EI8, + 0,96.( ?WHT + T, 4 wa1 t MAE, - CULL1 )

2 1 1 1
3. o= 2,84 .YCS 5 YOR. 4 7T - BALE, + WSR
+ 3.84.wr1 z 84 g * 5476, ( q 301 1?1 Y P1
+ YSR1 )

(L)

[ = 53] SO 29 FLS gz2,( 271 Ly, 4 6TH, = ATH, .CUL \E
SN 2393 I1 20 FL + 0.92,( ’ iy ; f H1 FUIL1/P A 1)

1 1
+ 3.“0.‘1’01 .- 10.21_‘.-_!.’;_']1 + 6_9’1.\.”"1:‘1 4 6_9'1.13.(]_1 = 13.6.8ALE

il
we
+ 2.48,WsR,

SN, = BL. - 3.78.TLS .88.( 2TF_ 4+ LTE o b 0TI, /MATR
SNy, = 3.38.5L 3.38,FL8, + 0.88.( 278, 4 x I, «CULL, /MAE, )

4,00, - 21.4MCS G.P1.ven G RARE e 12 62 SALE
* .2 LR 10-»13-0»11 + - 1-./ 1 4 -.10 - - .'fj_.;_1

e T e B G WY 0! IPH. o 2O O MAT
8N +.61_F1’T Y. 6T .51 1 i O84.(C ; .},T. IT._I/ I1j
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1

* FohoWO, - 10,271,008, + 6,81.YCR, + 6.71,8C, - 13.62.5ALK

8. WSR
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2

THE RECONCILIATIONS

AIll.2.1 Sheep

HG,,

[

H53

HGé

HG5

2TH
2TH
2TH

2TH,
s |

4TH,
4TH.,

o
&TH4

4TH

6TH
6TH
6TH

6TH

MAE
MAE
MAE

MAE

OE
Ot
OE

0E

l

fl

]

¥, (EL1 - £L

.

ol %y (EL1
3

% (EL1

1 5 (B

X

(EL1
(EL1
(EL1

A | (EL1

1 1

¥. 2TH
¥,  (FL

1
¥, (EL,

L P (MAE1 -

6TH 512 (1 - CULL1/NAE1)

1

4TH 513 (1 - CULL1/MHE1)

1

2TH1

51)
- ELS1)
- ELS1)

- ELS,)

- LL51)
- EL51)
- EL51)

- ELS1)

- ELS,)

- ELS,)

- ELS1)

CULL1)

4
X1 (1 - CULL1/NAE1)
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Sheep 5ales

TLS, = El, + U, - £, %, (EL, = ELS,)
TLSy = Elg + ULy = o, ’512(EL1 - ELS,I)
TLS, = EL, +UL, - «, 2(13(51_1 - EL51)
TLS, = ELg + Ule = L, ‘513(51_1 - L‘L_s1)
CuLL, = ‘-5’1 ﬁTH,1.CUL1,1/NnE1
CULL, = 5‘12 dTH,I.EULL,!/mAE?
CuLL, = ‘S13 ZTE-H.CIJLL1/}"‘IAE1

4 . 3 :
CULL, =, ¥, .(EL1 - EL51) - ‘61 .(ZTH,I - 2TH1.CULL1/P’II\E1)

ATII.2.2 Cattle Stocks

Yo, = Xg (v, - ucs,)
e, = o, (3‘52 - );52& e, - o, ‘552(1-0()mcs1 + ol 3'52%.11 + ol 852 ac,
-2« 3'52 SALE,
BC, = X YCR, + ¥g (BC, = SALE,)
BC = Y ¢ (1= e, - ¥ 2(1+0()l'JC5 + 8.2y, + %2 8C
3 5 1 5 1 5 1 5 1
-2 552 SALE,
¥Ys, = ¥g USR,
Ys; = LA 7 852 WSR,
2s, = ¥g YSR,
25, = % ‘552 USR,
Cattle Sales
ues, = ¥ (38 = o) YOR, = ol ¥ (1=A) WC, + oL ¥ (1+ek)UCS, + ¥ (38,-«.)8¢,
2L, 8, SALE, + D.S.BB.EXP,I - D.s.ag.sxpf
Wcs, = ?552(%52_";,—5 )YCR, + (¥g ~ K;'o()ﬁzf.-"v}s* C1'(F§Lf3§"‘1ésa“¥)wcs1 +351G51~°—;-95C1

