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CHAPTER OFE -

INTRODUCTION

The New Zealand dairy industry is an important contributor to the
ew Zealand economy. The industry earns approximately 20 percent of
New Zealand's export income from the sale of milk related products.

It also earns a substantial proportion of the meat export income from

surplus calves and cull cows.

The industiry is oxgenised on a cooperative basis with each farmer
supplying milk (or cream) to his cooperative factory. The factories
process the milk into a variety of products which are sold locally, to
the New Zezland Dairy Boaxd, or, in a few specizl circumstences,
directly overseas. The export market dominates the industry, taking
approximately 80 percent of butter production, 90 percent of cheese
production, 90 percent of milk powder productien: and more than 99 per-
cent of casein production / 59 _/*,

The New Zealand Dairy Board controls the export marketing of miik
related products and some of the products from surplus calves. The
cooperative factories in_\.‘.‘lx.lence the Dairy Board through their
representatives on the Board and the farmers control the factories
through their shareholding in the factories.

The seasonal supply dairy farms, while scatiered throughout NZ,
tend to be concentrated in a few important regions. For the purposes
of study, the NZ Dairy Board separates New Zealand into 11 dairying
regions. Of these, 3 regions (Northland, South Auckland and Taranaki/
Westerm Uplands) contain approximately 60 percent of the dairy herds

of 10 or more cows.

The study of supply relationships in agriculture is frought with
many difficulties. In Chapter Two, the difficulties and 'some of the

methods that can be used to overcome them are discussed. The chapter

* The references are listed in the Bibliography.
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includes a discussion of previous New Zealend dairy supply studies and

studies of interest from other countries.

The theory of investment and its applioation to a dairy farmer are
included in Chapler Two. Dairy cows are capital items used in the
production of dairy products. As the prices of output and inputs
change, the stock of capital (the herd) will chenge in size and composi-
tion. These changes are due to the effects of invesiment decisions.

In the discussion, the basis for a model that can take account of the

investment process in dairy cattle is outlined.

The Taranzki region is chosen for the study because the daixry
farmers in the region tend to be specialised producers who produce
little in the way of other products. This specialisation reduces

the variability of the region and makes the region easier to model since
the farmers have a narrover range of decisions to make. Furtherw,
PTaranaki is one of New Zdealsnd's major dairy farming regions and so
changes in the region are of importance to the industry. Finally. the
euthor of this study is familiar wiih the region and this femiliarity
was helpful in conceptualising the supply relaticnships. The
homogeneity of the sample is increased by studying only the factoxy
milk supply céaixry farms. The data covers the period from 1963/64 to
1973/74 for the Taranaki/Testern Uplands region and is supplied by the
N7 Doixy Board, Farm Production Division. The changes thet have
oceurred in the region over, the period of the dzta and the prices used

in the study are discussed in Chapter Three.

The Wew Zealand Dairy Board undertakes annual surveys of each
dairy farming region in New Zealand. The purpose of the surveys is to
gather information on many aspects of the dairy industry including the
economics and efficiency of dairy farming in New Zealand. From the
surveys, data on the average farm for each region, herd size and type

of supply are published.

This infommation is extremely valuable as am historical record of
changes in the industry bul, as with all surveys, there is a delay from
the period to which the information refers, to the time the information
is published. In the case of the information on each region, most of

the data is collected in one season, -refers to the previous season and,
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by the time the information is analysed and published, another season
has passed. Some of the information is made available within a
relatively short time but most of the informatiocn is at least two seasons
out of date. However, attempts have been made to rectify this

situation by questioning farmers aboul their production plans.

There still remains a need for the Imiry Board and the cooperative
factories to project future stock nuwbers and milk production in order
to organise marketing strategies and make investment plans. This study
is an attempt to develop a procedure that couwld be used to project
futare dairy feom output, stock numbersg and the level of inputs on a
regional basis. In the study, dairy farm output includes milkfat, cull
covs and surplus calves. The procedure uged in the study attempts to
model a dairy farm production system snd a dairy farmer decision process.
In modelling, the aim is to represent the actuad situation in a form

that can be used 1o test the behaviour of the actuzl situation. In

[

1
4

o

is study, the actual sitvation is modelled mathemztically. The model

o e

the actuzl gituation and thus camnet be

=
n

a simplified wvexsicn of

expected to reproduce the fvll complexities of the actual sitvuation.

The study assumes thai a dairy Tfarmer wicshes to maximize his
prefits over time, baged on his expectabtiong of Future prices and
subject to production funclion constroinis. + iz further azssumed that
over his planning horizon, the dairy farmer will envisage adjusting
stock numbexrs go thal at the end of the planning horizon the famer is
milking an 'optimum' number of cows. The year after the plan is made,
priceg will have changed causing the farmer's expectaticns of future
prices to change. Thus the farmer will make a mew plan with an

envisaged new ‘optimum!' number of cows.

The chapters on previous gtudies, invesiment theory and the
Taranaki/Western Uplands region form the basis for a model of a dairy
farm, The model consists of a dairy farm production system and a dairy
farmer decision process. The model and the assumptions upen which the
model i.s built, are described in Chapter Four.

The model is 'fitted' to data on the average factory milk supply
dairy farm in the Taranski/@estern Uplands region. The aim in 'fitting'

the model to the data, is to make the model predict the important
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decisions made by the dairy farmer. ~ The model is then used to make
projections. The procedures used to estimate the parameters in the
model, the results and evaluation of the model and the projections

made ocutside the period for vwhich data is available are discussed in

Chapter Five.

Finally, the conclusions reached are discussed in Chapler Six.
The chapter includes a digcussion of the technique used and an evalua~
tion of its applicability for further use. The results of the study

are also discussed.



CHAPTER 0

THE SUPPLY RELATIONSHIPS IN AGRICULTURE

The aims of this chapter are rather broad. The chapter aims to
develop a supply model from the theory of the firm, to show how this
theoretical model can be modified to incorporate the special facets of
agricultvral supply relationships, and to consider some previous studies

relevant to the New Zealand dairy supply industry.

In oxder to achieve these aims the chapler is separated into three
sections. The first section begins with the theory of the firm and
builds a theoretical supply model. The theoreticzal model is then
adapted to take account of situations where the application of inputs

and the resulting oubtput do not occur in the same period.

In the gecond gection, the difficulties
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in genevral
and in agriculvural supply analysis in particular are discussed. The
section also consiters attempts to overceone some of the difficulties.
The incorporalion in supply anglysis of price expectations and invest-
ment in fixed and quasi-~fixed factors of production are considered ia
gome detail. In considering the investment in fixed and quasi-Tixed

factors of production, a model is developed that can take account of

changes in investment in dairy livestock.

The final section is separated into two parts. The first part
considers previous studies of the MNew Zealand dairy supply industry.
The second part discusses studies made of how Hew Zealand farmers form
their price expectations and models of price fomation in New Zealand
cattle auctions.

2.1 The Generalised Derivaticn of a Simple lMulii—period

Supply Function

The following sets out the derivation of a multi-period supply
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function, Initially, the firm is assumed to produce two outputs and to
use one input in the same period. The system is then generalised to a
multi-period production system. The basis for the following is given
in Henderson.and Quant / 26 /.% ’

Consider the case of a fimn producing two outputls (q.l and q2) by
wsing one variable input (x) in the same period as output occurs. The
relationship between input and outputs is termed the production function

and can be writtenr in its implicit form:
H(a,, gy %) =0 (2.1)

H is assumed to possess continuous first- and second-~order partial
derivatives which are different from zero for all its non~triviel
solutions. Also, it is assumed that its paxtizl derivatives with
respect to outpuls are positive and its poxtial derivative with respect
to input is negative. It is further assumed that (2,1) can be written

in the {form:

% = Bgy ap) (2.2)

vhere h denotes 2 produciion relationghip.

The cost of vproduction (C) is depesdent on the price of the input

(r) and the cost of Tixed factors of production (b). € is cyvyrressed as:
C = ez by
which by substitution of x, from (2.2), beconmes:

C=rx h(q1, qz) + Db (2.3)

The marginal costs of producing one more unit of q (I.IC,I) and of

Ay (I.ZCZ) each are derived from the first partial derivatives of (2.3)
with respeect to g4 and g, respectively. They are:

dcC

—— e ' —
2q; =% h(ay, 0,) = MC, (2.4)

¥ Chapters 3, 4 and 8.
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end oC [ .
~ Agsuming that the producer wishes to maximize profits, he forms the
profit () function of the following form, using market prices for 4y and

4 (p 4 @nd p, respectively):

7r=P1 Q1 +‘92 o rh(q.]s Q2) = B (2'6)

The first oxder conditions for profit meximization are obtained by

partial differentiation of (2.6) with respeci to g,

and Uss and by

equating these to zero. This yields:

6 m 1

aq1 Sz P1 e h-I(QJI} %2) e 0
ax . v 2l
6(12 = p2 - T }12((11! {12) = 0

By trenzferring Py and P, to the risht hand sides:

P1 = I h;(*’i-p Q;) (207>

|
p, = 2 hy(a, o).
Bquations {2.7) state that the firm will produce quantitics of oulpat

that equates the 1IC of eacH output to its respective price. The second~-

0]
0

<

order conditions can be shown to require that a'ag' > 0 for masximam profith,
vhich means that the NMC's musl be increasing. =
As the price of ay alters, (2.7) will no longer hold at the
previous solution levels for ay and Uoe The firm will adjust Qys but
this alters I.sz. Thus as each output vrice changes the firm must

adjust both q, and q, for (2.7) to hold.

In the short run, the firm will attempt to produce quantities of
output that just equate the respective MC's to prices. If the price of
one output falls below the average variable cost (AVC), the fimm will
not produce any more of that product since sale of that product is no
longer going towards meeting overheads.' The relationships between

output and costs are shown in Figure 2.1 where B is the minimum AVC
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point and AB is the horizontal line from B to the vertical axis. Thus,
the supply of ay from the individual finn, in response to changes in itls
own price, will follow the line OABC in Figure 2.1, given that all

othexr prices remain constant.

$/unit
of
Cutput
A /
0
Quantity of a,
Ficure 2.1: The Hypotheticel Averace and Marpinol Cost Corves of 2
Firm
The quantity of ¢y and % supplied Ly firm j (S1jand 32i
respectively) can be obtained by solving (2.7) foxr a4 and Qo+ If the

equations (2.7) are solved simultaneously, the quantity of each outpub
supplied is dependent on the prices of cutputs and the price of the
input. Thuss .
SlJ =‘Slj(p’i’ P2’ I‘)
(2.8)
S2j = S2j(p1’ st I')

These supply functions are derived from the production function, the

cost function and the profit maximization objective.

If the demand curve for the input is infinitely elastic, the
industry supply funclion is obtained by the horizontal swmation of the

individual fim's supply functions. If m firms produce a4 then the



industry supply of q, (S‘I) would be determined by:

m

S,t:

My

:'1']' = 313(}31! P2‘I I'),

J=1 J=1

i

In generzl most firms apply inputs in a period before oubput occurs.
For simplicity, consider a firm producing one output (q), one period
after a single input (x) is applied. If the firm is concemned with an
optimal procuction plan over n years, the implicit production function
can be expressed as:

G(qt’ es g q:n, xt_1’ ey }:n“"-'l) = O (?.9)

The assumptions concemming the production function for the single periocd
input-outpult case remain.

If the individual firm wishes to maximize profits over time it will
discownt fubture income by a different factor forxr each yeaor (e_t)*‘i' and will
wish to maximize the present wvalue of the profit from produclion subject
to the technical constraints of the production function. The fiym will

form the profit funclion:

n n
w = & pygue, -~ LB, X e
it A Pl =1 =1 t=1"1t-1
+ kG’(C.Ll;s s ey fln, xfﬂ‘l’ sy }:n-‘l) (?.10)

vhere p = the price ofr g,
r = the price x, and

A = a Lagrange multiplier.

The firm mll then set the first~order partial derivatives equal 1o zero:

Oxt
aq’ = pte + hr‘ (q_h, voey n 1) O

* TFor ease of notation the discount factor for year t is written as ey

A i 1 - 3 - -
where e, = W and i = the .L'nterest rate.



10.

om?
BT = G(q_b, seey X "1) = .0.

: ‘ aG(qt, e xn_1)
vhere (for example) G (aps oees xnnf) = T

It follows that the first-order conditions for maximizing «* are:

] b
th(qt, v ey ,Ln__1)

P.C
£t
= " ’ (271
D8 .Gék(qt, veus kan)
! W
ka—1(q'b, -..’ -.n~1)
...P{;e-t G:?Lt(qt’ e xn—‘l} = rk--"le}:-‘l - (2.12)
1
r. e, Gy, (a5 «ees xn_1)
and =1 =1 e ] (2.13)
: : = e - 13
2 1 O ka_1(qt' "y in—1)

fOI' ‘t, ]: == 1, LR RN N,

Condition (2.11) requires that the ratio of product transformaticus
between each pericd are equated to the ratio of the discounted output
prices for those periods, Condition (2.12) states thal the discountes.
value of the marginal product of x applied during the k-1 peried with
respect to output in each period, must be equated to the discounted price
of x in the k-1 period. By condition (2.13) ihe ratio of the rates of
teclmical substitution in the different time pericds must be equated to
the ratio of the discounted input price in each period the inputs were

purchased.

As prices change the firm will need to adjust production through
time in order that the conditions (2.11), (2.12) and (2.13) hold. Thus
the individual firm's supply through time is a function of the output
price for the current and each future period discounted for the period
the output is to be sold, and a function of the input price for the
current and each future period discounted for the period the input is
purchased. If all the m firms in the industry use x to produce g, then

the supply function for the industry (St) in period t is the horizontal
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summation of all the n individual firms' supnly functions (sjt)’
provided that the demand for the input is infinitely elastic. That iss
m

St - z S‘j_{'(ptet, ey pnen, I‘_L_',iet“,i, oe 2y rn__']en“,l)- (2-14)

J=1
In practise, firms usually use several inputs to produce several
outputs. It can be shown that in this case the industry supply function
includes the prices of all the outputis and all the inputs for all the
periods outputs are sold and inputs are purchased, where the output
prices are discounted for the periods the production is sold and the

input prices are discounted for the periods the inputs are purchased.

2.2 Difficulties in Supply Analysis

The theory of supply Jjust outlined, cannot be applied directly to
a given situation. In all caseg, many of the assumptionse made in the
theoretical model need to be relaxed. Tor exzmple in practice the

asgumption. that the fixrm wishes to maximize profits very seldom holds.

The first part of this seclion considers the objectives of farmers.
Other problems assscciated with zgricultural supnly aghelysis are sumnarised
by Nerlove as: "problems connected with (1) the complex structvre of
production, (2) teclmological chmnige, (3) asgresation, (4) investment
in fixed or quasi-fixed factors, (5) wicertainiy and expectations".

[42, p.3‘¥__7. These problem areas are expanded upon in this section and

mezns of overcoming parts of the associated problems are discussed.

2.2.1 FParmers' objectives

Several studies have considered the objectives of farmexrs and
attempted to test the relevance of profit maximization as a farmer goal.
Of the studies a large number have concentrated on the farm operatoxr's

decisions concerning management under conditions of risk and uncertainty.®

* In this context see Officer and Halter / 53 / and McArthur and
Dillon / 35_7.
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Patrick and Eisgruber / 60_/, in building a behavioural model of
the farm firm, conclude that the farm family goals can be grouped into
those connected with living stendards, farm ownership, leisure-children
and credit-using, risk—-taking behaviour. ’i?hey define these grouns in
the following manner. Living standards are connecled with the desire
for current income for current consumption. Famm owmership is related
to the desire to own farm land and the desire to increase the farn's
net worth.¥ Leisure-children is interpreted as being the degire for
leisure and family tinme. Credit-using, risk-taking is the willingness
to accept risk and reduce security to achieve other goals. They also
conclude that the importance of the goals changes with the age of the
 farmer, net worth, size of the farm and size of the family [60, p.494_7.

Lin et al. set out to test the hypothesis "that farmexr's
operational decisions are more consistent with utility meximization
than profit maximization" [ 33, p.497_7. They tested three alternative
decision criteriss profit maximisation, Berncullian utilivy maxiai-
sation and lexicographic meximisation of utility.#* Lach criteria was
tested on 6 case study farms. lNone of the criteria gave good
predictive resulis. Jad the fawmers wiched to meximize profits lhoy
would heve chosen plans furthest {rom those actuzslly chozen. (n £
other hand, the maximization of a Bermoulliazn type utility gave resulls

closest to ihose actuzlly chosen by the farmers.

ot

In conclusion Lin et al. suggest that belter aggregate predictions
would be ottained by eggregating farms on the basig of similarity of

utility functions.

* The authors do not define net worth but presumably they were meahing
equity in the faxm.

¥*%*  The basis for the Bernoullian and Lexicographic utility functions
was & mean-variance frontier for each possibdble crop the farimers
could grow. The Bernoullian utility functions were estimated by
each decision-meker 'playing' a series of 'games against nature'.
The Lexicographic utility functions were determined by asking the
decision-makers to rank their goals. TUnder a Lexicographic systen
the fim is assumed to maximize the least important goal, subject
to 'satisfactory' levels of the dominant goals. .
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These studies support the contention that a fammer tends to
maximize utility. That is, the contentien that a farmer does not sitrive
to satisfy one goal but tries to achieve a balance between several goals.
The particular goals each farmer considers and the importance of each
goal depend on a wide range of factors. Lmongst the goals are the
goals of the farmer himself, of other family members, goals of peers
and goals possibly common to all farm families. These goals may be in
conflict or have differing imvortance with different stages of life

/[ 23, pp.431-432_7.

2.2.2 Comvlexities of vroduction

Agricultural production systems are complex. A large number of
inputs influence production in the periocd they are applied and continve
to influence production in subsequent periods. A further conmplexity
arises because factors interact to give conbined effects on production.
Agriculturel output iltself is made up of a mumber of products: some of
which sccount for a large proportion of income on the individual farm
while others are more in the nature of ty-products or products from
hobbies. ILach input hes a different effect on each output. Sonme
inputs have a specific use in the production of one particular cutput,
but the majority of inputs can be used in the production of scveral

outputs.

The theoretical supply model developed in the previous section
includes a supply function for each output of the firm. It wes showm
that the quantity of each output supplied is dependent on the prices of
all the ouiputs produced and the price of the variable input used by the
firm.* Because of this large number of variables that need to be
considered in supply analysis, it is difficult to use regression

techniques to analyse supply relationships.

Nexrlove states that "The complex siructure of agricultural

production leads to serious problems in time-series analysis for two

* In fact a firm uses more than one variable inpul, espeoially in the
longer run, and hence all the prices of these inputs need to be
included.
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reasons. Firstly, time-series are generally short relative to the
number of variables vhich it would be desirable to include in statistical
eznalysis in the light of the complexities of agricultural production;
hence, only relatively few may be taken into account. Secondly,

because many time-series, particularly prices, tend to move together
over time, the separate effects of even tliose few variables included
cannot be discerned [42, p.3'1_7.

In oxder to include the large number of variableg in supply
analysis, many researchers turmn to analysing supply relationships using
noxrmative methods. Cne of the more commonly used methods are inter-
temporal progremming models. The problems of the complexity of the
production system are, however, not overcome gince prior estimation of

the production and cost parameters is necescaxy,

Some researchers while recognising the problens of supply complexi-
ties project simple knovm trends. Cartwxight / 3;7, for example, in
projecting future cxportable milk oubpul from New Zesland, "simply
rojected according to plausible assumptions concerning rates of growth

g ] I [ L b ]

without paying attention to causation" /9, p.3_7.

In considering aggregate agricultural production, the numbsr of
variables that influence production is grezter than the number that
influence production on the individual farm. TFor exemple, where two
farms include some inputs that are not common to both, the aggregate
output of the two farms will be influenced by the full set of inputs.
The full set of inputs will be grealter than the average number of inputs
of the two farms. In oxder to take account of the number of veriables
in either the aggregate or the indiwvidual situation, mogt studies
combine several of the variables into one. The combining of the
variables introduces a prohlen to do with aggregation. The subject of
aggregation of production units is discussed in the next paxrt of this

section.

2.2.3 Aggregation

Two types of aggregation need to be considered in supply analysis.

There is the aggregation of variables and the aggregation of production
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wits. Nerlove points out that "the necessity of confining attention
to a few relevant variables in time-series analysis is itself a form of
the aggregation problem” ZT@Q, p.32;7.

