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ABSTRACT

EVALUATION OF METHODS FOR ESTIMATING 305-DAY
LACTATION YIELD IN DAIRY CATTLE

By
PETER MALACHI SAAMA

Sampling variations in mean of daily milk yield within parity groups were approximated using
bootstrap resampling. The variance of mean milk yicld was widest at the peak to mid lactation. The
optimal sample size for bootstrap resampling was found to be 80% of the original sample.

Differences in the mean and variance of daily milk yield at morning and evening during a lactation
in different parity and season of calving groups were investigated. Across regions, mean morning yicld
was higher than evening yield. The variance in daily total yicld was mostly determined by variance in
daily evening yield. Second lactation cows had the largest variance in daily morning and evening yield.
The greatest variance occurred at peak lactation during December to February.

Mathematical functions for various shapes of mean and variance of mean yicld curves were
established. These functions were representative of all breeds, regions, paritics, ages at calving, and
scasons of calving. A data set of sample lactation curves (SLAC) was generated from these functions.
Fixed effects of missing test-day, and starting days of recording were included in SLAC. The SLAC
was used to compare the relative accuracy of six methods for estimating 305-d milk yield. When no
yiclds were missing, the overall prediction bias for all methods was generally very small. Within shape
of lactation curve, variability in the accuracy of the methods was evident. With missing test-day records
and varying starting days of recording, some mcthods had smaller bias than others. The establishment
of SLAC was commissioned by the International Committee of Animal Recording to examine the

accuracy of current as well as future methods of estimating 305-d milk yicld.
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1. INTRODUCTION

Total yield in a lactation is commonly estimated from production on a few sample test
days during a lactation. Milk production in a lactation has been measured as the production
during the first 305 days following parturition. This standard length allows records to be
compared without concern for the varying length of the production period. The term “lacta-
tion curve” refers to the graphical representation of the relationship between milk yield and
length of time since calving. A frequent application of the lactation curve is in the extension of
records in progress to predict yield up to a standard length. Lactation curves also can be used
to monitor the cow during a lactation for health and other managerial purposes.

Numerous methods for estimating lactation totals from test-day yields have been devel-
oped. Dairy records processing centers in different regions and countries use different
methods. Different methods give results of a varying degree of accuracy. For a given method,
accuracy of estimation may vary due to 1) length of test interval, 2) shape of lactation curve, 3)
Missing test-d yields, and 4) starting day of recording.

Furthermore, programs for genetic improvement of dairy cattle have developed rapidly
over the last 40 years. This progress has been due to the availability of artificial insemination,
biotechnological advances such as embryo transfer, better information processing technolo-
gies, and more accurate methods for assessing the genetic merit of individual animals. Conse-
quently, there is an ever increasing exchange of germplasm and information between coun-
tries. Meaningful international genetic evaluations require accurate estimates of lactation totals.
However, differences in methods for calculating lactation totals present an obstacle to interna-
tional genetic evaluations.

The International Committee of Animal Recording (ICAR) was established 34 years ago.
It is an organization which is concerned with the coordination of livestock recording world-
wide. Presently, ICAR has adopted only two methods of lactation yield calculation as “official

ICAR methods”, namely: the centering date method (CDM) and the test interval method



(TIM). Some countries have adopted CDM and TIM. Other countries, such as USA and
Italy, use different methods. In 1990, the ICAR board commissioned a working group on
“lactation calculation methods” to set up guidelines and standards for lactation calculation
methods and related matters. The group decided to examine the efficiency of current methods
and from this informarion methods would be evaluated for possible use as official methods by
ICAR

This study was undertaken to examine the relative accuracy of methods for calculating
lactation totals. The data from this study would then be the fundamental basis for the recom-
mendations made by the “lactation calculation methods” working group of ICAR.

In §2 the objectives of this project are outlined. In §3, a review of concepts important to
the understanding of the body of this work are discussed. Namely, sources of variation in milk
yield, sampling frequency during lactation, algebraic models for the lactation curve, methods
for computing lactation totals, bootstrap resampling, data smoothing, principal factor analysis,
and factor rotations. The body of the research is summarized in §4, §5, §6, §7, and §8.

