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ABSTRACT

Thewideuse of artificial insemination by dary farmers has facilitated the
development of a multi-billion dollar internaiond market in animal genetics. In the
major western dary produdng nations each county has developal asingle index to
rank bulls, based onthevalue of traits they are expected to pass onto ther offspring.
One of theassumptionsbehind these indexesis tha thereisapostive linear
relationship between profit (and welfare) with increases in a particular trait, regardless
of thefarm system. In this pgper, it is shown, with examples, tha the assumption of
linearity isfalse. More importantly, it is shown tha for a combinaion of reasons
induding risk aversion, condraints and other issues, the optimal direction of gendiic
improvement for New Zealand dairy farmers on an individud and indugry level could

bequite different. Alternatives to the nesize fits alOindex are described.

Abbreviations

SI, Selection Index; BW, Breeding Worth (New Zedland); EBI, Econoric Breeding
Index (Ireland); EV, Economic Vaue LIC, Livestock Improvement Corporation;
EFS, Economc Farm Surplus TMR, Total Mixed Ration; OAD, Once-a-day
milking; ROA, Return on Assets:

1. INTRODUCTION

Genetic merit andchangesin gendtic merit

Theprodudivity of adary cow is determined both by its management through
feeding, health, and milking, aswell asitsinheent capabilitiesinduding genetic
merit (Holmes et al, 2001) Management can influence the genetic merit of future
geneationsof cows throughbreeding decisions such as which semen to use for
creating the next generation of cattle, which of the current cattle should beused as

parents for the next generation and which cattle should be culled.

Mog counties with asignificant dary indudry have established organisationstha
provide assistance to dary farmersin ther decisionsregarding genetic improvement.
In New Zealand, this organisationis called the Livestock Improvement Corporation
(L1C), andthe compaable organisationin Audraiaisthe Audralian Dairy Herd
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Improvement Scheme (ADHIS)*. A major role of these organisationsis to collate the
datafromfarmers onanimal produdion and genetic historiesin order to evaluae the
gendic traits that will be passed to offspring by the cows and bull. Thisinformationis
linearly combined with econonic valuesinto an index, called Breeding Worth (BW),
which is then recommended as the primary tool for selection of gendtic information.

Thenext section of this pgper beginsby describing genetic progress and the
determinaion of linear selectionindices which are in populr use aroundtheworld. A
variety of non-linear relationshipstha could impact the effectiveness and accuracy of
these indices are then described with examples. Following this some alterndives are
proposed tha may reduce the bias from ssimply usng thelinear selection tool that

assumes nesizefitsalQ

2. GENETIC EVALUATION

Purpos of gendic evaluation

Thepurpo of gendic evaudionisto assist dary farmersin thar management
decisionsabout how to improvethe genetics of thehherd. Genetic improvement
requires breeding new animals which have supeior merit to the animals they replace.
However, raising anew individud is cosly. Hence, thereis atrade-off between
increasing therate of genetic improvement and redudng the cos of breeding and
raising replacements. Holmes et al. (2001) implied tha a 20to 25% replacement rate
ismog profitable unde New Zealand conditions

As an example, congder atypical seasondly calving dary herd in New Zealand,
cavingin late winter. Thefarmer may aim to replace 20% of the herd. 10% of the
herd may be dueto invduntary culling because of failure to conaeive, or health
problems such as madtitis, with theremainde culled to bereplaced onthe basis tha
they will contribute less to future profit than other members of the herd. This means
tha replacements equivalent to 20% of the herd are required to maintain the size of
thehed, or 23.5% replacements are required if theherd grows at the average growth
rate of 3.5%for all New Zealand farms at present (L1C, 2003. Theactud percentage

of the current herd selected to beinseminaed primarily to providefuture

L LICisaso amajor producer and seller of dairy semen, whereas ADHIS is not.
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replacementsis around60% This takes into account that hdf of the newbom calves
will bemale, the cows tha fail to conaeive are unidentifiable at insemindion, anditis
two years between the birth of replacements and when they join themilking herd?. It
may behighe if no calves fromthe hefers are intended to be kept®. Overall this
implies tha the decisionsto be made which determine genetic improvement on farm
are:

1) Identifying 60% of the herd as potential dams of replacements;

2) Which sire® semen to use for these replacements; and

3) Which members of the herd should bevoluntarily replaced.

These issues can be currently managed with reference to the use of selection indices.

3. THEORY OF SELECTION INDICES

Sdection Index

A selectionindex iscommonly used to allow avalid comparison between potential
sres and dams. Theindex reflects thelinear aggregation of availableinformationon
the expressed gendic traits (breeding values) and the econonic values of those traits:

Si=| BV.EV (Equdion 1)

Where Sl isthe selectionindex, BV, isthe breeding valuefor trait i, and EVi isthe
econorric valueof aoneunit changein theith BV.

Estimating breeding values

An animal @ genotypeis defined by its genes, which are supplied by its parents.
Breeding values represent the phenotype of theanimal. The phenotypeis thevalue of
characteristics that are seen and measured, and these are determined by the genotype

and by non-gendtic (environmental) factors.

2 For the seasonal herd planning to calve annually, an attempt is made to get all cows pregnant in order
to restart the lactation cycle.