-

The form of aggregation discussed here is the combining of a number
of production units and the use of the aggregate to estimate the supply
relationships. The theory of supply begins with the theory of the firm
and sumg the individual responses to obtain the aggregate response.

In practice the problem of handling a large number of individual
producers is often simplified by working with more aggregate production
umits than the individual farms and farmers. In so doing, the estimated
output mey not equal the actual event that occurs due to incorrce

aggregaetion of the production units.

The problem as Baker and Stanton see it is "to take all the individual
farms and farmers and consolidate them into an wmderstandable whole which
will provide aprroximations to reality"‘[—3, p.711ﬁ7. In order to
overcome part of the problem, they suggest that representative farms
should be drawm from homogeneous groups. The representabive farms can
be used as a reasonable guide to how the group will respond. In
sorting fexms into homogeneou:s groups, the ain is to reduce the
variatica of the sample. A sufficient number of farias need to be
analysed to reduce the errors to a 'tolerable level' and a critexia is
required to sort the famms into homogeneous groups. Baker and Stanton

suggest that the groups should be sorted according teo some important

production trait.

Frick and Andrews 1759;7 ingtudying the problem of aggregation bias
obtained linear programming ‘supply fumctions' for each of 51 farms.
These 91 supply functions were swoned to provide a measure of the
industry's supply functions that were assumed to be free from aggregation
bias. Four methods of selecting representative farms were employed and
the estimated supply functions, appropriately weighlted and summed, were
obtained. The differences between the estimated supply responses
using the four methods and that obtained from the sum of the 51 farms
gave a measure of the level of aggregation bias. The four methods of
selection used were: (1) the average farm, developed by taking the
mean of the resources of the 51 farms; (2) the present size of the
farms; (3) the most limiting resource; and (4) the potential size of
the farms.
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The selection method that closelyr reproduced the agrregate result

“

was the grouping according to the most limiting xresource. When using
this method, however, as Frick and Andrews peoint out, problems of farm
size and level of technology are ignored and other problems arise vhen

mzking projections and when handling moxe than orfie product.

The selection of representative farms depends on the particular
situation. El-Adeemy and lacirthur [ 15__7 concidered procedures for
the selection of representative farms and suggest that the modal faxm
in each homogeneous group m2y be a better indicator of the group's

regponse to changing stimuli then the average farm,

2.2.4 Tecknolozical chanse .

Technology as defined by Henderson and Quant [26, p.54_/ is all
the technical infoxmution available to the producer concering the various
combiratione of the inputs in the produciion of oulputs and includes
all physical possibilities. A change in the amouni of teclniezl
information available, when epplied to the production gystem, causes &
technological chenge. b technological advance mllovis more output from
the same quantity of inputs, or the same ouiput frowr less inputs. In
other vords, the advence causes an increase in the efficiency of

preduction.

.
The difficulty for the supply analyst is to measure the anount of
teckmicsl information and so quantify changes in the amount being wsed.
As Heady states, "These variables are difficult o measure and express
in direct quantitative and logical relat:on to supply. Tew regources
arise as specific capital items and innovations, and they do not have
price observations tying them with time-series observations of other

variables" [24, p.23_7.

Technelogy changes with time but nol necessairily at a constant
rate of change. Cochrane [ 12_7, in considering technological advances
in United States agriculture argues that over lomg periods, changes in
production efficiency have occurred in spurts rather than gradually.
During some periods, especially some_sho_rt periods, the level of

techmology has remained constant.
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In quantifying supply relationships, researchers often choose a
short period or assume that no structural changes due to changes in
technology have occurred over the period in question. The assunption
of no technological change does not hold for longzer time periods.
Herlove [ z‘,2_7, in considering time-series analyses, states that "over
longer periods of time, to vhich time~series refer, it is clecr that
thiz agsumption (of no change) is a poor one. In time-series analysecs
for individuzl commodities, a simple trend has generally been used to
take account of the effects of changing technology" / 42, p.32 /.

A time trend, however, is only of use if changes in production
efficiency have been gradual. Even then Learn and Cochrane, when
discussing regression estimation of supply relaticnships, point out that
a lincor time trend "can result in biased coefficients for other
independent variables which exhibit a secular trend" / 32, p.'(Oj.

There are other methods of taking account of changes in technology.
Two of the more common involve the use of dwmmy wvariables and surrogates

account of sudden

|
o
]
:I

for teclmolozical change. Doy variables ca
changes in tecknology by adjusting the constent {en: in a regressien
equation for different time periods. A surrogate for technological
change is g variable that is considered to change vith changes in

technology. Cromarty [ 14_7 s When building a svpvly model of dairy

production in the U3A, used the number of dairy herd improvement

asgociations as a surrogate for the level of technologys

2.2.5 Uncertainty of prices and produchion responses

The farm opzrator, making plans for the future, has two broad
areas of uncertainty. He is uncertain as to what input and ouiput
prices to use in planning and he is uncertain about the likely output
he will achieve with a given bundle of resources. DPrices are
uncertain because markets are wncertain. The uncertainty of production
responses arises through the uncertainty of future weather, disease
and pest incidences and through the variability of the various production
wnits (in this case the variability between livestock).

The method a farm operator might be expected to use in projecting

prices are discussed here. The variability of supply responsec is discussed
latex.
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225 Price expectation formulation

The theoretical model outlined earlier assumes that the fira knows
the future prices it will receive for outpul and pzy for inputs. In a
dynamic situation the farmer does not know the prices he will receive and
pay in the future. Iven so the farmer muszt plan for the fulure and
in order to meke a plan the farmer ymust use the prices he thinks he
will receive and pay. These fubure prices the farier used are 'price
expectations' and will be likely to differ from those that eventuate.
As the farmer's price expectations chanre, his plan for the fubure will
crange and current actions will altexr. Carvalho [‘10_7, in discussing
the formatltion of price expecliaztions, states "that individuzls react to
current values of variables and to their cxpected future values is
well established in economic theory. THow expectations are genervated
is still a2 natter of debate. It is vnlikely that there is a2 U.l'liq_llé
explanstory mechanism" [10, p.85_7.

e

Ticks / 277/, in considering the rclationship between the
producer's expectations of the future price and the curreat price of a
comnodily, deflines the 'elasticity of expectations' wherve'the elasticity
of a particnlar person's expectations of the price of commodity ¥ (is)
the ratio ol the proportionszl rise in expected future prices of L to the
proportional rise in its curreat price" [27, b .?05_7. £ the
elasticity is zero, the currcut orice does not influence the fulure
expected price. If the elasticity is unity, a change in the cucrent
price will cause expectations of the future price to change in the

same proportion.

The cobweb model was one of the first theories to ewplicitly

develop a model of price expectation formetion.

The Cobweh liodel

The cobweb model is adapted from static economic theory where
supply is predetermined. The model, oullined by Buzeckeil [ 17_7*,

assumes that (1) production in any one period is determined by

* The model is also summarised by Waugh [ 64_7.
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producers' response to price under conditions of perfect competition;
(2) the production period is such that at least one full period is

required before output can be changed; and (3) demand does not shift

[ 11, ».274 7.

The producer is assumed to expect the price in the next period (P¥+1

to be the current price (Pt)‘ That is:

¥ i
Pieg =Fg
In order to adapt the theory to be more compatible with observed
price and quentity fluctuations, several qualifications to the theory
are required [ 17, 13_7. The main interest in the theory, however,

has centered on the conditions required for the system to be stable.

In conszidering the cobwebd theory and the conditions wnder vhich it
can be applied, Buchanan [ r(_7 concludes that the theoxy ig only velid
under very specizl circumstances. He also concludes that in general,
the theoxry implies constant losses by producers and that people do not

lear from experience.

Lrtravolative Tunectations

Letzler [ 3'.-’__7 put forviard the extrapolative expectation theory au
an alternative to the cobweb theory. The basis for extrapolative
expectations is the assumption that producers project some proporition of

the trend through the most recent known prices. That is:
# L— -—
Pl =Pyt e (P =P ).

where g is Metzlexr's coefficient of expectation, which adjusts the

most recent price for the trend in the last two prices. IHetzler makes
the point "that expectations of future sales may depend not only upon the
past level of sales, but also upon the direction of change of such sales"
[ 3 p.119_7. In a footnote, lietzler compares his coefficient with
Hicks' elasticity of expectation and concludes that (14g) equals Hicks'
elasticity [ 37, pp.‘119-'120_7.*

*  MNetzler defines Hicks' elasticity of expectation as:

o -
P o Bpg Py

B T
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In analysing the extrapolative expectations model, Arrow and
Herlove [ 2, p.298_7 point out that the extrapolative properties of the
model hold only if g>0. If g=0, the model reduces to the cobweb model.
In the case vhere g < 0, the expected price'equals the weighted noving

average of the past two years' prices.

Some support for extrapolative expectations comes from Williams 1#65_7
who in considering the price expectation and production plans of milk
producers in Indiana (USA), found that producers project recent prices
into the future with only minor modification. Villiams concludes that
the elasticity of price expectations amongst the surveyed farmers moy

be nearly uwnity.

Adaptive Expeciations

Cagen [ 8_7 put forward the model of adaplive expectations, based
on the elasticity of expectation developsd by Hicks. In this model
producers are assumed to adjust their expectations in the light of the

most recent information. The form of the exvectation is:

PY =P =¥ (P, = PF ), for ¥l <.

i i)
¥ is the coefficient of expectation which "determines the rapidity with
which exvpected rates of change in prices adjusts to actual rates"

[ 8, D37 __,7. 1i the prices are in logarithns ¥ becomes Hicks!

clasticity of expectation.¥ If ¥ = 1, the model becomes the cobweb model.
By assuming that 0 < ¥ < 1, it can be showm thats:

=(1-87% plp

i=0

e

tm f=i

where B= 1 - ¥*%, This expression states that the expected price is
the weighted average of all previous actual prices, where the weights

decline geometrically with the lag.

*  Arrow and Nerlove asswune time to be discontinuous and, on the basis
thaf individuals think in terms of a 'normal' price, let the expected
price be the 'normal' price expected at the beginming of the periocd
/2, p.299 /.

** See Caxvalho /10, p.92 7.
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A similar type of expectatioﬁ formation model sometimes vsed is a
weighted average of only a few past prices. Patrick and BEisburger
[ 60_7, for example, in studying the supply responses of farmers, use a
weighted moving average of the previous three years prices of the for:

t =1 =2 t-3°

Rational Frpectations

Muth / 40_/ proposed a2 model of price expectation formation which
he termed 'rational' and hypolhesised that expectations are essentially
the same as the predictions of the relevant economic theory. The
rational expectations model is based on three hypotheses coacerning an
individual!s behaviour: "(1) Information is scarce, and the economic
system gcnerdllg does not waste it. (2) Tre way expectations are
formed depends specifically on the structure of the relevant system
describing the econom (3) A 'public prediction', .., will have uo
substantial effect on the operation of the economic system (unless it is
based on inside information)" [JO, Pe3 .0_7

In this model, the producer is assumed to have some idea of market

price making forces and uses these in forming his expectations.

Some support for Muth's rational expectations can be found in
rescarch concerning farmer's price expectation fomaztion. Heady and
Kalder found that "for their 1948 and 1949 forecasts the majority was
not using simple mechanical models such as the projection of the current
price or recent price trend into the next year bul was attempling to
analyse tnd predict the more complex price-meking forces. A rather
common procedure appeared to start the process of devising expected
prices from current prices. The current price was then adjusted forx
the expected effects of important supply-and~demend forces. Vhere
farmers possessed little information about these forces, there was a

tendency to project either the current price or the recent price trend"

/25, p.35_/.

Muth [ 40_7 suggests that the aggregate expected price of the

firms for period t+1 (in period t) must be equal to the expected value
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of the market equilibrium price for period t+1 predicted by the market
forces in period t. That is to say, the expecled price is an
unbiased estimate of the market price and the expected price is

endogenous to the system.
Congider an example given by lMuth [.33, pp.317—320_7:
The particular market is assumed to consist of 2 demand function:
Cp = =BDys
a supply function,

*
,_Xp + U

a market equilibrium condition,

anG a price expectation function,
b = .
v} = By q(py)

vhere C“I: = the amount consumed in period t,

3 g = the number of inputs produced in the period
lasting as long as the production lag,

Py = the market price -in period t,

p% = the expected price for period 1,

B, and ¥ are constants and

u is an error term.

t
Muth assumed that all variables were expressed as deviations from
equilibrium values.

If the errors between periods are serially correlated, luth shows

that the solution to the expected price is:

)j

*—EE(

PE=7 B+a’ Pioy

which states that the expected price is a geometrically weighted moving
average of past prices where the weights depend on the supply and demend
coefficients [ AC, p.320_7.
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Thus Muth's rationzal expectation model requires the specification
of demand, supply and expectation functions and a market equilibrium
condition. The expectation function is an integral part of the market

forces and cannot be determined separately from these market forces.

2.2.5.2 The uncextainty of vroduction response

Production plans for the future contain elements of uncertainty due
to the uncertainty of the response from a given bundle of resources. An
important cause of the uncertainty of the production response in

agriculture is the variability of what is loosely termed 'weather'.

"Weather' is the conglomeration of many .Lactors. In supply
analyses, the aspect of weather that inf luence; production and the
period ovexr whiich that aspect of weather has its influence arve difficult
to ascertain. It is even more difficult to euantify the aspect of

weather and include it in a supply model.*

Jules /— 39_7, in studying the supply response of dairy faraers in
fustralia, svmarises the varicus methods of excluding or including
veather as an explanalory variable in supply analysis in the following

mannexrs

(a) Seclect or modify a dependent variable so that it is free

of the influences of weather.

{(b) Assume that weather is remdom and therefore can be

relegated to the error temm.

(¢) TUse rainfall, sunshine, temperature evaporation etc.

measurenents to quantify the effects.

(d) Use a broad surrogate of the weather influence where
the surrogate can be a factor greatly affected by weathex
formed into an index of the changes of the variable from
its trend through time /39, 0.197 /.

# Tor example see Maunder /. 34_7 who attempts to predict monthly dairy
production from water dei‘lclency data.
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The method to use in either incorporating weather into, orx
excluding it from, supply anslysis will depend on the product being
studied, the time period being studied and the measurability of the
particular aspect of weather influencing pr::)duction. For example, in
an agoregate supply model, rainfall measurements will not be a reliable
guide to the influence of weather if the weather differs between regions

within the aggregate.

2.2.6 Investment in fixed and ouasi-fixed factors of producticn

5

The following section is separated into three parts. The first
part considers some aspects of investment theory that are relevant to
supply enalysis. The second part discusses some attempts to incoxrporate
invegtment theory into supply analysis and the third pé,rt considers the

invesiment tehaviour of a dairy farmex.

Some Aspects of Tnvestnment Thoor

Current and futvre levels of farm output (i.e. supply) will be a
funelion of past and current manggement decisions with reaspecet to the
2llocztion of resources. Examples of such decisions may be the
expansion or renewal of some factors of production such as durable
inputs cr the expangion or retraction of livestock numbers. Services
from durable inputs will bg derived over a period of time. Similarly,
decisiong made with respect to the retention of livestock will,
depending on the type of stock involved, affect output for some time

after the decisions have been made.

All such decisions are called investiments since the farmer is
spending money (or sacrificing consumption) in the current period in
the expectation of earning a stream, or flow, of annual income over some
future period. The theoxry of investment deals with the rationale
underlying such invegtment decisions. The theoxy also considers
criteria to guide the individual in selecting among a number of

alternative income streams.

In the theory of investment an individual is assumed to have a

time preference for consumption which is based om his intertemporal

utility function. For the individual, a sum of money in the current
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period is worth more than the same sum of money in the next or some
later period. The extra amount that would need to be paid to the
individual in the next period so that he is indifferent between an
anpomnt in the current period and the same amounb in the next period,

depends on the individuzl's rate of time preference.

FPisher [ ‘18_7 considered that the individual would wish to
distribute consumption through time in order te maximize utility.
He differentiated between investnment opportmities (productive invest-
ments) such g the purchase of livestock, end exchange operations such
as bc:rfowing; and lending noney. IFisher showed that the investment
opportunities cannot be evaluated separately from the consumption

alternatives.

In the Fisgherian view of investment, the individual nust choose
between the productive investments available to him in oxder to attain
hig oplimal intertemporal consumption pattern. Criteria such as net
present value (FV) and internal rate of retura (IRR) have been devised
to assist in the selection between vroductive investments. The HFY¥ of
a productive investment iz the sum of the discounted stream of income

fron the inveziment. That g9

n hﬁ - C.
NPV = Z "“"“"J" H

(1 +i)d
where bj = the gross income reccived at the end of the years
§ = 1 cowe By

c. = the costs incurred at the end of the years

(N

e 3 = 1 L ’ n’
i = the market interest raie, and
n = the last ycar the investment provided an income

or incurred a cost.
The IRR is the discount rate that equates the present value of the

gross income stream and the present value of the costs stream. That

is where:

vhere r = the intexnal rate.of return.
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In the theory of investment, the individual selects an optimum productive
investrent from those aveilable with the aid of an investment criteria,
He will then adjust the income stream beiween periods by either borrowing
or lending. The lype and extent of the exchanga operation will be determined

by the individval's intertemporal utility function,

Consider the case where the indiwviduzl has four investnent
opportunities (B1, ..., B4) that are independent of each other and that
involve two periods. The four investment opportunities are showm in
Figure 2.2 where for example, 2 yields an income of oa in the first

ssuned thal & perfect capital

W

year end ob in the second year. T s
market exists where the borrowing and lending rates of interest are the
sare and equal i. In Figure 2.2 the constant market rate of intereat

is denoted by the parallel lines whose slope equals —(1+i).

Year 1 (8)

Pigure 2.2: Two Period Investments
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In this case, E2 is the investment opportunity with highest NPV
(when using i as the discount rate).

By superimposing a set of indifferencde curves (derived from the
individual's intertemporal utility function) on Figure 2.2, the
exchange operation that the individual should perform can be derived.
This is given in Figure 2.3. In this example the individuzl should
borrow an amount ac in year one and should repay an amount bd in year
two in order to attain the highest level of utility. Therefore he
would be able to attain point P in Figure 2.3 and would consume oc in

year one and od in year two.

Figure 2.3: A Two Period Solution
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Thus, Fisher showed that the investment process is made up of two
steps: a productive investment step and an exchange operation step.
But because little iz known of the indifference curves of the individual
(or of the firm or society) the type and extent of the exchange
operation st be left to the individual to determine. All that can
be considered for the individual is which investment opportunity te

select.

1.

In extending Fisher's analysis, Hirshleifer / 29 / considered the
conditions wnder wvhich the NPV and the IRR rules could be used to guide
en individuel in selecting between productive invesiments.  He showed,
using iso-quant analysis methods, that once the assumption of a
perfect capital maxket is drooped (i.e. thet the borrowing and lending
interest rates are not equal)  the NFV and IRR criteria will not in a
a2ll cases indicate the same solution as the iso-quant analysis.
Purther, Tirshleifer found that where the mzrginal cost of borrowing
inereased as the quantity borrowed increased, I'PV and IRR can lead to

wrong inveatment decisionsg.

After investigeting other conditions under which the two rules
rould correctly indicate the same solubtion as his iso-quant analysisg,
Hirshleifer concluded that "{he present velue rule is coxrect in a
wide varisly of cases (but not wiverszlly)® [ —29, p.351_7 but it
fails to give the same solution as his iso-quant analysis when
investment oprortunities are non-independeat and vhere changes in the
rankiang of investmenis occur by using cifferent interest rates.
Hirshleifer also concluded that "the main burden of the analysis
justifies the conitentions of those who rejeet the internal rate of

return as an investunent criteria" [ 29, p.329_7.

Investment and Supply Analvsis

Many attempts have been made to include in supply analysis the
affects of chenges in capital items on production [ 22, 41_7. But
the quantities of the capital items themselves change in response to
economic stimuli, especially in livestock production where the capital
items include the livestock which are used to provide an income
stream over future time periods. As Hildreth and Jarret / 28, p.21/

point out at any given time an animal is a final good, a good in process
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or an item of capital. The decision to sell an animal is a decision

.

to invest in less of that class of livestock.

