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ansiract.

An intraherd best linear unbiased prediction (BLUPY model for
predicting the future mitkfat production of individual cows was developed.
& major advantage of the BLUP technigue was o enable prediction of the
future miltkat production of freshening heifers, since relationships
between animals were included in the model. These predictions of fulure
performance were incorparated, along with various costs and revenuss of
production in New Zealand and calving date, into a model to arrive at an
gxpecied net revenue for each individual cow.

Three models to rank cows on future profitability were developed and
evaluated. Two models utilised dunamic programming procedures. One
model estimated the annualised present value of the net returns of each
cow and her replacement up 1o & predetermined planning horizon. The

second model used the same criterion, buf also allowed optimal

i

replacement 1o ocour in fulure seasons, The third model ulilized
replacement model evaluation technigues and estimated the annuslised
present value of the net returns based on the remaining economic 1ifespan
of individual cows.

The models were tegied over a large number of different situations,
The effects of changes in the different economic parameters are discussed
and the behaviour of each model is documentied. The parameters directiy
agsociated with the cost of replacement had the greatest effect on the
annual present value's (4PY) of individual cows. The optimal rankings were
affected by the price of the heifer replacement and the price of
manufaciuring beef, whereas mitkfat price played an insignificant role.
Yarying the price of manufacturing beef and the price of the heifer
replacement simulianeously had only a small effect on the ranking of the
cows. The parameters such as interest rate and planning horizon also
affected the &FYs produced by the dynamic models. increasing the planning

horizon past 10 gears caused & reduction in the veriation belween the



APV
it was concluded that the dunamic programming model which alfowed
optimal replacement in fulure seasons provided the best sysiem for

ranking cows on expected future income.
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Chapter |

1.1 Introduction.

The study of animal replacement should draw ononot only the theory of
animal breeding but also the theory of economic replacement. The theory
of economic replacement depends on knowledge of operations research and
invesiment theory. The purpose of this study iz to combine these areas of
knowledge to develop g ranking system which can be used a5 a management
guide to aid the dairy cow replacement decision process.

Decigions to replace dairy cows are either voluntary or involuntary.
Involuntary decizions are, predominantly, not in the farmer's control and
include death, barrenness and mastitis. Yoluntary replacement is within
the farmers control and is commonly based on a combination of subjective
and objective information about the cow. To aid the Tarmer in voluntary
replacement decisions, the Livestock Imorovement Division of the New
Zealand Dairy Board produces production indices and breeding values for
gach cow for which the required information is available. The production
indew 15 & measure of & cow's milkfat production free of the influence of
age, herd environment, stage of Tactation and herd genetic level (Wickham
et al 1980). The breeding value 15 & measure of & cows genetic value, half
of this genetic value is transmitted to the next generation. These guides
rnay excel in selecting those cows which could be used to improve the
genetic quality of the herd. However, on commercial farms where income
iz derived from the sale of milk and meat, voluntary replacement decisions
should be based on comparison betwesn the anticipated income from the
present cow and that of a replacement heifer. In g number of studies,
techniques involving essentially this comparison have been used to provide
qeneral replacement guidelines and policies however, 1ittle attention has
zo far been paid to the development of culling quides for individual cows,

The aim of this study is to explore, develop and evalute methods which
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could be used 1o rank cows on Tulure profitabitity
1.2 Qutline of the work.

The titerature pertaining to the theory and appiication of replacament

madels and dynamic programming with markoy processes are reviewsd in
chapters 2 and 3.

in chapter 4 the future production of individual cows are gredicied
using best linear unbiased prediction (BLUP) techniques and a model 1o
predict the preformance, revenues and costs of dairy cows on a Mew
Zealand dairy farm is developed. Two dynamic models and an annuity
model, based on replacement model theory which rank cows on the basis
of expected future earnings are presenised in chapler 5. In chapier 6, these
3 models are tested using average prices for the 1985 season. In chapier
7,10 test the robustness of solutions from the models, the economic

parameiers are varied 1o test the robusiness of the solulions from the
models. Finally, in chepter 8, the overall performance of the 2 models are
aluaied and the problems associated with thelr implementation in the

dairy indusiry are discussed.
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Chapler 2.

2.1 Replacement models

in livestock production systems, farmers commoniy have as their major

objectives .

i1 achieving economic profit from their animals, and

i1} maintaining or improving the aesthetic quality of their animals by

type ratings or other assessments of their physical atiributes.

The impartance of, and criterion for, the second objective reflect a varying
mirture of motives and intangible factors which may vary between farmers.
It will be assumed throughout this study that the Tirst abjective 15 of
primary interest and the second abjective will be ignored due to the
difficulties of measuring and defining it, even though it may an important
objective to many farmers. This sction is consistent with the observation
that farmers are becoming increasingly business oriented following a
dovwnturn in the agricultural economy and increased urbanisation (Macarthur
19755, In this study, the cow will be considered as an asset owned and
operated for profit. Hence, replacement will take place for economic reasons.
Severagl studies have considered the problem of when to replace an asset, but
few have addressed the problem of which asset to replace.

Before discussion of the replacement models an outline of the economic
theory which is the basis of the several economic replacemeant models will
be presenied.

when considering the net returns (net costs, profit or utility) generated
by an aszet there are three measures of interest; total net return, average
net return and marginal net return. The concepts of total and average net

return should be well known. The concept of marginal net return refers to the
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change it the net return occuring from & unit change in time. Therefore, the
marginal net return can be measured as the slope of the total net return
curve at any point in time.

when an asset generates a number of net returns in future gears, time
preference for consumption must be taken into account. The time preference
for consumption assumes that consumption in the present year is prefered o
consumption in future years. Therefore, o net return of & given amount is
worth more if 11 is produced in the current year than in some future year. To
calculate the decrease in value of the future net returns the concept of
discounting is used. & discount factor B is introduced which discounts the
future revenues to their present value in the current year. The discount

factor is
AT RIY
where: 115 the interest rate.

To calculate the present value from a stream of net returns from the next n

years equation 2.1 is used.
PY = BOR +BIRy # e e +BTTTRY 2.1

yehere: FY is the present value, and

‘R; 15 the revenue fram yesr |.

The annualised present value (APY) of a stream of net returns can be
calculated from the present value. To enable the comparison of income
streams for varing numbers of years, the concept of annualised present value
{APY) can be used. The annualised present value can be cansidered a weighied
average of the net returns, where the weights take into account time

preference for consumption. The annualised present value {or annuity) is



given by :
APY = PY u AMF,

where: &MF = i
f-(1+07 2

[A]

&MF 15 the amortisation Tactor, and

11 the number of years over which the returns are received.

The amortisation factior converts the present walue 1o a current annual value.
Several replacement models will be reviewed and evaluaied in the
foltowing section. Before discussing these replacement models, the problems

which exist in considering cow replacement deserve mention

i} age effects on cashflows - cashilows Trom younger cows tend to
rise whereas cashflows Trom older

cows tend to decrease,

il cows in & herd have different economic lifespans, and

i11) non-identical replacement. [dentical replacement assumes that the
cashflow consists of a number of fdentical cycles. In this study,
cows are replaced by heifers. These have different cash Tlows ;

hence, identical replacement does not occur.

2.2 Literature review.
Faris(1960) developed replacement models for cattle Tatiening, Torestry

and orchard enterprises. For the cattle fattening unit, the objective was 1o
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maximise the average net revenue aver time . The time unit was & ten day
feeding period and, because of this short period, discounting was not used.
This procedure is known as the asset replacement model. The objective for
this model is Lo maximise the average net revenus or minimise average net
cost over o period of time, usually the life of the asset. This procedure
assumes that the peried of time or cycle analysed is representative of all
periods of time. This method is inappropriate for the cow replacement
probiem since the average net revenues from one cow's lifetime is not
representative of the replacement’s average net revenues The catile
fattening example assumed the net revenue curve was constant for
successive cattle fattening lots. The situation where this assumplion was
invalid was also considered and from the preceding analysis Faris{ 1960}
derived the rule : " the present 1ot should only be carried to the point where
the marginal net revenue anticapted from the net revenue equals the
maxrimum average net revenue anticapied from the subsequent lot”

Faris{ 1960} further iNlustrated this concept for an orchard replacement
prablem. However, such a principle is invalid over long time periods because
the value of & unit in the fulure may be different for the same unit at
present. To overcome this, Faris{1960) introduced present value techniques
using & discounting procedure. Faris{ 1960) then restated the decision
criterion as:” The aptimum time to replace is when the marginal net
revenue from the present enterprise is equal to the highest annualised
present valus of the anticapted net returns from the enterprize immediately
following™ & graphical representation of the marginal net revenue maodel is
given in figure 2.1,

Burt{1965) extended the marginal net revenue replacement model to
cases where involuntary and voluntary replacement occurad. Met revenues for
each period were discounted and weighted by the probability of each event
aceuring. The optirmum time for replacement depended an the discount rate |

shape of the marging! net revenue curve and whether or not fnvaluntary

o
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Figure 2.1 7
The optimum replacement time for the undiscounted{d) and discountediB}
case, assuming identical repiacement.
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Curve 1 :marginal net revenus curve of the existing enterprise
Curve 2 Average net revenue curve of the subsquent enferprise
Curve 3 : Total net revenue curve of the existing enterprise
Curye 4 discounted total net revenus curve of the subsguent enferprise

The optimum time Tor replacement Tor the non-discounted case g al point b
where the average net revenus of the subsquent enterprise equals the
marginal net revenue of the existing enterprise. The optimum time for
replacement for discounied case is at point a, where the marginal netl revenus
{ slape d-d) of the present asset equals the maximum average discounted
return (slope O-e) of the subsquent asset. Moting that the maxrimum average
discounted return is the stope of the line drawn as a tangent 1o the discounied
total net revenue curve, and passes through the origin
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replacement took place. The objective of this model was 1o maximise the net
revendes of the current and all subsquent assels, which implied an infinite
planning horizon. The probability of involuntary replacement iz an impartant
component of the dairy cow replacement problem, whereas, the probability
of voluntary replacement 1s not @ cormponent of the dairy cow replacement
problem. A dairy cow replacement model’s objective would to be to aid the
decision associated with voluntary replacement rather than including the
prabability of the event ocourring.

Renkema and Stelwagent1978) used these principles to determine the
optimal age of replacement, and quantified the economic consequences of
changes in the involuntary replacement rate far a dairy herd. They concluded
that " & cow of a particular age should be kept as Tong as her expected
marginal profit is higher than the expected average profit during a replacing
young cow's 1ife”. They also concluded that an increase in average herd life
from 3.3 to 5.3 lactations would increase the income from the herd by
approxgimately 20% each year. Increasing the average herd life above 5.3
tactations introduced the law of deminishing returns on any further
increases in income. Future revenues were not discounted and identical
replacement was assumed. Hence, the same cashilows were used for the
present and replacement cow. Using the same cashflow for present and
replacement cows cannot be justified since cows are replaced by heifers
which have different cash flows. Mot discounting future returns resulted in
the increased income being overestimated.

The marginal net revenue model is not appropiate for cow replacement
since the model looks only at one cycle of the process and assumes that this
cycle is representative of all cycles. This model does not have the ability to
overcome problems caused by different cashflows for each cycle and
different economic lifespans; for example the economic lifespan for a & year
old cow would be considerably shorter than her heifer replacement. The

roodel also assumes a infinite planning horizon which is inappriopate for the
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cow replacement problem where the objective is to maximise the net return
for the farmers planning horizion, which could be between 1 to 40 years.

Karver and Renkermal 1979) derived a production criterion, below which
first lactation cows should be replaced from an economic viewpoint. The
production criterion was derived from the comparison of the average annual
income of the present cow and an average replacement The production
criterion was defined as the sum of expected differences between the
production of the cow in question and an average replacement heifer's
production. When this value became negative it was considered optimal for
replacement 1o take place. This production criterion is of no value for
cormparing cow's in different lactactions, since the mode! assumes that the
average annual income of the present cow is representative of the average
annual income from future generations. This would not be the case for cows
not in their Tirst lactation because cash flows from their remaining
economic life would not be the same as the cash Mows Trom cow's in fulure
generations. Whereas, the cash Tlows of a cows in their first Tactation would
representative of all future cows assuming identical replacement.

The cow replacement problem involves the comparison of cash flows
spaced over different production periods. For comparison, alternatives must
cover the same time period. Aplin et al {1977} suggested using annualised
present values to avercome the problem of varing Tifespans. Annualised
present value techniques were used to overcome the problem associated with
comparing income from time spans of different length. Comparing two assels
by their annualised present values assumes identical replacement |, since the
annualised present value of an assel is congidered representative of a
replacement asset in future cycles. Kuipers (1982} suggested that the use of
discounting would reduce the impact of the differences in revenue between
the present asset and a non-identical fulure replacement.

One study has used the the concept of annualised present values for the

caw relacement problem. Hlubik{1979} designed a model o provide an




gconomic basis Tor making culling decisions in & dairy herd. The maodel
calculated the present value and annualised present value of each cow. The
model allowed the user to specify the planning horizon for each cow.in this
study, the time to replace was when the marginal revenue of the defender
wias less than the annualized present value of the challenger. This was the
same criteria as used in the marginal net revenue model. However, results
from Hlubik's{ 1979} model indicated that the decision to replace was made
by comparison of the annualised present value of the cows, rather than
replacing the defender when its marginal revenue became less than the
challengers annualised present value. The defending cows with the lowest
annualised present value were congidered candidates for replacement.
Specifing a planning horizon overcame the problem of non-identical
replacement in the future, since each cow was compared only on their
remaining ecanomic life.

Kuipers(1982) described a cow replacement model based on Terbough's
(1949 model for machinery replacement. The technique resulted in the same
optimum time for replacement as the previous models and had the same
limitations{van Arendonk, 1984). 1t did, however, allow depreciation and
obsolescence of the current asset to be accounted for. Kuipers{1982) also
developed a replacement guide based on Terbough's (1949} replacement
model. The guide predicted monthly returns for the current tactation and the
first six months of the next lactation. Individuals with the Towest values
were considered candidates for replacement. This guide would underestimate
the potential of younger animals and overestimate the potential of older
animals due to the short time period during which comparsion of the net
returns took place. This was because the short time period did not take into
account first, the increase in cashflows for younger cows as they reached
maturity and secondly, the reduction in cashilows caused by replacement of
older cows by heifers.

Mozt of the above maodels have been concerned with the optimum time to
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replace and have ighored the problem of which animal to replace and with
which replacement. Replacement modeis developed by Faris{1960) and
extended by Burt{ 1965} are not applicable to cow replacement as they do not
adequately cope with cashflows of varing lengths and are unable to avercome
the problem of non-identical replacement. Mor do they answer the question of
which cow to replace. Kuiper's{1982) replacement guide provides an answer
to the guestion of which cow to replace, but the guide does not take inta
account all future revenues of the animal concerned. Using annualised
present values to rank cows as indicated by Hublik{1979) also answers the
guestion of which cow to replace. The impact of the departure from the
identical replacement assumption in this approach is lessened by using
discounting technigues and defining a planning horizon for each cow, and
hence, only considering the economically interesting prediction period. The
limitation of using such & planning horizon is that the model is not
maximising the future returnz over the farmer’'s platning horizon. Because of
the above problems, most of the replacement models are unsuitable for
ranking cows on future profitability, and no reports of their application to
the dairy industry at large have been published.

There iz a need to develop and test a model for ranki‘ng cows in @ seasonal
supply dairy herd under grassland conditions on future profitability , based
an the annualised present value method with a defined planning horizon for
gach cow. Dynamic programming enables most of the problems encountered
above to be overcome. The theory and usage to date of this technique will be

presented in the following chapter.
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Dypamic programming.

Dynamic programming 15 concerned with & process which involves a
sequence of decisions made over some time period (Bellman 1957).
Replacement decisions are made aver time and may be considered a5 a
sequential decision process. Dynamic programming with markoy processes
will be used to consider the problem of cow replacement. The important
concepts and theory of dynamic programming with markov processes will be
discussed in the next section, which will be followed by a review of

literature on the applications of dynamic programming to cow replacement.

3.1 An introduction o dunamic programming with markoy

processes.