% Heifer calves may not be kept if they a) calved to alow genetic merit bull run with heifers for the
reduced cost or ease of management compared to artificial insemination, or b) a bull of undesired breed
for dairy production was run with heifers to promote ease of calving or access alternative beef markets.
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The gendic characteristics of acow tha can be measured and quantified are called
traits. Themain traits of dary cows of interest to thedary farmer indudethe
produdion of milk and milk components, and non-produdion traits such asfertility,
survival and liveweight Thisisbecause they influence profitability. The breeding
values represent the quantification of thegendic traits, and are estimated relative to a
base animal usng statistical techniques. In the New Zealand dary indudry, the base
animal istheaverage cow born in 1985.Thestatistical techniqueprimarily used isthe
Best Linear Unbiased Predictor (BLUP) (Holmes et al., 2001) This s multaneoudy
estimates the genetic characteristics of animals (reflected in animal records) and the
fixed effects tha influence ther peformance, such as age and month of calving.
Accurate trait estimation requires that theinformation is routindy and accurately
measured, butthisisnotthecase for dl traits tha relate to the profitability of animals.
For example, milk produdiontraits are regularly and quantitatively recorded, butfeed
intake is not recorded, dueto thelack of a practical, cos-effective methodfor doing
0.

Propeties of breeding values

The estimated breeding value of an animal would be calculated as the average
breeding value of its parents. For example, a bull with a breeding value of +20 units,
mated to a cow of breeding value of +8 units, would produce offspring with a mean
breeding value of +14 units. Offspring may vary from the average of their parents due
to the chance sampling of genes at meioss’, andit is also possible for an offspring to
exceed the highest breeding value of its parents.

* Meiosisis the process of cell division where the resulting cells, such as eggs and sperm, have only
half the original number of chromosomes.
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Generation of economc values
Thevaueof achangeintraitsis primarily determined by usng one or a combinaion
of, thefollowing methods

1. Derivativesof a profit fundion

2. Bio-economic modd
Thefirst approach congsts of developing a profit fundion, and finding the econormic
weights as patia derivatives of that fundion, with respect to each trait, holding other
variables and traits condant. This approach assumes small changesin traitswherere-
optimising al variables after the changein traits would make no material difference to
theresults (Goddad, 1983) Amer and Fox (1992 make the point that the
management variables in the profit fundion should be continuousy optimised, or
some bias may appear in theecononic weights and hence the selection index,
paticularly for large changes and over time. Goddad (1998 describes how the profit
fundion hasin variousstudies been defined as profit per unit of output, per animal,
per unit of inputand per farm. Amer and Fox (199) show tha unde certain
conditions they provide equivalent results. However, those conditionsindudetha
decreasing returnsto scale is explicitly moddled, which implies afinite optimal farm
size. Decreasing returnsto scaleisrouindy dismissed in the estimation of economic
values, in favour of themore ssimply moddled constant returnsto scale. Goddad
(1998 also assumes that therangeof farm sizes commonly seen imply condant
returnsto scale, but thisignaesthelikely explanaion tha arangeof management
abilities explainstherangeof optimal farm sizes. Goddad (1998 further condudes
tha Ot remainsto be shown that the difficulties in moddling optimum farm scale

would bejustified by significantly better weights.O

Thebio-econonic modd approach sometimes uses linear programming, where the
dud values represent the economic weights, with asimilar interpretation to the profit
fundion approach. Other bio-econonic modds used may be smulation modds,
where a patia budgeing approach isused to estimate the effect of trait changeson
profit. The simulation approach does not have thetheoretical appeal of ensuring that
profit isoptimised for the current level of gendic traits before the econonic weights

are deermined.
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Profit fundion
Thegendics of adary hed isachaacteristic tha influences the profit of adary
farm. Theprofit (y) of adary farm can be expressed as:

Yy = Z.p; + X.Px (Equdion 2)

where x isavector of inpuss, px istheprice of inpus, z isavector of outputsand p;, is

avector for theprice of outputs.

Management controlled inpuss indudethe number of cows, land, fertiliser, labour,
fixed capital, plant and machinery,. Therelationship between these inputs and outputs
may bedifficult to deermine and/or modd. Neal (2004)demondrated the difficulties
in empiricaly estimating a produdionfundionfor adary farm tha realistically
reflects inputoutputrelationships The next sub-section shows therelative ease with
which margind revenuecan be calculated for changesin produdion traits, andis
followed by the development of the produdion worth and breeding worth indices that
areused in New Zealand.

Revenuefundion

In adary enterprise, the mgjor outputs are milk fat, milk protein, litres of milk, cull
cattle and calves surplusto thoe required as replacements for cull cattle. Milk and its
components are thefocusof adary opeation, accouning for approximately 90% of

revenue Themilk revenuefrom adary enterpriseis calculated as.

Revenue=a* milk fat (kg) + b * milk protein (kg) B¢ * milk volume (litres)
(Equdion 3)
For New Zealand, theunit valueof milk fat () isaround$3 pe kg, and theunit vaue
of milk protein (b) is around$6 per kg. These components are wha farmers are pad
on, and because about87% of milk iswater, afreight cog (c) of approximately $0.01
per litre applies to thetrangort of milk. As an example, amargind litre of milk (4%
fat and 3% protein would yield revenueof:
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Revenue=$3* 0.04+ $6* 0.03D$0.01* 1
=$029
Hence, the margind revenuefrom a changein produdion traits can befoundreliably

withoutmuch roomfor argument.