Three recent studies / 10, 30, 66_/ have analysed cattle production
relationships by considering cattle as investment goods. Carvalho
[‘10_7 studied the investment behaviour of a catilemon in the United
States and claimed that "the results yield a good approximation to the
cattlenan's behaviour" [‘10, p.‘|39_7. In a gimilar menmer to Carvalho,
Yver [/ 66/ end Jarvis / 30 7 built investment models of an Argentina
cattleman's behaviour. Jarvis pointed out that "the central theme is
sinmple. Cattle are considered to be capital goods which are held by
producers as long as their capital value in production exceeds their
slaughter value. In essence producers become portfolio manzsers seeking
the optimal combination of different categories of enimals to complenment
their non-cattle assets, given existing conditions and future
expectations" [30, p.489__7. In both studies; the results were consideored
by the aulhors to describe the behaviour of Argentina catilenen betles
then previous atlempts. Jarvis concluded that the results "chould

abolish doubts as to whether Argentinz producers respond to prices"

130, 2.517 7

These studies provide an introduction te the concept of cattle a

(O]

investment itens. In dairy production, cattle czxn be considered as
capital items, and decisions to change ihe size and compogition of a doixy
herd can be considered as investment decisions. The following
discussion considers changes in the size and composition of a dairy hem
from an invegtment point of view. This discussion draws upon the

studies of Carvalno / 10_/, Yver [/ 66 / and Jarvis / 30 7.

The Tnvestment Behaviour of & Dairv Ferxrer

A dairy farmer is in business to produce milk end other products
such as calves and cull cows, in order to earm an income. His desire
for consumption between periods will induce him to adjust production
which he will do by the decisions he makes. The management decisions
facing the dairy farmer concern the size and composition of the cattle
herd he should retain to maximize his fubure income stream, and the
level of inputs. The former is mostly an investment decision and

the latter is a current production decision. For example, if the
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dairy farmer desires a higher current income he may retain less calves

and/or retire more cows.

The dairy farmer's decisions will depénd on his expectation of
future prices. If he expects the future price for milkfat to increase
he may retain nmore female calves and retire less cows and increase
inputs to achieve a higher production from the 3ncreased stock numbexrs.
Thus the deiry farmer is investing for future output and hence income.
One of the inputs the dairy farmer may increase is the area of land
available to the milking hexd. This can be achieved by bringing more
land into productive use by development, or by expanding the size of
the farm. Both these are investment decisions though some of the

increases in production will be realised in the current year.

Vthile recognising the importance of effective farm size decisions,
this study does not explicitly treat investment decisions concerning
the effective fam size. The analysis considers only the short run
vhere the dairy farmer takes the effective farm size as fixed.

The deiyry farmer can be considered as an investor-producer who uses
many resources to earn an income. Some of these resources (his milking

hexd znd repleccnenbs) will produce income over time and thus can be

censidered as capital assets which the deiry farmer will build vp or
deplete depending on his expectation of the futuzre income strean.

Hig investment decisions concern the number of female calves to rear

as herd rerlacements (sacrifice from current income), the number of male
calves to rear and the number of milking cows to retire. It is possible
for a dairy famner to sell some of the heifers not in the milking hexd, ¥

but these are small in number.

The decisions on the number of cattle to retain reduces to deciding
the optimum age to sell an animal. Femele animals have the potential
to produce milkfat and calves each period, as well as providing meat at
slaughter. On the other hand, males (other tham a small proportion)

¥ In this study, the dairy farmer is assumed to milk all evailable
heifers in preference to milking a cow due for retirement.
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produce only meat at slaughter., Therefore, a female calf at birth is
nore valuable than a male calf, since the stream of income from the

female is expected to be higher than that for a male.

The dairy farmer is interested in making invesiment decisions so
as to meximize utility. In the majority of cases, the first step
should be to maximize the net present value (IPY) of the expected income

stream from each animal.

The WPV of a female animal at time + (V ) is the sum of the
discounted value of future nilkfatb p*-omzct:.on, plus the discounted value
of the calves born plus the discounted future value of the cow in period

k vhen sold, minus the discounted costs of the input streanm. That ist

k B, IP, k Ve, PO Wy ok Cpy PI
= 4 L >
re ” J'Eth"' 1)3+ - LOAOF DI e x” Z 77D (21)

vhere t = the current period,
k = the period in which the animal is to be sold,
f indicates a female animal,

i = the discount rate (assvmed for simplicity to be constant),

P.T.!j = the expected milkfat price for period J,
I.IPJ. = the expected milkfat production for period J,

VC, = the expected value of the calf cron for period jJ

e

and is dependent on the calving rate, the probability
of the calf being male or female, and the expected
future value of male and female calves,

Ck = the expecied price per unit of weight of the cow for
period k,

Wfk = the expected weight of the cow for period k,

Ci‘“‘ = the expected inputs per female animal for period j, and
o

PI‘_j = the expected price of inputs for period J.

The decision facing the dairy famexr iz 1o choose the k that will
maximize vi‘t' This is the same as saying that the dairy fammer chooses
k s0 as to maximize the capital value of each animal. Since some
females are sold as calves and others are retained for milk production,
function (2.15) could be considered as being bimodal [30, p.498_7 For

some females, however, their discounted future income stream must be less
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than their value as vealers. Dairy farmers retain female calves from
higher producing earlier calving cows and'thus function (2.15) will be
maxinized for some females at five days 0ld and others after serving a
period in the milking herd. It cen be shown that for all ages below k,
the capitel value must exceed the market value, but at k will equal the
market value [ 66, p.18__7. At this point the dairy farme» is indifferent
between retaining the animal and selling it. Thus, for a transaction

to occur at less than the slaughter age of the cow, the market price

must exceed its future productive and slaughter value.

A ccw should be retired from the herd and slaughtered when the NPV
of the fuiure erpected income stream (capital value) equals or is less
bhan the current slauchter value of the aninmal, If the value of a

cow, when slaughtered, increases (ceteris paribus) the deiry farmer

should retire more older cows sirnce I’C1 will exceed the vi‘ts of sone
of the older cows. If the increase is expected to persist then the

dairy farmer should also retain more female calvesg since their "'.T{._tfi

will increuse above their value as vealers. /n expected inecrease in
the future milkfat price (ceteris paribus) will inerease the Vﬁ of

emeles of 21l ages, hence less cows should be retired (or their retise-

ment age should incrcase) and move female calves should be retained as
herd revlacements. Similarly, an expected drop in the input costg
agszociated with holding females will raise the ft of all females with
the same effect as en expected increase in the milkfatl price. An
inerezse in the discomnt rate will decrease the Ve, of 2ll animals and
hence less female calves should be reared znd moxre cows retired.

A further avenue of investment readily available to the dairy
farmer is to retain some mele calves. The options here are to sell the
male calves at five days of age, as weaners of 3 to 4 months of age, in
the early spring as yearlings or for slaughter in the following autuwm.¥
The NPV of a male animal at time % (Vm't) is given by:

* See Barry / 4, p.13_/. Given that about half of the New Zealand
dairy farmers use artificial insemination methods [ 134_7 the
keeping of bulls for breeding purposes is not considered here.
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£ x BL.

L
o= (2.16)

vhere the variables are as defined for function (2.15),

Lo
mt =1 + LK

T M

m indicates a male animal, and
PB], = the expected price per wnit of weight of a male

animal for period k.

The decision the dairy farmer makes is to chioose k such that X’P is
Ll
maximized. As before, at this k the market value of the animal equals

itz future th 5

Traditionelly in Mew Zealand, the nmumber of male calves reared by
dairy farmers has been small and the number wintered on dairy farms
even less [4, p1f‘_7 '~ For ages less than the slaughter age (of 18 %o
20 months), sales should occur only vhere the marlet price par unit of
weizht exceeds the slaughter nrice [66, p.1?_7. Some evidence for ihis
as

can be seen in sales of dairy/beef* animels in New Zealand where,

slavnghter zge approaches, the price per vnit of weight at which the

Lpa

animal changes ownership, declines [ 21, p.25_7.

It can be showm that the optimum slaughter zze of a male mmimel
is where the rate of weight gain eguals the rate of interest plus the
daily feed costs per dollars worth of the animal [ 66, p."lu_]. That

is, where marginzl return equals marginal costs.

Thus, 2s the nrice of beef i‘ml nale dairy animals increases, or
is expected to increase (ceteris paribus), more male calves should be
reared since fcr some of them their discounted future value will excecd
their current value as vealers. A drop in the price of inputs or in

the discount rate should have a sinilar effect.

The dairy farmer thus holds, or potentially can hold, a mixed
portfolio of animals of different sex and ages. In the short run, if

he aims to maxinize his fulure net revenue stream, he should "try to

% The definition of dairy/beef used here is given in 'Barry Vi 4_7
p.12.
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equalise the rates of return to investments in (his) mixed portfolio"

[66, p.18_7. As prices and discount rates change, or are expected to
change, the dairy fammer will adjust his portfolio. He ghould adjust
his portfolio by investing in that class of animal that has the highest

capital value.

In the shoxrt run the a

3

]

ea of land available to the daivy farmer is
n that clasg that has the

least capital value or else increase inputs other than land to maintain

—!o

fixed, and thus he will want to disinves?i :

-

the extra stock. For example, if the price of milkfet is expected to
increase the dairy forner should invest in more cows and female calves
But the increase in the number of cows in the hexd will differ from the
incresse in the numbeor of calves since the PV of the older cows not

retired will differ frcm the FFV of the extra calves neared. At the
seme time the dairy famner may increase tine level of inputs to maintain

)
1

the highex stocking rate. On the other hand, if the price of meat from
dairy animals is expected to increase the duzixy famer should invest in
(nore) male calves and less cows but will be forced to invest in less
female calves. The extent of apy shift belween the various categories
of livestock tnd betvween livestock and matexial inputs will depend also
on the respective marginzl costs of using eaclh: type of input to increasge

output by say one dollar,

Thus in order to study the supply respoazes of the deiry industxy

-
i

to changiry prices, it is necessary to determine the effects of changing
prices on the stock of capital. It is by changing the stock of capital
that the dairy farmer adjusts future incone. The actual level of future
income will depend also on the level of mazterial inputs. Thus the
decisions concerning the level of material inpuls are an integral part
of the analysis.

The variables that are involved in the decisions conceming stock
numbers and inputs are specified in functions (2.15) and (2.16). These
variables are current and expected oulpult and input prices, the current
and expected quantities of inputs and outputs and the discount rate(s).
In Chapter Four, a model of a dairy farm is built based on function (2.15).

This study is based on a representative farm and thus, the NPV of

each animal on the farm has to be summed to obtain the capitalised
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expected income stream. The order of summation of the capitalised
income stream does not alter the result, so that expected income in each
period can be obtained and this income stream capitalised. This approach

is followed in Chapter Four. :

Before building an empirical model to attempt to explain the supply
responses of dairy farmers and to test it against actuwal data, the
region from which the data is derived needs to be analysed. This is

the subject of the follewing chapter.

2.3 Relevent Previous Studies

The following discussion is aimed primarily at outlining previous
studies of the supply of dairy products in New Zealand. The section
is separated into two parts. The first part considers studies of New
Zealand dairy supply, and the second section outlines llew Zezland fornmer

price expectation and price fomation models.

2.3.1 lNev Zealand dairy supply studies

Three guentitative studies conceming the supply of dairy products
in New Zealand have been published / 4, 5, 36 /. In the earliest of
these Bergstrom [5_7 used data for the period from 1922 to 1938 to
estimate supply equations for dairy products end dairy cow numbers (as
well as meat, wool and livestock). He assumed the entrepreneur planned
to maximize his expected stream of cash surpluses subject to a produclion
function limitation and that the elasticity of the entrepreneur's vrice
expectations¥*® was uwnity. The price expectation assumption, which meant
that expected fubure prices moved in exactly the same proportion as the
current price, allowed Bergstrom to use current prices in the year of
production. By including the number of livestock in the supply

equations, Bergstrom was able to build a simultaneous model of dairy,

* The definition of the elasticity of the entrepreneur's price
expectations is given in Hicks [2'{, p.205_7 and is dikcusgsed
earlier in this chaptexr.
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sheep and beef production and included changes in cattle and sheep

nunbers.

For the dairy equations the price elasticity of supply tummed out
to be negative. In discussing these results, Bergstrom argued that:
"A likely explanation of the negative supply elasticities is that,
becanse of income effects, profit maxinizotion is not consistent with the
maximization of fammer's utility" ZTB, p.26?;7. There are, however,

other explznations that could be made.

Bergstrom ignored the influences of tecimology chenges and
weather on prodvction, Over the period from 1922 to 1938, both these
factors are likely 1o have affected production. lutton and lamb prices
have tended to move together¥ snd thus, dve to problems of multi-
collinearity, the reliability of the estimated coelficients would be
reduced. Another point is that Bergstrom's dairy cow equation contained
prices lagsed by only one year. In aggregate, dairy cow numbcers can
only increzse in Iew Zealand by rearing more female czlves. The time
lag between an increase in the number of femele calves and an increase
in the number of cows in milk is two years. As, over the period of the
study, the numbexr of cows in milk was increasing, o two year time lag
in prices would have been more appropriate. A further criticism,
is the omission of the prices of the capital iteme. In other words,
the model excluded allowance for the invesimenat decisiong in nore or

less dairy cows. .

A study by Barry 174;7, using data from 1957 to 1970, counsidered
the growth potential of the New Zcaland beef and dairy hexds. He used
single equation lagged adjustment models to explain the nunber of cows

in milk (PClH). The only estimated equabtion published for DCIH was:

* The correlation between the logarithm to base 10 of the two seriés
is 0.9804. v
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DClL

. = ~26,288.92 + 3.46 FIF}

¥ 5+ 0.57 DOUEKE + 13,66 TH*
(1.62) (4.12) (2.39)

vhere PiF gp = a0 index of the price of milkfat at factory doox
two periods previously,
DCil

1

+the number of dairy cows in milk one period

-1

previcusly,
P = 2z time trend, 1957, ..+, 1970,
R2 = -997'

The values in parentheses are student t velues of the coefficients
directly above them. The short run elasticity of cow numbers with

respect to the price of milkfat = .18 and the leng run elasticity = .42.

As an aggregate model of the changes in the numbexr of dairy cows in

Hew Zealand, Darry!

4]

nodel appears reesoneble. The time trend and part
of the previous year's caitle numbers take account of shifts in technology.

)

A criticism is that changes in technology over the period have not bear
gradnzl and thus a linear time trend would not account for spurts in
the use of new technology. As in Bergstrom's model, the price of cull

cows has not been included.

™M -

The only study of relevance to the Taranaki/Western Uplands region

(the region of interest in this study), is that by leister [/ 36/,

He used a regional linezr programming approach to estimate interregional
changes in the suoply of milkfat end dairy/beef for the lorth Island of

New Zealand. lleister considered the regional effects of milkfat price

changes and market quota restrictions assuming two objective functions:

(a) an objective of minimizing the cost to the nation of producing a

certain quantity of milkfat; and (b) a farmer poal of maximizing profit.

Using data on the average farm for each region in each herd size

category for 1966/67, leister i‘ound that the Taranaki/Western Uplands

Coefficient differs significantly from zero at the 10% confidence level.

1" 0] 1 1 " f " 5% ar 1

" i 1 " " " it 1% " "
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region was a high cost dairying region and that the region would ngt
respond to chonges in the price of milkfat over the range of prices
considered. Yeister did not discuss these particular findings, since
ke was interested in other matters, but the higher cost of dairy farming
in Teranaki would be due to the higher fertilizer required for intensive
livestock famuing in the region [TBOJ?. The result of no response to
the price of milkfat indicates that the price elasticity of supply of
milkfat is zero. This zexro elasticity implies that the marginal cost:z
of dairy farming in the region falls sharply as production decreases.
Towever, given that the region is a high cost one and the high cost is
due to the extra fertilizer (a variable input) required, the averase
varizble costs in the region are likely to be higher than in other
regions. The implicationz of this high variable cost for the averase
farm is that as prices for output fall, some farns in the region would
be expected to go out of production before fazrms in other regicns in Hew
Zealand,

Veister's findings for New Zealand were that as the price of milkiat
fell the faim supply response would be inelastic at medium prices, but as
the price fell further, production would fall severely as farmers turmed

to beef produvction.

2e3.2 New Zealand dairy farmers' vrics expectaticas

b

In New Zezland, dairy farmers are insulated from the short tewn
market forces and need not consider these forces in forming their short
term price exvectations. The payoul for milk related products is set in
advance for ezch season and is based on prices pzid to dziry factories
which have been set by an independent authority. The independent
authority (the Dairy Products Pricing Authority) takes into account
nmarket forces in New Zealand's export markets and stabilisation
regulations. Cull cow prices are set each week by the meat exporting
companies znd surplus calf prices are set (in Taranaki) by the Pig

Marketing Association.*

% See Chapter Three.
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Yo published information is available on New Zealand (and in
particular Taranaki) dairy formers' price expectations. The only
information concerns price expectations and price formation medels of

Hew 4ealand sheep and beef fermers.

Devey,* in & study of sheen fammers' price expectation formation
used aa adapiive price expectation model. The results indicated that
the fermers adjusted their new expectations considerably for the error

in their previous expectations.

Tvo other studies are of interest. Walker [ 63__7 and Gillingham
[ 20_7 studied price formation in New Zealand store caitle auctions.

They found a high level of explenation of the zuction pricez was due
to the price meat exporting companies wexre prepared Lo pay for the meat
of that class of animal at the time of the auction. The imnlications
are that beef fauwners projected the current meat schiedule price into

the period when the animal was expected to be slaughtered.

For the purposes of this study, the coneluzion is made, therefore,
that sheep and beef farmers use simple models to project fulure prices,
and in the absence of information to the contrary, daixry farsrs are

zasvmed to do likewise.

% Reported in Scott / 62 /.
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CHAPTER THREE

RELEVANT TRETDS I¥ THE REGION UNDER STUDY

The aim of this chapter is to describe the data used in this study
and to discuss gome of the changes that have occurred in the data.
The data is dravm from a sample of dairy farmers whose production systems
vary between each other and from year ito yeax. This chapter considers
the data from the sample ag if the average of the data was a farm in
its owmm right. The farming system is simplified by coansidering the
important variables and Jumping the other components of the system into
a simple relatively unimportant categoxy. The assumption is made that
the important variables are common to all the dairy farmes in the sample

end have much the same effect on each farm.

This study considexs an important dairy farming region in liew
Yealand vhich is selected for the homogeneity of the sample from which
the data is dravm and for the stability of the farming systems within
the region. The Taranaki/Vestern Uplands wegion from 1963/64 to
191 3/74, has remained an iwmportant dairying region with no great trend
avay from dairy production. The homogeneity of the sample is
increased by studying only the factory milk supply dairy farms which
mzke up over 95 percent of the farms in the sample [ 43_7.* However,
the homogeneitf,r of the sample is reduced by the inclusion of thé

Westem Uplands region.

In the first section of this chapter the price setting mechanism,
the release of price inforxmation and the sources of the price information

used in the study are discussed. The second section considers the

% The 1963/64 data is not separated into cream znd milk Supply farms
and so the data for that year includes the cream suppliers.
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the sources from which the physical .and finencial data used is
derived. The third section outlines the major changes that have
occurred in the averaze farm of the Ta.r&mal‘ci/'.',’estem Uplands region.
The fourth section analyses these changes in a simple memner and the
final section summzrises the chazplter and includes the conclusions of

the simple analysis.

3.7 Price Setting and the Release of Price Infocrmetion

to Suvrvliers in the Taranaki Region

In this section the payout system for milk supplied to factories
in Taranaki is discussed. The price for surplus calves and cull cows
are then discussed. Tinally a brief review of movements in output and

input prices is given.

3.1.1 HMill:fat prices

lidlk supplied to a factory, is processed into two groups of
products; those processed from the milkiat portion (e.g., butter)
end those processed from the solid-not-fat (SF) portion of the milk
(e.g., skin milk powdexr). The price the supplier receives is derived
from the facltory income minus manufacturing costs of the different
products. The payoult is then usually based on the cuantity of milk-

fat received by the factoxy.

In July of each year the Dairy Products Pricing Authority (DPPA)
announcesg an advance price it will pay to dairy companies for milk
products during the season. The system of setting the advance each
year has changed over the last two seasons. 1In the following, the
systen prior to the changes is discussed and then the changes

themselves are outlined.

Prior to 1975 the advance for the milkfat related products had to
be set so that the advance did not rise more than 5 percent nor fall by
more than 5 percent on the previous season's average total payout
[ 55, p.1713_7. The advance included the full expected realisations
for milkfat related products plus 75 percent of what the DPPA
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estimated for the S5IF related products realisations [ 55y s 1725_7.