& model of some given system {e.g. a cow) can be established by
considering a subclass of stochastic processes,called the markovian
processes. A stochastic process is a sequence where the outcome at the
current stage {e.g. a lactation) is dependent on the outcomes of previous
stages in a probabilistic sense |, such that the probability distribution at ahy
particular stage is known when the actual outcomes of all previous stages
are known. Where a stage is defined a5 & subdivision of a system for
example, the subdivision may be in time or in position. & markov process is a
stochastic process where the probability distribution of outcomes at any
given stage depends on the sctual outcome only in the proceeding stage
rather than the outcomes of all previous stages. Howard {1260} was the
first to formulate the replacement problem as & markoy process and
showed how dynamic programming could be used to obtain solutions. The
basic concepts of a markov process are those of the 'state’ (e.g. age,calving
status, ... 1 of the system and ‘transition’ from one state to another.

When a system is completely described by the values of the variables



which define the state, then the system is said to be in that state The
sysiem makes state transitions when the variables change to those
specified by another state. The transitions are indexed in time thus, the
system can be considered as a discrete-time process. The probabilistic
nature of the state transitions are specified as the probability of transition
frorn state 1 to state j in the next period. The transition is & function of
state i and state j, not any previous state the system may have been in.

Since the system must be in one state after the next period then .
I

T o9, .= < 7.
i:}ﬂ}} { and Q¢ T.fuii

whera - m s the number of states and

Tij is the transition probability from state i Lo state |

When several processes (.. several lactations) are considered, the
question of optimality arizes. Bellman's{1957) principle of aptimality iz a
concise description of the phenomenan which eﬂatfles problems amenable io
solving by dynamic programming solutions to be x{jg%ﬁed as g gequence of
simaller problems. For example the net revenues from a cow over the next ten
years may be divided into 10, one-year periods. Bellman (1957) stated the
principle of optimality a5 " an optimal policy  has the property that
whatever the initial state and decision are, the remaining decisions must
constitute an aptimal policy with regard to the decigion”, ie ., past evenis
will not influence the future decision at any stage. Moreover , any portion of
a time sequence of aptiméi siate values is also optimal.

From the above principle of optimality it is possible to use dynamic
programming to formulate a recursive relationship between each of the
smaller pr‘ahlerﬁs {etages) of the sequence. The problem can be specified

when a system is in one of m states and a decision k is chosen from the set
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of ¢ decisions . The return (for example the net present  value) from the

first stage is R k’, if decision K is made enabling the systerm to move from

i
state i to state (. The objective is to maximise the expected refurns over
the next n stages, so a discount factor B is introduced .

The expected return fram the system in moving from state i to stale § can

be represented by the equation (the proof is provided in appendix one ).
- 5, 0% 3
&{}} = mﬁxsi E‘U * 'SJ%lfﬂU &]{J})]

where : @i, is the expected return , when starting in state 1, and
& 15 @ set of all decisions ky to k.
if q:n(ﬁ, is the expected return over the next n periods of time using the

optimal policy and begining at state i then, if nx1:
B (i) = Maxg| Rijs + ﬁjm%{ﬂijsﬂin-;{j}}l ...... 31
and thus
By = Mgl Ryj® + B0 Po(;))

Equation 3.1 is known as Howard's functional equation, where the

expected return from the final stage for state (mgm} is assumed to be

known (Howard ,1960), The expected return in the final stage has subscript 0
since the optimization starts at the final stage and moves towards the
present stage. The method used to solve these equations works backwards
for any finite n { or any finite planning horizon). This series of steps are
knowen as the value iteration method (Howard ,1960). The steps are as

follows ;
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1. Define EHS and o
2. Use the recursive formula (equation 3.1) for n=1to M
to find the optimal policy s(n) at each stage.Where M is the

planning horizon.

3. when the optimal policy has stabilised in a constant pattern, stop.

For example when s{rj=sin- 1) occurs.

when solving dynamic programming problems using the value iteration
method, there are two conditions which must be upheld to ensure a valid
solution. These are the separability and optimality conditions. [t is possible
to show that these conditions are upheld for the formulation given in
equation 3.1 (see appendix 11

In thiz study, a finiie planning horizon is assumed to enable the
maximisation of profit over the period of Uime the farmer is operating the
farm. For the case where an infinite planning horizon is appropriate, several
methods can be ysed {0 solve the recursive formula. These include, the policy
iteration routine (Howard, 1960}, linear programming (Ross , 1983} and policy
value iteration (Hastings, 1973} As the time period approaches infinity the
optimal policy stablises. The above methods use the stability of the optimal
policy as a basis for solving the dynamic programming problem. Thus, these
methods are not suitable for solving & dunamic programming problem with a
finite planning horizon since stability of the optimal policy cannot be

assumed.

3.2 The properties of dunamic programming

Dynamic programming has the advantage of placing no restrictions on the
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nature of any of the functions describing the system (Throsby ,1268) it is
well known that cost, return and production functions which describe
agricultural systems tend to be non-linear and discontinuous due to the
discrete nature of the input and output patlerns. Whereas , dynamic
programming can handle extremes of non-linearity and discontinuity, linear
programming for ezample requires Hinear functions and constraints.
Futhermaore, the nature of the system specified by the various states makes
it possible to include stochastic elements in the transition probabilities.
This enables the model to sccount for variation in milk production and other
variables, and to include involuntary replacement.

For the case of a finite planning horizon, not alt the elements of the
maodel need to remain stationary to determine the optimal policy using the
value iteration method. Thus it is possible to increase revenues over Lime

{Burt and Allison , 1965}, and hence account for say, genetic improvement.

3.3 Applications of dynamic programming to cow repliacement.

In & number of cases, dynamic programiming has been used to determine
optimal replacement policies for dairy herds. These are summarised in Table
31

Jenking and Halter {1963) were the first to use dynamic programming for
the cow replacement problem. They formulated the problem as &
magimisation of net returns, their methodology closely followed
Bellman's(1957) wark on dynamic programming. Two different stochastic
glements were introduced into the model. First, it was assumed that for each
production period there was a given probability of failure, this was
expressed ag a funciion of age. Where Tailure was defined as both death and
involuntary removal. Secondly, milkfat production was assumed to be &
function of age. The study was an illustration of given principles, rather than
an attempt to solve a realistic problem. The second major study was that of

Giaever's{ 1963}, which used Howard's{ 1960} methology as the basic model.



Table 3.1
& summary of previous dynamic programing studies

state variables.

W e
o o
5 £|E
5 - T « £ 2|8
s |8 £ 5 S = 2|8
ot o s st = [
ol 22§ & |P|E|Z
Exlis ® 2 5 A B N =
ToilgE T X o x B F | T2 ER 5
. . ow=|hS & @B = @ o pat @ oo =
Dynamic programming -2 |<€ S o 0 & o oM | =l gFl o
madels.
Jenkins and Halter 12 lyes 12 |no 12 Usa
(1963)
Giaever (1965} 106 |yes yes yes a |no oo Usa
Smith (1971} 15138 |yes yes yes a [yes| 15 USa
Stewart et al 2695 jyes yes yes yes |12 |yes| S/10| USA
(19773
Stewart et al 2693 | yes yes yes yes |12 | yest 10 USa
(1978}
van arendonk 29880 {yes yes yes yes a |yes| 20 Haolland
{1985a,b,19564a)
Killen et al 9 |yes 12 no | 20 1 jrejand
{1978}
Mac arthur S60 yes yes 12 | no 20 M7
(1973
Mac Arthur 260 Jyes yes i2] yes] 20 NZ
{1975}
Mac &rthur | ——-—-- Mo details available |-—-|--—-| | M<
{1985}

a : Inthese studies the stage length varied due to variation in calving interval.
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This study was important in defining the methodology which has been used
in most of the later reporis. In order to define state variables for milk
production in such a way that the resulting stochastic process was a
markovian process, Giaever(1965) defined & set of linesr combinations of
305 day milk production for all lactations up the present lactation. The
resultant sequence of variables gave a markoy process. Using this method,
Giaever{ 1965} derived seven production classes(ie, seven discrete intervals
which described milk production, each production class had an approximate
range of 490 litres of fat corrected milk), the transition probabilities were
computed from a stochastic model using a multivariate normal distribution.
The model also included a stochastic variable to account for variation in
calving intervals.

Smith{127 1) elaborated on Gigever's{ 1965} study, by not only including
genetic improvement but also markedly increasing the number of state
varigbles describing the system. Smith{ 1971} predicted production in the
next lactation using production in the previous two lactations, or the
previous lactation when aniy one lactation was available. The model did not
predict the production for heifers with no previous records. He consgidered
Giaever's{1965) method of defining the production class too complex for @
large maodel with a great number of production states and ignored the
stochastic relationships between previous and current lactations.

Smith{ 1271} considered the extra cost of computation of the transition
probabilities to account for the stochastic relationships between current
and previous lactations did not outweigh the loss in precision which
nccurred from breaking the optimality principle. Mo evidence was presented
to support this assumption.

MacArthur (1973} designed a stochastic model to study culling decisions
in Mew Zealand dairy herds, This model was used in conjunction with a Monte

Carlo sirmulation to compare differences between using an aptimal
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replacement policy { derived from dynamic programming procedures) and &
replacement rate of 208 (based on genetic value). The dynamic programme
did not include genetic improvement. MacArthur (1973} found that it took
about 15 years to reach a stable policy at the present stage. A stable policy
is defined by step 3 of Howard's (1960) policy iteration method (see page
150,

Macarthur{ 1973} extended his previous model to include genetic
improvement and 1o overcome the problem of inclusion of prior information
in the prediction of the current lactation yield. An iterative heuristic
procedure was used to cope with the change in genetic level of replacement
heifers. The procedure involved calcutating the genetic struciure of the herd
and the genetic values of the future heifers. & stable policy was found by
alternating between the derivation of genetic level of replacement heifers
and the estimation of the optimal policy. This method was comples; it
increased the computation time and made it difficult to study the effect that
changes in the rate of genetic improvement had on the optimal policies. To
ovarcome the problem of including prior information concerning previous
lactation yields, MacArthur{1975) specified the production class as the
average of the previous mature equivalent records. But using average values
reduces the effect of any exiremes and furthermore, the expected value of
the current production yield is estimated without giving any regard to the
distribution around the average.

In both of Macarthur's models, an average sslvage value Tor all age
groups is used This overestimated the returns generated by the replacemsnt
heifers when compared with older cows who had reached their mature
weights. Neither model took account of variation in calving date, which can
have an important effect on both milk and calf revenue.

In the model designed by Stewart et al (1977} cows stayed in the same
production and weight class for their entire lifetime. The absolute

production for each class was changed by consideration of the repeatibilities



20
of previous lactation records. They found the optimal polices were sensitive
to changes in the prices received for the milk constituents and the interest
trate, but not beef prices. They also found that more intense culling ocoured
when the planning horizon was shortened. Their model included variation in
heifer milk production and weight, inclusion of both these sources of
varigtion increased the replacement rate. They concluded that the use of an
gverage heifer underestimated the value of replacement. However, Yan
arendonk( 1984} considered that this effect was overestimated, because
there was no variation in the milk production variables describing the cow,
since the cows remained the same production class.

Stewart et al (1978} used the same model as Stewart et al{1977) to
compare the 10 year discounted revenues Tor heifers of four different
breeds. In this way the profit of each breed was determined using the
corresponding optimal replacement policy .

Killen et al (1978} used a simple dynamic programming madel, which
only included state variables Tor age, to compare optimal replacement rates
with actual replacement rates in Ireland from 1957 1o 1976,

Mac Arthur{1985) used dynamic programming and simulation to
examine the economic consequences of alternative culling policies. No
information is available on the dynamic programming model. The oplimal
replacement decizions were used Lo economically justify herd testing.

Yan Arendonkl 1985a,b and 1986a) developed a dynamic progratmming
madel to determine the optimal replacement policies for dairy cattle in
Holland. The model included variation in conception time. In this study the
milk production state variables were expressed a5 percentages of the
mature equivalent. Future production was estimated from the current and
last Tactation yield. The optimal policies were found for both replacement
rates and the insemination dates for cows.

Dynamic programming overcomes the problems associated with fitting

the replacement models to cow replacement. However, to ensure valid
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resulis the system must be specified in such a way that the markoy
requirement of independence 15 met. Specifying future milk production as a
function of previous records breaks this requirement. Futhermore, if the
gxpected net present values are not only dependant on the present states but
glso an previous states then the dynamic programming equation (equation
.13 1s no longer valid (Bellman 1957). The effects of such departures on
optimality of the solutions are not known.

Kuipers{ 1982} considered the use of state variables to specify the
cow system rather than using the cow itsell as & major disadvantage. This
disadvantage is only proportional to the size of the model. Obviously, there
rust be @ trade off between the size of the model and the cost of
computation. The size of model will depend on the description of the cow
system.

Dynamic programiming has been used in several studies. Most of these
studies have been developed for the non-grassland situation whers milk is
produced throughout the entire year. The studies which have concentrated on
the grassland, seasanal, milk production situation have not included calving
date in the models nor have they considered the variation in weight of the
cow according to age. There is & need Lo develop a model which includes such
variables.

Few studies have addressed the problem of markoy independence. The
markoy requirement is a problem which is conceptually difficult. To ensure 8
valid use of the markovian dynamic programming framework as a basis for
the dairy cow replacement problem, a markoy process must be defined such
that the probability distribution of the outcome at any stage is completely
determined when the outcome at the proceeding stage is given.

In the present study variation in cows weight and a state variable for
calving date will be included to closely model the cow systern in a New
Zealand seasonal supply dairy Tarm. The problem of markoy independence will

be overcome by using a measure for praduction which is constant over time.
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The future milkfat production will be measured as the sum of the additive
genetic and permanent environmental effects, this measurement will
overcome the markoy independence requirement since, the Tevel of milkfat
production for the current stage will only be dependant on the level of
milkfat production in the previous stage.

The studies to date have generated optimal replacement policies.
However, their policies have been constrained by factors ouiside the model's
scope , such as numbers of offspring reared or purchased to become
replacements. None of these approaches have been applied to the dairy
industry at large. Thus, it may be more appropiate to utilise dynamic
programming Tor providing management guides which identify candidates for
replacement. In this study dynamic programming will be used to rank cows
on future profitability. This will enable the farmer to choose the number of
cows to be retained or replaced. This approach will not be constrained by the
number of stock reared or purchased nor by increasing or decreasing herd
size. This approach should be applicable to seasonal supply dairy industries

at large.



Chapier 4.

& model to estimate the performance |, revenues and costs of

dairy caws in Mew Zealand.

4.1 Introduction

in the previous two chapters several techniques which enable optimal
replacement decisions to be determined have been discussed. To utilise
these techniques | information about the expected revenues and costs
during the productive life of the present and replacement cows has to be
obiained. Futhermore, information is required about the probability of, and
the financial loss associated with, involuntary removal and death.

Anh economic index based on predicted monthly revenues has been
developed by Kuipers{1982). Gartner{ 1981} constructed a model to
evaluate different replacement rates on a grassland dairy farm. The model
estimated total herd profitability rather than considering individual
cows. Yan Arendonk (1984) developed a model for Dutch dairy farms which
considered seasanal effects on prices and costs. Mone of these models
addressed the problem of seasonal grassland production.

In this chapter, a model is constructed 1o estimate the future
performance, revenues and costs of individual cows with different levels

of mitkfat productiion.

4.2 General concenis

in Mew Zealand, dairy production iz based an the conversion of grass to
milk by grazing cows. Compared to other countries, the quantities of
silage , hay and meal fed per cow are small. This reliance on pasture
production dictates the seasonal nature of the production of the milkfat.
To ensure that feed requirements of the cows are supplied by grass
production, the calving interval has to remain equal or close to 360 days

zo that the start of calving coincides with the start of the spring grass
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grovwth. The major components contributing to the productivity of any cow
are representad in figure 4.1

There are numerous economic compaonents affecting the financial return
achieved by the dairy cow. However, costs and returns which can be
assumed to be the same for all cows can be ignored, e.g. equipment,

buildings and Tabour,

43 Predicltion of fulure producticn.

43 1 Introduction.

The usefulness of & dynamic programming or any economic model to
predict the future profitability of & cow is dependent on the prediction of
the cow's Tuture milkfat production.