Produdion traits

Early selectionindices (eg Audralian Selection Index) were calculated usng the
breeding values for produdiontraits multiplied by economic weights. The econonic
weights took into accountthe margind revenueof milk components, and the margind
cods of feed, as estimated in a ssmple modd. Theweights were determined as profit
per cow or profit per unit of feed, and may have taken into accountthe energy/feed

cog of increasing the animal & liveweight

Breeding worth

The Breeding Worth (BW) selectionindex was introduced to take into accountother
factorstha significantly influenced profit Bnamely fertility and longevity. Because
the seasond system is generally mog profitable, highe fertility reduces theneed to
cull for poorfertility those cows that do notconceive in atimely manne. It became
important as breeding for highe produdioninadvertently led to the selection of less
fertile cows. Highe longevity is more profitable as the cos of raising replacements
can bereduad. The Breeding Worth selection index, asimplemented for 2002can be
summarised as (Montgonerie, 2002)

BW = $1226* BVt + $5.968* BVpiowin - $0.074* BV ik
-$0923* BV jiveweight + $1.505* BVieritity + $0.032 BV ongevity
(Equdion 4)
Theassumed linearity in BV@ and EV& also implies linearity in the selection index
such tha the expected BW of offspring is the average of the parents.
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4. NON-LINEAR RELATIONSHIPS, CONSTRAINTS AND OTHER ISSUES
IMPACTING THE EFFECTIVENESS OF A LINEAR SELECTION INDEX

|. Non-linearity in breeding values dueto parental factors

The predicted improvement from a selection index is based on the assumption tha
predicted breeding value of the offspring is the average of the parentsCoreeding
values. However, there are gendic reasonswhy the breeding valuefor an individud
can predictably bedifferent fromtheaverage of its parents. Onereason why the
offspring would be expected to have a highe breeding valuethan theaverage of its
paentsisthroughtheeffect of heteross, also known as hybrid vigou. Onereason for
the offspring to have alower than expected breeding valuethan the average of its
paentsisthroughtheeffect inbreeding depression. These effects will bediscussed in

turn.

When animals with widdy different genotypes (eg different breeds) are crossed, the
resulting offspring generally has ahighe expected peformance relative to the
average of the paentsQperformance (Holmes et al., 2001) This effect is called
heterod's, and results from the interaction of genesin adomnant manna. Asan
example, consder agenepostional at a paticular point on a specific chromosome.
Thegenecan beexpressed as ApAo, A1Ap (or theequivalent ApA;), and AjA1.
Assuming AoAo ddivers 1 unit of peformance onthe phenotypic scale of merit and
AjA;1ddivers 3 untits, if the effect of the genes was additive, AoA1 would ddiver 2
units of performance (figure 1). If the effect of thegenesisfully domnant, ApA;
would ddiver thesame peformance as A1A; (figure 1).
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Figure 1: Additive and dominance relationships for a gene
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Adapted from Holmes et al. (2001)

New dominance relationshipsare more likely to occur between two disparate breeds

andtheeffect islargest for thefirst cross. Estimates of heterogs for thefirst cross

between thetwo mog populbr breeds Holstein and Jersey, are presented in table 1

(Holmes et al., 2007). Withoutconsdering the heterods effect onincreasing fertility
(estimated at 10%by Hansen et al, 2005) the estimated breeding worth added by
heteross would be $39 per unit of feed. Thisislarge relative to the averageincrease

in BW per farm of jug $5BW per year. Thus if the beneficia effect of heteross can

be maintained and managed as part of adary farm@ reprodudive plan, it can add

significantly to the profit obtained throughgenetics.

Table 1: Heterosis effects of crossing Jersey and Friesian

Heterogsgan
(first cross)
Milk protein (kg) 52
Milk fat (kg) 7.1
Milk (litres) 137
Liveweight (kg) 7.7
Longevity (days) 222

Source: Holmes et a. (2001
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Inbreeding occurs when close relatives are mated togeher. Inbreeding increases the
possibility that undesirable recessive genes may be passed on to offspring from both
parents, leading to potential diseases or defects, such as complex vertebral
malformation, as well as reduced fertility and lifespan. With theadvent of artificial
insemination and theinternaiond marketing of gendics, the selection pressure has
increased and the genetics from supeior bulls have been widdy used. This has
resulted in significant inbreeding in cattle popuktions For example, two bulls,
Elevation and Chief, make up 30% of the current Holstein herd in the US (Hansen et
al., 2005. Theinbreeding percentageisthe percentage of all genesacrossa
popuktiontha areidentical because they trace to the same ancestor. The doaumented
inbreeding percentagein the US is 5%, althoughbecause of limited daa on pedigrees,
it has been estimated to beas high as 7% (Hansen et a., 2005). Thisis highe than the
recommended limit of 6.25%for commercia milk produdion. Mog farmers are
unavare of thefinanaal trade-off between ugng the highest ranked sires from the
selectionindex, and selecting sires that are notrelated to the cow benginseminated.

In summary, breeding decisionstha involve disparate breeds could provide higher
returnsto gendic changethan estimated by thelinear selectionindex. Convasdly,
breeding decisionsinvolving popuktionsthat are highly inbred with closely related
sires can lead to returnsfrom genetic changetha are less than tho<e predicted by the
linear modd.

I1. Breeding values non-linearly related anongs different environments

A genotype-environment interaction occurs when the genotypes tha perform best in
some scenaiosdo not perform thebest in other scenarios (Holmes et al., 2001). Early
work by Syrstad (1979 implied that thedifferent respon® of bulls used in different
feeding regimes resulted in few consequences for breeding decisions. The Strain
Comparisonin New Zealand (Pennoand Kolver, 2000) aimed to examinethe effect of
New Zealand (NZ) or Overseas high produdion (OS) gendics unde pasture or Total
Mixed Ration (TMR) feeding regimes. Unde the pasture regime for which they were
bred, theNZ genotypemargindly outperformed OS in terms of milk produdion, and
significantly outperformed them in terms of pregnancy rate (figure 2). Unde the TMR
regime, OS outpeformed the NZ genotypein terms of produdion, and there was no
statistical difference in the pregnancy percentage Desktop moddling by Speightand
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Hedley (2003)showed that for certain conditions systemstha used TMR for more
than haf theanimal @ diet could be as profitable as a more traditiond pasture diet. In
this case it isreasonable to suggest that the breeding objectives for theindugry as a

whole may not cater best for those systems at the extremes.