Each dairy company then convertea the advance set by the DPPA to an
advance to suppliers. The conversion to an zdvance to suppliers was
made by subltracting the estimated costs of mznufactbure from each proc"iuc‘t
price and then adjusting the balance for the proportion of milkfat in

the final product.

In the Taranaki region the advance to suppliers was usually
ammounced in late July. This advance was usually well below the total
advance estimated from the advance to the companies by the DPPA (see
Table 3.1). As the season progressed, upward adjustments were made to
the advance. These adjustments were retrospective for the season and
thus amounted to a considerable sum of net income. The adjustments
usually occurred in: December, to cover Christmas and fertilizer
expenditure; in February, to cover taxation and rates; and in lMay and

June to provide an income over the winter months.

In late July, the final payout for the previcus season was set and
annowmeced. The finzl psyout usually included any differences in
estimaeted and actual menufacturing costs, company profits, the value of
1™ stocks held by the New Zealand Dairy Board (J1ZDB), any trading
surplus made by the NZD3 in SIF products. plus dispersements of any
trading profits made by the NZDB for milkfazt products. The finsd
payout was usuvally spread over July, August and Seplember to maintain
suppliers incomes during the period of little or no production. The
final payout was once again a few cents & kilogram on total milkfat

supplied to the factory.

The timing of changes in payout for a major Taranaki dairy company

are showm in Table 3.1.

From the foregoing it is obvious that suppliers, at the beginning
of the season, could budget on receiving substantially more during the
season than the initial advance, and in fact in most years they would

have been told the estimated total advance for the season.

Following meetings between the NZDB and the dairy companies in
October each year, the individual companies obtained market information

and prospects. From this information the companies got some idea of
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Table 3.1: Chanses in the Payout for Milkfat

Date 1973/74  1974/15 - 1915/76

(cents/%g for '"Pinest!
grade milkfat)

20 July 72 90 90
20 October 6 - -
r(8
20 December 5 6 6
83 96 96
20 Tebruaxry 5
88 102 104
20 April 2 - -
a0
20 liay 6 3 2
96 105 106
20 June 6 6 6
TOTAL, ADVANCE . 102 111 112
20 July 12 10 12
114 121 124
20 August 12 9 10
| 126 130 134
20 September 10:4 - 5e25 10
TOTAL FINEST GRADE 136.4 135.25 144

SOQURCE: Taranaki Co-op Dairy Company.
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whether an extra end of season payout from the IZDB for milkfat related
products was likely. Very little of this information was passed on to
suppliers but at about Christmas time of each year the suppliers

obtained an indication of whether they could expect a final payout for

the season.

In mid 1975 the system of payout by the NZDB was altered to include
the setiing of the prices of the SIIF related products under stabilisation
regulations. The advance payout for SHF znd millfat related products
must now be set not more than 5 percent below nor 10 percent above the
previous season's average total payout [56, p.916_7. This change
means that the advance prices for both SIF and milkfat related products

are subject to the same price stabilisation regulations.

These changes to the peyout system reduces the variability of the
total milkfat payout. Thus, suppliers will know at the begimning of the
season, the total advance for the seascn. Any final payout will come
from either the company's profits ox from any trading profits dispersed
by the NZDB. These changes nmay mean that the svppliers will receive a
higher advance and lower final payout, in vhich case, the suppliers will

be able to make a closer estimate of the total pzyoult for each season.

3.1.2 Survlus calf prices

LY

Calves, surplus to daixy farmers' requirements for rearing, need to
be held on farms for at least four days before they can be scld for
slaughter. The calves sold for slauwghter, are sold through a local
'pool',% which, under government regulation, controls the collection and
transport of thesc calves [ S p.815_7. In Taranaki, there are
approximately 20 bobby calf pools operating.**  Sone of these pools
have the calves slaughtered by the local freezing works and then sell the
meat, vells, skin and offal to the Pig Marketing Association (PMA).¥*

* A comuittee of local farmers which is termed 2 'Bobby Calf Pool'.
¥*%* Personal comment. )

*¥%¥% A producer cc-operative operating throughout New Zealand.
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Other pools sell the calves directly to the local freezing companies,
but the vells are sold by the NZDB [55, p=172435 57, p.817_7.

The price paid to famiers for surplus calves is derived from the
different components of the calves. The price for vells is set by the
Minister of Agriculture each liarch after consultation with the NZDB.
The prioes for thce other components are set by the FNA and the freezing
compenies. All buyers make an initial payment to the pools at the end
of August and Sevtember for the calves collected up to those dates.
This initial payment tends to be approximately helf the total pazyment
for the calves. Some of the pools retain this payment until the final

payment is made.

A finel payment is made by the TNA in late February and by the
freezing companies in larch. All payments tend to be related to the
rayments made by the PUA.

3.13 Cull cow vrices

0ld cows, retired from dairy herds, are usuzlly sold to local
freezing companies for slaughter. The main periced over which the cows
are retired (culled) occurs from April to June as the cows finish
producing milk [52_7. The companies sebt the prices they are prepared
to poy farmers for animels for slauvghiter.  These prices differ for
different weight ranges of the carcases cf the cows and are set cach

weck in advance.

3.1.4 Sources of price series and movements in orices

A series of prices paid to suppliers for millkfal supplied to dairy
factories is obtained from the annuzal reports of six representative
dairy companies in Taranaki.¥®  The series is the weighted mean of the
individual company's payoubts for whole milk from each company's uiarcholder

suppliers,. The weights are the proportions of the total milkfat handled

* The companies are listed in notes to Table A.2 , Appendix A.
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by each company. The mean payouts are taken to represent the prices
paid to dairy farmers for milkfat in the Taranaki/Western Uplands region
and are given in Table 3.2. An Index of the total milkfat payout is

Tig

gravhed in Figure 3.1.

Table 3.2: DRepresentative Prices Paid to Suppliers for lilkfat from

1663/64 to 1975/76 in Teranaki (c/ks)

Advance Final Total

1963/64 72.186 13.629 85.815
1964/65 78.421 17.430 95.851
1965/66 79.268  19.235 98.503
1966/67 73.902 17.241 91.146
1967/68 64.169  12.322 76.491
1968/69 58.774  13.970 72.744
1969/70 62.256 11.547 73.803
1970/71 65.898 18.251 85.849
1971/72 84.971 22,968 = 107.945
1972/73 91.497  19.879  111.376
1973/74  101.562  28.240  129.802
1974/75  114.156  20.803  131.959
1975/76 193347 33.664 146,981

SOURCE: Table A.2, Appendix A.

The NZDB publishes a NZ average price paid per head for calves
purchased by the bobby calf pools [ 44_7. This average price is taken
to represent the prices paid to dairy farmers in Taranzaki for their
surplus calves. Annual changes in this series are graphed in

Figure 3.1.

Representative cull cow prices have been taken from the Noxrth
Island Meat Exporters' Schedule for boner cows in the last week of lay.
The schedule is published by the NZ lMeat Producers' Board [ 45_7. An
average carcase weight for this grade is approximately 160-kilograms [ 47_7.
An index of the annual movements in prices per head for dairy cows is ‘

graphed in Figure 3.1.
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Index of prices
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Fisure 3.1: Index of Pricé llovements

Fron 1963/64 to 1973/74 the total payout for milkfat increased by
en average of 3.8 percent per year. Over the same period the prices
for surplus calves increased from $4.35 to $15.08; an increase of 12,0
percent per year. In May 1964, farmers received approximately $35.20
per head for cull cows. By 1973 this had increased to $97.01 per head,
but fell to $52.80 in 1974. The increase from 1964 to 1974 is an
average of 3.8 percent per year. As can also be noted in Figure 3.1,
milkfat prices increased more than cull cow prices, but less than surplus
calf prices from 1963/64 to 1973/74. It can also be noted that cull

cow and surplus calf prices are less stable than milkfat pi‘ices.
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The NZDB publishes indices of the prices paid and received by New
Zealond dairy farmers [ 44__7. The index of prices paid by dairy farmers
nzy noi represent the true movements in 'l:he_ prices paid for dairy farm
inputs.* However, in this study the index is assumed to be representa~
tive of the price changes. The annual cheanges in these indices are
graphed in Figure 3.2. From 1963/64 to 1973/74 the index of prices
received by dairy farmers increased by 5.9 percent per year on average.
Cver the seme period the index of prices paid by dairy farmers increased
by an average of 4.9 percent per year. As can be noted in Figure 3.3,
output prices have increased faster than input prices in the two periods

from 1963/64 to 1966/67 and from 1968/69 to 1972/73.

3.2 The Parm Production Division's Survey of*Factory Supnly

Fa arms

&L

Daix

This study uses data from many sources., The physical and financial
data on the average of the factoxy milk supply Gairy fams in Taronaki/
Westerm Uplands is obtained mostly from the 2 Dairy Board, Farm
Production Division's (FPD's) survey of factory supply dairy farms.

The information from this survey is published as an annual publication
[ 43_7 and as part of the FPD's amnual report [ 1'4_7 4 Information on
total stoek numbers on a regional basis is obtained from the Government

Statistician's census of livestock numbers in New Zealznd BT L
J

The FPD's survey gathers information on individual farms from the
farmers' financial accounts. The balance dates of the accounts vary
from March to June of each year and no attempt is made by the FPD to
adjust them to a common balance date. 'The survey uses a sample of

dairy farmers draym from those willing to participate each year.

% The index of prices paid by dairy farmers is compiled by weighting
the individuzal items in farm expenditure by the proportion of total
expenditure on each item. Thus, the index includes the effects
of changes in the proportions spent on each item. The proportion
spent on a particular item may increase because of an increased use
of that particular item without the increased use of 211 other items.
Therefore, the index will only reflect the true changes in prices
if the quantities of each mput remain in the same proportion to
each other as prices chang
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Fisure 3.2: Indices of Priceg Paid znd Received by Dairy Farmers in

fal
. i

New Zealand

A ramndom sample of new factory suppliers is added to the sample each
year so that a sample of 10 percent of eligible farmers is obtained.

A farmer is included in the sample if he is willing to lend the FPD a
copy of his accounts, the accounts are in a suitable form, the farmex
receives more than 75 percent of his income from dairy famming (including
pigs), he milks at least 30 cows, does not supply town milk, does not
employ a share milker and his ovmership system is 'uncomplicated'.

All accounts are then adjusted to an 'owmer-operator' basis by excluding
farms operated by share milkers and adjusting inter-family 'leases and

salaries to sons.
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The level of bias in the survey cannot be accurately assessed.
The lew Zeeland Government Statistician publiszhes the number of dairy
cattle in New Zealand based on a livestock census on a regional basis
[ 51_7. The numbexr of dairy caltle includes ltowm milk and factory
supply herds of 40 or more cows. The average number of cows per hexrd
from the census is approximately 9 percent less than the average herd

gize in Taranaki from the FPD's survey.

Neister / 36 / considered the discrepencies in the North Island of
New Zealand total number of farms, number of cows and milkfat produced
estimated from the FPD's survey as compared with other sources of the
data [ 36, pp.'{3—80_7. Keister concluded that:

"Becauge of the meny calculations, and the many
assumptions made, it is not possible.to do a test
to reconecile (the) differences between calculated
and real totals. Errors will bhave come in all
along the way. Not withstendinz that, it is
believed that (the) discrepencies are within
accepiable limits, and do account for output and
cows on the fanis of other bulterfat suppliers

not taken into account in this study.” [36, p.70_7

The FPD defineg Total Farm Income (TPI) as the income derived from
the sale of milkfat, the grqss profit from the cattle account, the gross
profit from the calf account, the pross profit from the pig account, thre
gross profit from other livestock, end other farm income. The other
livestock account includes the profits from sheep, horszes, dogs and
poultry. Cther fam income is the incomz from cash cropping, contracting,

wool and gkins, value of produce consumed and othewr items.t

Farm expenditure is listed by the FPD under several headings.¥
The general items of expenditure such as freight, fertilizer, and seed,
labour and development expenditure are included undler Farm Cash Expenses
(FCE). Depreciation, deferred expenditure and inwcome equalisation

account adjustments (prior to 1966/67, taxation comcessions on fertilizer

¥ Tor a definition of these items see [43_7, vol.X, p.39.
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and investment, were included in place of income cqualisation adjust-

ments) are added to cash expenditure to give Total Famm Expenditure (TFE).

3.3 The Taranaki/7estern Unlands Region
=

The structure of the dairy industry in Taranali/Vestern Uplands
discusgsed in this section. The Taranaki region includes the counties
of Clifton, Taranaki, Inglewood, BEgmont, Nltham, Waimate West, lawera
and Patea. Vestemn Uplands is comprised of Waitomo, Toumarunui and
Waimarino Counties. The two regions are of similar size but topography,
goil types and therefore farming systems differ between them. In the
Taranzki region in 1971/72, 84 percent of the farms and 49 percent of
the livestock units¥* were of the dairying type. In Vestern Uplands
in 19 "/73 these proportions were 32 percent and 2 percent respectively.
However, the Western Uplands contained less than 4 percent of the daixy
cattle in the combined region [ 51_7

In the combined region dairy farming is heavily concentrated on thae
foothills of Hount Lzmont [ 43__7. In the Waimote Vest county, for
example, in 1965/66, 94 percent of the rural land ares was devoted to
dairy farming and 87 percent of the farms were full time dairy fams.

A further 2 percent of the farms weré mixed sheep and deiry [ 49_7.
Part of the reason for this concentration is that the soils in the
foothills of the mounlain are generelly free draining, friable and stand

up to intensive deiry farming in a wet climate [ 50, p.53_7.

From 1963/64 to 1973/74 the number of cows in milk in the region
increaced at an average rate of 1.3 percent per yecar. Over the same
period the number of suppliers declined by an averaze of 1.9 percent per
year and the number of dairy co-operative companies declined by an
averaze of 6.8 percent per year. The annual changes are showvn in

Pigure 3.3.

.

* Livestock unite are the weighted sum of different classes of livestock
vhere the weights are given in / 48 /, p.10.



Wo.factories
No.suppliers (100)
in Taranaki

R S
b
42 ‘:: Yo.of
% cows in
%‘if"\\‘ millk
e No. of
X suppliers L 390
\
s
N
\Y
30 ke 4 370
N
4 350
'D.,d* NO. Of‘m-*‘- ~ o
= factories N 330
;.
\
A
g ¥ 310
K0, O1L
cows in
milk
10 " : B - ' 290
‘63/4 ' 65/6 v67/6 '69/70 '71/2 ' T34
Year
SOURCE: Appendix &, Table A.1.

Figure 3.3

Chenges in the Taronski Region




53

3.3.1 The chances in the averase of the Taranzki/Testern Uplands

factory milk supply dairy fams

In this section the changes that have occurred on the average of
the Taranaki/Western Uplands factory milk supply dairy farm are
discussed. The discussion considers the average as if it were a farm.
The pei‘iod under consideration is from 1963/64 to '1973/74.

Total Farm Income (TFI) on the average farm increased from $9342
in 1963/64 to $24,566 in 1973/74. The snnual changes in TFI and the
components of TFI are graphed in Figure 3.4. As can be noted, the
mzjor influences on TFI yepre changes in milkfat income. The proportional
contributions to TFI from the various sources in 1963/64 and 1973/74 are
set out in Table 3.3. The annual changes in the proportional

contributions to TFI are graphed in Figure 3.5.

As can be noted in Tigure 3.5 and Table 3.3, the inmportance of
income from mill:fat declined over the period of study, but continued to
be the most important source of incone. The percentage of income from
nilkfat, caitle and surplus calves increased from 92 percent in 196364
to 95 percent in 1973/74. This increase was due mainly to the
increased importance of cattle income. The income from pigs and other

sources declined.

A breakdowa of other farm income for 1973/74 is given in Table 3.4.
.
This breakdovm indicates that cash cropping as a source of income in

1973/74 was not vexy important.

For this study an attempt is made to separate out into an item
called 'cow input costs' the expenditure that influences per cow
performance, from the expenditure that is influenced by changes in cow
nuabers.* TFurther, the amount of expenditure on development, insofar
as it can be identified, is subtracted from Farm Cash Expenditure (FCE)

to give an estimate of current cash expenditure.** The anmnual changes

3 See the notes to Table A.4, Appendix A, for a listing of the
items included in cow input costs.

¥¥%  See Table A.4, Appendix A.
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Table 3,3 Percentazes of Total Farm Income Prom Various Sources

| 1963/64 1973/74
T )

Hilkfat 82.1 8040
Calves 2:5 W
Cattle T3 117
Pigs 5e8 2.6
Other stock -0.4 0.1
Other farm income 2.7 1.8
Total Farm Inconme 100.0 105.0

SOURCE: New Zealend Deiry Board /[ 43.7.

Table 3.4: PBrezkdowm of Othexr Faxm Income as a Percentage of

Total Faxm Incoms in 1973/14

(%)

Cash crops 0,15
Contracting 0.53

Wool & skins

Value of produce consuzed 1.16
Other
1.84

SOURCE: Wew Zealand Dairy Board / 43 /
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Ficure 3.5: Pexcentame of Total Farm JIrcome Fron Various Sources

in these itams are graphed in Figure 3.6. Over the period of the study,
TFE increased from $5810 (when it was 62 percent of 1FI) to $14,432 (when
it was 59 percent of TFI). The annual sverage increase in i was

8.6 percent.

In 1963/64, the average factory supply dairy farm in Taranaki/
Western Uplands contained 85 cows in milk. By 1973/74 the average
factory milk supply dairy farm had increased to 121 cows, which is an
average increase of 3.3 percent per year. Over the same period the
ei"fective farm area had increased from 44 to 61 hectares, an average
increase of 3.0 percent per year. Cow iuputs (real cow input costs)
increased at an average of 3.3 percent pexr year. Thus, S‘t;oc}_:in{; rate

increased only slightly and cow inputs pér cow remained constant.
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Picure 3.06: The Compenents of Total Famm menditure

.

Labour on the average faxrm increased slightly from 1.61.units in
1963/64 to 1.69 wnits in 1973/74. The majority of this labour was
family members (including the 'owmer-operator'), which accounted for
83 percent of the labour in 1964/65 and 86 percent in 1972/73. The
increased use of herringbone style milking sheds over the period of the
study* allowed the same number of labour units to handle the increased
number of cows.

* Published information [ 44_7 covers only farms using artificial
breeding (AB) methods for the whole of New Zealand. In 1963,
10 percent of farms using AB, had herringbone sheds. In 1972,

this proportion had increased to 63 percent.
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During the same period nilkfat production per farm increased from
11 468 kg to 15 281 kgt an average increase of 2.7 percent per year.
This means that milkfat production per cow fell only slightly over the
period. Causal factors could have been the slightly higher stocking
rate, the lower level of cow inputs per cow, the weather or a combination

of these factors.

Indices of the annual changes in herd size, effective farm area,
cow inputs, lzbour wmits on the farm and milkfat production are graphed

in Figure 3.7.

3.4 A Simple Analysis of the Important Production Factors

In this secltion the important factors that appear-to have influenced
production over the period of the study are discussed. Part of the
variation in these factors are then discussed. Finally, the effects of

changes in technology are analysed.

In the previous section, it is noted that cow inputs, cows in milk
and effectvive farn area expanded at a gsimilar rate to the increase in
total milkfat production. It is also noted that changes in the weather
could have influenced milkfat production per cow over the period. A
clearer picture of the changes in the production factors and milktatl
production is obtained by cpnsideri,ng changes in milkfet production per
cow, cow inputs pexr cow, cows per hectare and a wariable that is thought
to take account of changes in wcai:her. Indices of these variables are

graphed in Figure 3.8.

The variable that is thought to take account of changes in weather
is constructed from the average of the amount of rainfall that fell at
two weather stations® in Taranaki over the six months from October to
March of each season. This period is considered because the rainfall
for these months appears, on a visual examination of the data, to explain
changes in milkfat production better than other periods considered.

# Manaia and Stratford.
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Figure 3.7: Inputs and lMilkfat Production Changes per Farm
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Figure 3.8: Input and Milkfat Production per Cow Changes
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It is further thousght that as the amount of rainfall increases,
production increases but at a declining rate of increase. The
diminishing inflluence of rainfall is inclu@gd by taking the logarithm
(to base 10) of the average rainfall over the six months.* The
resulting series becomes the weather variable vhich is indexed in

Pigure 3.8.

As can be noted in Figure 3.8, in most years when the weather
variable and cow inputs per cow increased, milkfat production per cow
increased. Conversely, as the number of cows per hectare increased,

milkfat production per cow tended to decrease.