The milkfat production of & cow will be affected by management,
environment and the genetic makeup of that cow. Environmental effects,
other than those for which correction can be made, including management
must be assumed random for all cows The records of close relatives will
be useful for predicting the expected production of & heifer. Once & cow
has records of her awn the information from relatives should be weighted
accordingly.

Most of the reports summarised in chapters 2 and 3 have bazed their
prediction of future production on a regression equation including previous
lactation yields and in some cases calving interval and age at first
calving. The limitation of using regressions based on prior production
records to predict future production is the reliance on having at least one
previous recard. Thus, it is not possible to estimate the future production
of freshening heifers and consquently, it is not possible to compare
incoming heifers with existing cows on the basis of future profitability.

For this reason, it is important to have a prediction method which predicts
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the future production of all animals which could be potentially in the herd
in the coming seasan, since gll these animals could contribute to the
income generated from the herd in that season.

fn the following sections best linear unbiased prediction (BLUP) is
described and a BLUP model which allows the estimation of the future

production of a1l animals in or entering the herd is discussed .

4.3 7 Best Linear Unbisged Prediction

BLUP 15 a statistical technigue which has been utilized for predicting
sire and dam breeding values. The method requires the definition of &
linear model, usually containing both random and fized effects, and all
related assumptions. The details of BLUP have appeared in several
publications, for erampla Hendersan (1973). The purposs of this section
will be to briefly summarise the theory of BLUP The following section
will describe the application of BLUP techiques to the estimation of future
production af dairy cows.

To describe the theory of BLUP the following reports will be utilised
Henderson{1973,1975 and 1977}, Searle{ 1967,197 1) ,Schaeffer{ 1975) and
Thompson( 1979,

Suppose there 15 @ record y, from which @ prediction of an unknown
record , U , is required. Assume that Efyy) = 1y, E{ysd =pp and, yy and
iy, are identically and independently distributed with variance-covariance
matrix Yo 2. The abjective is to obtain a gredictar@z yehoge expecied
value s U5 & logical criterion for such & predictor is ane which

minimises the mean square error (MSE) of the prediction , ie

rinimise E {Q.Z = U 2 o4



For any known, joint, distribution of y, and 4, the predicior which
minimises MSE is E(Y,lyy). This predictor is known as the best predictor
{BPJ and is also unbiased. Unfortunately the joint distribution of yy and y,

g usually unknown or compley; thus in practice, BF is not often used. If

the class of predictions is limited to those that are linear then y, can be

predicted as .

where (@ o is the covariance between yy and Y, and
523 is the variance of y,.

The predictor of Y in equation 4.2 is called the the besi linear predicior
{BLPY and is also unbiased.

1T yy and Y, are assumed to be jointly normally distributed, then BLF =
BP. With BLP the first and second moments are assumed to be known
without error. There may be some justification to assume that the
variances and covariances for traits such as milk and fat yield are
essentially known "without error’, given the large number of such

gstimates. But this is not the case for the means, especially when the

means represent the means of future records. To overcome this limitation

A
a futher predictor for U, can be derived such that E(y,J)=E(y,) and it can be

shown that;

A N~ LA
Up = 1+ 0 o/ 2 (yy-1)
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where | is the generalised least square (GLS) estimator of P The quantity

/1}2 is then the BLUF of 5. Only GLS estimators provide Tinear unbiased
predictors with the smallest MSE. When the distribution is multivariate

normal, Y, is @ best linear unbiased estimator and maximum likelihood

estimator of the conditional mean of y,. Futhermore, if the observeations and

randarm variables have a multivariate normal distribution the probability of
correctly ranking pairs of random variables is maximised.

The usual case is to have a vector of records or observations, say vecior
iy, =0 that the estiration of each predictor would require the estimation of &
Vinear function of y Jwhoge expecied value is the predictor and which will
also minimise the MSE. In these cazes there can be a large number of
predictanis. This would require minimisation of a function for sach
pradictant. Fortunately, Henderson{ 1973 has proved several invariance
properties associated with BLUP soluiions, which eliminates ithe need to
minimice a function for every predictant .

Henderson (1949) derived a set of equations named the ‘mixed model
equationg’ which gave BLUP solutions. These equations have made it
cornputationally feasible to congider large data sets. I g is the vector of
obzervations then the mixed model is:

g:}{mzwg

where: b is a vector of known fixked effects,
u is a vector of random effects,
e ig g vector of random non-observable effects associated
with each record,
# i a malriy which describes the fixed effects for each

record and
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£ 18 a matrix which describes the random effects for each
record.
The agsumptions for the model are: the vector of random effects and the
vector of randor non-observable effects are independently distributed with
tmeans zero; the vector of random effects and the vector of random

non-observable effects are assumed uncorrelated and:

yp [#b yt oY 6 R
Elul=1{0 and varjul =G G O
gl {0 g E O E

where: " denotes the transpose
W= ZG27+R  and
G and R are known nonsingular matrices.
R ig an identity matrix in most animal breeding applications .

The mized model equations based on the above model and assumptions are:

¥R™1E XRIZ i 4Ry
Rty rRlzen-1 |40 = 2Ry
~
where: b is the BLUF of b and
U is the BLUE of u.

e

Henderson has proved that Eand T are both GLS solutions forband u

respectively.

A% Z Application of BLUP to the predictiion of future

production.
Henderson{ 1974, 1976) developed models for intraherd prediction of

breeding values and real producing abilities.
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& model for recards within a herd iz :
g= dh+fg+fprg 4.4
where;g iz a vector of records,
bis a vector of fixed unknowns,
¥is a known malrig,
£ is a matrix which relates the elementis of g to the
elements of y,
ais a vector of additive genetic values
p iz the vector of nonadditive genetic values and the permanent
environmental effects |, and
& is the vector of temporary environmental effects.

The vectors a , p and g have means zero. The variance of g is:

var g = ah25 2,

whare: & 15 the relationship matriz,
h? is heritability of the trait, and
z:s'gg iz variance of records in a noninbred population.
The variance of pis:
var g = %{r—hg}ﬁ’zg
where: ris the repeatability between records, and
I ig an identity matriz.
The variance of g is:
var e = t{i*r}ﬁ"?g
The model assumes that g, p and & are mutually uncorrelated and that the
additive genetic variance is the only cause of carrelation between records on
different animals. The variance of animals with an inbreeding coefficient §
is {thff}s'%. The covariance between two records from animal 1 and animal

b

j.is hgai}-ﬁ'-’ig , wehere aﬁ corresponds to an element of & . The covariance

beiween two records on the same animal is (r+h:2j}ﬂ'2g.
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The equations for finding the best linear unbigsed predictors of s and p

and the best Tinear unbiased estimates of b are .

W WZ Wz |1 b Hy
it S S U gl= |2y .45
vt S o Tkl || B 2y

where: t is (1-r1/h? , e [var efvar a] ,and
kis (1-r)/(r-h2) . e [var efvar pl.
The prediction of future production of the ith animal is &; + [

Henderson {1974) reported that the expectations of b, p and a were
unafiected when selection and culling were present providing the
relationship matrix was included in the mixed model equations and all
animals are represented in the same equations, including those culled. Hence,
culling and selection do not bias the prediction of b, p and a. Futhermare,
Henderson {19807 has shown that, if selection is based on linear functions of
y which have been adjusted for the fixed effects using estimators which are
unbiased in the non-selection model, the BLUP will be optimum in the
selection model.

[t is possible to eliminate the rows of equation (4.5} correspanding to the
prediction of p by absorption since the lower submatrix is diagonal.
Henderson (1974} presented an algorithm which enabled the computation of

the absorbed eguations:

A
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The algarithm is as follows

1) The diagonal coefficients of the Sy, are computed from
Zi{ ny + k=1)4{n; + k) where the summation is over animals in that
season and ny is the number of records for the ith cow .
2} The off diagonals of Syq are computed Trom -Z; h"{ni + k1 where
the summation is over animals in the particular pair of seasans.
31 The elemants of 5y, and S, which equal 1 become k/{n; + k)
where the 1 corresponds 1o animal 1.
4} The disgonal coefficients of 5., become Cij - n,-gf’{n}- + ki, i=] and

the off diagonals equal c;; , i=] where cy; are the elements of

i ]
77+ 4!

5) The elements of g become wy - Z; U;/(hy + K where the surmmation
is over cows having records in that season and wy is the ith

element of ¥'y.

6} The elements of g, are computed from ky;/in; + k.

After solving equation 4.6 g can be computed from :

n=talask 47
This relationship can proved by considering the following two equations
derived from equation 4.4

Wb+ (Z2+tA e+ 2'2p = KV

WAk + 2 2a + (Z72+kDp = WY

therefore
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(Z7+tA™ Na+ 7'2p = ZZa + (Z7+kIp

and

(zz+ta™ g - 228 = (Z2+klp - Z'2n
thus

t47 s = kp

yehich 15 the relationship given in equation 4.7

Henderson{1974) discussed a method which allowed the inclusion of
information from Al sire evaluation. The method required the assumption
that the records of daughters in the sire proof were perfectly adjusied for
any fived effects. Although this assumption may be invalid, it could be a
good approrimation since procedures in sire evalution do include adjustment
for fized effects {(Van Yleck, 1982). The method involves adjusting the

1 for each sire such thatl:

diagonal of the matrix ta”
471 becomes ta™1 + #1-riid-h2y
where & 15 a measure of the accuracy of the sire evaluation. The respective
glements in the vector 27y become :
[201-r){4+{ 5= 1)h%)s]/h2(d-h?)
where 5 18 the sire evalustion which is half the additive genetic merit of the

siredf & is large then a; = 25, Yan ¥1eck(1982) has reported the derivation

of the above adjustments.

434 4 numerical examplea.

The data in table 4.1 will be used to iNlustrate the intraherd BLUP model.

The objective will be Lo predict the future production of the dams.



Table 4.

Data for numerical example

nurvler sex dam sire Feazan S todal
1 darn - - 2010 Zi0 205 513
2 dam - - 183 190 170 545
E ste - -
4 damn 1 z 157|194 | za
G darn 2 - 1ad 198 292
& sire _— —
7 dara i & 200 200
o darn i o 2004 204
total 385 Tl 1171 2EET

34

assuming the relationships between the animals given in table 4.1 then & is

i 0 0 1/20
o 1 0 0 1/2
o o 1 1/20
oo 14210
G 1420 0
o 0 0 0 0
/20 0 1/40
/20 0 1/40
and &7 1 s
730 142 -1 0
0 430 0-2/3
1/2 0 32 -1 0
10 -1 20
0 -2/30 0 4/3
2 0 0 0 0
-1 0 0 0 0
-230 0 0

Assuming h2=0.25 andr= 0.5 , then k=2 and t=2. Assuming the model

given in equation 4.4 then;

0

o
Q
0
g
1

1/2
0
0

174 1/4

Q

1/2 0

1/2 1

0

14 1

172 ]
0

0
0

1/4
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Using the blup equations given in equation 4.5 then ;

¢

2001 it o000 00 ooooo0o0nolf. 725
040 i 01 10004 1011 00oflk 781
ZR L UURE A O T+ R A O A A R 17
11128/2 0 1 -2 0 1-2-4/2:20 0 0 0 0 0O 615
1140 1730 0-4/30 0 0 {0 3 0 0 0 0O 0O 545
oogl 0 ¥ -2 0 00 00O OO0 0000 o
01f-2 0 -2 60 0 00000 20000 231
Ditn -4/30 014430 0 0 00 0 0 2 oo 0O ) 32
oo®t o 0 00 2 -2 00000 Q0 DOO o
pot-2 0O 0 00O -2 S O0DOO0OO0 Q0 010 200
0Ot-4/3 0 0 0 0 0 011/30 000 0 0 1! =04
B113 0 o oo 0 0 0!s 000 0 Qoo 615
giff0 ¥ 0 00 0O 0 O0O:Q 500 0000 S4%
goOog 0 0 00 0O 0 00020 0 000 o
o0 0 0 20 0O 0 O0:0 004 0 000 281
gi1wd 0 002 0 080000 4 000} 392
gogs o0 o o0 o0 o 0:oooo o zooflf a
oo o ooo ot o000 0 n01d 200
oot 0 0 00 0 o tioooo 0 oot | | 204

The solutions to the blup equations are;
[ 19356 19654 19452 392 -436 -1.27 0.05 -1.56 047 267
347 372 -5.14 000 -254 1.01 000 094 201 ]

If the permanent environmental effects are absorbed the blup eguations

hecome ;
16 -4-4:4 4 0 000 0 O 1 lis3
-4 21 -4 4 £ 0 5 5 0 O §] ,t} I57.75
-4 -9 4434 4 0 5 5 0 2/3 2/3 611.08
4 4 415880 1 -2 0 1 -2 -4/3 246
4 4 40 03860 0-430 00 0 = |218
0 0 0:1 0 3 -2 0 0 0 0 0
0 5 5:-2 0 -2 5 0 0 0 0 . 1905
0 5 5 0 -4/30 0 &30 0 o |9 196
0O ¢ 0. 1 0 0 0 0 3 -2 D 0
0 2/32/%F -2 0 0 0 0 -2 14/30 133.33
0 23T -430 0 0 0 0 0 1143 136

The solutions to equations are identical to the previous solutions for b

and a. In this case the solutions for p can be generated from equation 4.7.

26
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435 The compuler program.

The intraherd BLUP model outlined in the previous section has been
programrmed in Fortran??. This program has been applied to the prediction of
future milk fat production for dams in five dairy herds with records
available for 1952- 1983, 1963-1984 and 1984-1985. Figure 4.2 shows the
flow of data through the program's operations. Sires were included when
they had more than one daughter. Dams culled before the 1984 -19485 season
were not included 17 they had no daughters in the herd since they contribute
little information. The sires and dams of the cows in the herd are identified
by their number in the data set. The data set is arranged from the oldest to
the youngest animal. The data for each animal include five descriptive
parameters and their records. These parameters are the identification
number, sex (O=dam, 1 =sire), dam number {default is 0} , sire number (default
is 0} and the number of lactation records.

The records were corrected for age and length of Tactation using the
correction factors given in table 4.2 to give the 305 mature equivalent
lactation record. The program compuies ! sing Henderson's{ 1976)
simplified method for calculating the inverse of the relationship matriz . To
minimise the memory storage required by the program the permanent
environmental effects are asborbed.

The Gauss-Siedel iteration procedure is uzed to solve the equations .
Solutions for the seazonal effects from previous runs can be used to speed
up convergence. The differences between the each element of the right hand
side {RHS} in equation 4.6 the éiements of the RHS generated from the
current solutions in each interation were calculated. Convergence was
assumed to have occurred when the greatest difference between the original
RHS and the generated RHS was less than an error tolerance. The number of
iterations required for convergence markedly increased as the error

tolerance increased from 0.001 1o Q0001 In the present study the error
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& diagram of the flow of data through the intraherd blup model.
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tolerance was sel at 0001, On average, the number of iterations required

for convergence variad between 30 and 95,

{able 4.2

age and stage of lactation adjustment factors,

Days in milk Adiustment 2 fge foe correciion factors b
factors

Up to 29 1588 Z.. 1.341

30-59 559 years

S0-5%2 333 . 1478

-1 246 years

nw L’

120-143 e .. 1 068

150-17% 1.64 years

180-209 143

Si-259 1.27 b 1 .000

2401-263 1.14 dears

F70-204 [RES

s Source Batra and Lee {1981

b Source Castle and Searle (1959)

A% 6 ¥ariation in the within-herd repeatability

Castle and Searle (1959) published within herd repeatabilities for 30
herds, calculated over 4 years. With the gear/season effects eliminated,
the estimates varied from (.16 to 0.75. However, since 1959 there has
been a marked change in the composition of the national hard, away from
Jersey towards Holstein and Freisian or their crosses. [t could be possible
that this parameter has shifted over the last 25 years. Anon{1584)
published an estimate of 0.6, this estimate was pased on work done by

Castle and Searis.