A necessary aspect of this project was the generation of a data set of standard lactation
curves (SLAC). Different methods for estimating lactation totals would then be applied to
SLAC to compare their relative accuracy. In order to create this data set, we needed to know
the shapes of mean of yield from morning milking and evening milking and daily total yield
and the variance associated with each of these measures, during lactation.We had to under-
stand how the mean and variance of daily morning and evening yield affect the mean and
variance of total daily yield. From a series of preliminary analyses and after incorporating
information from the literature and disucssions with the working group of ICAR, a set of
curves for mean and variance of daily yield was created. Mathematical functions for these
curves were determined. From these functions, a Monte-Carlo method was used to generare
the SLAC. The total yield for lactations in SLAC was estimated using various methods. The

methods were thereafter compared.



In §4, the bootstrap resampling method is used to approximate sampling variations in
mean daily yield. In §5, dara sets for three regions in North America were used to investigate
daily variation in total, morning, and evening yield. From §4 and §5, we had preliminary
understanding of typical shapes of curves for mean and variance of daily total, morning, and
evening yields.

In §6, a set of curves for mean and variance of daily, morning, and evening yields was
formally presented. Mathematical functions for these curves were stipulated. A Monte-Carlo
method for generating sample lactations were discussed.

In §7, a complete description of how the SLAC was created and utilized was given. In §8
methods for estimating lactation totals were outlined and compared. Concepts presented in

the earlier chapters were summarized and the results of the project were discussed.
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2. OBJECTIVES

The overall goal of this study was to compare methods of calcularing total lactation yield. The

specific aims were:

1)
2)
3)
4)
5)
6)

to examine sampling variations in mean daily milk yield;

to examine differences in mean and variation in morning and evening yields;

to develop mathematical functions for the mean daily yield in a lactation;

to develop mathematical functions for the variance of mean daily yield in a lactation;
to develop a data set of standard lactation curves;

to establish the relative accuracy of methods for computing lactation yields.

The results from aim 1 and 2 were used to establish the shape of some of the curves

examined in aims 3 and 4. The mathematical functions developed in aims 3 and 4 were used

to generate the standard lactation curves data set. Six methods were evaluated for their

accuracy in estimating the total yield for each of the standard lactation curves.



3. REVIEW OF LITERATURE
3.1 Sources of variation in daily milk yield

While different types of management have a marked influence on variations in yields, it
is not so easily understood why this variation should exist for those herds following all the
currently recommended practices. Age at calving and season of calving are main factors
affecting milk production in dairy cattle (Everett and Wadell, 1970; Schultz, 1974). Milk yield
increases with age at a decreasing rate and reaches a maximum at maturity (Auran, 1973; Mao
etal., 1974) as is shown in Figure 1A. The effect of seasonal variation was anlalysed into its
two components, seasonality of production (‘spring hump seasonality’) and calving month
seasonality (Wood, 1969) as is depicted in Figure 1B. Daily yield was depressed during the
winter months and stimulated during the spring to an extent which was independent of stage
of lactation. Cows calving in winter months tended to produce more in total lactation than
spring calvers (Wood, 1969).

The standard deviation of daily production among cows varied from 6 to 4.5 kg through

the lactation, the magnitude being closely related to the mean (Table 1, Anderson et al., 1989).

3.1.1 Variation on test-day

Much of the variation in test-day milk yield has been attributed to the interval between
milkings (Everett and Wadell, 1970; Putam and Gilmore, 1970; Shook et al., 1980), com-
pleteness of milking (Dodd and Foot, 1948), dry matter intake (Polan et al., 1986), estrus
(Hurnik, et al. 1975; Palmer, 1982), and water intake (Murphy, 1992).

Age effects which are frequently confounded with production group effects can affect
test-day variation. Stanton et al. (1992) used a test-day model to study the effects of age on test-
day production and concluded that age at calving would account for more of the variation in
test-day production that age on test-day.