Figure 2: Genotype-environment interaction for Milksolids production and

pregnancy rate
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Data from Pennoand Kolver, (2000)

Fulkerson (2000)performed a study of a high production genotype and alow
produdion genotype unde thethree feeding regimes of low, medium and high
conaentrates per cow. Table 2 presents the difference in produdion predicted by
breeding values and the actud differences foundin the study. Theresults show that
for alow feeding regime, thedifference in produdionis significantly overstated. This
result is called a scaling effect, where herdswith larger average produdion per cow
have alarger difference in produdion between high and low genetic merit animals. It
isaso atype of genotype-environment interaction where the changein environment is
not as severe as for the Strain Comparison, athoudh it may still affect the widespread
applicability of asingle selection index.
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Table 2: Predicted and actual differences in production

Predicted difference | Actud difference in produdion
in produdion
Feeding Regime

Low Medium | High
Conaentrates - 0.34 0.84 171
per cow (t)
Fat+Protein 468 27 48 51
(kg)

Source: Fulkerson (2000)

Theresults of Fulkerson (2000 also show tha there was a significant difference in
pregnancy rates between genotypes on the low and medium feeding regime, buttha
thedifference was smaller at the highest feeding regime (table 3). Thisresult was
similar to theresults from the Strain Comparison and reiterates the effect of improved
nutrition onimproved fertility for high produdion genotypes. Hence, if afarm hasa
significantly highe or lower plane of nutrition than mog farms, actud fertility may be
poorly estimated by breeding values.

Table 3: Pregnancy rates

Pregnancy rates (%)
Feeding Regime
Low Medium | High
High produdion 70 79 81
genotype
Low produdion 83 90 84
genotype

Source: Fulkerson (2000)

The source of the genotype-environment interaction abovewas the feeding regime.
Anothe factor tha could result in a genotype-environment interaction is switching
from twice to onae-a-day (OAD) milking of cows. In New Zealand, thereare a
significant number of farms switching from thetraditiond twice daly milking of
cows to OAD milking. In respong to farmer demand, and taking into accountthetrial
work tha founda critical success factor is having the correct cows for therelevant
system (Dexcel, 2004) LIC created a OAD index tha can beused to select cows
suitable for these farmers. Figure 3 shows tha there is a correlation between the
rankingsfrom LIC@ sires ranked for Breeding Worth versusthe OAD index. For
example, only two sires are in thefive highest ranked sires for both indices.
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Figure 3: LIC sires ranked by Breeding Worth and Once-a-day index.
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Source for daa: L1C (2006)

Other sources of potential genetic-environment interactionsindudethe potential for
extendal lactation systems (eg Borman et a., 2004 and voluntary (roboic) milking
(Woolford, 2004)°. Extended | actation systems aim to calve cows every 18to 24
months, as oppod to thetraditiond 12 monthly period for seasond herds Thisis
driven partly by premiums for milk ddivered in non-pesk times, partly dueto the high
cods of ineminaing and calving cows, and partly dueto theinability to get cows
back into calf. Thisreduaesthevalue of fertility within a short fixed period, and
increases thevalue of persistency of produdion. Voluntary milking systemsaim to
subgitute capital for labou onthe expectation of technology prices faling and labour
cods continuingto rise. The preferred features for a cow that is voluntarily milked are
yet to bedetailed, althoughMulder et al. (2004)found only a small genetic-
environment interaction between the milk yieldsand somatic cells (a qudity issue)
compaing conventiond and voluntary systems.

® Konig et al. (2005) found that geographic regions (East vs West Germany) were a source of small
genotype-environment interactions, but alarger effect was found due to herd size.
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In summary, genotype-environment interactionsare a reason why a single selection
index may not beappropriate for all farmers. Changing to a different system now, or
expecting to changein thefuture, are potential reasonsfor usng a selection tool that

isdifferent to theindugry selectionindex.

I11. Non-linearity of economc values across herds and between individual animals

A significant problem with themargind values of gendic traitsis thefact tha an
average (moddled) farm is used for the calculation of themargind values. To take an
extreme case, a seasond farmer who has no problem getting cows in calf, dueto the
high fertility of the current herd, may have a zero valuefor aredudionin calving
interval. In contrast, a seasond farmer whose current herd is very poorin reprodudion
may highly valuearedudionin calvinginterval. Theindugdry selectionindex uses a
single valuein between these two extremes, and usng different values would rank

sresdifferently.

Many farmers make breeding decisionsfor individud animals usng a philosophy of
corrective mating. Corrective mating iswhen asire is chosen with theintention of
redudng the extent of thedam@ deficiendes being expressed in the offspring. For
example, if acow has high milk produdion, but poor reprodudion, it makes sense to
breed the cow with a sire that has goodreprodudion (displayed in hisdaughers). The
bull ranked highest in the selectionindex may have excellent produdionthat is
dightly pendised by poorreprodudion, butmating it to a cow with already poa
reproduction increases the likelihoodthat the offspring will be culled for poor
reprodudion before the excellent produdion can be fully exploited. In other words
corrective mating istherecognition that for individua animals, breeding values
cannotbe subgituted by smply usngthelinear econonic weights of the selection
index.

Page 16 of 34



Version: Thursday, February 16.