40

To axaming the effect of the magnitude of reaeat'ébmig an within herd
covw ranking, estimates of the future mitkfat production of over 1000
cows from 5 herds with records in 1982-1983,1983- 1284 and 19584~ 1985
were calculated. Five estimates of within-herd repeatability were used .
0.5, 055, 060, 0.65 and 0.70. Within each herd, changing the within-herd
repeatability had littie effect on the ranking of individual cows according
to future mitikfat gproduction. For one herd of 168 cows each cow was
ranked on their Tuture mitkfat production for each of the Tive within-herd
repeatabilities | & Spearmans rank correlation was calculated for each the
combinations of within-herd repeatabilities. These rasults are given in
table 4.3 There was little difference between these results and resulls

for the other herds

Table 4.3
Spearmans rank correlation within-herd for the rankings of
individual cows according to future milkfat production for 5 values

af within-herd repeatability

wWithin-herd repeatability
030 053 060 085 070

Q50 1.000/0999 10,995 | 0.997 [0.936

(.55 | — | 1.000 [ 0999 {098 |0.996

1.G00 (0899 10988

]
:

(65 1.000 | 0.999

within-herd repeatability

&lthough a change in within-herd repeatability of 0.2 did changs the
estimate of actual Tuture mitkfat production, the relative rankings of the

individuals is mare important than the absolute estimate, for a



replacement model. &s shown above, within-herd ranking of cows is
relatively robust to changes in repeatability. In the present study an

gstimaie 0.6 will be used.

A4 The value of milkial production.

The future milkfat production of an individusl cow is given as the 305

day mature equivalent which is computed by the intraherd BLUP model
presented in the previous section. In Mew Zealand, the payout for dairy
production is based on Tat content. Begional price differences can ooour,
these being partly due to variation in processing costs between different
units and the cooperative structure of the dairy industry. Since the

asure of production is expressed a5 the mature equivalent, the estimate

must be divided by the appropriste age correction factor when calculating
the value of production in the current year. The value of the milkfat

oroduction is calculated from equation 4.8
MFR = (FMFP & 1/7ACF ) MFP G
where: MFR 15 the milkfat production revenues in dollars,
FMFF is the estimate of the future milkfat production inkgs,
ACF is the appropriate age correction factar, and

MFP iz the price per kg of milkiat in dollars.

45 Yalue of the new born calf.

The value of the calf horn will be dependent on the probability of
survival of the new horn calf end the value of the bobby calves. The value

of g calf is calculated from equation 4.9

O = { 095 » BCY) .48
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where: TV is the calf »alue,

.95 is the probability of survival { Holmes and Wilson 1984) |

BCY is the bobby calf value,

A6 The effect of calving date

AG5.1 The effects of variation in calving date an seasonal

milk nroduction and management oraclices,

The herd's calving date can influence the level of feeding available to
g cow in early lactation and also her lactation length, both of which will
affect her milkfel production

& concentrated calving , provided it occurs at the correct time, will

production more closely. I will also reduce the number of 1ate calvers and
increase the average number of days in milk for the herd (Holmes and
Wilson 1984).

Calving date variation is the major factor influencing lactation length
amang cows within a herd (MacMillan et gl 1984a). Calving dates for cows
within a herd are not normally distributed about the mean. MacMillen et al
{1084} using date from approximately 3700 cows in 35 herds in the
Matamats ares reported that S0O% of the cows calved within the first 183
days , the next 23% over the interval of 17.5 days and the last 253% over an
interval of 36.2 days. On average, the the optimal calving spread is
hetween 5 to 8 weeks (Machillan 1975 and Holmes and Wilson 19840 I
there was an unlimited supply of Teed, the marimum herd and per cow
rilkfat ;sradus’tirjﬂ would ocour i a1l the cows were to calve onday | of
the planned start of calving. Under Mew Zealand conditions the supply of
feed is constrained by the spring grass growth. This, a system where afl
cows calve on day 1 of the planned start of calving would cause a severe

feed shortage in early lactation. Rather than nutritionally stressing the
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cows under this hypothetical situation, it is currently more desireable and
practical to simply aim for & compact calving. Yariation in the desired

length is caused by seasonal effects on grass supply in early lactation.

MacMillan{1979a} found that comparison of production from groups of
identical twins calving at different time intervals, in similar conditions
to commericial herds, resulted in significant production differences.
These differences were attribuied to differences which arose in eariy
tactation yields. He concluded that each day's incresse in lactation length
could increase the milkfat yield by 0.7-0.9 kg milkfat/cow/day.

Inducing late calvers i3 g well established managemant practice used
by farmers to concentrate the calving period | A survey by MacMillan et a
{1984a) found that 72 out of 79 farmers in the Waikato induced late
calvers. The proportion of each herd induced ranged from 1.2% Lo 2618
Most induced cows calved after the first 6 weeks of the planned calving

date. welch et al's { 1979) results shawed, for the Wellington ~Hawke Bay

U'i

region ,that a large proportion of the cows calving 7 weeks after the
nlanned start of calving were induced .

The procedure of induction, consists of an injection of slowly shsarbed
carticosteriod followed, if necessary, by an injection of rapidly absorbed
corticosteriod or prostaglandin 7-12 days after the first injection. The
first injection is administered 3-6 weeks before the expected calving
date. MacDiarmid and Moller (1961} found thet 56-58% of cows require two
injections, and on average they estimated tha 1.7 injections were
required per cow to induce premature calving.

Calves from induced coves have a mortality rate of 20-36% (wWelch et al
1972, Holmes 1984} compared with SZ for calves from noninduced cows
{Holmes and Wilzon 1984

There is no evidence Lo show that induced cows have signficantly Tower
milkfat production or poorer subsedquent reproductive ability, than cows

which calve normally (Welch et al 1979, Holmes and wWilson 1934).
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4.6.2 Defining the value of calving date

A concentrated calving period ,provided that it accurs at the carrect
tirne of the year, will allow the feed requirements of the herd to more
closely match the expected grass growth rates of the pasture. When
including calving date in a model, the optirum time to calve is not the
planned start of calving. Although late calvers should be penalised, it must
be recognised that some optimal calving spread exists for sach herd.
Obwiously , the optimal time to calve for any given cow iz the planned
start of calving, but the herd should be considered as a whole and the
effect of a concentrated calving on management assessed For this reasan
five categories have been proposed to account for calving in the present
model. Table 4.4 summarises the features of the five categories.

Table 44

A summary of the features of the five calving date categories.

Calving date catgrgary.

1 2 2 4 o
Period |0-B | 7-9 f0-12  |13-15 > 15
9]
weeks weeks weeks yweeks weeks
% Calf . TR
Mortatity | 005 0.25 028 0.28
PMilkfat ¥ | . S 0.4 672 | —mmmem
Penlty kg fiil 336 50,
Inducing | i) L7%ve ® | 1 7% |1 7%wc | -—-m--
Cost

= number of days et start of period multipied by 0.8kg mitkfatl per
day.
b cows culled for non-pregnancy or excessive lateness.

e ¥C = veterinary cost
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In most cases it is desirable that cows calve within the first & weeks
after the planned start of calving . This time period defines the first
category. All cows in this category are assumed Lo have full term
pregnancies; hence the percentage of calf mortality 15 assumed to be 5%
Cows in this category will not be penalized for the variation of their
individual lactation lengths. This is to ensure that the & week period
remains the optimum time to calve.

It is aszumed that inducing late calvers is & widespread management
practice which iz used to take full advantage of the potential benefits of &
concentrated calving period . &ny cows calving outside the & week period
will be considered as candidates for induction. Thus, the model must take
into account the cost of induction, and the higher calf mortality.

The second, third and forth categories correspond to the time periods |
F-9,10-12 and 13-15 weeks after the planned start of calving. It will be
assumed that cows in any one of these categories will have been induced
to calve early. Thus, they will be agsumed 1o have a higher rate of calf
mortality (268%). They will also incur the cost of induction and be
penalised Tor their shorter lactation length since they calved outside the
optimum period. This penally will be calculsted from the start of the
period defined by each category. The penalty will equal the number of days
from the planned start of calving to the beginning of the given period
rrultiplied by the foss in milkfat yield per day The reason for using the
beginning of each period is that it is assumed cows in these categories
will be induced and, thus, would be expecied to calve 7-14 days early. This
fmal over-penalise cows with g calving date near the start of each period
and similiarly under-penalizse cows with calving dates toward the end of
the categories. But it is not possibie to predict the exact calving date for
gach animal, since 11 is not possible to know at what stage of pregnancy
the cow will be induced.

The fifth category is for cows who calve later than 15 weeks after the
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Rlanned start of calving and cows who have not conceived. Cows calving
after the first 13 weeks would have 1ittle or no chance of being bred in the
next season. Hence, their calving interval would be greater than 365 days,
wWhich 15 unsuitable Tor seasonal dairy Tarming. Thus, all cows in this

category are assumed unsuitable for dairy production and therefore cullad.
These cows will have no milk or calf production in the next or subsegquent
Seasons .

Ag well as defining the S calving date categories, it is alsao
necessary to define the probability of a cow being in a given calving date
category in the next and subsquent se & To date, no New Zeslsnd data
has been published which identifies the variables which effect the calving
interval of individual cows over successive seasons |, nor indeed any data
which guantifies the changes in calving intervals of individual cows over
suCcEssive SEasOns.

Jdohangzon 19617 cited several estimates of repeatability (0.076,0.13
and 0.133) and heritability (0.0,0.03,0.145 and 0.0)for calving interval,
suggesting that most of the variation in calving interval was due to
temporary environmenteal effects. Further investigation into the causes of
variation in the length of calving interval is beyond the scope of this
investigation Consequently, the probability of & cow being in & given
calving date category in & subsquent season will be assumed independent
of age and Tevel of production and dependant only on the previous calving
date.

To calculate the probabilities associated with calving date the

following assumptions were made :

i) the subsequent planned start of calving is 365 days after the present

planned start of caiving,

i1} the probability of conception is 0.68 {4non,1934),



111} the gestation length is 283 days for noninduced cows,
iv) the calving to first oestrus period is 36 days, and

v} the breeding period 15 12 weeks long.

Tocalculate the probabilities | the number of breeding chances cows
{from a given calving date category) have to change categories or stay in
the same calegory has to be calculated; these resuits are presented in
table 4.5 along with date of calving and date of the Tirst breeding Tor each
category.

Table 45

The number of breeding chances that cows in a given category have to

(43

tay in the same category or change to different categories in the

subsequent seasaon.

L1

{ Subsequent calving date category (

Calving date

Dategory # ; 2 2 5 4
1 21 I i | 1
2 42 78|02 1 1 I

4 gd | 120} - 1 1 1

L

a The average calving date Tor each category expressed as days afier
the planned start of calving.
b The average siart breeding date expressed as days after the planned

start of calving.



The probability that a cow incategory 1 remains in category 1 in the
subsquent season is the sum of the probability she conceives in the first
breeding plus the product of the probability she conceives in the second
mating times the probability she does not conceive in the first breeding ,

for example

068+ (068 ¢ 0.32) = 0.8976.
The probability that the same cow moves Lo the second calving date
category is .

.32 8 032 w068 = 0.0696.
The probability thet the same cow moves to the third calving date
category 1s -

032 % 032x 03220868 = 00223

The probability that the same cow moves to the forth calving date

category is:

w032 8 068 = 00071,

by
wal
[
>

-
Ll
i
>

L
el
P

Finally, the probsbility that the same cow moves to the fifth calving date

category is:
76 . .
| - { 0.B9R7 + 0.0A%A + 0.0223 + 0.0071) = 0.0034 = 0327

Table 4.6 gives the probabilites of movement from one calving category to

the same or different categories in the subsgquent season
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Table 45
The probability of movement from the present calving

category toa categaory in the next season

Subsequent calving category

= 1 2 3 4 5
Q% 1106976 | 0.0696 | 0.0223 | 0.0071 {0.0034
§ 2| 0.8976 | 0.0606 | 0.0223|0.0071(0.0034
= z|06800 | 0.2176 | 0.0695 | 0.0223 |0.0105
ff 4/0.0000 |0A800 | 02176 | 0.0696 [0.0328
; 51 0.0000 | 0.0000 | 0.0000 | 0.0000 |1.0000
(e

To calculate the probability that an individual cow is inone of the five
calving categories in year n, given she is inone of the five categories in
year one ,a decision tres approach was used. For example, the probability a
cov is in category 1 in year 3 given she was incategory 1 inyear | can be
calculated from the decision tree given in figure 4,32 Thus, the probability
of the cow being in category one in year 3 ,using the probabilities given in

table 46, is:

priT, 1)y = (0.8976 x 0.5976) + (00696 x 0.8976) + (0.0223 ¥ 0.6300)

= 0.B835

In the present investigation cows will be evaluated up to and including
their tenth lactation . The probabilities of movement Trom one calving
category to the same or another calving category in g fulure year are

presented in appendix 2.




50
4,

£l

Figur

(41

The decizsion tree for calculating the probability that a
cov 15 in category 1 in year 3, given that she was in

category 1 in year 1.

Calving Category

year 1 1
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Years f

where prii,j} is the probability of movement from the ith calving

category to the jth calving category in the next year

4 6.3 Incornoration of the cosis and probabilities associated

with calving date category.

Yariation in calving date will affect both the value of milkfat

production and the value of the new born calf, therefore equations 4.8 and

49 have been modified to account for these affects. Equations 4.10 and

4.11 are the modified equations for milkfat value and newboarn calf value

respectively.

5 —
MFRyy = {{El’igrﬁ,}'};? # (FMFP = 1/ACF)) -I0 pri 2,71 » 33.6] +[pri{3.]}

w 50.4] + [prid,j)y = 67.2 J) % MFP] N




C¥yp = prii, iy  (0.85 x BOV) + Zlprli,j)y ¢ (0.2  BCV))
Wgre ﬁFEﬁ is the milkfat revenue in the 1th year for a cow who was
in the jth calving date category inysar 1,
prii '}§ is the probability that a cow is h calving date

category in the 1th year given she was inthe jthc

th

alving

date category in year 1,

C""}i iz the calf value in the 1th year fora cow who was in
the jth calving date category in year 1, and
2 iz the probability of survival of an induced cal

")
Mg

As well as the effecis an milkfal revenus and calf value, there is also the

cost of inducing. This ig given in equation 412

By =§2‘§Bé’{i,}}¥ {172 Y0 H

where : 1Dy is the inducing cost inyear 1 for a cow who was in
i

the jth calving date category in year 1, and

YC ig the velarinary cost

47 Salvage yvalue of the cow,

The salvage value of the cow is a function of the cow’'s weight and the
yalug for manufacturing beef. The chaice of the beef value for salvage
¢ that the removal of cows 15 only for

,~.

'1.7 i H 35. Qh;? §C‘ '{.?}’b «..
slaughter. Whers cows are sold Tor dairy purposes, a better procedure
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would be to use the market value of a cow. However, no data is available
on the disposal of cull cows, so this study assumes cows are only removed
for slaughter purposes. Quarterman and Carter{1969) and MacMillan et al
{19840} presented liveweights of Friesian and Jersey cows by age. The
liveweights used in this study {zee table 4.7) are based on this data. Table
4.7 also gives the carcass weights derived from assuming & dressing out
percentage of 0.56. The salvage value is calculated from equation 4.13.

P
Sy, = PMFE & Cv), A

L

where: 3¥), is the salvage value of cow of age k,
FMFP is the price per kg manufactering beef and

L), 15 the carcass weight of a cow of age k.

lable 4.7

Liveweight and carcass weight data used in the present study

Liveweight (kg Carcass weight (kg)
Friesian  Jersey Friesian Jersey

Age Age

2 351 343 2 197 192

3 379 355 z 212 200

4 410 343 4 230 220

g, 435 411 5 244 230

48 Appreciaion on g covw.

Cows gain weight during the years before they reach ma/mritg . This
weight gain exprassed as dollars resulis in appreciation of the value of

the cow. This may also be referred to as capital gain There is virtualiy no



change in Tiveweight in later years hence, the differences in salvage
walues only affect cows in their first three lactations. Equation 4.14

calculates the appreciation for @ given cow.

By, = (8¥, 1 - 5%, ) % FMFE 414

where: &, is appreciation for a cow of age k.

49 interest on the canital value of the cow.