From 1963/64 to 1973/74, the average factory milk supply dairy farm
expanded production. This expansion took place as a result of increases
in famm area, the number of cows milked and cow jnputs, and occurred
over itwo periods. Indices of the output prices, input prices and cow
numbers over the period from 1963/64 to 1974/75 and cow inputs from
1963/64 to 1973/74 are grephed in Figure 3.9 As can be noted, cows
in milk and cow inpuls increased in periods vhen oubtput prices were
inereasing fester than input prices. In the case of cows in milk,

there appears 1o be a lagged response to prices.

The main feature of the Taranaki/estern Uplands region over the
period of the study is the increased use of inputs other than labour.
It is likely that the ratiq of capital to labour being used in the
production process has been altered by the conversion of milking sheds
to the herringbone style [T44;7. There has also been a gradual shift
to all grass grazing systems and the use of some purchased inputs such
as fertilizer have increased‘[_3&;7. These changes have allowed the
same labour force to milk the increased number of cows, but do not
appear to have influenced milkfat production per cow levels in Taranaki/

Viestern Uplands.

In order to test the hypothesis that changes in cow numbers,

effective farm area, cow inputs, weather and changes in technology have

.

* A full definition of the weather varlable is given in the Notes to
Table A.6, Appendix A.
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influenced milkfat production per cow, three ordinary least squares
regressions were estimated using the data: from 1963/64 to 1973/74 for
the average milk supply dairy farm in Taranaki/Western Uplands. In
all three regressions the dependent variable was milkfat production per
COW. The first regression excluded weather and a time trend variable.
The second regression excluded the time trend variable and the third
regression included all variables. The estimation and rvesults are

discussed in Appendix B.

The best regression of changes in per cow milkfat production of
the three regrezsions was obtained by the exclusion of the trend

variable, The result of including the time trend indicates that some

gradual technological advances have occurred in the milkfat production
relationship. However, the estimated coefficient, which indicates that

milkfat production per cow was 0.8 percent higher each year dve to

technological advances, is not significantly different from zero,

hanges in tecknology, however, may not have been gradual. As an
Changes in technology, h , may not have been gradual. A

indication of technological changes in production the ratio of output to
total inpuls is estimated for each yezr. The ratio can be represented

as & productivity index (It)’-‘f‘ vhere:

P Q

I, = - s
+ ”Lt+l‘<t+°ht

g o &= Ty wsey B

where p = price of output in the base year,
Qt = quantity of output in year %,
w = price of labour in the base year,
L, = quantity of labour in year t,
r .—_.price of capital in the base year,
K, = quantity of capital in yeax t,
s = price of material inputs in the base year,
I.it = quantity of material inputs in year t, and

n = the number of years.

In this case p Q‘l: is Total Farm Income deflated by the index of prices
received by dairy farmers and total inputs (th + 1Ky + amt) is famm
expenditure deflated by the index of prices paid by dairy .farmers [ 44_7.

% Discussed in Johnson / 68 /.
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Parm expenditure is the sum of currept cash expenditure, as defined
earlier, plus depreciztion and thus, includes rents, rates and interest
paid. An index of the ratio of total output to total inputs (It) is
shovm in Figure 3.10. Also included in Figure 3.10 is an index of

gross oubput.
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Fipure 3.10: The Indices of the Ratio of Real Totzl Farm Income (TFI)/
Real Current Farm Expenditure (CFE) and Real TFI
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Because of limitations in the data the ratio (It)’ in this instance
is not a perfect indicator of changes in productivity. The index of
prices used to deflate expenditure on inputs does not reflect the true
changes in prices (as indicated earlier). ° Further, the full flow of
serzices from the capital employed in production and the farmer's own
labour are not included in the inputs. Lven with these errors preseut,
I‘l'. will have declined as a result of expansion in production as average
product (which It measures) will have declined. On the other hand, the
ratio will have increased due to a general contraction in production

and/or through a technological advance.

As can be noted in Figure 3.10, the index increased over two
periods when production was increasing. The two periods are from
1965/66 to 1967/68 and from 1972/73 to 1973/74. However, without an
estimate of the real capital being employed over these two periods, the

changes in the ratio cannot be attribuvted to a single cause.

One aspect of productivity trends which can be analysed is the
change in factor oubtput.* This method estimates real net outputb (O+)
“

from:
D Q*l: - a8 M,

0, = —————=, for t = 1, wu., 1, and

where the variables are as defined above.

From the assumption that material inputs are used up to the point
where their marginal value product equals their price, it is implied
that the residuval is factor income; By deflating factor income by the
index of prices received by dairy farmers, trends in real gross income

and real factor income (factor output) can be estimated.

From 1963/64 to 1973/74 real gross income increased by 3.25 per—
cent per year, real material inputs increased by 2.6 percent per year
and factor output increased by 3.9 percent per year.¥* This indicates
that a declining proportion of gross oubtput weat to pay for material
inputs. Over the period of the study, the effective farm area expanded

by an average of 3.0 percent per year while the number of labour units

*  Sce for example Hussey and Philpott [ 67_7 and Johmson [ 31_/.
#% See Table A.8, Appendix A.
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renained relatively constant. Thus the weizhted sum of real capital
employed, effective farn area and the number of labour wnits would
probably have increased by between 2 and 3 percent per year. Therefore,
the estimated increase in factor outpult would tend to support the
hypothesis that the upward movements in the ratio of total output to
total inputs gravhed in Figure 3.10, are partly due to changes in

technology.

3.5 Summaxry and Conclusiong

This chapter described the changes that have occurred on the average
milk supply deiry fam in Taranaki/Vestern Uplacds from 1963/64 to
1973/74. A simple anslysis of thesc changes was made using input

cutput ratics.

The Taranaki/Viestern Uplands region was chosen for this study
because of ihe homogeneity of the saiwle and Lecanse the farms in the
region produce mainly milkfat, surplus czlves and cull cows. Sone biwzs
could be present in the sample from vhick the average farn was derived,

-

but this bics is not considered to affect this study.

Prices peid and received by doiry farmers have increazed over the
_period of review, but at differing rates. The amount of price
information released to farmers has increased over the period but farmers
still only lmow the advance Tor the season at its bezinning and do not

know the final amount paid mwntil the beginming of the next season.

The region has undergone a considerable rationalisation in the
number of deiry companies with the consequence that the number of
suppliexs to each company has increased. At the same time the size of

herds has increased.

Income from milkfat has been very important, accounting for over
T4 pexrcent of income in zll years. Hoviever, its imporltance has declined
and the importance of income from cattle has increased. The combined
income from milkfat, surplus calves and cattle as a propertion of total
incone has increased over the period from 92 percent in 1963/64.

Farm expenditure increased substantially, but this increase was due mainly



67

to increased prices for some inputs such as labour. There was a

change in the input mix to labour saving devices. The level of non-
factor inputs per cow, hovever, remained fairly constant. The
important inputs that appear to have influeiced ver cow production are
the number of cows, effective fam area, the level of certain non-factor

inputs per cow and weather.

Famers appear to have responded to economic stimuli. As output
prices increased faster than input prices, farmers have tended to expand
production. The anzlysis indicates that over the period from 1963/64
to 1973/74, the average dairy famm in Taranaki/Vestern Uplands, achieved
substantizl increases in the number of cows milked per labour unit.
Yihile this expansion may have been the farmers' overall objective, the
periods when output prices increased faster than input prices, allowed

farmers to use surplus cash to finance farm expansion.

This expansion has occurred by adding to farm size rather than by
increasing stocking rate. Stocking rate remained relatively constant
over the period of study. As the number of cows increased, the
quantity of inputs that are thought to influence production per cow also

expended.

The reason for labour input remazining constant over the period
carnot be deduced from this analysis, but given that wages accounted for
13 percent of total farm expenses in 1963/64 and had increased to 16 psr-
cent in 1973/74, e2nd was the largest single expenditure item in all
years [TﬁB_?, suggests that the rising cost of labour caused z shift

to relatively more capital intensive production methods.

The change over the pexriod of the study, to more capital intensive
production methods has occurred mainly in milking methods. However,
total outpul per unit of inputs has remained relatively constant. The
conclusion is therefore made that some technological changes have altered
the production relationships, but it is not possible in this study to

determine the extent of these changes.
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CHAPTER FOUR

THE DAIRY PRODUCTION AND DECISION IIODEL

This chapter is a description of the model (of a dairy farm) used
to project dairy cow numbers and future dairy production. The chapter
describes the assumptions made, the mathematical form of the model and

the marnexr in which projections are made.

The chapter is separated into six sections. The first section
gives an overall impression of the model and an outline of the method
of egtimating the parameters in the model. The specific assumptions
concerning the behaviour of the dairy farmer are outlined. The second
section details the assumptions made in modelling the production systen
and the mathematical fom of the functions included in the model.

The decision process assumed in the model, the links between the
production system and decigion process aud belween production periods
are described in the third section. The production and decision parts
of the model are put together in the fourth section and the analytical
derivation of the variables under the farmer's control are described.
The fifth section outlines two methods of making »projections and the

overall model is sumrarised in the sixth section.

Many assumptions are made in this chapter to facilitate the
building of the model. The assumptions are made firstly so that the
model describes in a simplified manner the farming system under study
and the major changes that have occurred in the system. Secondly, the
assumptions are made so that a relatively simple model can be built
that can be solved analytically for the important variables that

influence future stock numbers.

The aim (in making the assumptions) is to bwild a model that
exhibits increasing returns but at a diminishing rate of increase as the
level of inputs increase. As output increases, costs are assumed to
rise at an increasing rate. These responses are assumed to be

quadratic in nature (or can be described by gquadratic functions) and as
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output increases revenue and costs change as showm in Figure 4.1 (a).

From the revenue and costs functions a net revenve function is
derived which changes as indicated in Figure 4.1 (b) by the line ORC.
The many assumptions made in building the model allows the output level
that maximises OBC (point A in ¥igure 4.1) to be obtained analytically.
The level of inputs that produce the quaantily of output at A is then
. estimated.,

The model must also estimate the level of expected net revenue over
a number of years. This level of net revenue must be consistent with
the farmer's time preference for income. The level of net revenue in
one year is influenced by the expected level in the next year since
farming, as with most enterprises, is dynanic ia that decisions made
each year influence future levels of output, Thus the model estimates
the planned input levels for each year that yield the desired net

revenue stveam throush time.

4.1 IThe lodel

This model is the combination of a model of a production syobem
£ (8
and the dairy fammer's decision process. The aim in building thez model

is to represent the dairy farning system.

The production model :m a conventioaal oulput regoonse model; the
output level changes in response to varying intensities of input
applications. These output changes are dependent on production
parameters, the number of stock carried, the farm area, and the level of
certain inputs under the farme I." control. The variables that the
farmer controls directly are temed decision variables, and link the

production and decision processes.

There are many variables that the dairy farmer will control in the
real world. TFor purposes of simplification, thosge included in the
model are the number of cows to cull from the milking herd, the numbex
of female calves to rear and the quantity of va:c.iable inputs that
influence pexr cow performance. The important omission from this list

of decision variables is the area of land available to the milking cows.
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Land is included in the model as en input variable by assuming that
for the planning horizon, the effective farm area will continue to change
by the same amount as it changed from the previous season. The
inclusion of effective farm area is ex"bremély important because, as
indicated in Chapter Threes, effective farm area has expanded over the
period of the study at the same rate as the number of covis. It g also
important as a decision variable and should be included in the model.
Yowever, the inclusion of effective farm area as a decision variable to

be solved for would make an analytical solution extremely difficult.

In the decision model the dairy farmer is assuned to make a plan
each year, based on the farmer's current state of knowledge, current
stock numbers and his expectations conceming future prices. Each
year he will plan to change from his current situvation and will begin
to move towards an 'optimum!. He will adjust stock nﬁmbors and other
inputs in the current year. In future years he will envisage changing
the variables so as to attain the 'optimm' in m years time. In thic
study the 'optimum' plan is where the capitalised expected future income
stream is maximized. As the farmer's expeclation of future priceg and
his knowledze chenge, his Toptimum' plan will chenge. Thus the
envisaged future input and output levels will not be those realised.

Instead the farmer will alter input levels in line with his new plen.

The dynamics of the model are represented in Figure 4.2 where two
yvears are shown to indicate the relationships. Output in each year is
determined by the level of inputs, By vetaining stock for future yesrs,
the fammer is investing in future income. The rate at which he invests
in future income will depend on his time preference for income. His
time preference for income determines the rate 2t which he discounts
future income, which determines the number of stock to retain at the

end of the year.

In the following two sections, relationships are developed to
explain the envisaged future output and input lewvels. These inter-year
functions are stock reconciliations, décision relationships and price
expectation functions. The stock reconciliatioms allow envisaged
future stock numbers to be expressed in terms of current year stock

numnbers. The inter-year decision relationships allow envisaged levels
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of decision variables to be expressed in terms of current decisions and
the price expectation functions express expected prices in terms of
knovm prices. These relationships allow z:,-nvisaged future income to

be expressed in terms of current and known wvariables and each yecar's
envisaged income is linked together by the discount rates. Thus the
expected fubure income stream can be expressed in terms of curvent

and lmowm variables.

In building the model, functional forms of the relationships are
assumed and parameters inserted. These parameters are assumed to be
constant over the period of the study and need to be estimated. As
indicated in Pigure 4.3 the parometers are preset and the model is
solved for the decision variables. These decision veriables are then
comparced with those derived from the actual data and the parameters
adjusted until the estimated decision variables zre as close 23 possible
to the actnals. The model can then be used to project future outlput

and input levels.
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—% indicates the direction of estimation and influence
- indicates a comparison .

Figure _4_. 3¢ Estimation Procedure
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4.2 The Production Hodel

The production model is concerned with the physical effects of
changing levels of input on output and costs. In a dynamic sense the
production model is concerned with the spread of output between years
throush the retention of stock. The variables that are assuned to
influence production are the number of cows in milk (Ci), the
effective farm area (A) and the inputs that influence per cow

performance ( IC) W

Output is composed of milkfat produced (MP), swrplus calves (B)
and cull cows (C). In practise, some heifers available to be milked,
could be culled. In the model these are assumed to be an insignificant
number and are ignored. Other sources of income on the dairy famm are

also ignored to keep the model relatively simple.

The costs are split into three grouvvs. The most important are
the costs of the inputs that influence per cow pexformance and are
termed 'cow inpul costs'.®  Other cosis such as labour and dairy shed
expenses will vary ags a result of chenges in cow numbers and these are
termed 'milking costs'. Some costs such as grazing expoases will vary

n thke number of heifers held. These are texmed

R

in response to changes

'heifer costs'.

The dairy farmer is in business to produce an incone. The
combined affects of the inputs, output and costs on incoue iz showm
diagramnatically in Figure 4.4. = The prices are constant for each

year and independent of the level of output ox input.

This section explains the assumptions made in building the
production model and the exact mathematical foxms of the relationshirs.
The model is built on the assumption that menagerial ability has not
changed over the period of the study and that changes in technology
have not affected the production relationships. It is further

* The term '‘cow input costs' differentiates the costs from those
affected by output. The quantity of these inpuis are termed
tcow inputs'(IC),
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assumed that the average farm, which the model is being built to
describe, was drawm from a sample in which the level of technology,

managerizl ability and the levels of inputs were independent.

The variables that the fammer adjusts in order to alter output

levels are discussed in the section on the decision process.
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4.2,1 Milk production

The quantity of milkfat produced* iz assumed to be dependent on
“the number of cows milked and the average quantity of milkfat produced
per cow. The quentity of milkfat produced pe? cow is dependent on the
anount of feed available per cow, which in tum is dependent on the
a.mounf of inputs used to produce grass and the effective farm area.
The following equation describes the manner in which the factors are
assumed to affect milkfat production, and the section in parenthesis
is the average milkfat production per cow,

2
e B o, IC | IC
WP, = CM, (e1 e, E + e e (4.2.1)

3o 4CH
Gl t C:lit

fort = 1, e a8 'OO’ Clnd

where €45 oo s eq_ are production paramelers.

The nilkfat production equation does not tzle changes in weather
into account. The effects of changing input levels on milkfat

production per cow are indicated in Apvendix B.

4e2.2 Surplus calves

Two simplifying assumptions are made to incorporate the production
of calves and the sale of surplus calves. Firstly, the nuwmber of
calves bora that survive to sale are assumed to equal the muiber of
cows milked in January of that season. Secondly, any male calves
reared to be s0ld as weaners for beef production are assumed not to
compete with the cows in milk for inputs and hence not to influence
the farmer's decisions concerning the number of cows to milk. These
two assumptions allow the number of surplus ecalves sold each year to
be expressed as the balance of the calves born minus the female calvesg

* The golid-not~fat (SNF) portion of milk is assumed to be a constant
proportion of the milkfat content of the milk and so a’discussion
of milkfat includes the SHF portion.
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reared for replacement purposes. By simplification, the number of
surplus calves (B) becomes:

B, = Cliy =FC, 5 t =1, Cewy e, Gng (4.2:2)

where FC y = the number of female calves reared.

4.2.3 MNilking costs

As cow numbers increase the cost of certain items such as labour,
freight and dairy shed expenses are assumed to increase at an
increasing rate. Generally, the addilion of some input items such as
the addition of an extra labour unit, is lumpy in relation to total
use. But given small increases in cow numbers, labour, for exemple,
can be increased gradually by the employment of casual labour at

milking times or weekends.

Tie following equation has been used to model the effects of

changing cow numbers on milking costs:
25 cr.-:t) ey eses sos aad (4:.2.3)

where a fixed costs per cow,

1

ay = a constant,

i

2 Ci! = variable costs per cow, and
1C = milking cost.

i

The chenges in IC as CM change are indicated in Figure 4.5.

4.2.4 Heifer costs

The number of heifers retained as replacements (H) will influence
grazing, mating and handling costs. If the heifers are grazed on the
farm the cost will be in terms of the opportunity cost of milk

production.¥* TFixed costis associzted with holding heifers are assumed

* TPTor example, if the heifers are grazed on the farm the cost may be a
decrease in milkfat production.
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Milking
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Firare 4.5: The Effects of Changing Cow Numbers on Milking Costs
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2bvH
>
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Figure 4.6: The Effects of Changing Heifer Numbers on Heifer Costs
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to be negligible and are ignored. The equaticon that takes account

of changes in heifer costs (HC) az I -changes ist

HCt = bﬂi s &=y ariny Bl and b = a constant. (4.2.4)

The effect of varying H on HC is indicated in Figure 4.6.

4.2.5 Stock reconciliations

All available cows are agsumed to be milked during the season and
all cullings cceour at the end of the milk production period. It is
recosnised that in practise some culling will ocecur during the season,
but to simplify the model this has been igncred. The farmer is
agsured to milk all heifers that survive from the previous season and

calve, in preference to retaining an older cow due for retirement.

Lo

Thus the number of cows milked each year is the reconciliation of
the cows thal survive {rom the vreviovs sezzon, the nunber of heifers
available in the current season end the nunmber of cows culled at the

end of the previous season. That is:

M, = o, Ci 5 }2%1 ~C 4t t=1, cii00, and (4.2.5)

1 1 e
where 3} = the survival rate of cows in milk,
T

= the survival and calving raic of heifers.

N
i

The nunmber of heifers held in any year (¥) is assumed to be
those female calves (FC) that survive from the previous season.

That iss

H't = 3’3 I'C_t_1 ; t = 1’ .-.,ca, arld (4.2.6)

where ?3 = the survival rate of female calves.



80,

4,2.,6 Tarm area

Over the period of the study effective famn area has expanded.
In order to take this expansion into account the area of the farm (A)
is assuned to alter over the planning horizon by the amount that it
hag changed from the previous season as follows:

Ar = A

Feh gt (A=A 5) 58=2, iy (4.2.7)

where m = the end of the planning horizon, and

I

A% the envisaged farm area

=y

After year m the farm area is assuned to remain constant.

4.3 The lodel of the Decision Process

The decision process assumed for thig model is that the farmer
hes a plaming horizon of m years over which he plans to z2djust stock
numbers and input levels so as to attain an 'optimum' farn situation.
The important veriables that the farmer can adjust axe termed

decigion variatles and are discussed in th of this section.

)
Iy
}-I'
i
5]
o
iw |
B2
[

The 'optimum' plan is where the capitaliged future expected income

‘stream is maximized. The exact form of including each yeurs expected
& 3 P

& f

come in the objective fimection is discuss in the second part of
this section. The third part deals with the assumed precess of

forming price expectations.