IV. Nor+linearity in progress because of failure to indudeimportant traits

The Breeding Worth selection index used prior to 2002in theNew Zealand indugry
induded 5 traits, milk, milk fat, milk protein, liveweight and longevity. Subsequently,
when theimportance of fertility was recognised, fertility was added to theindex
(Montgomerie, 2002. More recently, the somatic cell trait has been addel to the
index (LIC, 2009. Inthe Audralian dary indugry asimilar patern of addingtraits,
induding fertility, occurred over time. Fertility became more important because there
is an antagonistic relationdhip between produdiontraits and reprodudion traits, and
so breeding for produdioninareased thelevel of infertility. It isalso likely tha at
some point in thefuture, another trait of importance will become appaent and need to
be added to the selectionindex. Hence, as atrait isaddel to theinde, it shows that
thelinear gainsin past breeding were overstated. The discovery of new traits of
importance over time leadsto anortlinear progressin genetics. Future traits of
importance could indudegrazing ability, walking ability or persistency. In summary,
there may beanonlinear relationship between profit and breeding worth, over time,

because all relevant traits are not currently induded.

V. Linearity in theaveragereturn need not belinearity in farmer@ welfare

The profit fundionsor modds generaly, and perhaps exclusvely, focuson one
averageor likely scenario to determine econonic weights. However, uncertainty in
prices and produdion is a common feature of many agricultural situaions and dary
farmingis no exception. Representing uncertainty as a series of states of nature has
ganed new interest dueto thework of Hirschleifer and Riley (1995 and Chambers
and Quiggin (2000, amongothers. When uncertainty is taken into account, it is not
necessarily the case tha the averagereturn from multiple statesis the same as the
return in the GaverageOstate®. Ignoling this potentia bias, the farmersOmeasure of
welfare unde uncertainty should notbe congdered simply profit or average profit, but

themore general concept of certainty equivalent to take into accountthelikely risk

® Consider uncertainty is represented by two possible seasons occurring: A poor season (low pasture
production), and a good season with higher than average pasture production. The impact of a poor
season would be lower production and potentia reproductive problems. This impact could not be
balanced by the improved reproduction in a good state due to concave non-linearity in reproductive
performance. Thus an average-based model overestimates the expected benefit of an increase in the
trait.
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aversion tha exists’. This section shows throughthe use of atheoretical example that
even if changesin an input(eg gendic merit) lead to linear changesin theaverage
return, this may notlead to linear changesin farmer welfare, assuming risk aversion.

Congder uncertainty is represented by two possible (and equdly probéable) seasons
occurring: A poa season (low pasture produdion), and a goodseason with highe
than average pasture produdion. Thecurrent level of gendticsleadsto an optimal set
of returnsfor the two states shown by the point g0 in figure 4, assuming condant
relative risk aversion. Inareases in genetics to points g1 and g2 occur as an equd
amountof profit is added to thereturnsin each state. In this case there are linear
increases in averagereturns Theincreasesin certainty equivalent are, in this case,
dighty highe than theincreases in averagereturns because therelative disparity
between state returnsis reduced.

Figure 4: Changes in genetics affect returns in both states
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" The measurement of welfare by certainty equivalent depends, in the example here, upon the
assumption that the von-Neumann Morgenstern axioms of choice are considered reasonable and that
return is the only argument of the utility function.
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Infigure 5, theincreasesin gendic merit are assumed to only increase thereturnsin
state 1, the state tha origindly has the highest net return. Althoughthere are till
linear increases in the averagereturn, this scenario resultsin an inareasing disparity in
net returns between thetwo states that causes theincreasesin certainty equivalent to
diminish with respect to increases in genetic merit. In reality, itislikely tha
increasing gendtic merit would increase returnsin mog, butna all, possible states of
naure. It isalso likely that the current high-return states occur because of favourable
conditionssuch as high pasture produdion, low purchased feed cogs and a high milk
price, and so an inarease in genetic merit would result in the profitsinaeasingin the
high return states more than less favourable states. Therefore, the second scenaio is
more likely to occur, meaning tha increases in theaveragereturn will overestimate

increases in the farmer@ welfare, as measured by certainty equivalent.

Figure 5: Changes in genetics affect returns in state with high returns
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In summary, when traits add returns mainly to high return states (eg produdion), the
increase in average return overestimates theincrease in welfare (as measured by
certainty equivaent). Furthermore, some traitstha improvereturnsin high-return
states (eg produdion) may be overvalued relative to traits tha improvereturnsin all
states (eg fertility).
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VI. Linearity in returnsmay ignore lunpiness of inpus

Theprofit fundion may imply that thereisalinear increase in profit fromincreasesin
valuable gendic traits. Over time, for thislinearity to hold, other inputs may need to
beflexible andincrease as required. However, many inputs are QumpyQand are
difficult to increase as required with small increases in genetics. As an example, feed-
related capital is difficult to increase in small proportions. Speghtand Hedley (2003)
outlineseveral farm systemstha differ in thar levels of feed-related capital, or more
specifically, thetype of feed-pad and equipment used to ddiver supplementary feed.
Three systems outlined in Neal (2005)are presented in table 4, showingthelarge
stepsin capital expenditure and feedsused asthelevel of feed-related capital changes
(given astandad sized farm of 80 Ha).

Table 4: Key distinctions between capital intensity levels

Low Med. High
feed- Feed- feed-
related related related
capital capital capital

Main supplementary . Total
feed Grass Maize mixed

slage slage ration
Cog of machinery  $87000 $151000 $241000

Codsof dary and
feedpad $300000 $440000 $615000

L osses when feeding
out 30% 18% 8%

Repar and maint.
cog per ha $135 $150 $195

Nea (2005)foundthestocking rate and gendtic level of peak daly milk yield tha
maximised excess return per unit of risk for thethree systems described in table 4,
usngtheDexcel Whole-farm Modd (Wastney et d., 2002) Theoptimal valuesfor
thos inpus are shown in table 5, together with theaveragereturn on assets. It was
foundthat as thefarmer increased milk produdion genetics, profit could beincreased
by adding feed-related capital. However, given tha improvementsin gendics
generaly occur dowly, and feed-related capital isalumpy input afarmer@
profitability may fall relative to tha predicted by Breeding Worth. Thisis because

Page 20 of 34



Version: Thursday, February 16.

they have gendics beyondthe optimal level for one system, but bdow the optimum
for thenext level of capital. Thisleadsto a nontlinearity between increases in genetic
merit and profit.