In this study a cow is considered an assel. Interest on the capital value
of an asset is the opportunity cost of that capital. The capital value of &
cow 15 assumead to be the cow's salvage value at the beginning of the

current lactation The forgone interest is calculated from equation 415

ICy, = 8¥) % IR A5

where: [Ty, 15 the interest on the capital value of & cow of age k, and

R ig the interest rate

410 Genelic Improvement,

Improvements in the genetic capacity of cows to produce milkfat must
be teken into account. &s logic would suggest, the greater the rate of
genetic improvement, the shorter the replacement cycle. with artifical
insemination it could be theoretically possible to get up to 2% annual
genetic change {%an Wleck, 1977) . In Mew Zealand between 0.5 - 1.0% has
been achieved {Anon, 1981} To incorporate genetic improvemant, equation

4.10 has been modified, the modification is given in equation 4.16:
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MFR iy = H2lprli,jh) » (FMFP & 1/ACFI « (-1 % RBI - [{ pr{ 2,j}; =

3360+ [pr(3,jh « 5041 + [prid, i) » 67.2 ) x MFP] 416

whers: HFF‘W ig the milkfat revenue in 1th year for a cow of age K in

the jth calving date categaory in year 1, and
RGlis the rate of genetic improvement expressed as kilograms of

milkfal per year.

A 11 The probability of inveluntary removal and death.

There is no New Zealand data which classifies wastage rates according

to level of production and age. In this study it will be assumed that

wastage rates are dependent on age but are independent of level of

production. Gigever (1965) analysed about 12000 records from about 4000

cows in the US.A and concluded that involuntary replacement was

dependent on age , but not production. Anon (1957) publizhed wastage rates

gccording to age; these rates are given in Table 4.8 1L is with some

reservations that this information is used. It is Tikely that the frequencies

of the causes of wastage have changed considerably with advances made in

aniral health since 1957, This would be especially true for the incidences

of bloat and metabolic disorders, as on-farm treatment of these problems

is now comimonplace.

The wastage rates have been classified into two categories

i} those likely to lead to involuntary replacement, and

i1} those likely to result in death

The wastage rates for sold for dairying, old age , sterility and abortion




and mastitis were aggregated as those Tikely to lead to involuntary

L
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replacement. The wastage rates for accident and injury |, calving trouble,

bloat, metabolic disorders and death and sundry were aggregated as those

likely to result in death.

wastage rates for dairy cows according to age.

Table 45

Cause of wastage or culling

Percentage of age wroup culled

Age of cow at beginning of season culled

!

10 years or

2 yrs 3 yrs. ; 4 yrs. 5 yrs. ‘ 6 yrs, T yrs. 8 yrs. ‘ 9 yrs over
I |
Sold for dairying ... ... 2.51 3.20 | 2.80 2.59 2.53 2.26 1.96 2.44 2.43
Low production ... .. 6.44 7.51 | 6.11 5.13 4.58 4.46 4.10 4.66 4,15
Accident and injury .. 0.66 0.50 0.43 0.46 0.51 0.59 0.84 0.96 1.32
Old age and sundry .. 1.17 1.32 1.21 1.27 1.15 1.25 1.41 2.38 10.06
Disease—
Sterility and abortion 2.29 3.09 3.37 3.50 3.93 4.41 5.33 6.05 8.02
Calving trouble .. 0.10 0.09 0.13 0.08 0.12 0.12 0.12 0.19 0.20
Mastitls =~ e e 0.37 0.57 0.68 0.85 1.13 1.01 1.50 2.06 1.73
Th. e e . 0.25 0.28 0.41 0.36 0.44 0.32 0.49 0.54 0.38
Bloat .. e e 1.18 0.60 0.56 0.47 0.62 0.49 0.52 0.38 0.38
Metbabolic disorders ... 0.07 0.07 0.14 0.35 0.40 0.50 0.58 0.90 0.51
Death and sundry ... 0.80 0.94 0.94 1.10 1.15 1.25 1.31 1.65 1.96
Total disease wastage ' 5.06 5.64 6.23 6.71 7.79 8.10 9.85 1177 | 13.18
e e e et
Total wastage — ... .. ! 15,84 | 18.17 * 16.78 16.16 | 16.56 16.66 18.16 ) 22.21 31.16
| | |
Total number of cows culled | 3,438 j 3,222 | 2,354 1,918 1,681 | 1,359 1,195 | 1,157 | 38,392
Total number cows in each | ! I |
each age group in herds | ‘ , |
in survey . e ; 21,700 | 17,727 | 14,032 ]11,866 10,151 8,155 6,580 II 5,209 !I 10,385

Reprinted from 33rd Mew Zealand Dairy Board Repart 1957,

The data in table 4.8 were submitted to a regression analysis to enable

prediction equations Tor the probability of involuntary replacement (o

and for the probability of death (w4}, using linear, quadratic or cubed

ir}

terms of lactation number as the independent variables. The involuntary

replacement analysis (see table 4.9) showed linear and quadratic terms

ware sighificant wheress linear, quadratic and cubed terms were




signficant Tor death (see table 4.10) The estimated probabilities of

Taple 4.9

Analysis of variance tables Tor the rate of involuntary replacement.

Source of Sura of df fMean squares  F statistic
variance squares
Regression - ¥

< 4 £0 z 220 £5.00

{ x%ﬂ
Linear(:} 355 i 355 FL9%0,1,7) =
Curvaiure 1z.20
(x 2] s} 1.05 i 1.05
Surn of squares | g o9 7 00z
EFFOFS
Total 482 9

Table 410

Analysis of variance tables for the rate of death.

Source of Surn of af Mean squares  F shatistic
varianoe squares

Regr@zsix:xn

() 5056 | 3 | 8369 17.26
Linear(:) 14367 i 14567 F(290,1 61 =
Curvature 12,7

(<] 5 T i 70.21

Curvature

{3 3] %) 3705 | ZT0S

Surn of squares I

errors 1288 | & 213

Total 263 84 2

involuntary replacement (1.} and death {74} are computed from the

aquations :
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T = 284-32% + 0632 417
Ty = -1.0+7.89% - 21352 + 01787 418

whare: ® 15 the lactation numbar .
Table 4.11 gives the observed and estimated rates for death and

involuntary replacement,

Table 4.11.
The observed and estimated rates for death and involuntary

replacement (&),

Fates of involuntary

veplacement Rates of death
Estimated Cheerved Eztimated Ubzerved

1} 258 2 81 5.683 £.%4
2 2.44 2.20 a.52 818
213 | 242 2.20 5.98 5.06
2|4 | 252 2.46 5.25 5.21
£ 5 ) 274 2.80 .34 2.54
16 | 308 2.95 7.26 8.93
'-'% 7| 3R4d 3.537 9.05 10.10
-8 |41z 4.08 131 12.20
9 | 48z 437 Z2.28 25,36
10] 564 - 570 -

4. 12 Milkfatl producticn by the replacement heifer.

I the previous section the probability of death and involuntary
replacement was discussed. When a cow is removed from the herd due 1o
gither of these two reasons, she will be replaced by a heifer in the
models to be discussed in chapter 5. To avoid overly complicating the
rodel, a fiked level of milkfst production for the replacement heifers is
assumed. This level will be set Lo the mean value of Tactation yields of 2
gear old heifers in the current year. The mean expeciation of a 2 year old
heifer increases with time to account for continous genetic

improvement. The replacement heifer is assumed to calve in the Tirst
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calving date category.

413 The choice of interest rate.

The choice of and the interpretation of, the interest rate for use in
discounting procedures is a traditional point of dispute among

rconormists. Anderson et al (1977) suggest three possible choices:

i} the barrowing rate . i.e the compound rate of interest of the cost of

capital actually prevailing if funds were borrowed,

i1} the oppununity cost. ie the rate of interest which could be earned

in the most attractive investment, and

ii1) the subjective rate of time preference. i.e the rate that the
decision maker considers appropriate {or discounting net

flows to their net current value.

Smith (1978) has criticised earlier uses of discounting for failing to
account far inflation . Instead of using the actual rate of interest he
derived the following formula to calculate the effective annual rate of

interast {q):
= (=71 1+1}

where: T is the annual rate of inflation, and

i is the annual rate of interest

There is the problem of choice of the real annual rate of interest. Bird
and Mitchell (1980} discuss two distinet approachs, which are the social

time preference and the social opportunity cost. The social time
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preference revolves around the concept that consumption today is
preferable to consumption in the future. The rate of social time
peference 15 almost impossible to measure in the real world but usually
the rate is set at about 2-3% per year. The social opportunity cost can be
wiewed as the tool Tor achieving the proper balance between the private
and public sectors. This rate can be measured and in practice is the
average inflation-adjusted rate of return for the private sector. Bird and
Mitchell (1280} concluded that the social time preference rate should be
used when evaluating national schemes , whereas individual enterprizes

should use the social opportunity cost,

Table 4.12

& summary of various interest rates for the 1984 - 1985 season.

Average Average Average Datry farm
private private public post
secior sector | secior e b
ivestment © | borvowing | borrowing @ | T

rate rate rate rate

Eeal annual

percentage 14 -175 12 -195 13-135 idz

Inflation adjusted

annual peroentags 42-74 33-92 Z.

i
1
(3]
-3

4.4

s Source Anon(1985)
b Source Anond1986)

¢ The annual inflation rate for the 1984 - 1985 season was 9.4%3

tr this study the interest rate used will be the inflation adjusted
private sector interest rate. This rate is the inflation adjusted
opportunity cost ar the social opportunity cost. Table 412 summarise

the interest rate indicators for the 1964-1985 season.
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Chapter 5.

Three models to rank cows on future profitability.

In this chapter, three methods of ranking cows based an future
profitability projections are developed. In all three cases, the decision o
keep or replace is based on comparisons of the expected gverage returns
fram future income streams. The Tirst method calculates the annuity from
the future incomes of individual cows while the second and third methods
utitise a dynamic programming approach. The following two sections will

discuss the specifications of the models.

5.1 Annuity Model.

This model predicts the future net income streams for individuals Tor
their remaining econormic Hife. The remaining economic Tite is assumed to
be up to and including the tenth lactation. Thus , a cow starting her fifth
lactation would have 6 remaining future income streams, whereas & cow
starting her tenth lactation would have | future income siream. The
principle of discounting is used and thus, each future income stream is
discounted to the net present value. The total nel present value from the
income streams is converted to the annuity {or the annualised prezent
value). Hence, the model's abjective is to rank cows on their annuity
computed from the net present value of individual cow's Tuture incomes,
covwes with the Towest values being candidates for removal from the herd in
the coming season.

& computer program has been developed to computse the annuity for
individual cows and figure 5.1 illustrates the flow of data through the
prograrm.

To predict the net incomes the following assumptions have been made .



Flow diagram Tor the annuity model program.

Figure 5.1
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{1} the future milkfal production has been predicied from the

BLUP mode! prasanied in the previous chapler,
{11} the calving date for the coming season is known, and

{111} all cows which are candidates for the herd in the coming season

ars known.

To calculate the net revenues for g given season, revenuss and costs
are weighted by the probability of the cccurrence. In the case of cow
failure and death, the mode! assumes the cow is replaced by a heifer
replacement with an average milkfat yield {see section 4.10). Futhermors
the model assumes that the Tailed cow produces at iis predicied level of
milikfat production for the coming season, whereas in the case of death no
production is expected | if a cow fails, income from the salvage value is
garnad but not so in the case of desth. Dus to assumption (111}, the
probability of failure 15 not a component of the equation to calculate the
net returns in the coming season {year 1) since all the candidates
gvaiiable for selection into the herd in the coming season are known. Thus,

the equation for calculating the net returns for season one is:

(g e 1y INR T -Chfr ) 51

whers %‘*&E}:H iz the net returns of a given cow of age k in calving
category § in seasan 1,
ﬂFE;H is the value of milkfat production for a cow of age k in
calving category | in seasonti

C4. . ig the oalf yalus for & cnw in caluin
..rl-; Wil PR TRERUALe PAFE LY err i if L= 31 t

£



Ay, 15 Lhe appreciation for a cow of age k,
ICy, is the interest on capital value for a cow of age k,

CHfr ig the cost of the heifer replacemeant,

z"%EiHﬁ_ iz the net returns of a heifer replacement in sgason |,

tD; ¢ is the cost of inducing a cow in calving category j in

geason i, and

Tk 1 y 18 the probability of death Tor a cow of age k' in season

1 in season 1.{These values have been calculated from the
probabilities given in section 4.12; the values are

presented in appendiz 4.0

For subseguent seasons where probability of inveluniary replacement also

has o be accounied for the the equation for the net returns is:

NE ;; {i HFE}H "!E’Jg% .:} + ﬁ%}‘a 5 } A { %"Tfﬁ {k'}z'} i h"ﬂﬁ- {},{")%;{ g’ +

o8

]

ey & 1R ~CHEE T+ {73 0 1y € 1S R TT-CHIP T}

L1
L]

Pzl

where: Typqe 1y 18 the probability of involuntary replacement for a cow

of age k" in season 1, in season 1.{These values have been
calculaied from the probabilities given in section 4.12; the

values are prasenied in appendix 4.

The net present value of the income sirsams is computed from the

following eguation:

[}

WPV = BHRy + B2 Ry + B NR + oo L5



where: HPY iz the net present value, and

B i3 the discount rate.

The annuity is calculated from the net present value using the

amortisation factor given in equation 2.2,

5.2 The dunamic programming models,

All the studies summarised in chapter 3 with the exception of Killen et
gl {1978} have been concerned with, at some stage finding the optimal
replacement policy. This study is concerned with the ranking of cows on
future profitability. Dunamic programming can be used to predict the
future profitability of income streams. The future profitability equals the
difference between the present value of fulure revenues obiained from the
optimal decisions and the present value of immediate replacement (Smith
19710 In this situation, the present value of immediste replacement
would be the present walue of the net returns for an incoming heifer with
an average mitkfat production (zee section 4.10).

Using dynamic programming, optimization starts at the end of a given
planning horizon , and proceeds backwards in time stage by stage. The
maximum net present value of all cash flows anticipated from each cow is
determined at each preceeding stage. This process 15 continued until the
present stage is reached.

For both the dynamic models, a stage is defined as 12 months which
corresponds to one season. Cows are described by three state variables
namely, lactation number, mature equivalent milkfat production and
calving date. There are 10 possible lactation number states. The model
assumes cows who have completed their tenth lactation are replaced by 2
year old heifers . As previously described, there are 5 calving date states

There are 52 states describing mature equivalent milkfat production



{ME MFP). These states are defined in the following arrangement:

State 1 2 3 e 31 22
ME MFP {kg) O -<100  100-<108 105-¢110 345-¢350 380-e

The values of the mid-points of states 2 1o 51 are used to caloulsie the

value of the net present value For states 1 and 52 the values 87 5 and

352.5(kg) are used, respectively. Thess thrae stats variables resuitad in a
total of (52 % S ¢ 10} 2600 possible states that any cow might fall int

The Tirst dynamic programming model, which will be called the
dynamic ! model, computes the annustised present value (APYY, or annuity,
for each state in the present stage. This assumes that each cow in the

resent stage is retained, and that optimal replacement has occurred in

)

the future stages. This model caloulates the expected net present value of
the cash flows for each stete up to a fiked planning horizon rather than
calculating the expected net present value of the cash flows for each cows
remaining economic Hifelime, as was underiaken with the annuity model
The expected net present valus of the cash Tlow during the remainder of

the planning horizon, given the initial state of the cow at the beginning of

stag
05(1.k10 = max [ keep(] k1) replace(] k)] forizt, and = 4
Bsti, k 1= mas [ keepl(i k] fori=t
[ Rse . .
keep(],k, =Bl NR L T-705 B3 5T sy (LK 73,0 8 + iRy -
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Figure 3.2

(i)
)

Flow diagram for the
dynamic models programs.

Fead daia :

econamic data, probabilities
and the length of the planning
horizon

Choice

= Siage = 1 yes

{ ie current stage}
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L—l 10
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this siags.
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dynamicl model and dynamic? model
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¥
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return for sach state from

keep ijk.

Print RPesulis

L

End.
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horizon given the initisl state of the cow at the beginning of stage i is:

01,610 = max [ keep] k1]

L1
b

The calculation of the &PY ig the same as for the dynamict model . In
bath cases, the APY is used o rank the cows in a herd. The cows with the
towrest values are considered candidates for culling.