4.3.1 Decision variables

In the production model the farmer has several veriables under his
control which he can adjust to influence future cow numbers. The
variables that directly affect the number of cows milked are the
number of heifers entering the herd and the numbeor of cows being culled.
In this model 211 the available heifers are assmmed to enter the herd.
The decision concerning the number of heifers awailable is made in the
previous year when the farmer decideg the numbexr of female calves to
rear., The decision concerning the number of cows to cull is assumed

to be made at the end of the production pericd. This decision



81.

is based on the desired number of cows to milk in the following season.

The second type of decision variable concerns the level of inputs
that affect per cow performance and are termed "cow inputs" (IC).
The level of thegse inputs is indirectly related to the number of stock
carried. IEven so, they form an important part of the production and
decision vrocesses ag indicated in Chapter 2, and cammot be ignored in
this model, A full listing of the inputs included in IC is given in
Table 44 in Appendix A, . Each wit of input is assumed to have the
same inflvence on ocutput. Vhile the effect of different inputs
varies in the real world, the aim is to represent the overall effect
of cheanging input levels. The inclusion of individual inputs in the

nodel is not possible in thig study.

The investment decisions the farmer mekes in each year will
influence future stock numbers and, in this model, the decisions are
based on the farmer's 'optimum' future stock levels. In the current
year the famer plans to make future decisions. In oxder to avoid
the necessity of solving for, in this case, 3 decision variables for
each of the m years, the intervening year's decisions are assuned to
take a gpecific foxm. The assumption is made that the envisaged
decisions will depend on the current years decision but are adjusted

for envisaged changes in the number of cows milked.
The cnvisaged numbexr.of cows to be culled in future years is
given by:

C¥, 4 = %Cy +cx2(cr.1-,§+1 - cx-.-zt) s bt seag 1 (4.3¢1)

where oy and 0<2 are constants,

and #* indicates an envisaged level of a variable.

In year m the number of cows culled in order to maintain a stable hexrd
size from year m to oo, will be the surplus from the heifers available
minus the cows that died. That is:

C% = 252}{;;__1 - (1 - 31) Ci* (4.3.2)
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The nunber of calves envisaged as being reared in future years is

modelled as:
¥ . - 0 Tc . P b=
FCY, 4 = 8.FC, + 52(0..%1 cmt) t B =1y sewy 922, (4-3.3)
vhere 61 and 62 are constants to be estimated.

In yezrs m-1 and m the envisaged number of female calves to rear is
assumed to remain constant at the number reared in year m=2, in order

to maintain a stable herd size from year m onwards. That is:

FCX = FCX_, = FCX , (4.3.4)

The level of cow inputs is assumed to depend on the level the
previous year and the envisaged changes in cqw numbers belween years,

up to year m. That ist
b Yo 8 ik i . - .. -
ICY¥ 4 = Q,IC, + 02((».._“1 CM'I:) s B dy vy By [4.345)
where Q‘I and Q, are constants to be estimated.

2

In all ceses, in the year afier the plan is made the current year

variables become envisaged variables.

4.3.2 The objectives of the dairy farmer

The hypothesis put forward is that the dairy farmer makes decisions
each year with the intention that in m years time he will milk an
'optimum! number of cows. The 'optimum' plan is assumed to be where
the present value of the expected future income stream is maximised.

To allow for the fermer's time preference for income, the expected
income for each year up to year m is discounted and the income in year
m capitalised and the capital value discounted. Because of the
possibility that the dairy farmer's time preference may not follow the
pattermn .explained by a constant interest rate, a variable discount rate

for each year is incorporated into the model.

The objective function to be maximized, is expressed‘:for year k ass
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Maxinize Zj,; )
where
Zk - Yk 4 Yﬁ-&‘l d2 #an Y}*é+nz—1dnz i (4.3.6)
Yit‘ = the envisaged income in year t,
k = the year the plan is made,

dz, veey dm are the digcount rates, and

dm is the capitalising discount rate.

In year k+1 the plan will alter if prices change since the farmer will

expect a different income stream. The new Z in year k+1 is given by:

Oyt = Tieq t Tlp G wen + EE, 4 5

where *¥ indicates the new envisaged income.

3.3 Price expectations
4

invicaged future income is influenced by the vprices the fawvmer
expects to receive in future years. In line with the information
presented in Chapter 2, it is assumed that the farmer projects simple
trends throvgh mowm prices. The assumed process is that the following
season's price will change by some proportion of the amount by which it

changes from the previous season. That is:

R .. - s t = - ‘ T
PE = E + (P, Pt_1) s =1 eeey m-1, and (4.3.7)

where P = knom price,

P¥* = the expected price,

g = a constant.

The formation of the expected prices will differ for the various
price series in the model depending on g. The setting of g is

discussed in the following chapter.
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4.4 The Overall lodel

The overall model links together the production and deciszion
proceszes. The production process is made up from input/output
relationships and stock reconciliations. The decision process aims
to maximize net revenue over time in a manner that reflects the dairy

farmer's degire for fubture incone.

Under the assumptions outlined in the previous two sections, the
envisaged future income stream can be expressed in terms of the current
year's stock numbers, decision variables, production parameters and
known prices. The expressions that allow this are the stock
reconciliationg, inter year decision relationships and the price
expectation functions. The parameters are assumed to remain constant

over the planning horizon,

The farmer's discount rates link each year's income, allowing the
farmer's ohjective function (%) to be expressed in termz of knmown data
and production parsmeters. Since each decision wvarizble for the
current year is present in Z, it is a malter of solving the first
partizl derivatives of 2 for the decigicn variables that maxinize 2.
The necessary and sufficient conditions for 2 to be a maximum are that
the T
are egual to zero and that the matrix of second partial derivatives is
negative definite / 1, pp.495-500 /. Purther, the system of first

partial derivatives must be of such a form that the decision wvariables

irat partial derivatives of 2 with respect to the decision variables

can be golved.

Thege estimated decision variables can then te used to project
future stock numbers. The process of obtaining the decision

variables is indicated diagrammatically in Figure 4.7.

Mathematically the procedure can be expressed as:

lMaximise
Z=Y, + a Y8+ &Y% + uu + 4 VX (4.4_.1)
where d2 Tl dm are as defined earlier, and .

Z = the pregent value of future net income.
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Projected stock
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OBJECTIVE:

Estimated

decision variables:

b ]

Moxinise net income
stream -
Culls,
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Temale calves reared,
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year 1
Income in year t | Production
(Yt) = parancters
i
="
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prices (CH1) (H1) aren
(2,) (1)

where the arrows indicate directions of estimation

Figure 4.7: The Qverxall Ilodel

Flach year's income,

¥ = f(SNt,DVt,Pjg,a) ;
fOI‘ t = 1, es ey m

where o = production parameters

f is a specified function,

SN = stock numbers,
DV = decision variables,
P¥* = expected prices.

-

By substituting the intervening yeaxr's functions and price

expectations into Y%, Y% can be expfessed as:
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Yy = £9(S,,0V.,P., 0); (4.4.2)

fOI‘JG=1, ---’,m

. bt ; .
vhere £~ is a specified function for each 1 derived from the

substitution.

This then 2llows the objective function (4.4.1) to be expressed as:
Z = Z(SH-]!DV-‘!P.I’U); (4’4-3)

where z is a function derived from the substitution of (4.4.2)
into (4.4.1).

Z is maximised where the partial derivatives of 2 with respect to
the decision variables, are set equal to zero (it is assumed that the

matrixz of second partial derivatives is negative definite).

42 e e
I5r = DDV, - E=0; (4.4.4)

1

where D is a matrix such that

where @ is a specified function derived from the partial

differentiation of (4.4.3), and E is a vector such that
E = e(SI-I1,P1,G) :

where e is a specified function derived from the partial differer-
tiation of (4.4.3).

The systen (4.4.4) can be solved for the decision variables by
inverting D and post multiplying D by E:-

W, =D

1 El
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4.5 The Projection Methods

The following briefly sets out two methods of making projections
using the model. The projection procedures used are discussed fully
in Chapter 5.

After estimation of the paranmeters in the model, the decision
variables thot moximize 2 can be calculated and projections made using
these decision variables. There are two simple methods of making

projections using this model.

The first and simplest method is to project m years shead on the
basis that the farmer carries his envisaged plan through. This type
of projection would indicate the direction in which the farm is moving.

In Pigure 4.8, the s0lid line indicates this first type of projection.

The second method is Lo project one year ahead using knowm priceg
and continue to project one year ahead using prices that are projected
outside the medel. This process can be continued for as many years
as prices are available. The projections mﬁde by this second method

are represented by the dashed and dot-dazshed lines in Figure 4.8.

The pirojection using known prices will contain an exrror due to
the model. In subsequent years the projections will contain errors
dve to the price projections as well as the model. These errors will
increase sa the number of years for which the projections are made
increases. Thus, the range of possible future stock numbers will

increase accordingly.

4.6 Summary

In this chapter a model of the prodhction and decision processes
were outlined. The basis of the model is that the dairy farmer is
assumed to plan each year in order to attain an 'optimum' situation m
years zhead, using his expectation of future prices and his current
state of knowledge. Each year after he has made a plan, the farmer

is assumed to change it in the light of new infoxrmation. .
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Cow
numbers

0 1 2 3 4 years
ahead

HOI'E:  ——— indicates a 4 year projection
- ~— indicates a projection one year ahead using
favourable prices
+—+— indicates a projection one year ahead using

unfavourable prices

Firure 4.8: Two Projection Methods
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B oY, 4 4, Th d T, * weny + 0, TH (4:3.6)

il T T e Y Term-1 ?

vhere k
d

!

the year the plan is made

y sesy G are discoumt rates,
2 m

Y = net incone,
Y* = envisaged net income, and
m = the farmer's planning horizon.

Net income is:

Y=PniP +PobB+PcC~-1}C~HC~PIIC,

wvhere Pnm = the price of milkfat,
Pb = the price of surplus calves,
Pc = the price of cull cows, and

PI = the index of prices of inputs.

Envisaged income is constructed using price expectaotion funclticuns of

the genersl form:

B =P b 8Py g~ P ol (4.3.7)

vhere P are actual prices,
P* ig the expected price, and

g = a constant.

The decision varia¥Bles (C, FC and IC) are assumed to be envisased as
changing in a particular mamer for each variable within the plamning

horizon. These relationships are as follows:

C¥ 4 =0y Cp + & (c:?;:.v;;+1 - cmt); for t =1, seey m=2, and (4.3.1)

T+
Cx = ¥, B¥ .~ (1=-0,) cux, (4.3.2)
FCY,, = 8, FC, + 5, (CT.i*é'+1 s CMt); for t = 1, seey m=3, and (4.3.3)

FCX = FCX = FCX , , (4.3.4)

= A3 - ). = » e -
ICE,, = @ IC, + Q, (CI‘~’§+1 Cy); for t =1, «uuy'm=1, (4.3.5)

where ¥ indicates envisaged or expected variables and
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*Kys oy 51, 859 Q1, and Q2 a?e constants.

Farm arca (A) is assumed to expaand over the planning horizon by

Jm = A+ (A 1;__,i); for £ = 1, eeey =1 (4.2.7)

By the use of the above relationships Z can be expressed in terms
of known variables, the parameters and the decision variables.
Z is maxinized by setting the first partial derivatives of 2 with
respect to the decision variables equal to zero. The system of

simul taneous equations is then solved for the decision variables.

Bstimation of the parameters involves comparing the decision
variables obtained from the maximization of Z with the levels of the
decision variables obtained from the data and adjusting the parameters
so as to make the estimated decision variables as close as possible to
the actuals. The cotimation of the model is discussed fully in the
next chapter. Once the model has been estimated it can be used to
project future gtock numbers and the level of inputs and oubtpubt by

using the estimated decision variables.
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CAPTER FIVE

Ba TIARI0N, RESULYS, EVALUA 7 AND PRCISCTTONS

In this chapter the model, described in Chapter Four, is used to
project fubture output and input levels oa the average milk supply dairy

fama in the Taranzki/Weastern Uplands region.

In the first section of this chapler, the prosedures followed in
1ws of the parameters ore descrived and the resulting
shed. In the second gestion one of the sets of

-

seled to evalvate the model and to test the respinzen

of variables within the model o price changes. Tne model'd ability

to mzhe one yezw projections is also cvaluated. The thivd scelion
discnsses the projections outside the period over which the nodel is

- Fogim ols e T 5 VY - o - P
estbineted, amd in the finel seotion tho xeswlits ovieined im the chapito

are sunnsarissd.

5.1 Dgtiwalien of the Parameiers

The model contains 24 perameters {that need to be estimated to fit
the uodel to the historic docJ..;.:Lons nade by the dairy fermer. The
najority ol these parameters need to bz estimaled simltaneously to
take accewit of any interactions betwecn decision variables and
paraneters, iven that there are eleven vears of data and that the
model is non-lincar, there is no known method wiih mown properties of
sinmultaneously estimating all the parameters. The procedures used
here will give estimates of the paramelers but the properties of the
method and the errors associated with each estimated paramcter are

wnknovme.

The model cstimotes three decision varizbles for each year. The

estimates of the decision variables can be compared with the actual
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decisiong mede by the farmer. The aim in to estimate as closely as
rossible the actual decision variables which is achieved

by adjusting the values of the parameters in the model. However, a
change in 0nc‘: perameter value may reduce the differcence between the
actual and estimate for one decigion varicble bult nay cause the

Pl

difference for another decision variable to increase. Therefore, a
criteria is required to indicate vhether z new parewelcer value improves

the overall fit of the model, In other words, the diiferences

or

between actuvals and ezlimates have to be combined in such a way tha

-

represents the relative importance of each decision variable.

One method which zllows the point estimation of the parametera of
a non-linesr function is outlined by Box znd Ireper /6 /.  The methed
minimizeys the determinant (F) of a matrix (M), of the differences

betweeon zetuzls and eatimates of the decision variables. The

diagonzl elements of H are the sums of sgiuuves of differences for eaclh
decision variable and the 'off dizgonal elesents zre llic sums 0f civss

o

products of the differences for each deeclsion varialble Liom eavh other

decizion varizble. That i

(B, X.& B T B .
H = 2 (]yr1 - :n:-i) 3 2 (D""-‘ — I—Jﬂ-r‘-{){-'-.f'-"g - -\‘V-}IS roe
a A I:' A o}
L (31, - DI, = W)y B A, = ) v
i J.'_"i e

and F = Jul;

where IV

= decision verizbles,
n = the nwnber of years of daia
A

IV = the estimate of the decision vaxiables, and

the subscripls refer to each decision variable.

As the estimates of the decision varizbles zpproach the actuals,
F approzches zero. Thus estimation of the parameters involves

adjusting the parameters so asg to reduce . In estimating the
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parameters, a variely of procedures are used.

The values of several of the porameters within the model are
independent of the decision process =nd can be asgumed to be determined
outside the medel. Iy using this assumption, the milkfal production

parameters and the survival rates are estinated directly from the data.

.

Several variations of equation (4.2.1) (4he wilkfat production

j:

qua £ using oxdinary least squares asion. Thie
on) imat ing ordinary least res regression The

letails are given in .Cypend B. The parareter values used in the

b

model ave thoge for eguation B2 given in Table B.1, Appendix B. The
average influence of the weather cver the period of the study is
included in the constant term (e )« The vzlucs of the e¢'s actually

used in the model are included in Table 5.7.

The suavival rates have to be estimated before the other peranebers
in order to derive ithe zobual mumber of cows culled. e aurvivel

) is estimated vsinz data on the average

| u,' =

. . . . 1 i 3 T 2 e T
vesiage raie of cuws 1h milk fox llew feeland, wiblished by the Fe
Zeoland Daixy Poard / 4/._] The aszumption is made thet the Terenzli/

ey 255 T — j N X o st e g " »
destern Uplands region hes the sans wastzoe rate aa the svexd

o ew

i . . 2 . i n
Zealomd rabe. Me rate of gurvivael of heifcrs i{-’,.} depends moustiy on
i
the proporiion that conceive. Bue to the laok of date on heifer

coniception rates, it is zzsumed that at ezch Insandnation two thiras of

)

wifers that do not conceive, awve

e

the heilers conceive,™ and.that these
reingeninated beltween two and three times, e percentage is theo
rounded. The rate of survival of feumale calves (3' ) is estimated on
the assumption that in most years one female c¢alf per herd will
after January in each season. The rates used in the model ave given

in Table 5.1.

In cirder to be able to compare actuals and egtimaltes of the
decision variables, the actual decisiong made over the period of ithe
study have to be extracted from the date. The Mew Zealand Daizy Boand

collects information during its cow census survey on the number of

* The conception rate is based on data on artificial breeding rates
of retumn [ 44_7.
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calves reareld as herd replacements on a regional basis [ 44_7. The
proportion of these calves to the number of cows in the region is
multiplied by the average herd size data given in Table A.5, Appendix A,
to provide an estimale of the number of female ecalves reared in each
yvear. The number of heifers being held as hewxd replacements is
obtained using the heifer stock reconciliation (equation (4,2,6) )e The
number of cows culled cach year iz then estimated using the cow

reconciliation (equation (402¢5) ), rearrenged as follows:

J

C, = 3’1.0}. + B’ Sy o O

for b = 1, wese Be

Phe number of heifers held in 1963/64 is assumed to be in the same
preportion to the nw;:bér of cows in milk as tue proportion of heifers
to cows puolished in the offiecial cow census data [ 51_7. The
estimates of {the numbers of cu.ll.., heifers snd female calves reared are

presenied in Table C.1, Appendix C.

The menaining perameters are estimated using the full model. 15
1 2 = = or - Frcr- O PG
oxder to xan the fuvll nmodel the foxm aren in 1;’62,’ y3 end the fatsier's

plamming horizon need  to be delermined, The average fard arca in
1962/63 is assumed to lie on the effective fam avea itrend line. The
Tide -F'j.,'\'-e

vears allowe time for female calves reared in the yeor the plan is made,

average dairy farmer's planning horizon is asauvmed to be 5 year

to be fully producing at the end of the planning horizon.

a

&

The price expectation constenis(g's) are estimated by testing

linited nunber in the model and selecting thoze that give the lowest F.
This procciure requires that the other parameters are set at vhat
appears to be reasonable values. The estimated values of the g's, are

presented in Table 5.7.

The remaining parameters are estimated simulieneously using an
efficient procedure developed by Powell [ 61_7. This is a steepest
descent procedure that adjusts n parameters, one at a time, to minimize
a statistic (in this case F) without caleculating first den_:‘ivatives.

The procedure is available as a computer subroutine and does not

require modification for this study.
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Table 5.1 Parameter Valuez Istimated Outside the INodel

Houation no. Paraneter Value

-l\fi lkfat T':‘_f anntion
421

0

84.479
-25,427
3 4.7115
" €y ~0.00039

® o
N =

Survival Zokos
§eZol ¥y 0.947
. p M 0.900
4.2.6 I3 0.960

Price Exvoctations

43T g milkfat 0.5
L g culls 0.0
il & survlos calves 0.0
it g cov inpuis 1.0

GCiven that the model is non--linear, scveral local minima are

likely to exists, The possibility of logal miniwe is gllowed for hy

beginning egiination from several starting parameter values. In one
of the estimation runs (minimua 3), the discount rates are estimated
as a constant interest rate. In cther yuns the discoun' rates axre
egtimaled directly. The estimates of parameter values aznd level of F

for three ninims are given in Table 5.2,
&

5.2 Discussion of the Results end Evaluation of the lodel

5.2.1 The varamebter values

The parameter values, estimated outside the model, are presented
in Table 5.1. The milkfat production parameters are discussed in

Appendix B.



Table 5.2

Parameters Fstimated Simultaneously

Equation no.

Nillcing Cost

4.2.3

Heifer Cost

4.2.4

Inter Year Function

4.3.3

"

4301

i

4.3.5

Digcount Fzctors

4.346

Parameter

o7

Sr f
U‘!-b-wp‘f\‘.l

Minimum Minimuna
i 2
355.9856  498.4159
~0.9469 ~1.6575
-30.1069 4.5492
-1.1183 -1.7389
8.9981 6.6014
1.0340 0.8677
0.0363 0.0101
0.4571 0.5025
55,9810 148.6062
1.4979 0.9615
0091 0.4736
~-0,4513 0.4245
2.4718 3.1456
23915107 .2133x101°

97.