The reproductive status of a cow may contribute to test-day variation. Modest (Hurnik et
al., 1975) to significant (Palmer, 1982) increases in milk yield have associated with the onset

of estrus.
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Figure 1. Mean milk yield of 305-day milk yield for first and second lactation in A (Source:
Mao et al., 1974). Effect of seasonality on curve of lactation and total milk yield in B (Source:
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TABLE 1. Averages and standard deviations of daily milk yield

Days in lactation Number of cows Average milk Standard Coefficient of
yield deviation variation
(kg

10 255 24.5 6 0.24
15 255 28.7 5.4 0.19
20 255 29.7 5.1 0.17
30 255 30.4 5.1 0.17
40 255 30.5 5.5 0.18
50 255 30.7 5.5 0.18
60 255 30.4 5.2 0.17
70 255 29.8 5.1 0.17
80 255 29.5 5.4 0.18
90 255 284 5.1 0.18
100 255 27.5 5 0.18
120 255 26.7 5 0.19
140 255 25.6 4.7 0.18
160 255 24.6 4.6 0.19
180 255 23.5 4.8 0.2
200 255 22 4.6 0.21
220 254 21 4.5 0.21
240 253 19.8 4.5 0.22
260 248 17.9 4.7 0.26
280 232 16.5 4.7 0.28
300 193 15.1 4.5 0.3

Source: Anderson et al. (1989)



Shook et al (1980) and Everett and Wadell (1970) concluded that differences between
morning and evening milk yield were primarily a function of milking interval and the number

of days in lactation.

3.1.2 Variation between test-days

The relationship between milk yield and month of calving is caused in part by the seasonal
variations in feeding and care. The effect of month of calving on persistency has been
observed by Sanders (1923 and 1930), Gaines (1927a), Gooch (1935), Johansson and
Hansson (1940), Woodward (1945), Sikka (1950), Mahadevan (1951), Pickard (1952),
Appleman (1969), Wood (1972), and Schultz (1974). These studies indicated that those cows
calving in fall and winter are more persistent than those calving in spring and summer.
Johansson and Hansson (1940) found that 5% of the total variation in persistency was due
season of calving while Sikka (1950) reported this figure to approach 9.57%. Interactions
between month of calving and stage of lactation were observed (Dannell, 1981; Miller et al.,
1967). This source of variability in day to day milk yield suggested that shape of the lactation
curve is dependent on month of calving.

However, Auran (1973) showed that month of calving was not as important as age at
calving. Month of calving accounted for about 1.8% of the total variation in the first test-day
and about 7.8% in the seventh and eight test-days. The influence of age at calving on
monthly test-day yields decreased with advancing lactation, accounting for about 41% to 50%
of total variation for first monthly test to about 2% to 5% for the last three days (Auran, 1973;
Dannell, 1981). Thus, contrary to the age effects, the effect of month of calving is largest
towards the end of lactation.

In addition, the relationship berween morning and evening yields influences the shape
of the lactation curve. Daily morning fo evening ratios increased during later stages of the
lactation (Palmer et al., 1994).

The effect of month of test-day on test-day production has been investigated (Syrstad,



1965; Everett and Wadell, 1970; Shook et al., 1980; Dannell, 1981; Ng-Kwai-Hang et al.,
1984). Lindgren et al. (1980) concluded that a cow's production is less affected by month of
testing immediately after calving than later in the lactation.

Gavin (1912), Brody et al. (1923), Hammond et al. (1923), Gaines et al. (1926),
Johansson and Hansson 1940), Turner (1943), Louca and Legates (1968), and Chazal and
Chilliard (1986) reported that the effect of pregnancy on daily milk yield is not noticeable
unti] five months into gestation. Smith and Legates (1962) showed that production seemed to

decline more rapidly 16-20 weeks following conception. Corley (1956) summarizes,

".. results agree in that neither persistency nor total yield is appreciably influenced by
pregnancy during the first five months of gestation. However, if cows conceive early or
carry a calf over 200 days of any lactation, a slight decline in total yield and a definite
drop in persistency will likely occur.”

The calving interval may impact upon variation in yield during lactation. Sanders (1923),
Gaines (1927a), Bonnier (1935), Johansson and Hansson (1940), Klein and Woodward
(1945), Smith and Legates (1962) have shown that persistency increases with increased length
of calving interval.