For both the dynamic models, the transition probabilities are computed
from the probabilites of transition for each state variable. The
probabilities for lactation number are given in table 5.1, Because of the
definition of milkfat production , which has the same expectation in all
future lactations for a given cow , the probability of transition from the
present milkfat production state to another is 0. Conversely the
probability of transition to the same state is 1.0

Table 5.1

Transition probabilities for lactation number

z Lactation number in next stage
= 123456789 10
1]

p 1 1

o 2 1

= 3 |

£ 4 ‘

3 =

a wd T

i&? & i

= 7 1

= & 1

Z 9 z
=

10 i

£}

o

d

The probabilities for calving date siates have been defined for the
corresponding calving date categories. These probabilities are presented in

table 46, Cambining all the probabilities the following relationship exists:



69
Pri(il i ta {57 k100 = PrLl'y where j'=j+1 and k'= k
Prifi ki ta (k10 = 0.0 vehere j'zi+1 and K’z k
where : Pri{jk,1) to (7" k1 ig the probability of transition from state
ik to ik, and
Pri1,I' is the probability of transition from calving date state |
to 1.

Hence the structure of the transition matrix is in essence the same as in
table 5.1 where the 1's are replaced by indentical submatrices which
correspond to table 4.6 . Thus, defining the state variable for milk
production in such & way that the expectation 15 the same in future
lactations, drastically reduces the amount of computer mermory required
to store the transition matrix. In this model, it is only necessary to store
the 5x5 submatriz which corresponds to the calving date probabilities.
Thiz reduction in computing requirements is a desirable property of this
model. Two computer programs in have been written to run the dynamic
models. Figure 5. '?/;:zre,en%'—* g schematic diagram which illusirates the

flow of data through the programs.

5.3 Parametlers reguired for the 3 models.

The costs, prices and production characteristics used in the above
models are given in table 5.2.The prices are related to the average

situation during the 1983 season. {See aver for table 5.2



Table 5.2

Costs, prices and production characteristics used in the present study.

Mitkfat in wholemilk Tor
manufacture {c/kg) |

Bobby calfs (3/head) 1
Manufacturing beef {c/kg) 1

et inducing costs (5) ]

Rate of genetic improvement{Z)
Replacement heifer price (51
Replacement heifer production (kg)
Interest rate (%)

£l
3

P s S [P N ¥ W

fd

LS NP PR

Lo LD L s B

1 Source Anond 1986)

i
2 Mature Equivﬁ*}er‘it



Chapler &

Resgulis

Figures 6.1, 6.2 and 6.3 illustrate the results from the annuity ,
dynarnict and dynamicZ models for three age groups respectively. These
figures illustrate the change in APY for cows in the five calving date
categories as the milkfat production increases from 100 to 300 kilograms
per lactation. Also shown is the impact of the calving date categories on
the APY within at age and milkiat production level Three lactations are
illustrated for each model to indicate possible trends with increasing age.

There are three main intersctions to discuss:

(1) production level within calving date category and age,

(i1} age within calving date category and production level, and

{111} calving date category within production level and age.

(i} For both the annuity model and dynamic2 model, the increase in APY
within a given calving date category and age group, is directly proportional
to the increase in milkfat production. This is because the probabilities of
involuntary removal, death, and movement to other calving date categories
are constant, irrespective of milkfat production. For the dynamici model
however, the increase in the &PY within age and calving date category is
curvilinear with respect to milkfat production (see figure 6.2} Except for
the tenth lactation where the increase in APY is directly proportional to
the increase in milkfat production and the Sth calving date catergory
where there is no increase in &PY with incressing milkfst production. To

ittustirate the curvilinear nature of the change in APY, consider the Znd
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lactation and the 1st calving date state where increasing the milkfat
production from 100 kg to 150 kg increases the APY by $20 {$530 to $550)
whereas increasing the milkfat from 250 kg to 300 kg increases the APY
by $120 (600 to $820) The difference in the size of the APY increase is
due to the increasing probability that a cow will not be replaced by heifer
{as the milkfat production increases replacement is no longer optimall,
The curvilinear effect decreases a5 age increases since the time
difference between opiimal and planned replacement decreases. There iz
no difference belween the time of planned and optimal replacement for
cows in the tenth lactation since all cows of this age will be replaced in
the next lactation. Therefore, there is 8 constant change in the APY with

increasing milkfat production, for this lactation.

{11} Increasing the age within a given calving date category and
production level decreases the &PY for the annuity model. This effect may
be explained by the increase in the probabilities of death and involuntary
removal associated with increasing age and the interaction between these
probabilities and discounting. Cows in older age groups encounter the
higher probabilities of death and involuntary removal eariier in the future.
Thus, the total effect of these probabilities is greater for older cows
zince it is discounted less.

Increasing the age in both dynamic models reduces the extremes of the
4PY. For both dynamic models, a5 age increases, the APY diminishes in
high milkfat production states and increases for cows in low milkfat
nroduction states. These effects may be explained by first, the increase in
the probability of death and involuntary remaval with age and secondly,
that planned replacement due to old age occurs at an earlier date. The
decrease in the APY for high producing older cows is related to the
reduction in the number of years their superiority in milkfat production is

expressed before planned replacement. For example, a high producing cow
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in her second lactation will express her superiority in milkfat production
for the next nine lactations, wheress, a high producing cow in her tenth
factation will express this superiority for one lactation. The size of this
effect is dependent on the dizcount rate. As the discount rate increases,
later lactations become less impartant and the effect will be smaller

A similar trend occurs Tor cows of low production within a given
calving date category in the dynamic2 model. An increase in the APY
occurs a5 the age increases and planned replacement is nearer. This is
explained by the decrease in the number of years the low production is
expressed. The size of the effect is also dependent on the discount rate.

For cows with low production within a calving date category in the
dynarmict model there 15 a gradual increase in the APY as age increases.
This is due to the higher probabitities of death and involuntary ramoyal
associated with increasing age. Planned replacement does not occur for
cows with low production in this category since it is optimal to replace
these cows in the next lactation and hence, the low production is

expressed for one lactation regardless of age groups.

{11} A decrease in the APY with moverment from calving date
categories one to four within an age and milkfat production group is due to
the reductiion in factation length and probability of calf survival. The
decreasze in APY with movement from these calving date categories to
category five 15 due to no milkfat and calf production for the economic
lifetimes of the cows in this category ( annuity snd dynamic2 models
onlyd. The size of the decrease between the fifth calving date category and
the other categories is markedly reduced as age increases for the
dynarnic? model. This is because as age increases planned replacement
nccurs earlier. In the dynamici model the reduction in &PY between the
fifth calving date category and the other categories is much less than for

the other models since it is optimal to replace cows in this category in



the next lactation.

The three models were applied to g herd of 168 Jdersey dairy cows. The
BLUP mode! predictions Tor the Tuture mitkfat production for each cow are
givern in appendix 3. These estimates ranged from 136.2 Lo 337.9 kilograms
of milkfat with the herd average of 214.5 kilograms of milkfat and
stardard deviastion of 29.50 kilograms of milkfal These cows were all
candidates for the herd in the 1985-1906 season. 828 of the cows were
expected to calve in the time interval defined by the Tirst calving date
category and all cows were expecied to calve within the Tirst 15 weeks.
On average, most herds in New Zealand would expect 70 to 352 of cows
to calve in the Tirst & weeks and 95 to 100% of the cows to calve in the
first 15 weeks. !t is assumed that the herd size remains at the 1984/85
level of 147 cows , hence 21 cows are to be culled. Table 6.1 gives the
total APY and average APY per cow Tor the culled and unculled herd. The
values for each cow for each model are given in Appendin 3. Not
surprisingly culling on APY increased the per cow and herd average APY.
The results from the annuity model exhibited the greatest range in APY
fram $445 to $1071 with a standard deviation of $77.60.This is because
the extremes in milkfat production were not of feet by replacement due o
old age in future lactations. The dynamict model produced results with the
least range, with values from $5438 ta $872 and had & standard deviation
of $46.10 dollars. This can be explained by the the reduction in the
extrames in milkfat production through replacement due to old age of high
producing cows with heifers and optimal replacement of cows with fow
net present values. The dynamic2 model had & range between the ather two
madels (5485 to $874) with a standard deviation of $48.00. Replacement
due to old age in future lactations reduced the extreres inmilkfat
production but not by the same extent as the dynamic! model for the low

evtremes. The data an the 168 cows will also serve as an illustration for



the sensitivity analysis presented in the next chapter

Table 6.1

The average per cow APY for the unculled

and culled herd.

Unculled | culled

COWS COWS

{n=155] (n=147)
Annuity Model 70011 71746
i}gnamic 1 Model. &él .70 671 28




Figurs 6.1

An illustration of the results Tor the annuity

model from 2nd, oth and 101h Tactalion
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Figure 6.2 77
Anillstration of the results for the dynamicl model from
Z2nd, 6th and 10th Tactations.
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Figure 6.3 7a
A thusiration of the resulis for the dynamicZ model from
Znd, 6ih and 101h laciatlion.
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Chapiler 7.

Sensitivity Analusis.

The farmer expecis a higher profit when cows are replaced [Kuipers
d

1982). Hence, decisions to replace cows are expected to be basad mainly

e

reconomic rather than biological considerations {such as genatypel.
Thus, as well a5 construction of methods Lo rank cows on fulure
profitabitity, it is also important to examine the effect of changing the
parameters (cost and prices) that the farmers base their decisions an The
results in chapler & were produced using only one set of parametars. &
criticism of these resulls is that the choice of parameters may have
influenced the cow rankings.in this chapter, the objective iz to determine
to whatl extent the results of the three models depend an the paramelers
used.

In the following sections the effect of changes to individusl

parameters and a zcenario of high and low beef and milkfat prices are
dizcussed. The Jersey hard described in the previous chapter is used as an

grample.

7.1 Changoes in the price per kilooram milkiat.

The price per kilogram mitkfat was varied from $2.10 to §5.10 in $0.50
steps. The effects on average per cow AFY are given in table 7.1 and
ilustrated for the prices $2.60 and § 4.60 in figure 7.1, Since milkfat
price is an important camponent of dairy cow profitability, the substantial
effect on the magnitude of average per cow AFY shown in table 7.1 iz not
surprising. However, the changes in milkial price did not alter the
rankings of the cows. Within each model, a rank correlation (Kendall et al
1969) was calculated between the individual cows APY for the following
carmbinations of prices: $2.10 and $3.10, $2.10 and § 510 and $3.10 and

$5.100 AN correlations had a value of 1.00. The changes anly increased the
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variance betwean the rankings, which can be chserved from the increase in
the gradients of the graphs in figure 7.1 for the higher milkfat price
compared with the lower milkiat price,
Table 7.1
The effect of changes in the price per kilogram milkfatl on

gverage per cow APY.

forerage per oowe APV $/eoy
Annuity Dyrarict Dynarnicd

% 2103855 384 5 7517

% 250 4875 474 4 4707

% 2905595 S6d 1 5597

§ TE0 6915 5541 £ .8

'g 4107956 74% 3 7278

gif 460 | 2956 BEZ.E 876 8

& osigloers R 5153

7.2 Chanoes in the orice per kilooram of manufacturing beef.

The price per kilogram of manufacturing beef (MB} was varied from
F0.50 to $2.50 in $0.50 steps. The effects of this variation on average per
cov APY are given in table 7.2,

Varing the value of MB had g substanially greater effect on the average
per cow average APY for the dynaric models compared with the annuity
miodel. This is dus to the important role salvage value plays in offseiiing

the cost of replacement in the dynamic models.

lﬁ

The annuity model shows & smaller response Lo the variation in the

price of MB because 11 does not consider planned replacement due o 0ld

i~

age. &nincresse in the price of MB causes a marginal increase in the cows

&P% This effect increased with age. The trend with age can be attributed
x older cows having higher probabilities of faiture in the near Tulure

Therefore the degree Lo which the salvage value reduces the cost of

replacement is not discounted to the same extent as would be the case for



younger cows

The effect of increasas in the price of ME in of the dynamicZ model is
to cause an increase in the APY. This effect increases with age. Tha
increase in the effect with age 15 due to the reduction in the time of
planned replacemeant; hance the effect of the salvage value in offsetling
the cost of replacement occurs sooner and is dizcounied less

Table 7.2

Thae effects of changes in the price per kKilogram of manufactering beef

an the per cow APY.

é dverage per cow APY & onw

g_ Annuity Dugnarmicd Duynamin2
5050|6307  |etes 6148
E1000cos7  Jgai g £36.7

g 1300 7007 £54.1 5558

3 200 705 7 627 E 6303

S 2500708 (7M1 4 7029

=

The sarme trends ocour in cow APY Tor the dynamicl model as ococurred
for the dynamic? model. & second trend produced by the dynamicl model is
associated with opiimal replacement. Since replacement may ocour in the
subsequent season, an increase in the price of MB will increase the cow's
{for whom the mode] considers optimal to replace) APY by the grestest

mount compared to cows the model does not consider optimal Lo replace.
The gain in the &FY for cows in the above cate ng increases as cow age
increases bul only up to the Tourth lactation. This is due to the interaction
of weight with age {see section 4.11) Increasing the price of MB also
increases the rate of optimal replacement in subsequent stages since the
cost of replacement becomes cheaper.

For @ $2.00 change in MB price (30,50 to $2.50) the rank correlation



Figure 7.1 52
An illustration of the effect of changing the milkfat price from $2.60 to
$4.60/kg on the annualised present value for cows in their 6th lactation.
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between individual cow APY's for each price within each model was
caleulated. The correlation between the cow rankings for the annuity
model was 1.00. Whareas, the correlations between the cow rankings for
the dunarmic models were both 0,95 for the MB prices of $0.50 and §2.50.

Thisz indicates that changes in the of price of MB did slter some of the cow

!

rankings, although the magnitude of alteration appears to be small.
Changes in the price of ME have a great effect on the cost of
replacement. The effect is greatest when replacement ccocurs in the near
future, compared with replacement in the distant future, due to the
interaction with discounting.

7.5 Changes in heifer price.

The heifer price weas varied from §450 to $750 in steps of $100. The
resultant changes in average per cow APY are given in table 7.3 An
increase in the heifer price decreased the average per cow &FY. This is
because the price of the heifer replacement 1g an important companent in
the cost of replacement. The decrease in the &PY was small for the
annuity model, although this decrease in APY increased with age. Thi
effect can be atiributed to the increasing probabilites of death and
involuntary removal associated with increasing age. For the annuity
model, changes in heifer price did not alter the rankings of individual cows
Fara change in heifer price from $430 to $750 the rank correlation
between individual cow APY's Tor each price was 1.00.

The dacrease in &FY resulting from increases in the heifer price also
increased with age for both the dynamic models. This increase i3 dus to
the reduction in time of planned replacement. Hence, older cows incur the
cast of replacement at an earlier date and this cost is discounted Tess. &
second trend exists in the dyramic! model is again assaciated with
aptimal replacement. The cost of replacemeant is greatest for the cows the

dynamicl model optimally replaces in the next season; thus, change in the



heifer price has the most effect on these cows.
Tablae 7.3
The effect of changes in heifer replacement price on average per

the cow APY

Average per cow APV e g
- Annuity Dynamict Dynarnics
% 430 {7057 6741 662.1
% 5RO {TO0Y Ba1 5 BIEE
650 (6957 |gd9z £44 4
E?sg £50.7 E37.00 €326

The rank correlation between individual cow APY's Tor the heifer
prices of $450 and $730 were 0.93 and Q.99 Tor the dynamict and
dymamic? maodels, respectively. As for changes for the price of MG,

changes in the heifer replacement alzo causes some changes to the aptimal

COv rankings.