Minimun

S -

1808.0509
~4.9140

"'5 4- 0 193

~1.0347
42.4035
1.0236
~0.01C5
0.3356
619.9479

0.9642
0.9296
0.8963
23.2624

.4578x10 10

The price expectation constants tend to reflect the relative

stability of the different price series.

for the cull cow and surplus calf prices is of the cobweb type where

the current price is projected into fulure years.

The milkfat price

The price expectation model

is relatively more stable and the expectsd milkfat advance is the current

price plus half the change in the advance between the previous and the

current season.

The cow input price expectation parameter value of

1.0 reflects the tendency of input prices to increase steadily.

Simultaneous estimation of the parameters was begun from various

parameter values.

Three sets of estimates of parameters are given in
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Table 5.2. lost of the parameter valuesz have magnitudes and signs
consistent with those assumed in the building of the model. lHowever,
some of the pammeﬁers are inconsistent.  In particular, the cost
parameter 4y in all sets is positive znd large and the cost paramester b
is pogitive for miniumuam 2. These cost parameters vere assumned to be

negetive. The inter—year decision parameter §, is negative and of

1
such magmitude thau ag the number of femzle calves reared in the first
year increases, the number reared in the second year will decline
meriedly. The estimaled QE' in all sets is large and gives an undue
infivence of the envisaged changes in cow numbers on the enviszged level

of cow inputs.

o

The discount parameters for Minimum 1 indicate that the
expected income in year two is preferred to income in other years.
The negatire value for d4 indicates thut the expected income in year
Tfour detracts from the fammer's utility. In Minimum 2, fulure
cxpected income is discounted at an incicasing rabte for each year.

Hinimun 3 has an estimated consiant discount rate of 3.716 percent.

5.2.2 Ivaluztion of the model

Various eriteria could be used to select the set of pumeneters

b
o

o evaluate the model and to make projections. Since the crivexia
thel is used to select particular parameter values is the minimization
of ¥, this criteria is used to Jjustify the selection of linimum 1
paraneter values in further applications of the model. The model is

novi evaluzted, Projections are discugsed in the next section.

Taree methods are used to evaluale the model. The firs
procedure compares the actuals and estimates of the decision variables
for the period over which the model is estimated. The series of
actuals and estimztes of the decision variables are shown in Figures
he1 and 5.2. As can be seen in Figure 5.1, the estimates of the numbex
of cows culled each year is reasonably close to the actuals and all
turning points are correctly predicted. The correlation between the
two series is 0.934. This correlation is reduced by the serious

wder-estimation of cows culled in 1565/66. The estimates of the
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female calves reared are slightly less accurate and appear to predict
turning points one year after they occur. No obvious reason for this
occurrence exists énd no attempt is made here to explain it. The
correlation between the two series is 0.846. The model estimaies cow
input levels of the correct magnitude but fails to predict several
turning points. Part of this poorer estimation for cow inputs may be
due to the series of actuals. - The series is constructed by adding
together the amounts spent on a number of inputs that influence per cow
verformance. The separation of inputs between those that affect cow
performance and those that are affected by cow numbers or output levels,
is very imprecise. The scries is then deflated by zn index of the
prices of all inputs used on the dairy farm weighted by the proportions
spent on each input. The correlation belween the cow input estimates

and actuals is 0.814.

The second type of evaluation tests the models ability to
project cow numbers within the period oi estimation. Two types of
projections are nade. In the first, the model iz used to project cow
nunbexrs one year ahead using the previous year's actual number of cows
in milk, heifer numbers and prices, but using the estimated number of
cows culled. Thig yields rezsonable rezults as indicated in Figure 5.3
by the dashed line. The over estimation of cow numbers in 1966/67
is due te the wnder-cstimation of culls in 1965/66. The correlation
between thz acltuals and estimates is 0.971. The second projection
method tests whelther errors in the model compound as the model projects
more than one year ahead.  Actusl stock numbers in 1963/64 are used
to begin the projections of cow numbers. Estimates of decision
variables and projections of stock numbers are used from then to
1973/74. In all the projections, actual and expected prices and farm
area are used. The results are indicated by the dotted line in Figure
5.3. The effect of an under-estimation of culls in 1965/66 raises the
series above the actuals, but the errors do not appear to compound.
The correlation between the actuals and estimates is 0.980, which is
higher than for the other method because the previously discussed method

mder-estimated the number of cows culled in 1966/67 (see Figure 5.1).

Finally, the milkfat production for each year is estimated

using the estimates of cow input levels and the projections of cow

MASSEY UNNVERSITY,
LIBRARY,
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Table C.2, Appendix C.
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nunhers. The projections of cow numbers is the series derived from
actual stock numbers in the previous year: The zctuvals and estimates
of milkfat production are showm in Figure 5.4. The poor estimation of
cow inputs reduces the accuracy of the estimates of milkfat production.
However, the majority of the turning points are correctly predicted but
the magmnitudes of the changes between years are nol so well estimated.
The correlation between the two series is 0.868 which indicates a

reascnable degree of accuracy.

For the period of the study, 1963/64 to 1973/74, the model
estimates the number of cows culled with a reasonable degree of zccuracy.
Because of this accuracy, prejections of cow numbers are reasonably
accurate. The estimation of cow input levels has the lowest corvelatlion
between series of actuals and estimates and this affects the accuracy
of estimztes of milkifat production, but the level of error between
actuazls and estinates of milkfat production are less than those for covw

inputs.

5.2.3 The responses to price changes

The basis of the model is that as prices chaunie the dairy farmer
adjusts his current production and he plans to adjust his fulure
producticn levels. In oxdexr to quantify the extent of tihe famer's
reaction to price changes the model is used to estinate the decision
variables, nilkfot ouwtput aud to project cow mumbers using the averag:e
prices and stock numbers for the periocd of estimation, Cow numbers
are projected by the simpler of the two methods described in Chapter 4.
The projections using this method give an indication of the direction
in which the farmer is moving. = Because of the uusatisfactory nature
of some of the inter-year decision varizbles, the megnitude of the long
run changes in cow numbers needs to be treated with some caution.

Each price is increased by 10 percent while the other prices remain at
their average level. The responses are recorded in Table C.3,
Appendix C. The percentage changes in response to a 10 percent change
in each price axe given in Table 5.3. As can be seen, thexre is very
little response to changes in the prices of culls and surplus calves.

However, as the milkfat advance increases, the number of cows culled
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declines, the nuanber of female calves reared increases, cow invutg
increase and the herd size expands. The long run response of cow
numbers 1o the changes in the milkfat advonce is greater than the short
run response. The regponse to changes in the price of inputs is
laxrger than that for the millfat advance. In this case, the numbex
of culls increases, the number of female calveg reared declines, cow
inputs increase and the herd size contracts. Once again, in the leong

rn, the response is greater than the short run.

Table 5.3: The Percentage Change in an Estimoted Varigble due 1o a

10 Porcent Inecrecse in the Averane Frice

10 percent increase in the price of

Variahl os Milkfut Cull Su:r'..plus . Conr

S advence Cows calves dnputs
Culls in year 1 ~3.8 +0.6 -~0,6 +5.8
Femele calves reared in year 1  +1.4 0.0 0.0 ~0.3
Cow inputs in year 1 +5.6 +0.3 0.0 +6.3
Milkfatb production in year 1 +2.8 40,2 0.0 +3.2
Cows in year 2 4+0.5 ~0.2 0.0 -0.9
Cows in yeax 3 +1.2 ~0.3 0.0 1.8
Cowg in year 4 . +6.5 w32 +0,3 -11.8
Cows in year 5 +8.8 ~1e9 +0,3 =111

SOURCE: f%able C.3, Appendix C.
NCTH: The percentage changes are czlceulated using the unrounded changes
in the variables

The only response not predicted by the theoxy of investment, is
the increase in cow inputs in the current year, as the price of inputs
rise. From the theory of investment, an increase in the costs of
holding cows would decrease the capital wvalue of all cows and hence
the number culled would increase. This says vexy little about the
expected change in inputs. If the level of inpuis remains constant
on a fixed area of land as the number of cows declines, the ifputs per
cow would increasce, milk production per cow would inc:c'ea:;e, but total

milkfat production is expected to decline. Thus the reason that
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inputs increase is to inecrease totzl milkfat production. However,
increased cow input prices result in'a decline in cow numbers which

would reduce total milkfal production in the long term.

5.3 Projections

In the previous chapter two methods of making projecticons were
outlined. In this section one of the methods is used to make
projectionzs up to 1979/80. The method uses the stock numbers projected
from the previous year and projects the decision variables for each
year. The decision variables are projected uwsing projected prices .
and projected form area. The projected levels of prices and famm

arez have to bs obtained from outside the model.

In projecting the decision variableg up to 1976/77, actusl prices
obiained from the same sources as used in estimeiing the paremelers,
are inserted into the model. DPrices for the 1976/77 secason are
projected at the level they were at the middie of the season. For
1976/7T, input prices are assumed to increase by 15 percont. Prom
1976/T7 to 1979780, two sets of price vrojecticas are uvsed. The
first takes all prices as increasing by 10 percent per yesr and the
gecond takes the milkfat advance as decreasing by 5 percent per year
wnile all other priceg increase by 10 parcent per yvear. The projected

prices are included in Table A.2, Apvendix A.

In all the projections farm area is held constant at 61 hectares.
In projecting the decision variables and cow numbers, rainfall is the

average level over the period of estimation of the parameter values.

The projected number of cows culled and female calves retained
are included in Figure 5.1. The projected level of cow inputs are
included in FPigure 5.2 and the projected number of cows are included

in Figure 5.3,

In projecting milkfat production, the projected stock numbers
are used, farm area ig held constant at 61 hectares and input costs
are those projected for each year. Tor the projections of milkfat

production up to and including 1975/76, actuzl rainfall figures are
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used. From 1976/77 to 1979/80 milkfat production is projected vsing
the average rainfall over the period of estimation of the parmmeter

values. The projections of milkfat production are included in

The number of cows culled, the number of female calves retained
and the level of cow inputs are all projected to decline in 1976/77
as comparel with 1975/76. The number of cows in milk is expected to
decline in 1976/77, but because of the projected decline in the number
of cows culled that year, the number of cows in milk is projected to
increase in 1977/78. In 1976/17 nilkfaet producticn is projected to

decline due to a decline in cow inputs and in cow nwibers.

From 1976/77 to 1979/80, if 21l prices increase by 10 percent per
year, the average famnier is projected te rapidly expand his herd size
by decreasing the number of cows culled. At the seme time he is
projected to decrease the level of cow inpuats up to 1977/78 and then

to incereass them. fg a result of the projected increase in sloclking

rate and the projected changes in cow inpuls, milkfat production is
(] L ¥ 5

projected Lo decline up to 1979/€0.

Over the sanme period, if the milkfel advance decreases hy & per-
cent per ysar and all other prices inerease by 10 percent per year; the

average Ifexmer is projected to decrease his heid size by increasin

oz

the number of cows culiled., He is also projected to increase the level
of cow inpats up e 1977/78 and then to decrease the level of cow
inputs. As a result of these changes milkfat production is projected

to increase up to 1977/78 and then to decline.

211 these projections are conditional on the prices, farm ares
and rainfell used in deriving theme As the number of years for which
projections are made increases, the projections become conditional on
these prior projections eventuating and any errors will be carried
into the next year's vrojections. The projections of cow numbers ars
in addition, conditionzl on the projections of the decision variables
in the previous year. The milkfat production projections are, in
tum, conditional on all the previous projections and wil} coutain
errors due to the projections of these other variables. Further,

the projections for the period from 1976/77 to 19?9/80 use prices from
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well outside the range of prices used in egtimating the parameters

in the model and therefore must be treated with some caution.

5.4 Summarr of Results

Tn this section the resulis of the esbtimation and evaluation of
the model and the projections are summarised. Esgtimation of the
paraneters in the model began from several starting parameter values.
All sets of parameter estimates contain parameters with unsatisfactoxy
signs and masnitudes. However, parameter values selected to evaluate
the model, give reascnable estimates of the decision variables. The
nodel asccurately predicts all the turning points in the actual cull
cow series but fails to predict several of the tuming points in the
other decision variable series. The correlationg between actuels and

estimates of the decision variables are:

(a) cull cows 0.934,
(b) female calves 0.846,
(e} and cow inputs 0.814.

The model projects cow numbers over the period of estimation with
2 reasonable degrec of accuracy when projecting from the actual cow
numbers. When projecting using previoualy vrojected cow numbers,
errors are carried forward.but do not appear to muliiply. The estimates
of milkfat production do nol change between years by the same magnitude
as the actuals but most of the turming points are correctly predicted.

The corvelations between actuals and estimates are:

(a} cow numbers projected using actual stock numbers 0.971,
(b) cow numbers projected using projected stock numbers 0.980,
(¢) ond milkfat production “ 0.868.

The effects on the model of changes in prices indicate that
changes in the prices of inputs have a greater influence than changes
in the milkfat advance. The changes predicted by the model are

consistent with those predicted by the theory of invesitment.

Projections of decision variables, cow numbers and milkfat
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production are made beyond the pericl over which the model is estimated.
It is pointed out that the projections are conditional on the variables
used and the previéus projections. The projections indicate that,
compared with 1975/76:

(a) the nunber of cows culled in 1976/77 is expected to

decline;

(b) the number of female calves reered as herd replacements
in 1976/77 is expected to decline;

(¢) the level of cow inputs is expected to decline in
1976/773

(d) cow munbers are expected to decline in 1976/77 but
te increase in 1977/78;

(e) total milkfat production on the average farm is
expected to decline in 1976/77.

The projections from 1976/77 to 1979/80. indicate that if 2ll
prices increase by 10 percent per yezr, cow muabers would increase but
both cow imputs and milkfat production would decreage. If the
niltkfat advance decreases by 5 pevcent per year and all olher prices
increase by 10 percent per yvear, cow numbers are projected to decline
but cow inputs and milkfat production are projected to initially

increase and then to decline.
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CHAPTER 3IX°

CONCLUSIONS

- e

This study considered an average factory milk supply dairy farm in
the Taranaki/Western Uplands region and the changes that have occurred
on that form from 1963/64 to 1973/74. The aim of the study was to
build a model that could be used to project futuvure daixy farm output,
stock numbers and the level of inputs on a regionzl basis. A model of
the dairy farm production system and the farmer decision process was
built end the model's ability to predict the farxmexr's decisions, and

farm output were analysed. The resultis of the study eppear promising.

The technicue used in thiz study requires a large amount of
information. Iiach of this information is not currently available.
This lack of inforxmation has been overcene by making assumpiions
concerning the formg of the production relationchips and the fzmer's
behaviour. Tor these reasons this study must be considered as

exploratory.

6.1 The Results and Policy Implications

The aim of this study was to build a model that could be used to
project dairy production responses to changing prices. In building
the model, the relationships between variables were given specific
nmathematical formns.  The parameters incerted were unknown and had to be
estimated, The estimation of the parameters involved adjusting the
paraneter values until the actual and estimated decision variables

were as close as possible.

Some of the estimated parameter values appear unsatisfactory. In
particular some of the parameters that determine the envisaged levels of
future variables and one of the discount rates ars of the wrong sign,.

Cne of these parameters is also of such magnitude that if

the envisaged number of cows increases,
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the number of female calves reared me ul‘ndly declines. The result is
thet the model does not indicate a feasible peth to the 'optimun' plen

at the end of five years.

The cosi parameters also appear to be unsatizfactory. One of the
milking cost paremeters is of the wrong sign end magnitude which may be
due to not taking teclnological changes inbto zoccount in the model. It
was assumed in the modsel that the technological changes that had occurred had
not influerced the production relationships, However, during the period of
the study there has been a change to herrinz-boae milking sheds

which may have altered the milking cost parameter

o

In spite of these limilations, the ncdel esbimates the historical
decisions made by the average dairy farmer with a reasonable dezree of
acCuUracy. It is congidered that ithe model deseribes the changses on the
average farxm with sufficient aceuracy for the model to be of use in
making projeclions for a limited peried outside the pericd fox which

data is sveilable.

The medel, insofar as it degeribes the decisicn process of the
average farmer, suggests that the fammer has responded moxe o chrnzes
in input priceg than output prices over the period of study. Twrther,

the medel sugzests that changes in cull cow prices have very iittle

impact on the production plans and changes in surplus calf prices have
even less impacte. .
This snalysis implies that if NWew Zealend policy makers wish to

increase mill: production, they shovld pay close attention tec the orice
of iuputs such as fertilizer and other inputs thal are thought to
influence per cow production. In the short »m (in the current secascn),
an increase in the price of some inputs is likely to increase milk
production. 1In the long term, increased prices of these inputs are
likely to Cecrease daixry farm output since the number of cows in milk
rould decline. Thus, as a long term policy, close attention to the
vrices of inputs rather than outputs would have a greater impact in
increasing production. Policy measures thal influence the prices of
cull cows and surplus calves ceteres paribus, are not likely to have a
sreal impact on production. However, a dairy company in the Taranaki

region wishing to increase milk production in the shorl and long rum,
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is likely to have a reasonable degree of success by increasing the

milkfat advance vrice. ) >

The projections outside the period for which data was available

for estimatinc the parameters, indicate that as compared with 1975/76,
dziry farmers would decrease herd size and milk output in 1976/77. The
projected decline in milk production is due to a projected decline in
inputs that are coasidered to influeance per cow milk production. Since
cow numbers are projected to decline, total milkfat production is
projiected to decline. It is also projected that a smaller number of
cows would be culled in 19?6/?7 in the region (as compared with 1975/?6)

.

in order to incrsase herd size in 1977/78.

The projections from 1976/77 to 1979/80 indicate that, if all
prices increase by 10 percent per year, cow numbers would increase but
both cow inputs and milkfat production would decrease. If the milkfet
advince decreases by 5 percent per year and all cther prices increase
by 10 percent per year, cow numbers are projected to decline but cow
inputs and milkfat production are projected to initially incrcase and

then to decrezse.

The projections from 1976f77‘t0 19?9f80 are made using data
projected from three to six years oulside the period for vhich data was
available for estimation of the paramebers. The projections are also
made with price prajecﬁiong from 1976/77 to 1979/80. Hence, these
projections are conditional on thesc prior projections and include the

errors in these other projections:

6.2 The Approzch to Supvly Anslvsis and its Limitations

The average dairy farmer wag assumed to make a plan each year thet
envisaged changing stock numbers over the next five years so that at
the end of five yvears the dairy farmer milked an ‘optimum' number of
coWg. The 'oplimum' was where the discounted expected income stream
vas maximised over time, given the farmer's discouni rate. The
expected future income depended on the farmer's expectatiqp of futiure
prices and the expected production levels. The expected production

levels depended on the envisaged number of stock and the level of
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certain inputs. In oxder to alter produciion in the direction of the
‘optimum' plan, the dairy famner adjusted current stock numbers and

inputs.

In practise the dairy faxmer never achieves the 'Toptimum' due to
factors such as price changes influencing price expectations. Thus,
the variables after the first year cannot be obsexved. Heuce, these
envisageld variables were expressed in tevms of varisbles in the first
year of the plan, which were observable. Enviseged stock numbers,
envisaged decision variables and expected future prices were all assumed
todepend on specific mathemstical expressions concerming the previous
year's variables. These mathematical expressions allowed the farmex's
assumed objective function (the discounted expected future income

stream) to be expressed in terms of observable variables.

The approach adopted for this study required a great deal of
informaticn concerning the decision procoss of the average farmer and
production interrclationships of the fexn.  luch of this infoimztion
ig not currently available in New Zealand and thus, nany asswapbicns
were made in building the model, These sssumptions will have
contributed 1o tThe wasatisfactory nature of some estimated parsieter
valuves discussed in the previouns section. In the approach used these
errors can only be avoided by z more complete knowledze of the farmer's
decision process and would have decreased the ability to model the
process in a mammer se tha't lhe model can be solved for the important

decision variables.

Information conceraing the objective function of farmers, how
farmers Torm their price expectations and the relationships between
current and envisaged variables would have greatly reduced the errors
in the decision process. A more mathematically complicated objective
function would have reduced the possibility of obtaining an analytical
golution and increased the costs of estimation. A similar result would
have occurred with more complicated price expectation functions, but
nore information on how farmers form their price expectations moy have
reduced the number of paramelers to be estimated within the model.

As well, it may also have increased the reliability of the price

expectabion parameter estimates.
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The ability to solve the model analytically depended on the
assunplbion of quadratic production and cost relationships which if
relaxed would have introduced more vur1°b193 to be estimated and

he |

increased the conplexities of the model. Other techmiques would need

to be used to solve the model and estimate the parameters.