Table 5: Feed-related capital; optimal stocking rate and genetics

Lowfeed- Med.Feed- Highfeed-

related related related
capital capital capital
Results
Average ROA 121% 12.7% 141%
Risk/Variability
(Std. dev. of ROA) 5.8% 6.2% 6.4%
Choice variables
Stocking rate
Milk produdion
gendics 327 351 396
(Peak daly litres)

In summary, relative to genetic improvement, the QumpyOnature and different time
frames and over which inputs such as feed-related capital change can cause Breeding
Worth to overestimate gansfrom changesin traitsin the short term.
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VI1. Condraints to the system that alter the economc values

It has been well recognised for several decades that if there are condraints to the
system that the econormic values for theindex will bedifferent relative to the
unandrained case (eg Groen, 1989. Themain condraint consdered in previous
literature is theexample of aquota. For example, econonic weights were calculated
for thecase of an Irish farm with fixed cattle numbers unde two scenaios(Table 6).
Thefirst scenario assumed a quota system where quota purchase was possible, and the

second scenaio assumed tha no quota existed.

Table 6: Different economic weights for different scenarios (€ per cow)

EBI Scenaio 1 EBI Scenaio 2
Quota purchase No quota
Milk -0.08 -0.06
Fat 1.50 2.35
Protein 5.22 5.22
Survival 10.77 11.74
Calvinginterval -7.09 -7.24

Source: Shdlooet al. (2009

Figure 6 shows the correlation between sires ranked by EBI assuming scenaio 1 and
sresranked unde scenario 2. If afarmer picked the five best artificial insaminaion
sresfor ther herd usng the scenario 1 selectionindex, there would only betwo bulls
in common with thefarmer who selected five bulls based on the scenario 2 selection
index. Thetopfive bullsranked by the scenario 2 selectionindex average an EBI of
179.Thetopfive bullsunde scenario onewould average an EBI unde scenario 2 of
165. Thedifference of 114 impliestha there would bea!7 differencein profit per
daughter between the different selection indices assuming scenario 2 existed. Thisis
small relative to the average net margin per cow of ! 463 (Fingleton, 2002) This small
difference for oneyear as aresult of applying econormic weights fromthewrong
scenaio could be exacerbaed over time, althoughthere is unaertainty with respect to
if or when thequaa condraint will beremoved.
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Figure 6: Bulls ranked by Economic Breeding Index (EBI) for two different

scenarios
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Themodd described in Neal (2009 was used to modd theimpact of changesin the
gendic level of peak daly milk yield for aNew Zealand dary farmer whoislimited
to alow feed-related capital system. This condraint could potentially occur because of
l[imited manageria ability or environmental regulations The certainty equivalent was
optimised for thefarmer, assuming unitary condant relative risk aversion, at each
level of genetics by changing the stocking rate andinitial level of supplement. Figure
7 showing postive changein certainty equivalent with milk produdion gendics at

low to modeate levels, butfalling at highlevels.
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Figure 7: Change in certainty equivalent as genetic level of peak daily milk yield

increases
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The existence of condraints that may affect economic valuesin arelatively

compditive market such as New Zealand has not been comprehensvely examined,
althoughNed et al. (2006 consderstheeffect of potential environmental regulations

Limitsto manageria ability are lesslikely, as manageria ability may grow with the

manager@ experience at asimilar rate to genetic improvement.
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VIII. Flat returnsmean nonfinandal preferences can haw a larger impad

Flat mondary (or certainty equivalent) returnsfor awiderangeof management
decisonsare frequently foundin agricultural problems (eg Panndl, 2002) If thisis
the case, the manager@ preferences for nonmondary gods may be satisfied by a
changein strategy tha gives asmall redudionin profit. For example, in the Republic
of Ireland, Wallace and Moss (2002)undetook a study with recursive god
programming. Thenunmber of cows, opeating capital and level of fixed capital were
optimised over a seven year time period for farmers who had aternative rankings
across five gods. Thefive godsrelated to theleve of growth in net worth, fixed
investment, farm profit, family consumption and short-run borrowing. Thar
condusonswere tha throughsacrificingalow level of profit (approximately 5%), a
large degree of satisfaction could be ganed in other important gods such as family
conuumption and the avoidance of borrowing.

In terms of New Zealand, farmers may switch to once-a-day milking systemsiif
available labour can®befound or if the manager does notwish to managethe
available labour. This meansthat thefarmer is notfollowing the assumed route of

profit maximisation, and as aresult, theindudry selectionindex may beinagpproprate.

Page 25 of 34



Version: Thursday, February 16.