7.4 Changes in interest rate.

The interast rate was increased from 0.0% to 158 in 5% steps. The
gffects of these changes on the total and average APY are a given in table
7.4 and ilustrated in T

ure 7.2,

>

Changing the interest rate had 1itUe effect on the cow APY's produced
by the annuity model. Increases in the interest rate resulted in the higher
probability of death and involuntary repiacement associated with old age
becoming less important Tor younger cows because the effects are
reduced by the greater discounting. The increases in interest rate caused a
uniform drap in the total and average per cow APY. The rank correlation
between individual cow APV's Tor the change in interest rates of Q.O1E and
GU15%E were 1.00 for the anhuity model,

ncreases in interest rate in the dynamic models increased the
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extremes in the 4PY's . In both models, the change at the exiremes became
less with age, except for cows which were aptimally replaced in the
subsequent season by the dynamic! model. The reduction in the effect
with increased age 15 due to planned replacement occuring eartier in the
future. For cows with Tow milkfatl production, the increase in interest
rate reduced the effects of the retwns generated by planned replacement
through the increased effect of the discount rate. The same effect
increases the AFY for high producing cows. The effect of the higher
dizcount rate is least on cows which are optimally replaced in the
subsequent season since the retwns generated from planned replacement
are proportionately greater and reduced less by the higher discount rate.
The rank correlation between individual cow APY's Tor the interest rates
of 0.01% and 15% were 087 and 0.98 for the dyramic] and dynamic2

models, respectively.

Table 7.4
The effect of changes in interest rate an the average per cow &PY .
Arverage per cow APY $ oo

- annuity Dynamict Duyrarnic?

R oot 7103 £51.9 £4E 2

a3

Wooos | T0s EE0.2 £54.9

W0 |E905 566 5 618

-5

£ 0S| ETR0 £69.5 E64.3

Rank correlation for interest rates of 3% and 108 , and 10% and 1985, wers

0.99 for both dynamic models and both sets of interest rates. Thus,
changes in the rate of mterest do alter the optimal cow rankings. The
degres of the change in the optimal rankings is dependent on the size of
the ditference between the two interest rates used

7.5 Chanoes in the rate of gepelic improvement.

The rate of genetic improvemeant was varied Trom 008 to 158 In 053

5

steps. The changes to average per cow APY are given in table 7
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Increasing the rate of genetic improvement increased the AFY's
produced by the annuity model . The magnitude of the increase was gregter
for younger cows since the number of opportunities for replacement by a
genetically improved heifer is greater because the younger cows are
evaiuated over a greater number of seasons

Increazing the rate of genetic improvement sizo increased the &PY's
produced by the dynamic models. The magnitude of increase was almost
constant across all age and mitkfat production groups This is because the
differences between the genetic values of replacement heifers entering
the herd in the near Tuture and distant future are offset by interaction
with the level discounting chosen for this study. & different discount rate
would have resulted in different levels of change in the AFY across age
and mitkfat production groups. The levels of change would also be
dependent on the probabilities of death and involuntary replacement and
the time of both optimall in the dynamici model) and planned replacement.

The absolute magnitude of &PY change would be small and unlikely to
cause changa in the aptimal cow rankings with the current levels of
genetic gain attainable in the dairy industry.

Table 7.5
The effect of changes in the rate of genetic improvement an

the average per cow APY .

i
s B, S ] .

% fverage ek cow APV & f

z Annerity Ewyriarmic Dagnanic?
S 006388 £59.5 £54.5

£ 055987 5611 &£55.8

dr

£ 1.0 7003 BE2.4 8371

i

oyl 7020 | eeR7 584

« b

&

i

®

For all 3 models changes in the ra f genetic improvement did not alter
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Figure 7.2
an illustration of the effect of changing the interest rate from 0.000132
to 158 on the annualised present value for cows in their 6th lactation.
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the optimal cow rankings. The rank correlations between individual cow
APY's for the rates of genetic improvement of 0.0% and 1.5% were 1.00

far all models,

7.6 High and Tow milkfat and manufacturing beef prices.

& scenario of high and Tow mitkfst and manufacturing beef prices was
used for the three models. The different prices used for the Tour runs are
given in teble 7.6. The results for each situstion and maodel are given in

table 7.7 and i1lustrated for the dunemict madel in figure 7.3

Table 7.6
The parameters used in the testing of the response of the models to

changes in milkfat and manufacturing beef prices .

plen® ik b gy b

AT e . l 'fk *

Pilisfat price per kg ($/ka) 460 460 3 £0 5 &0
. ey .2 P ™y

Manufaeturing beef (% kgl 2 00 | 0 5 00 —

price per k.

Heifer price. (31 e G 600 430

b =heet d =dairy
H =high prices , L =low prices

From the resulis it can be obsarved that changes in the milkfat prices have
the largest effect on the average per cow APY.

analysing the APY's produced by the thres models for the oplions
HOHD ang pd/Lb , and also the options L L9/ and L9 Lt‘ it is possible to
consider the effect of changes to both the price of rrzarmfaciurirzg peef and
the heifer replacement price in the same run. The change in the &PYs hav
the same nature as those caused by changes in the individual parameters
but the magnitude of change was considerably less. Thus, changes in the

price of manufactiuring beef were offset by changes in the price of the



g9
heifer replacement. Such a patiern is whatl ong would expect in the market
place, soalthough changes in esach of these parameters individually has
considerable bearing on the final APVs, when considered together their
overall effect is much smaller

Evamination of the 4Pv's for HO/HP and L9/uD cleariy shows the effect
of changes in milkfat production. The magnitude of difference between the
APY's of Tow and high producers is increased. For both the dynamic models
this increase in difference decreases with age, which is caused by the
interaction between heifer price and earlier planned replacement,

The rank correlations for the four price combinations were 1.00 for
the annuity model and 0.99 for both dynamic models. This indicates the
changes to the optimal rankings caused by changes in either the heifer
nrice or the price of ME are Tessened when the {wo parameiers are

onsidered together, due 1o their interaciion
Table 7.7
The effect of changes Lo manufacturing beef and milkfat prices on

the average par cow APY.

Average per cow APY $ /oo
Annuity Duynamict Duynamic?
nispb 8890 8468 8236
pi b otz 2135 2073
19/pb | 487.0 493.5 489.4
1ok 14952 4665 463.0

7.7 lonoring the probabilite of failure and death,

For each of the models, the probabitities of failure and death wers
ignored. This was undertaken to examing whether the inclusion of these
parameters in the model was justified The resulting changes in the
average APY are given in table 7.8 and are {Hustrated in figure 7 4.

The effect of ignoring the probability of failure and death in the



annuity model was to lower the AFY's for cows with Tow milkfat
productian and to increase the AFY's for cows with higher milkfat
production. Thiz 15 because death and failure cause replacement by a heiter
which may have g higher or lower producing ability than the cow which is
replaced, depending on the cow which is replaced. The magnitude of the
change increases with age. This 18 because the effect of the higher
probabilities of, especially, death associsted with increasing age are not
dizcounted to the same effect for older cows comparad with the younger
COWS.

The dynamicz model reacts tn a8 similar way as the annuity model

except the magnitude of change decreased with age. This is because

L]

planned replacement occured sooner for older cows and thus, the effect of
ignoring failure and death only cccured over g small period of time.
lgnoring Tailure and death in the dynamicl model, increaszes the AFY's
for all cows, the magnitude is greatest for high producing younger cows.
The magnitude of the effect is least for cows optimally replaced in the
subsequent season and cows who are replaced in the subsequent zeason

pecause of old age.

able 7.8
The effect of ingoring the probability of Tailure and death an the

average per cow APY.

fvarage per oiw AFY oo

Annuity Dynarmicd Dunarnic?
ingaring the probability of fallure and death Ta5.2 Tie0 e
accounting for the probability of failure and desth| TO0 515 £5E 3

The rank correlation between individual cow APY's for including and

igharing failure and death were 0.98 Tor all models. lgnoring Tailure and



death caused small changes in the optimal cow and state rankings. Mot
including the probabilities of failure and death would underestimate Tower
producing cows APY and would overestimate higher producing cows APY,

resulting in small changes to the optimal cow rankings.

F.0 Chanoges to the lenagih of nlanning horizon.

For both the dynemic programiming models the planning horizon was
varied from S to 20 years. The annuity model has no fiked planning harizon,
the average planning horizon for this model is dependent on the age
structure of the herd, the longest possible planning horizon for an
individual cow is 10 years. The changes to the average per cow AFY are
given in table 7.9 and 11lustrated in figure 7.5, The cow average AFY
increazes with increasing planning horizon | although the magnitude of
increase decreases as the planning horizon increases. 4z the planning
horizon increases towards an unbound horizan the asymptotic nature of the

AFY would be displayed.

Taple 7.9
The changes to the average per cow APY due changes in the

planning horizon

fverage per cow 4PV

- Fioow
S

e Dagnarmicd Duynarric?

& 5 ezag 628.0

T

£ Mlears 6563

oy

£ Wlento | ses0

s

2 204 eva8 §722

tncreasing the planning horizon increases the &PV's of lower producing



Figure 7.3 92

An illustration of the effects of changes in the beef and dairy prices on
the annualised present value for cows in their 6th lactation and the

dynamic1 maodel.
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Figure 7.5

An illustration of the effect of changing the planning horizon
from S to 15 years on the annualised present value for both
dynamic models for cows in their 6th lactation.
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Figure 7.6 ES

An illustration of the effect of changing the definition of the
fifth calving date category form an erodic state to an nonerodic
state on the annualised present value for cows in their 6th
lactation.
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is cows and decreases the AFY's of higher producing cows. This is because
the high or tow incomes from cows are offset by the increasing production
tength from the average repiacement cows. The magnitude of change is
dependent on the interest rate. The greater the discount rate the smaller
the effect of the planned replacements.

The rank correlations between individual cow &PV's for the planning
horizons of 5 and 20 years were Q.86 Tor both modsls. However, rank
correlations between individual cow APV's Tor the length of planning
horizons of 10 and 20 years were Q.99 for both models. These rank
corralations in combination with the information in table 7.9, indicaie
that as the planning horizon increases, the &FV's Tor individual cows
stablise. As the planning horizon increases past 10 years all cow's will
have been replaced by an average heifer which will cause a reduction in
the variation in the &PY's. &ny change in the expected net revenues
generated afier 10 years will be due to the probabilities of involuntary
remaval, death and shifting beiween calving date categories and to the
genetic Ievel of the replacement heifer However, the rate of reduction is
dependant on the discount rate, the greater the discount rate the less the
reduciion in the variance of the APY's. With an interest rate of 588 the
reduction in the variance only had & minor effect on the indivdual cow

rankings as the planning horizon increased towards infinity.

7.9 Chanoing the definition of the fifth calving date siale.

For both dynamic programming models, the assumption that the fifth
calving date siate is a non-erodic state was relaxed. Cows in the fiTth
calving date state were given equal chance to enter all the calving date
siaies in subsequent seazons.

The resulis are i1lusiated in figure 7.6 and given in fable 7.10. Since



oY
none of the cows in the herd examined were initially calving date siate S
the effect on the &PY was minimal.The effect on the &F%'s would be anly

stgnificant for cows in the fifth state.

Table 7.10
The effect of changing the definition of the calving date state S toan

erodic state from an non-erodic state on the average per cow APY.

fvarage per cow ARV oo

Dapnaricd Dynarnic2
Calving date state 5 nonerodic| 6615 656 3
Calving date state 5 erodic 5513 BI5.4

The effect of the change in definition iz greatest on the APYs produced by
the dynamicZ model, since in the dynamic? model, state 5 cows remain
until their tenth lactation whereas, in the dynamic! model they are
replaced in the subsequent season. The effect of refaxing the definition of
the fifth calving date category will be dependant on the nature of the herd
and the probabilities of reentry to the other calving date categories.

To better estimate the effect of changing the definition of the fifth
calving date siate more work 1s needed in defining the probabilities of
movement from the different calving date states and also more work is

needed with herds with cows in the TiTth calving date state

.10 Discussion.

The parameters directly associated with the cost of replacement had
the grestest effect on the APY's of individual cows The parameters such
s interest rate and planning horizon also affected the APY produced by

the dynamic models, which was expacted since both of these models

explore the situation of Tuture replacement.
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The optimal rankings in both dynamic models were affeciad by the
price of the heifer replacement and the price of manutaciuring beef,
whersas milkfat price played an insignificant role. These resuils are in
agreement with Stewart et al (1978}, allaire and Cunningham (1980} and
yan &rendonk (1986a,h).

The planning horizon for an individual farm should be known. Thus, for
any given analysis, there will be no choice involved in assigning the length
of the planning horizon for the dynamic models. The interaction between
the iength of the planning horizon and the interest rate used will affect
the amount of variation between the APY's. It 15 uniikely that the
usefuiness of the dynamic programming models would be lessened by the
reduction in the variation when the planning horizon is grester than 10
years duration. Since the further expected net relurns are generated in the
future the less their effect is on the 4PY (through the actions of
discountingl.Thus, the totel effect of the reduction in the variation of
ezpecied net returns is Hikely to be small. This reduction of variation is
associated with the prediction of the unknown characieristics of future
individuals and thus, would affect any model which has & planning horizon
of greater than 10 years duration. Thiz suggests there may be little
benefit in predicting further than 10-15 years in the fulure.

The choice of interest rate is & sensitive ares. Smaller changes { <5%)
in the interest rate resulied in a higher correlation between the optimal
rankings compared with larger changes (>5%). If the inflation rate
adjusied measurement (Smith 1978} is uged, the variation between the
choices is likely to be smaller than using market value interest rates,
hence the affect on cow ranking will be kept to & minimum,

The magnitude of difference between the price of the heifer
replacement and the price of manufacturing beef 13 the most imporiant
component of the cost of replacement. In reality, movement in the price of

manufacturing beefl will result in an opposite movement in the price of the
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heifer replacement. As a consequence of the combined movement, varying
the price of manufacturing beef was then found to have only a small effect
on the ranking of the cows.

From table 6.8 it can be observed that assuming no involuntary removal
or death increased the per cow APY by approximately $54, depending on
the model used. From an economic point of view, this reinforces that
management and breeding policies should be concerned with reducing the
amount of involuntary removal or death .

¥hen the S5th calving date state was changed to an erodic state, the
recomputed rankings suggest that it may more profitable to keep high
producing cows who were not in calf and bring them back into the herd in
the subsequent season. Such a conclusion may be erroneous, depending on
the reason for the cow entering into the 5th calving date state. From the
management point of view, it would important to ascertain the cause of
the reproductive problem. Where a permanent reproductive problem exists,
obviously the cow should be replaced. If the cause is due to human error
(eg, poor heat detection) the farmer may consider keeping the cow. In doing
so, the farmer must take into account the added cost of managing an extra

class of stock.

MASSEY UNIVERSITY
LIBRARY
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Chapier 6.

Concliusions.

Dynamic programming has been used to determine optimal replacement
policies for dairy herds in grassland and non-grassland situations. Thres
dynammic programring models had been developed Tor the Mew Zealand dairy
production situation by Mac Arthur (1973, 1975 and 1985} These models
did not include variables for calving date, nor did they vary live weight
according to age. Replacement maodels have been used in agriculture to
determinge the optimal time of replacement for various enterprizses. One
such model based on annualised present value concepts, has been developed
to rank cows on future profitability in & non-grassland situation. Mone of
the above approaches provided a viable system which could be applied to
the dairy indusiry as & whole

The objective of this study was to evaluate the use of replacement and
dynamic programming models by developing a model which ranked cows on
future profitability under New Zealand seasonal dairy farming conditions.
To achieve this objective, a model was developed to estimate the
performance and calculate the revenues and costs of dairy cows in Mew
Zealand. The results of this model were then used in the development of
two dynamic programming models and one replacement model Lo rank cows
based on future profitability.

The implementation of the three models developed in this study was
hindered by the lack of adequate information with respect to many of the
econofnic and biological components. Some Tactors which warrant Turther
investigation are fisted below .

il the relationships between age, milkfal production, breeding
indey, production indey and weight are not well defined,
i1} a more detailed investigation of the market values would allow

caleulation of salvage values, appreciation and replacement costs to be



more objective,

iii} there is a need for an up-to-date quantification of wastage
rates according to age. The last complete analysis for New Zealand
conditions was undertaken in 1957 (Anon 1957} With the changes in
apimal health practices 1t may be that these rates bear litile resemblance
to the rates ocourring in the industry at present, and

iv) guantification of the reproductive behaviour of individual cows
across several seasons 15 heeded so that the probability of movement to
future calving date categories can be estimated more accurately.