The effects of days open on milk yields have been studied by Wilton et al. (1967), Smith
and Legates (1962), Ripley et al. (1970), Schaetter and Henderson (1971), and Schultz
(1974). Production losses due to long open periods have been reported by Louca and Legates
(1968).

The effect of bovine somatotropin (bST) administration on milk yield during the lactation
of cows maintained in cold environmental conditions was studied (Becker et al., 1990). Under
farm conditions, bST treated cows produced 11% more milk than control-treated cows and in

environmentally controlled chambers produced 17.4% more milk.

3.1.3 Variation between lactations

Ng-Kwai-Hang et al. (1984) indicated that milk production increased markedly between

two and five years of age and then increased at a slower rate between five and six years of age.
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Wood (1967) investigated the effect of parity on the constant a for average daily production.
This constant on a log scale was 3.53, 3.72, 3.97, 3.86 for first, second, third, and forth or
later parities respectively. Thus, first lactation cows were shown to be more persistent than
later lactations. Results of Gowen (1920), Gaines (1927a), Turner (1927), Sanders (1923 and
1930), Gooch (1935), Dickerson et al. (1939), Johansson and Hansson (1940), Ludwick
(1942), Sikka (1950), Ripley (1970), and Keown (1986) show similar findings.

Sikka (1950) noted that differences in lactation number accounted for 17.7% of the
variation in persistency and 31.2% of the variation in maximum yield. Ludwick (1942) studied
the records of 130 Guernsey, Holstein, and Jersey cows and reported an 8-10% drop in
persistency from first to second lactation. Corley (1956) showed that cows in first lactation
were 8% more persistent than cows in their second lactation. He found little difference
however among subsequent lactations.

Appleman (1969) showed a significant interaction between lactation number and season
of calving as did Miller et al. (1970). They found that older cows were more severely affected

by summer calving than their younger counterparts.

3.1.4 Variation between cows

Cows that produce moderately with high persistency throughout lactation usually will be
under less stress than cows that are less persistent have a large differential between produc-
tion at peak and end of lactation. Age effects on lactation yield were demonstrated by Mao et
al. (1974). Between cow differences have been attributed to herd (Auran, 1973; Everett and
Wadell, 1970; Goodger et al., 1988; Mao et al., 1974), region (Mainland, 1985), additive and
nonadditive genetic variance (Grossman et al., 1986), disease (Bartlett, 1991; Simerl, 1992),
temperature (Becker et al., 1990; Elvinger et al., 1992), stocking rate (Baker and Leaver, 1986).

Ambient temperatures affect the performance of cows. Heat stress cows increased rectal
temperatures, respiration rates, and decreased milk yield. (Elvinger et al.).

Differences between morning and evening yield may contribute towards variation be-
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tween cows. Daily morning and evening ratios were plotted for selected lactations (Palmer et

al., 1994). All showed large daily variations and evidence of cow differences.

3.2 Sampling frequency during lactation

Accepted intervals between recording yields of cows have gradually changed over the years.
The 7-day interval was shown by Yapp (191 5) to be a poor indicaror, while Gaines (1927b)
later showed‘rhat 7-day tests conducted after 60 days in lactation were more indicative as an
estimate of lactation yields. M'Candlish and M'Vicar (1925) found that a 1 -day test per month
yielded results within 2% of actual yield, and Dick (1950) observed an average error of 2.32%
from actual when cows were tested at 28d intervals. Houston (1932) found that weekly test
intervals gave estimated yields approximating actual, and that to keep errors within a range of
10%, the testing interval should not exceed 30d. McDowell (1927) found that monthly and
bimonthly tests varied from actual an average of 2.91 and 3.80 per cent, respectively. Clearly,
there is no unanimous agreement on length of test intervals. However, a four week interval
berween tests is most common globally. Anderson et al. (1989) found that the four week equal
interval sampling procedure gave acceptable estimates of total lactation milk yield. The crux of
the matter remains that the total yield in a lactation has to be determined from periodic test-
day yields. Both accuracy and precision in estimating total lactation yield increase with fre-

quency of sampling.