2005 %8
-2 ¢ (;SZ-X )SALE, + 0.5.Bg.EXP

5

2

- D.S.BQQEXP1

1
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YC52 = xsot ('qu:,I - wcs1)
2 , 2 2
Ycs, = o(6 35 (1=-a) W, LA X (1+ L) wes, +oza%‘65 YCR,
2 - i ¥
+oof ¥ " BC, 2 KS SALE,
SALE, = SALE,
%2 - g 5 T - ;4
SALE; = 8" (1=d) (L=AX+1 35) we, 55 (14) (L =kt + 1 = E!s)mt:s,!
‘ 1
2 1 2 -
+ B (L (1) + (1-135))vcn1 + ¥ (A5 (1=4) + 1= ¥) BC,
2 —
= 247 (L(1=) + 1-X%) SALE,
WSS, = 0.5 ACP., Y YOR, + De5.ACP,. X (8[21 -5ALE1)
: 2
WSS, = D.5.ACP (-\’2(1-A) We, = 6’2(144() wes, + 9, & YCR
=z @ MIeA O e 5 1 5 1
2 2 % 2
+ 55 BC, - 2?55 SALE,) - 0.5.«715‘5m591 + 0a54BgeEXP, = 0454844 EXP)
Y55, = D.5¥USR,
YSS, = 0.555@(?6'5—‘!)1&591
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ATII.3 DEFINITIONS OF VARIABLES

STOCKS FLOWS

Bl Fue lanbs ELS Ewa lamb sales

WL Wether lambs TLS Total lamb sales
HG Fwe hongets uLs lether lamb salas
2TH Tuwo=tooth ewes CuLL Cull swe sales

4TH Four-tooth euwes
6TH Six—tooth ewes
MAE Mixed=-age ewes
0OE 01d euwes

ue Ueaner cows WCsS Weansr cow sales
¥YC  Yearling cous YCS Yearling cow sales
BC  Breeding cous YCR Yearling cows retained

SALE Cull cow sales

WS 'Ueaner steers WSR Wleaner steers retained

¥S Yearling steers YSR Yearling steers retained

25 Two=-year-old steers 258 Two=-year=-old steer salaes
Y55 Yearling steer salas

SN Stock numbers (£.1)
BE Total breeding awes

5PY  Sheep producing wool

MISCELL ANEOUS PRICES

EXP  Expenditure PW llool

FC  Fixed costs PL Lamb

[ Total costs PE Ewe

AlY Average wool yield PWC Weaner cow

ACP Average calving % PYC Yearling cow

ALP Average lambing % PCC Cull cow
PWs Yeaner steer

PYS Yearling steer
P25 Two=-year-old steer



Sheep survival rate

Cattle survival rate

PARAMETERS
B
L Cost
g,
B
4 Wool
Be
B
6 lLamb
8,
8
8 % Calf
By /
X,
85
o 4 HGS/ETHE
o 5 2TH5/L-THS
Ao 4TH5/6TH5
a(& N,-'J«ES/ETHS
oL vcsz/vc2
Y
g YC../BC,
oA Y53/253
0,
D,
04
Pg

Proportion constants reflecting

the desired flock structure.

Proportion constants for cattle.

Discount rates

Constant relating envisaged expenditure

to envisaged stock numbers.

13
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APPENDIX IV

THE PRODUCTION FUNCTIONS

Section 6.2.4 outlined the production functions used in the
model ., All lamb and calf functions represent functions as
envisaged by the farmer. There are two types of wool production

(1)

wool preduction, and the production estimated by the model can be

function = current and envisaqged. Data are available on current
compared with actual data, This is shown in Figure A.4.3.

Since the lamb and calf functions represent only envisaged functions
their predictions can not strictly be compared with actual data,
However, it is assumed thzt the farmer does not envisage the
paramezters of these functions changing over the five year planning
horizony, hence they can be estimated from actual data, The results

from these functions are shown in Figures A,4,1 and AR.4.2,

Lambing

Estimated

94
93
92

91

1963/64 64/65 65/66 66/67 67/68 68/69 69/70 70/71 71/72 72/73
Year

Source: FEconomic Service.

Figura Rede Lamb Production

(1)

Current refers to the first year of the five year envisaged plan.



The estimated function is:

LP/100 = 0.938 + 0.036(EXP) ~ 0,0000042(ExD’
BE BE
Where: LP = Lambing ¥

EXP = Expenditure as earlier defined,

BE = MNumber of breeding ewes.

L4

Calving %

85 4
. ///f\\\\\v/f#,
/, _\
— =

B0 L

133

Estimate
/

/ Actual

1963/54 64/65 65/66 656/57 67/68 68/69 69/70 70/71 71/72 72/73

Year

Source: LCconomic Service,
Fig_ﬂre Rade? Calf Production
The estimated function is:
CP/100 = 0,834+ 0,0023(EXP) - O.DDDBUUZE(EXD)2

BC BC

Where: CP = Calving %
EXP = Expenditure as previously defined.

BC = Number of breeding cows.
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Ilool/Fue
Kg. 5.8
5.6
,Eatimatf
5.4

1963/64  64/65 65/66 66/67 67/68 68/69 69/70 70/71 ?1/72 12/73

Year
Source: fCconomic Service

Figqure A.4.,3 ool Production

The estimated function is:

U = 4.62 + 0,686(EXP) = 0.000084(ExP)?
5Py SPY
Where: 4 = Uool per ewe, kg,

EXP = As previously defined,

Sheep producing wool (weighted according to ags).
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