The 3 models were tested over various cost and price situations. From
these ahalyzes it was possible to draw several conclusions.

The annuity model’s behaviour was more stable in the sensitivity
analysis than either of the dynamic models. This was caused by the
limitations of the model rather than by a better ability to cope with the

varying situations. Three major Himitations of the annuity model are

i} no definite planning horizaon,
i1} the conseguences of planned replacement are not considered, and

iii} there iz no appropriate method for handling salvage value.

The planning horizon of the model is dependent on the age structure of the
herd. At most, the model only predicts the future profitability up to the
tenth year. The consequences of not considering planned replacement are
that the AFY.'s of cows with high milk fat production are overestimated
and conversely the &PY's of cows with 1ow milk fat production are
underestimated. To overcome all the Himitations of the annuity modeld,
future incomes for individual cows and their replacements could be
predicted up 1o & fiked horizon. This would result in & more complicated
form of the dynamic2 model with no addded advantages, thus such an

extension to the annuity model is not warrantad.



The behaviour of the two dynamic models was similar under most
circumstances. The only difference in behaviour was associated with
utilising optimal replacement in the future. In the dynamic2 model, no
optimal replacement took place since the objective was to measure the
future profitability of a cow up to the end of her tenth Tactation, and then
to messure the future profitability of her replacement. Using this
criterion one limitation was apparent, cows in the fifth calving date state
had a ranking which was dependent on the time of planned replacemeant. In
the Mew Zealand dairy farming situation it would be expected that cows in
the Sth calving date category would be replaced in the next season, rather
than at the time of planned replacement due to old age. This was not &
problem for the dynamicl model. The dynamici model replaces cows with
low APY's which includes cows in the Tifth calving date state in future
lactations. This would be the expected situation on dairy farms.

& potential criticism of the dynamicl modal is that the replacement
rates could reach unreasonable levels. I iz not possible to includs
constraints to ensure the replacement rate in the future remainz at a
realistic level, because the concept of stales rather than individual cows
iz used. The rankings produced by the dynamict model (even with high
replacemant rates) are still valid since the states are ranked relative to
each other under the conditions of the sysiem. Hence, all the states within
the system would be subjected to the high replacement rates

In conclusion, the dynamict model best meets the objective of ranking
cows on future profitability. Two major advantages of this method for
providing management guides, are first, that the method provides rankings
for all age classes including freshening heifers. Secondly, the rate of
replacement can be determined by the farmer rather than being part of the
models which determine the optimal policy. The dgnamim model's
advantages outweighs the increased complexity of the the model. The

increased complerity of the first model compared with the second model



relates only to the inclusion of maximisation function at the end of each
stage in the dynarict model formulation To enhance the annuity model so
that it would operate under a fired planning horizon would result in this
rnodel becoming more complex than either of the dynamic models with no
added advantage. Therefore, it appears that this type of replacement
problem is best solved by the use of dynamic programming.

Finally it should be emphasised that the rankings must be considered as
o management guide used in conjunction with other information the farmer
has available about individual cows.

The Mew Zealand Dairy Board currently provides a production index for
individual cows. This production index 15 used in conjunction with the the
expected calving date in the coming season to indicate which cows should
be considered as potential candidates for replacement (Anon1970). Cows
with low production indices and/or who will be potential late calvers are
identified as replacemeant candidates. Using this procedure the Tikely
criteria for replacement is magimisation of mitkfal production in the
short term. The shortcomings of the above culling quide are that it does
not Took far enough into the future and it does not incorporate any
economic variables.

The replacement guides presented in this study overcome the above
limitations. The future net returns for individual cows are estimated,
these returns are weighted by the probability of events occuring in the
future (e.g. death or involuntary removal). The cow's expecied calving
dates are incorporated into the model, which allow the economic effects
of calving date to be accounted for. These culling guides allow the farmer
to cull an the expected monetary return from any ohe cow.

Mone of the studies reviewed in chapters 2 or 3 have been applied to the
industry as & whole. This i a reflection of the complerity of the models

and/or the type of replacement information the models produced. The
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replacerment guides outlined in this study compute the expected snnualized
present value of future incomes for individual cows. These culling guides
can be used with any other information the farmer has about individual
cows at the time the replacement decisions are being made to aid the
decizion process. The usefulness of these culling guides is not limited by
the number of stock reared or the nature of the herd size {e.g. increasing,
decreasing or static) which makes this system workable and applicable

to the New Zealand seasonal supply dairy industry as & whole.

.35 Future Develonments,

Thiz study is by no means exhaustive and there are several
developrnents which could be incorporated into the dynamicl programming
model:

i} the number of states could be increased, thus reducing the
distance between each state. The most obvious stale variable to increase

iz calving date, instead of using three week intervals, it may be mare
desirable to use weekly intervals. s more information becomes available
or the payout structure changes, it may be desirable to include more state
variables such as milk protein yields and cow weight.

i} extensions to the BLUP model are forseeable. If payout becomes
bazed an the price per kilogram of protein and milkfat, a shift toa
multitrait model would be an obvious move. 1T may alsco be desirable 1o use
g rultitrait model which uses test day records so that the prediction can
be updated after every herd test. Modification of the BLUF model to include
age and lactation length into the Tived effecis would also be a useful
grignsion.

i1} to predict accurately the value of the newborn calf it would be
desirable to include the breeding index as a state variable. Then it would
be possible to regard female calves Trom high breeding indes cows as

possible candidates for rearing. Similarly it may be possible to regard
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mate calves from very high breeding index cows as possible candidates for
zire breeding schemes.

v} in this study the models have been used to rank cows in seasonal
supply herds. Yersions of a similar model with the time of calving as g
state variable could be useful for town supply herds. These models could
also have applications in other species such as poultry, swine, deer, goats

and sheen.
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Appendix |

To prove Howard's Tunctionsl eguation }'n{iﬁn} 15 defined a5 the expecied
return over the nest period of time |, starting in state 1 and using policy §
Under the assumption of additivity then:

fyll, 50 = Ry ¥(i) + ﬁ 0 il Sp-

yhara Eﬂgﬁ} = the return generated in stage i,

B is the discount rate

} ® i3 probabilit g af transition from state 1 1o state | and
31 =@ forward contraction of 5, to the remaining n-1

periads § a forward contraction is a subpath beginning at

stage 5 and ending at n-1},

...

oy 0d = mangeny [1,00.5,) Tand since 7y ; z 0 then

é}ﬂi” = T _\,\“3 (1 } \- f} ‘*‘f:'isi.’iﬁ 3“_,1 A
= Mgyl Ry ™0+ B2y ® masgey gy foll Sy ]
= Midkg iy EF‘ mwggw s:fsw (in] A

Equation &3 15 Howard's functional equatlion , which is used to discribe the
sgatem‘
veral authors have discussed the Dwo optimality conditions which ar
sufficient for the validity of the value iteration method, for example

Bellman{1957,Beliman and Drefus{ 1262} and Hastings(197



The first condition iz the separsbility condition, which states
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plan the value of every state must be expressed as a Tunction of th
immediate return and the value of the succeeding stage” (Hastings 1973)

Consider a process at =18

o

ge i, the process moves Trom state 1, 1o 1,y

under deciston 57 which generates & retumn **nSJ Lo Lets, b

decisions 5.8 ) 24,2 Assume the process has m stages, hence

iective 15 to masimise some Tunction, 6., of the stage returns. The

Spod UNder policy s

. r 1= 4 g s - P e - - = i:' A
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[ the separability condition holds then:
freltrnSrd = SR " et - 1 e 1 8m- 1 A

Moye 1T the function is, say, the dizcount Tactor, B, then:
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It can be seen that equalion ;»,4: sz the same form as equation | on page

thus the separability condition hotds Tor squation L

andition, which states " for every

The second condition is the oplimality o

state within & stage and & policy, the aptimal policy 18 to consist of the

given immediats decizion foliowed by that palicy which is optimal with
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sar states" (Bellman 19571
Consider equalion 4.
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Assuming we wish 1o masimise the process, then the oplim iatity condition
reguires that
ff'ﬂ{ii'f'i’f;f'ri v & m-—i‘k 2 f’m e imﬂf'
* i to stane m-1.
where § oy 18 i optimal policy up to stage m-|

oo for the case whers discaunt 1ad returns are used , then
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Annendix 2.

The probability of movement to the 5 calving date
categories in Tulure years, given the initial calving

category in year 1.

The probability of movement fo the S calving date
categories in Tuture years, given the cow was in calving

Future year

Lo I LN T e VY 1 T U O U B
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Future year
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The probability of movement 1o the 5 calving date
categories in future years, given the cow was in calving

category 2 inyear 1.
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The probability of movement to the 5 calving date
categories in fulure years, given the cow was incalving

category 3 in year 1.
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The probability of movement 1o the 5 calving dale
categories in fulure years, given the cow was in calving

category 4 in gear 1.
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A Pf,e/w‘{ xS

Cow Number | Calving Date Category | BLUPof FutureMilkfat Productionikg) | Annualised Present Value ($)

Annuity  Dynamic? Dynamic?

4. 2. ¢ 204 2 &31 &20 &17
24, i.Q 245. 5 8i3 73 727
37. i.0 228, 7 734 &7 4 &3
37. 2.0 213, 4 &86 &47 &43
8t. 1. G 213. ¢ 7o4 539 £3589

& 2.9 173, 2 &5 &C1 378

7. 1.G 192. 9 532 &22 &18

8. 1.4 221. 8 T2t &58 &464
i3. 2. 211. 2 &52 &3 5329
22. 1.0 214.2 &7 &£32 &4
2a. 2. ¢ 177. 4 347 S7e 373
29. 1.¢ 189§ £22 &14 610
33. 2.0 1531 286 586 82
47, 1.8 2254 7i8 &4 &&%
2. 1.G i7i. % 272 S92 54932
57. 1.0 24¢. &6 TS &58 &79
&G, i. 0 262, & 8537 747 743
=39 1.6 215, 5 719 =3=10; &37
&3, 1. ¢ 2146, 1 713 &&T A£54
&3. i.0 20%. 3 &34 &34 441
7. 2.0 ig2. ¢ 583 224 232
72. 2.0 i86. %9 LHG2 393 270
?0. 1.0 20%. 9 &84 s£44 641
21, 1.G 201. % &57 &37 &34
@3, 1. & 204, 4 &7 &5 bdl
103. 1.G 2i4. 8 &7e £32 &£49
104. i. ¢ 197.8 &&7 &29 &26
105, 2.0 193. 9 &C& &01 898
104, 1.0 242. 3 785 711 708
107. 1.0 218. 3 712 &&7 &54
i08. 1. G 222. 9 732 &76 &73
109, 2.0 242. & 77 701 &7
110Q. 1. ¢ 193. 2 443 &22 618
114, 1.6 227. 6 TG &7 &72

113, i.0 iB3. & &10 &i4 &10
114, 1.¢ 203. § &&ES &37 &34
113, 1.¢ 198. 9 &30 &29 426
116, 1. ¢ 189. & 62 &14 &10
119, .9 213. 1 &9& 652 &49
120. 1.0 200. 0 &£36& &37 &34
121. 170 207. 4 &78 &44 £41
122. 1.¢ 204, 2 L58 &37 &34
124, 1.0 213. 4 Ti2 &EC 437
1283, 1.0 210. & &£37 &£52 &47
127. 2. G 203. 8 &37 &ib &1i3
132. i. 0 204, & &&B &37 &34
134. 1.0 171. @ S&7 273 387
139, 1.0 192G S &29 522 &ig
13&. 2.0 211. & 662 &38 &34
138. 1.0 187. 7 &22 514 &01
i3%. 1.C 252. 2 51& 7id 7il
140. 1.0 i98. 2 550 &2 626
142, i.¢ 220¢. 3 77 £94 &0
B& 2.0 208. 3 &72 £33 &29
ge. 1.0 183. & &i2 &G3 577
26, 2. ¢ 192. 6 621 604 &00
131. 1.¢ 201. 9 &39 &£37 &34

3. 2.0 211.2 &31 643 6537
13, 1.0 199.2 &&4 &34 &30
18. 1.0 1902 &34 &28 &20
23. .0 176. 9 371 532 271
31. 1.¢ 169 4 3&°2 S84 372
38. 2.0 203, 1 £3& &23 619
S3. 1.0 180, 1 &04 &07 &01
3&. 1.0 230. 3 7E2 702 &78
g8, 1.0 211. 2 702 6463 &39
&7. i.0 204. 8 &84 £33 649
73. 1.0 192. 9 &£42 &23 620
2. 1.0 191. 3 638 £29 &20
4%, 1.0 1&7.7 523 395 5?1
34. i.0 i72.2 375 532 SE4
82. 1.0 211. 2 372 526 &22

i. 1.0 147 6 178 873 I2&

2. 1.0 182. 8 &0% &03 297




Cow Number | Calving Date Category | BLUPof FutureMilkfat Productionlkg) | Annualised Present Value ($)

Annuity  Dynamict ODynamic?

2.0 136, 2 443 548 438

1. 23C. 0 524 ;4 740

1.9 233. 9 777 710

1.0 227, 4 731 &£BT

1.0 232. 1 TET £7F

i. 0 243 1 808 73
2.0 237. & 744 &39
.G 222 1 73 57

1.0 228. &
2.8 240, 2
1.0 23G¢. ¢
i.GQ 4.2
2.0 . &
1.0 L1
1.8 .t
2.4 7.1
1.3 o1
1.0 ?. 8
. 1.3 1.3
33, 1. 5. 4
5. 1< .,
13 2.0 . B
13 2.8 L&
HEN 1.4 5.1
21 1.¢ 3.3
2 1.0 .4
0. 2.0 3.2
34, i.0 .0
33. 1.0Q 3.2
42. 1.6 .2
44, i.0 .7
44, 1.0 7.8
43, 1.0 7. 7
¢, 1. ¢ 501
51, 1.0 5.3
37. 2.0 .3
&é&. 1.4 5. 2
74, 1.0 .7
74, 1.0 2?3
78. 1.0 237, 1
73, 2. G 214, 1
23. 2.4 22%. 2
23. 2.0 237. 7
P9, 1.0 224, §
1C1. 1. ¢ 248. 8
102, 2. ¢ 248. 5
112, 1.¢ 227. 3
117, 1.¢ 212. ¢
124, 1.0 237. %
128. 1.0 231. 2
137. 1.0 =251.9
143, 1.0 282. 4
144, 1.0 202. &
1453, 1.0 20C. B
144, 1.¢ 21i8. 4
148. 1.Q 195. 7
149, 1.0 202. &6
150C. 1.0¢ 193. 9
151. 1. G 212. 0
1952, 1.0Q 200.3
153. 1.0 195. 7
27. 2.6 337. 9
20. 1.0 193 6
43. 1.0 189. 9
30S. 3.4 242. 0
307 1. G 2358. 1
311, 2.0 213. 1
317. 1.0 222. 7
3206. 1.0 217.7
323. 1.0 227.3
332 1.¢ 226. &
341 2.0 234. 4
343. 1.0 223. 1
349. 1.0 228. 2
351. 1.0 212. 0
333 1.0 218. 6
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Cow Number | Calving Date Category IBLUPof FutureMitk fat Productionlkg) | Annualised Present Value (§)

Annuity  Dynamic? Bynamic?2

354 2.0 218. i 681 &32 &£27
3&2. 1.5 241. 2 758 705 700
364. 1.0 232. 4 740 &34 679
368 1.0 231. 4 737 &84 &7%
382 10 232 4 740 &34 576
397, 1.0 215 1 688 &53 638
azg i G 2i4. 3 &85 &53 648
430 3¢ 235 0 714 &&5 657
a1 1.0 224 & 721 &74d &6bH8
447, 1.0 214. O 691 &53 548
454, 1.0 204. 3 716 563 638
455, 10 225, 8 71 74 658
454 1.0 218, 7 &% 653 £48
457, 1.0 218 1 &7 &53 &35
458, 1.¢ 236 2 T34 &84 &79
355 1.0 234. 4 736 &84 &7%
463 i.G 31%. ¢ 700 53 548
461, 1.0 319. ¢ 730 433 548

Cow numbers > 300 referto coWS e_nlmmj the herd for He time |
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