3.3 Fitting lactation curves

Since the 1920’s there has been considerable interest in the mathematical description and
analysis of the lactation curve in dairy cartle. When a functional form is used to describe a
lactation curve then:
1) the milk yield at any given stage of lactation can be predicted. Such predictions, if accurate,
can be used as a basis to cull or to retain for breeding stock; 2) an individual animal’s lactation

and thus the average curves of groups of animals may be compared in terms of parameters of
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the functional form; 3) it provides a mathematical description of average milk yield needed in
any simulation model of a dairy enterprise; 4) concise summaries of patterns can be generated
from which cumulative curves can be generated. The general approach has been to exploit
parameters of the function in order to fit different lactation curves.

Mathematical functions for the shape (Wood, 1967; Kumar and Bhat, 1979), peak time
(Sikka, 1950; Cobby and Le Du, 1978; Molina and Boschini, 1979), and declining phase
(Brody, Ragsdale and Turner, 1923; Gaines, 1927a; ) of the lactation curve have been pro-
posed. Wood'’s equation,

y, = a n"exp(—cn)’
has been the most frequently applied. The variable n represents the length of time since
calving. Coefficients a, b, ¢ are constants determining the characteristics of curves. The
equation can be estimated by ordinary least squares (OLS) in the form:
log_(y.)=log.a+blog. n—cn.
The curve reaches a turning point at
n, =—(b/¢)
demonstrating that b is the parameter for pre-peak curvature, and ¢ the parameter of post-peak
curvature. Congleton and Everett (1980a, 1980b) examined the prediction error of Wood’s
equation and concluded that the function provided predictions of 305-d cumulative milk that
were comparable with the estimates obtained by other DHIA techniques. Ramirez et al. (1994)
found this equation performed better than the functions proposed by Brody (192 3), Sikka
(1950), Nelder (1966), and Colby and Le Du (1978). However, several authors (Cobby and Le
Du, 1978; Danoa, 1981; Rowlands et al., 1982) have reported systematic lack of fit to lacta-
tion milk yields recorded weekly using this model.
Goodall and Sprevak (1984) retained Wood's formulation and introduced an

autocorrelation function to account for systematic lack of fit,

log_e(t) =atlog_e(t=1)+e(t)

where e(t) is a random error term and o is a parameter such that |ot|< 1. Values of ot greater
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than zero were interpreted to be an improvement over Wood (1967).

In order to account seasonal variation, Grossman et al. (1986) extended Wood's equation
by adding sine and cosine terms:

y,=an"exp " (l+usin(x)+vcos(x))

where a, b, ¢, u, and v are coeflicients to be estimated, n = day of lactation; x=day of year,
computed as radians. The log transformation of this model can be fitted by OLS. Batra
(1986) compared this extended function to the inverse polynomial (Nelder, 1966) and found
that the latter function gave a better fit than the former, based on RZ.

Grossman and Koops (1988) proposed a multiphasic function to describe the lactation

curve, based on the sum of logistic functions:

n

7= (s [1=nh 20 (e-e))

i=1

where y, is milk yield at t days in milk, n is the number of lactation phases, tanh is the hyper-
bolic tangent. Functions of parameters for each phase included initial yield computed as a;b;;
contribution from each phase to 305-d yield, computed by integrating each phase from t=0 to
t=305; time of peak yield for each phase, defined as ¢;; and duration of each phase as days
required to attain 75% of total yield and computed as Zbi'l . DeBoer et al. (1989) fitted the
multiphasic function to first through third-parity curves for milk yields for Israeli Holsteins
and concluded that functions of parameters for each phase differed by parity, yield, and days
open.

Lactation curve estimates also have been obtained by solving for OLS estimates of the
fixed effects of days in milk (DIM) on test-d yield for which the lactation curve is partitioned
into numerous DIM classes (Ngwerume, 1994; Schaeffer and Dekkers, 1994; Schaeffer et.
al., 1994; Stanton et al., 1992; Trus and Buttazoni, 1990). The primary advantages of the test-
d model are that it can account for 1) information from different lactations; 2) pernits esti-
mates of fixed effects to vary across herds and stages of lactation, and 3) adjust for effects of

sampling date.
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3.4 Methods for computing lactation totals

The traditional record of cow lactation yields is based on recording at weekly, monthly, or
longer intervals. However, actual lacration yield can only be calculated by accumulating daily
yields. Many procedures have been developed for computing total yield in a 305-d period. The

following is a review of the methods that were compared in this study.