I X. Reduced gendtic progress dueto asymmetric information in cattle markets

If apefect market for cattle existed, animals could be sold at a price that tookinto
accounttherelative profitability of their gendics. In redity, theinability to identify
the qudity of animals, particularly @emonQcows that are being sold with hedlth,
temperament or fertility problems, leadsto a market where less high qudity cows are
sold® (Pindydk and Rubinfeld, 1994) Thus for farmers tha are expecting to change
from onesystem to another, they could sell ther current herd to buy new cows more
suited to the new system. However, afarmer could reasonably expect tha there would
bea cod incurred throughbuying a certain percentage of lemons

If thefarmer bdievesthat breeding from their own herd before they switch systems
would be more profitable tha selling the herd and buying some percentage of lemons
the current selection index provides little advice on which sires to use. For example,
should thefarmer expecting to switch fromtwice-daly milkingto OAD milkingin 5
years time use solely sires ranked highunde a OAD index, or some weighted average
of siresranked highly unde OAD and TAD systems? In any case, theincrease in
profit from breeding cows for a OAD system from cows more suited to twice daly
makingswill belessthan tha potentially achieved by the sale of the current herd and
purchase of more suitable cattle in a perfect market.

X. Respongs in produd markets to changesin genetics

The bendfits of improvements in genetic are estimated as increases in profit by the
selectionindex. Amer and Fox (1992)note tha the effect of perfect competition at
indudry level will result in all the bendfits accruing to consumersin theform of
reduced prices’. Goddad (1998)argues that this does not bias the econonic values so
longas market signds are passed onto conumers. In practise, it may be possible tha
produdion traits may be more likely to reduce prices (throughincreases in supply)
relative to nonprodudiontraits tha increase profit while produdionis hdd congant
(eg fertility). In this case, produdion traits may beovervalued relative to non
produdiontraitsin the selection index.

8 Clearing sales (where a farmer sells all their cows) are an exception to the general rule. Because all
cows are being sold, the buyer can make reasonable expectations about the average quality of
purchases.

° Benefits could be passed on to consumers, or be capitalised into the value of cows or land. The actual
distribution of benefits is a question that bears further investigation.
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5. EMPIRICAL DATA ON THE RELATIONSHIP BETWEEN PROFIT AND THE
SELECTION INDEX

Thehypohesistha an inaease in the selection index leadsto linear increases in profit
has not been regularly tested agang empirical data. However, many counties could
easily collect sample daa, if they donot aready do so. Farm data was sourced from
the Dexcel ProfitWatch database for 197 owner operatorsin New Zealand for the
200102 year. Thedaaindudeal the Economic Farm Surplus(EFS), which isa
measure of farm opeating profit, aswell as herd and farm characteristics™. Linear
and quadratic modds were estimated for the relationship between EFS per cow and
the herds Breeding Worth, followed by EFS pe hectare and the herds Breeding
Worth. Thehypothesis tha the coefficient of BW? was zero could not berejected for
either EFS per cow or EFS per hectare at the 5% level™'. Equaion 5 and Equaion 6
represent the linear modds.
RS
EFS/ICOW = 553+ 1.79* BW (Equaion 5)
(8.89) (2.30) t-statistics
Adjuged R Squae= 0.021
P
EFS/HA = 1060+ 102* BW (Equaion 6)
(5.50) (4.22) t-statistics
Adjuged R Squae= 0.079

A cow with apostive BW generally conumes more than oneunit of feed (as defined
by the BW index), and the cow@ consumption increases owly with BW. Therefore
the expected sign of thelinear codficient should be postive and dighty more than
one assuming that actud conditionsmeet those assumed by theindex. Theactud

codficientis 1.79. Thelarger than expected size of the cogficient is probably

10 Al statistics were collected at the end of the financial year. Although the breeding worth should have
been reported for the level at the start of the financial year, many farmers may have reported the level

at the end of the financial year (Glassey, C., Pers.comm.). Assuming no relationship between reporting
and Breeding Worth, the coefficients would not be significantly biased, although residual variance
would be overstated.

! The hypothesis that the coefficient of BW? was zero could be rejected for EFS per hectare at the 10%
level of significance.
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explained, at least in pat, by the significantly higher than average price for
MilkSolidsin 200102 ($5.26 compared to approx $4.00 per kg longterm average).
Assuming tha each hectare produces the same amountof feed per hectare
(approximately 12 tonnes per ha), therelationship between BW and EFS per hectare
should also belinear. Thehypahesised size of the codficient should be equd to the
average pasture produdion (12 t/ha), divided by the unit of feed over which BW is
calculated (4.5t). This gives 2.67, which is also theaverage stocking rate fromthe
data. However, taking into accountthe large milk price, the coefficient could be
expected to bearound2.67 times the estimated coeficient on BW foundfor EFS/cow
(1.79), which would be 4.78. The estimated coeficient in equéion 6 is much highe at
102. Thedaaand thelines of best fit are shown in figure 8'2.

Figure 8: The relationship between Breeding Worth and Economic Farm
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12 A further point is that there is alarge amount of unexplained variation, and so the most profitable
farmer with average genetics isfar more profitable that the average farmer with top genetics.

Page 28 of 34



Version: Thursday, February 16.

A potential reason for the high coefficient of EFS per hectare could betha feed
supply per hectare has increased with theincrease in Breeding Worth. Thisisvery
likely to have occurred, as figure 9 show therelationship between stocking rate and
BW™. Two factors may beat work to cause this relaionship. Firstly, highe
manageria ability could have led to higha BW throughbreeding, and the highe
managerial ability was also responsble for increasing the pasture yield per hectare,
with highe stocking rates to take advantage of theincrease in feed supply. Secondly,
highe BW cows make a highe level of purchased feed profitable, particularly unde
favourable states such as high milk prices.

Figure 9: Relationship between stocking rate and Breeding Worth
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In summary, thereis alinear relationship between profit and breeding worth for New
Zedland Farm Datain theyear 2001-02, althoughthe codficientislikely to be
exaggeaated by the highe than average milk pricein tha year. Acceptingtha itis
possible tha in theindudry thereisalinear relationship between profit and breeding
worth, it does not necessarily follow that there isalinear relationship in profit for
each farmer. Thisis because ther individud circumstances may significantly affect

3 All coefficients in the second order polynomial are significant at the 5% level of significance.
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the contributonthat increased breeding worth makes to profit. Furthermore, the
increased stocking rate used to achieve the highe levels of profit create more
exposure to seasonswith poor pasture produdion and/or low milk prices, ensuring the

increase in welfare isless than theincrease in average profit, assuming risk aversion.