A major limitation in this model is the asswiptions concerning
effective faxm area. A method of introducing farm area as a decision
variable would have been more realistic. This addition would also have
increased the complexities in the model and would have made it difficult

to obtain an analytical solution.

A further limitation of the approach has arisen in the course of
the study through the inability to separate the input items in the data
more precisely. This problem and the probleém concerming the index of
input prices are more concerned with the data and could be overcome
with a more careful study of the inputs and prices.

The limitztions discussed above could partliy be overcome with mowe
rescarch into these areas. The simplicities of this study, hoviever,

could well disappear.

Despite these limitations, the resulis of this study sungest that
he zpproach hag merit and could be used to provide a methed of
projecting dairy cow numbers, dairy proiuction end input levels in
New Zealand. The study hes also identified areas of dairy supply
response that would benefit from further work. Such investigation
could be of bencfit to supply analysts not inclined to formal model
building as well ag allowing a more complete supply model to be

considered.
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APPENDIX A

THE _DATA

TABLE A.l: TARANAKI/WESTERM UPLANDS REGION

NO. OF NO. OF NO. OF
FACTORIES a) SUPPLIERS ‘a) COWS IN
MILK k) (000)

1963/64 ' 37 3506 297
1964/65 36 3794 303
1965/66 32 v, 3FLE 313
1966/67 . 28 ' 3665 311
1967/68 22 3590 336
1968/69 ; 2] 3620 352
1e6e/70 21 3548 360
1970/71 21 3402 369
1971/72 & 24 , 3262 351
1972/73 . 2 3183 ) 332
1973/74 19 3046 343
1974/75 » 15 2989

Annual Average
Percentage Change
1963/64 to 1973/74 -6.8 =1 .9 1.3

SOURCES: a) N.Z. Dairy Board,
b) Government Statistition /517



TADLE

K2z

REPRESENTATIVE PRICES

RECEJLVED AND PAID BY DAIRY FACTORY

1963/064
1964/65
1965,/66
1966/67
1967/68
1968/69
19G69/70
1870/71
1871./72
1972/73
1973/74
1974775
1975/76
1976/77 £)

123

1977/78 g) 151.8 (4) 13L.1 (=) 74

1978/79 g) 167.0 (+) 124.5 (=) 82.
1979/80 ¢} 183.7 (+) 118.3 (-)  90.

Annual Average
Percentage Change
1963/64 to 1973/74

MILK SUPPLIERS IN "TARANAKI
TOTAL CULL SURPLUS INPUT ouTrpuT
MILKFAT a) COsS b) CALVES ) PRICES d) PRICE ¢}
(c/kq) ($/Ti=ad) (5/Head) (Index) (Index)
85.815 35.20 4.45 1000 1000
95,851 © 35.28 4.40 1011 1101
98.503 47.62 4.93 1037 1171
91.146 44.10 6.30 1071 1194
76.491 58,21 6.59 1112 1154
72.744 62.96 $.84 1139 1147
73.603 82.90 9.94 1197 1218
85.849 77.60 9.52 1279 1380
107.945 68.78 9.37 1329 1609
111.376 97.01L 14.12 1450 1781
129. 802 52.20 15.03 1668 1859
131.959 41.60 7.25 1908 1768
146. 081 76.00 8.42 2174
138. 000 68.00 14.00 2500
.80 15.40 2750
30 16.90 3025
50 18. 60 3330
3.9 3.9 12,2 4.6 5.9
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NOTES TO TARLE A.2

a) The milkfat prices are obtained frou the following six companies:

Bell Block Co-coperative Daivy Ltd.

Clifton Co-operative Dairy Co. Lid.

Kiwi Co-operative Dairies Ltd.

Moa Fammars Co-operative Dairy Co. Litd.

Taranaki Co-operative Dairy Co. Iid.

The Warea Co-operative Dairy Co. Itd.
plus the companies from which they cwolwed.

b) Obtained from the Meat Exporters' Schedule of prices to
producers in the last week of May.

c) Obtained from the N.Z. Dairy Board /4d/

q) Cbtained from /447 and is a N.Z. weighted index of prices paid
by dairy fanrwers vhere the prices of individual inputs are weightad

by the proportion of ewponditwre on cach item.

e) Obhtained from /447 and is a N.Z. weighted average of prices

rceeived by dairy fammers.

£) The 1976/77 prices are projections. The: milkfat payout is the
advance for the seascn. fThe cull coy and surplus calf prices hive
boen projected by the Ministry of Agriculture and Fisheries /537.
The input price index is increased by 15 percent.

a) Two sets of projections arce used for the seasons of 1977/78 to
' 1979/80. The milkfat advance is increased by 10 percent cach
year in one set (indicated by (+) ) and dGecreased by 5 percent

~ each year in the other (indicated by (=) ). All other prices for
the period are increased by 10 percent per year in both casoes.



TABLE A.3: SOURCES OF TOTAL FARM INCOME ON MILK

1963/64 a)
1964/65
1965/66
1966/67
1967/68
1968/69
1969/70
1970/71
1971/72
1972/73
1973/74

SOURCE :

SUPPLY FARMS

125.

MILKFAT CALVES CATTLE PIGS OTHER  TOTAL
TNCOME FARM

INCOME

(s)

7674 230 682 53¢ 218 9342
9406 232 506 526 224 10894
10350 269 878 509 220 12226
11335 349 1005 671 269 13629
11281 409 1215 602 218 13725
10371 553 1450 545 287 13206
10476 654 1702 512 360 13704
10530 594 2093 536 373 14126
15481 592 1937 662 468 19140
17591 859 2738 594 421 22203
19651 920 2876 640 479 24566

N.Z. Dairy Board /437

L )

a) 1963/64 data includes cream supply farms.
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TABLE A.4: AVERAGE MILK SUPPLY TARM EXPENDITURE

1963/64 ¢)
1964/65
1965/66
1966/67
1967/68
1968/69
1969/70
1970/71
1971/72
1972/73
1973/74

SOURCE :

Notes:

cow OTHER CURRENT TOTAL

TINPUT INPUTS b) FARM FARM
COsTS a) CASH EXPENDITURE d)

EXPENDI-

TURE c)

(%)

2256 2860 5116 5810
2492 3198 56950 6558
2842 3579 6421 7288
3234 4027 7261 8243
3360 4230 7590 8656
3189 4266 7455 8447
3301 4334 7635 8735
3459 4589 2046 9134
4370 5657 10027 115006
5089 6254 11343 13284
5744 6813 12857 14432

N.%Z. Dairy Board /437

a)

b)

cJ.

d)

e)

Summ of animal health, contractors, feed, fertilizerxr
and seed, general, weed and pest control and rcpairs

and maintenance items.

Sum of administration, breeding, dairy shed, clect-
ricity, freight, vehicles, insurance, rates, labour,

interest and ren* expenditure items.

Sum of a) and b)

Sum of c) plus development, depreciation, taxation

concessions, deferred expenditure, and income equali-

" sation transactions.

1963/64 information includes cream supply farms.
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TARLE A.5: DANNUAL INPUTS AND MILKFAT PRODUCTTON
G 10 AVERAGHE MIIK SUPPLY FAIM

CONs FARM FARM cow MILKFAT

I AR &) LAOUR b) INPUTS ¢) PRODUCTION

MILK

(No.)  (Hectares) (Units) ($) (kg)
1963/64 ) 85 43.7 L6k 2256 1468
1964,/65 91  46.5 1.62 2456 12636
1965/66 102 50.2 1.68 2742 13286
18G66/67 103 52.06 1.62 3020 14059
1967/68 103 51.4 1.61 3022 13964
1968,/69 109 53.0 1.60 2800 14618
1964/70 JA 53.8 1.56 2758 13032
1970/71 112 55.9 1.52 2704 13300
1871/72 114 59.0 1.68 3204 15720
1872/73 121 Gl.0 1.70 3510 15425
1973/74 321 61.0 1.69 3403 15281
Anmual Average
Percentage change 3.3 3.0 0.4 3.3 2:7

SOURES:

Notes:

N.Z. Dairy'Board /437

a) Farm arca is the 'tfifective farm area" as defined by the M.Z.
Dairy Poard /437 and does not: include farm run—off arca. It

is obtained from the sasple of both cream and milk supply farms.
i
b) Farm labour is the total guantity of labour on both milk and

cream supply farms.

c¢) The varjable cow inputs is derived by deflating cow inpat
costs by the index of pricés paid by dairy farmers. Unfortunately
an index of the prices of iteamns in "cow input costs" weighted
by their quantities used does not exist. Fuxgthermore, the
indox of prices paid has the expenditure items weighted by the
proportion of expenditure on each item.

d) 18G63/64 data includes cream supply famms.



1963/64
1964/65
1965/66
1966/67
1967/68
1968/69
1959/70
1970/71
1971/72
1972/73
1973/74
1974/75
1975/76

SOURCE:

Note:
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TABLE A.6: MILEFAT PRODUTTION PER CO4 AND INPUTS

@ tw

0

MILXFAT oS QUi VENTHER
© PRODUCTION PER TRPUTS VARIABLE a)

PER OOW HECIAR PER COW
134.9 1.93 26.54 2.75
138.9 1.94 27.09 2.86
130.3 2,04 26.88 2.90
136.5 1.94 29.32 2.83
129.3 2.12 27.98 2.87
134.1 2.06 25.69 2.94
117.4 2.06 24.84 2.67
118.8 2.00 24.14 2.84
137.9 1.93 28.63 2.98
127.5 1.98 29. 61, 2.65
126.3 1.98 28.12 2.7

2

%

Table A.5 & /547

a)

The weathar variable is the logarithm to base 10 of the

rainfall in millimcters frem Ostobor to March (6 months) of

each scason.

The total rainfall is obtainc

ed from the Manaia

(98 meters above woan sea level) ard the Stratford (311

meters above mean sea level) meleveological stations, and

is the average of the nonthly rainfall readings. The poriod

(October to March) appears viswvally to explain novements in

milkfat production better than other periods and its Jogarithm

is used to indicate a diminishing influence on production as

rainfall increases.
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TARLE A.7: A MEASURE OF PRODUCTIVITY

REAL TOTAL REAL CURRENT INDEX OF
FARM FARM PRODUCTIVITY
INCCIE EXPENDITURE
(a) (b) (c)
1963/64 9342 . 5716 1000
1964/65 9895 6346 957
1965/66 10441 6941 920
1966/67 11415 7626 920
1967/68 11893 7696 950
1668/69 11514 ¥373 g 957
1969/70 11251 ‘ 7220 957
1970/71 10236 7094 883
1971/72 11896 8407 871
1972/713 12467 8208 859
1973/74 13215 8413 963
rmaal Iwverage
Percentage Change 3.3 3.9 - 0.6

SOURCE: N.Z. Dairy Poard /437

Notes: a) Total farm expenditure is deflated by an index of prices
received by dairy faximers.

b) Farm cash expenditure plus depreciation is deflated by

an index of prices paid by dairy farmers.

¢} The index is the ratio of a) divided by b).



1963/64
1964/65
1965/66
1966/67
1967/68
1968,/69
1969/70
1970/71
1971/72
1972/73
1973/74

TABLE A.8:

GROSS_BND FICTOR OUIPUT

MATERIAL

130,

Anmaal Percentage

Change

SOURCE: N.%Z. Dairy Board /43/

Note:

GROSS FACTOR
ouTPUT JINFUT INCOME
9342 5630 3712
9895 bidi i) 4164
10441 5997 4444
11415 6582 4833
11693 7319 4774
11514 6885 4629
11251 ‘ 6690 4561
10236 6210 4020
11896 6652 5244
12467 6917 5550
13215 7486 5729

3.25 2.6 3.9

.
The methodnlogy is discussed in Section 3.4.
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APPENDIY B:

THE MILKFAT PRODUCTTION RELATICQNSHIP

Central to supply analysis is the dovelopment of a production
function that explains cutput in terms of the inpute employed. In
Chapter 3 it was hypothesised that milkfat production (MP) per cow
moved in response to changes in cows in milk (CM), fam area (1),
cow irputs {IC)*, weather (W) and tectmology (7). In order to
test these influences, it is hypothesised that the milkfat production
relationship is of the fomm:

1C 10°

M
MP/CM = e) = & R

i G4 t{'\i""ﬂsW'l‘_Q() T -+ E'

vhere I is an error term.

Technology is included as a time trend variable with the level of
technology egual to 1 in 1963/64 and thos takes account of gradual changes
in technology. Weather is included as the logaritiit to base 10 of the
rainfall in the region cver the six months fron Octobar to March of each
season. Tha other variables are as given in Appondiz A for the Tarenaki/

Westarn Uplands region.

Three forms of the produsction function are estimated, using ordinary
least sguares regressions. The first eguation (Bl) excludes weather and
technology variables, the second (B2) esicludes the technology variable and

the third (B3) includes all veriables. %he results are presented in Teble B,

The accuracy of the estimated paramcters is limited because with only
11 years of data the degrees of freedom of the egeations arve smull.
However, in all equations the coefficients are correct in sign on a priori
grounds. The inclusion of the weather variable reduces the constant but
leaves the other coefficients virtually unchanged. The inclusion of the time
trend variable substantially alters all the coefficients excepting that for
weather and increases the. standard errcrs. Only the weather coefficient is

% Co inputs are cow input costs deflated by the index of prices paid by
dairy farmers. Items included in cow input costs are given in the Notes
to Table A.4, Appendix A.
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sig:xifiéant-ly different from zero at the 5 percent level of test. The time trend
coefficient, while not significantly different from zero, indicates that
gradual improveronts in technology have increased milkfat production per

cow by 0.8 percent per year over the period of estimation.

The wost satisfactory of the estimated milkfat production
relationships appears to be equation B2 and thus this eguation is used
in the nodel. Fguation B2 indicates, for example, that with an increase
in stocking rate of one cow per hectare, milkfat production per cow would
fall by nore than 25.4 kilegrams because inputs per cow would have declined
as well. The investigation of eguaticn B2 is best carried out graphically.
The results are given in Figure B.l(a) to (d). Each graph is derived by varying
only one variable in equation B2 at a time. For example, in Ficure Bl(a) ihe
number of cows in milk is changed while the other variables are held constant
at the average of their level from 1963/64 to 1973/74. Thus, Figqure B.1l(a)
indicates the impact on milkfat produclion per cow of changes in stocking
rate. The impact of the variables outside the range over which the equations
ware estimated is investigated in order to detirmine the limits of equation

B2.

The goodness of fit of cquation B2 is indicated in Figure P.2 where
actual and estimated milkfat production per cow from 1963/64 to 1573/74

“are shown.



ESTIMATED MITEFAT PRODUCTION COEFFICIENTS

5 IXPUT INPUT DEGREES
DOUATION |  CONSTANT SEgggznG COSTS COSTS WEATHER TIME OF R 3
PER COA SQUARED FREEDOM
PER CCOW
= ki =k
Bl 61.672 -20.249 5.430 =0.00043 7 .700 5.45
(31.227) (1.%587) (.00019)
ik ek it
B2 0.690 _ =25.427 4.712 -0.00032 29.597 6 .881 11.08
(21.350) (1.174) (.C0013) (9.826)
B3 ~82.672 ~9.660 7.576 ~0.00083 30.347" 1.087 5 .887 7.82
(38.289) (5.730) (0.00035) (10.594) (2.122)
NOTE: Figures in paxentheses are standard errors of the estimated coefficients

*** Tndicates a coefficient that is significantly different frcm zero at the 1% level..
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Figure B.1(a): Milkfat Production in Response to Changes
in Cow Numbers
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Iigure B .1(b): Milkfat Production in Response to thanges
in Farm Area
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Figuwe B.l(c): Milkfat Production in Regponse to Charnves
in Input Costs
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Figure B.1{d): Milkfat Production in Response tc Changes
in Rainfall
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Figure B.2: Estimated and Actual Milkfat Production per Cow
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APPERDIX  C:

THE RESULTS

STOCK NUMBERS DERTVED FROM THE DATA

1963/64
1964/65
1965/66
1966,/67
1967/68
1968/69
1969/70
1970/71
1971/72
1972/73
1973/74
1974/75

Source:

NOTES:

Reared
(a) (a) (b)
85 8 21 21
91 B 20 23
102 13 22 28
103 14 27 30
108 19 * 28 33
109 21 32 32
111 2 - 31
112 19 30 29
14 12 28 29
121 19 28 30
121 27 29 32
114 (c)

Table A.5 and the Stock lconciliation Equations (4.2.5 and
4.2.6).

(a) Estimated using the stock reconciliation.

(b) stained from the percentage of female calves wintered
on dairy farms /44

(c) Provisional,



TABLE C.2 : ACTUAL, ESTIMATED AND PROJECTED DECISION VARTABLES, CCW NUMBERS AND MILXFAT PRODUCTION

ESTIVATED DECTSION VARIARLES 2 COW NUNBERS MILKFAT PRODUCTION _ o
COLLS FEVALE o ACTOAT, SRJICIED ACTGAL, ESTINATED
CALVE DTS 2ND DROTICTED
(Nerbers) (Real $) (b) () (xq)
1963/€4 5 22 2452 85 11468 11981
1964/65 3 21 2474 o1 05 94 12636 12450
1965/66 F 3 2605 102 105 102 13285 13186
1966/67 1 28 2689 103 112 110 14059 13290
1967/68 20 30 . 2699° 168 117 107 13964 13375
- 1968/69 23 3 2709 108 118 109 14618 13762
1959/70 21 3 2071 11 120 110 1303 13606
1970/71 20 32 3007 112 122 112 12300 14427
1971/72 15 30 3128 114 124 113 15720 15464
1672/73 20 31 3363 121 127 118 15425 14957
1973/74 24 32 3745 121 126 12 1528 15952
19747759 30 35 2081 1149 123 117 14845
1975/76 (9 34 38 3897 109 16479
19767779 ) 15 37 2769 100 14336 (5)
1977778 4@ 463 343 493 592 E) 4555 (D) 115 12762 17510%F
1978/79 28 4130 3o 43(3) 532518 3047(0) 1354 g5(3) 12635 16615%F
1979/80 0} go(3) 30 443 5459(0) 3559 (3) 1563 gg(3) 12179 15553(3)
NOTES: .(a) The docision variables have beoen estimated using the actual stock numbers and prices ur to 1973/74.
(b} Cow nurbers have been projecied using the previcus ycar's projected stock numbsers and estimated decision veriables

and 1...5;..1g the actuel prices.

(c) Cow nurbers have been projected using the previous year's actuval stock nurbers and prices and the estimated

decisicn variables shown in this toble.

*gelL



NOTES TO TABLE C.2 CONT'D %

@)

(e)
(£)

(g)

(h)

(i)

(3)

Milkfat producticn has been estimated u::.rg the cow inputs shovn and the cow mumbers projected under (c) but u;.mq
actual farm area and rainfall.

Provisional

Milkfat has been p"ojecued using the projected cow inputs and cow nurbers under (c) but with farm area held constant
at 61 hectares and rainfzll at the average for 1963/064 to 1973/74.

The projections from 1974/75 to 1976/77 have keen macde using actual prices but using stock nurbers projected wnder (c).
The decision variables in 1976/77 and the cow numbers in 1977/72 have been projected using a 15 percent inflation rate
in cow input costs. - .

Projections fram 1977/78 to 1979/80 hawe keen made with all prices increasing by 10 percent each year. Rainfall used
is the average over the pericd of estimation and farm area is held constant at 61 hectares.

Projections from 1977/78 to 19272/80 have heen made with the milkfat advance declining by 5 percent per vear while all
other prices increased by 10 percent per year. Rainfall end farm area are as for (i) above.

*6¢L
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TABLE C.3 : TUE EFFECT OF INCREASHS IN PRICES ON VARTABLES

Bffoct with Effect with 10% Increase in the Average

Variables Ravrage: Vricos Price of:
Milkfat Cuil Surplus Cow
Advance Cowis Calves Inputs
Culls in )

Year 1 (No.) 16 15 16 16 17
Female Calves in

Year 1 (No.) ; 29 28 29 29 25
Cow Inputs in

Year 1 ($) 2793 2950 - 2802 2791 2969
Milkfat Production in ' »

Year 1 (kg) 13664 14052 13687 136592 14058
Cuws in Year 2 (No.) 110 111 110 110 109
Coss in Year 3 (Mo.) 113 114 113 113 111
Cows in Year 4 (Mo.) 86 92 84 87 76

Cows in Year 5 (No.) 90 98 89 91 €0

NOTE: fThe resalts have-been rowxled to the nearest integer.