3.4.1 Test interval method (MSU)

The test interval method uses the time from one testd until the following test-d as the test
period (Appendix A of ICAR agreement). In general, a lactation record is calculated using
three steps:

1. Estimate the sample-day yield for milk;

2. Estimate the yield from the previous sample day through the current sample day (credit

for the test interval; and

3. Add the test interval credits for the lactation to determine the total lactation yield.
For most intervals, the interval yield (or credit) is calculated by multiplying the average yield
between sample days by the number of days in the interval. Average daily yield in an interval is
estimated as the average of the yields for the preceding and current sample days.

The credit for the first interval is calculated as

yicld on sample day x day of lactation.

The test interval credit for an interval with a sample day after the first interval but
prior to the last interval is calculated as
(yield on preceding sample day + yield on sample day)/2 x days in interval.
If a cow terminates her lactation before 305 d in milk, the credit for the last interval is

calculated as
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(yield on preceding sample day + yield on sample day)/2 x days in interval
+
(yield on sample day) x (days to 305 d).
The first part of the formula gives credits for the interval immediately preceding the last one
while the second part calculates credit for the days to 305 d. If the interval before 305 d is
greater than 7 d, this situation is treated as resulting from an incomplete lactation and days to
305 d is set to zero. We can expect overestimation at the last interval and underestimation in
the intervals spanning peak lactation.

If the yield for the current sample day is missing but the yield for the immediately preced-
ing and subsequent sample days was recorded, an estimate of the sample day yield can be
calculated as,

(yield on preceding sample day + yield on next sample day)/2.
If the yield is missing for consecutive sample days, there is no estimate for the missing yield.

For the morning/evening yield schemes, yicld on a sample day is estimated as

(yield on sample day x 2)
Calculation of test interval credits is then performed in a manner similar to the one for daily
yield.

The TIM method described above is illustrated in Appendix F.1

3.4.2 Test interval method (France)

The test interval credits from the first to the last interval are similar to those performed at
MSU (Letter from Nicole Bouloc, Institut de I'elevage, Paris, France, 11/8/94). However,
credits for the last interval are calculated as
(yield on preceding sample day + yield on sample day)/2 x days in interval
+
(yield on sample day) x ¢

where c is 14 for schemes Al, A4, A6, and AP/4 or ¢ is 28 for scheme A8. Lactation yield is
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calculates as the sum of the test interval credits. There are no corrections for missing test-d

yields. This method is illustrated in Appendix F.2.

3.4.3 Test interval method with adjustment factors (USA)

In the USA, most common sampling plans require weighing the milk at all milkings and
collecting a composite sample during the approximate 24-h period of the sample day. Varia-
tions include AM-PM (AP) plans, for which only one milking is weighed and sampled each
sample day for herds milked two times a day (2X) and only one or two milkings are weighed
and one milking sampled each sample day for herds milked three times a day (3X). A com-
plete description of this method for different sampling plans is given by Wiggans (1989) and
adjustment factors are shown therein. Interval credits are computed in order to obtain 305 d
yield.

The credit for the first test interval is calculated as:

test interval credit ¢ =  factor x yield on sample day x days in milk.
Factors are based on breed, region, season, trait, lactation number, and stage of lactation.

The test interval credit for an interval with a preceding sample day before 40 d in milk is

calculated with factors as:
test interval creditpeak = factor x (yield on preceding sample day + yield on sample day)/2.

The test interval credit for an interval with preceding sample day after 40 d is calculated as
test interval Creditpost-peak = factor x (yield on preceding sample day + yield on sample day)/2.

The credit for the last interval is calculated as,

test interval credit], ¢t = factor x yield on last sample day x days to termination.