6. ALTERNATIVE SYSTEMS FOR GENETIC IMPROVEMENT DECISIONS
Cugomsed econonic values at thefarm level

There have been variousimprovements in technology and computing tha lead to
possible solutionsfor the potential problems identified in the previoussection. For
example, it would berelatively simple to create a program (standdonepc- or web-
based) tha could recalculate the selection index or ranking of sires based on user
defined economic values. This could reduce the problem identified for afarmer who
had different economnic values for traits than theindudry index. Thedange istha
farmers ugng the system do not understand how to determine economic values and
could easily generate sub-optimal decisions A broader software modd tha accepted
user-specific information such as condraints, and modd genetic progress over a
number of years while takinginto accountuncertainty and risk aversion, could
potentially determine better economic values for the indugry and individual farmers.

Farm-level effects on Breeding Values

The genotype-environment interaction could be taken into accountif daawas
collected for broad groupingsof farm systems to estimating breeding values
dependent on environment. Then an individud farmer could estimate progress for
thar farm udng therelevant breeding values, togeher with therelevant economic
weights, usng appropriate software. Thefarmer@ current herd makeup would also be
important information in estimating the ben€fits to genetic improvement. For
example, afarmer with Friesian cattle, who consdered there was no condraint to
crossbreeding, could find an optimal plan for thar herd for a certain time horizon,
taking into accountbendficial heteross effects.

Cudomised animal level mating

Individud animal centred adviceis afurther step in usng software to enhance gendic
improvement. For example, New Zeaand farmers can currently use a program called
Cug-o-mate (LIC, 2006 tha allows for corrective and selective mating to be carried
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outforindividud animals. This allows farmer to select the @mportanceQof traits for
themselves, and enaures that inbreeding and genetic diseases can be controlled. Future
versionsare expected to take heterogsinto account The benefits of this approach, and
thepotential problems, have notyet been fully explored in an econormic study.
However, it seems amod certain tha modédling the bendfits to changes in gendic
traits at theanimal level could improvethe approach rather than simply usng the
trangformationsof the farmer@ OmportanceOratings

Trading specialised gendics

Using technology to improve markets, via reduced transactionscods, could improve
farmer welfare by allowing trade of specialised gendics. For example, afarmer
switching to OAD milking would probably breed from thar current animals dueto the
largetransactionscodsinvolved in selling animals bred for twice-a-day milkingto
buy animals more suited to OAD milking. The commercial introdudion of genetic
testing (eg TruParent, LIC, 2006 could reduce thetransactionscods of buying and
selling livestock by ensuring that the anima @& estimated performance can be
independently verified. Thusafarmer who expected to changeto OAD milkingin the
future could potentially improve profit by continuing to breed the current herd for
profit unde atwice aday system, and then at the conversion point, sell twice aday
animals to buy animals suitable for OAD milking. Other variationsof the
QypecialisationCapproach could indude breeding the suitable propottion of the current
herd with OAD sires, and leasing the OAD offspring to other OAD farms until the

conveasion point.

Sexed semen oppottunities to reduce cods

Combinationsof technologies could also lead to subgantial improvement in welfare.
For example, cog-effective sexed semen (where sperm carry only Y chromosomes,
produdng only female offspring) meansthat the same number of replacements can be
geneated by hdf the nunmber of pregnandes. In a24 month extended lactation
system, sexed semen could allow the same rate of genetic progress while having the
cog of calving animals and reduang fertility problems could offset any lossin milk
produdion and revenue Alternatively, in alow labour system, beef buls could
naturally service themilking herd to produee offspring for sale onthe besf market.

Page31of 34



Version: Thursday, February 16.

Replacement milking animals could come from a seasond calving farm that uses

sexed semen to breed twice as many replacements as required.

Moddling compditionin theindudry

Thechangein profit may be overstated by the selection index because competitionin
theindudry results in benefits being passed on to consumers. However, if there are
reasonswhy changesin some traits would result in a highe propottion of bendfits
beng captured by dary farmers, it may be appropriate to adjug the econonic
weights. A modd of compditionin thedary indugry could patentially be used this
way.

7. CONCLUSIONS

A rangeof reasonswere outlined in section 4 as to why thelinearly aggregaed
indugry-wide selection index may not provide the appropriate tool for breeding
decisionsfor all farmers. In paticular, the effects of condraints and uncertainty lead
increases in welfare to be overstated by the selection index. The ability for usersto
defineecononic values for thar farm system could be ddivered viatheweb to
immediately rank bulls appropriately for thar conditions Theability to tailor
breeding advice for theindividud animal, takinginto accountgenetic factors such as
heteross and inbreeding already exists. It seems only minor improvements would be
required to allow the econorric values to be adjusted, taking into accountthefarmer®

econonmnic conditions

Advances in technology and breeding, together with changes in inputavailability and
prices, may lead to future farm systems tha are radically different to today®
predomnant system, thetwice daly milking, seasond calving farm. The ability to
identify the genetics of an indvidud animal at low cos could facilitate better markets
for buying and selling cattle where supeior genetics captures a premium. Thereduced
transactionscods in this market may allow dary farmersto cog effectively outsource
thereplacement raising activity, or at least focus on breeding a cow appropriate to one

system, even if they later expect to switch to an alterndive system.
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