The procedures for projecting lactation records of less than 305 d to 305 d is based on the
number of days the cow actually milked, plus an estimate for the remainder of the 305-d
lactation derived from the last available sample-day yield (Wiggans and Dickinson, 1985). For
records less than 155 d in milk, the average mature-equivalent (ME) yield for cows freshening

in the same herd 1 to 2 years prior to the record’s last sample day also is required.
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Separate factors have been developed by trait, calving season, lactation number, region of
the country, and breed (Wiggans and Powell, 1980).
Records less than 305 d can be projected by
s = You +(¥,)(305-DIM)
where § - projected 305-d yield,
Yo - Vield for the partial record, and
¥~ estimated average daily yield for the remainder of the lactation.
For records with more than 155 d in milk, average daily yield for the remainder of the lacta-
tion can be estimated as
o =[as +B(DIM)] (Ys) + s + B(DIM)
where a = intercept, S = sample day, B = slope, Yg = sample-day yield, and F = factor.
For records with 155 d in milk or less, the ME herd average is included in estimating average

daily yield:

o + By (DIM)
oo ](YH)

Yo = [as +B(DIM)] () +[

where H = herd ME average and Y} = herd-average yield.

3.4.4 Linear interpolation with standard curves (Netherlands)

This method was developed by Wilmink and Ouweltjes (1991) with the following require-
ments:

1 - The calculations should be independent of the recording scheme. The method should use
all known test day yields as observations Cumulative yields should be estimated from these
test day yields.

2 - Cumulative yield should be estimated by using corrections for the first part of lactation.
The expected shape of the lactation curve is estimated from lactations of contemporaries

and is used in the calculation of cumulative yields in order to improve accuracy. Standard
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lactations were estimated for separate classes of herd production level, age at calving, and
season of calving (Wilmink, 1987 and 1990). These standard curves are used in the prediction
of 24-h yield by interpolation and the prediction of 24-h yield before the first test day or a
future yield.

Interpolation using standard lactations is performed using the equation:
yo= g+ (v - )~ (g g X (= %)/ (e —x) + (v, — &) INRS - 1]
where y; is an esﬁmate for the uknown yield on the ith day of lactation for a cow that has a
recorded yield y] at day x] and yield y7 at day x7. Corresponding data from a pertinent
standard lactation curve are yield g] at day x{, yield g7 at day x7, and yield g; at day x;.

Unknown test day yields are estimated by the following prediction equation:

7 VU NS CR TI) R R A [ [NRS 2]
where y; = predicted yield at day i,

B; = expected yield at day i,

Hp = expected yield ar day p,

u305 = expected yield over 305d in prior lactation,

Xp = realised yield at day p,

Y305 realised 305-d yield in prior lactation,
by, by = regression factors.

All expected yields are taken from standard lactations.
To allow for varying interval lengths, the cumulative yield is computed as follows:

1 - The 24-h yield at day O is predicted by [NRS - 2].

2 - The 24-h yields at 30, 50, and 70 d are estimated by [NRS - 1], as long as these days are
surrounded by measured test day yields. If the first test day yield is measured after 30,50,
or 70d, the 24-h yield ar 30, 50, and 70 d is predicted using [NRS - 2].

3. If the lactation is completed, the 24-h yield for the last day in lactation is predicted by

[NRS - 2].
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4 - Using all known test day yields and calculated 24h yields (in 1, 2, and 3) the total yield is
calculated by:

T2, [(INTa+Dxy +H(INT.a=Dxy,,)]/2 INRS - 3]
where: INT; | = number of days between y; and y; |;

Vi = the ith test day yield (measured or computed)

n = total number of test day yields.

3.4.5 Centering date method (Denmark)

Denmark uses a combination of TIM and the centering date (CDM) method (Letter from
O. K. Hansen, Danish Agric. Adv. Centre, Aarhus on 9/7/94). These calculations give
exactly the same results when all sample milk weights are known. Each interval between
sample days is divided into two parts. The interval yield is calculated as the sum of the yield in
the first part of the interval and the yield in the second part of the interval.

The yield in the first interval is calculated as:

yield on sample day * day of lactation

The test interval credit for an interval with a sample day after the first interval but prior to

the last interval is calculated as:
yield on preceding sample day x length of first part of the interval
+
yield on sample day x length of the second part of the interval

The last interval is the interval from last sample to 305 d. In this calculation the credit of

the last interval is calculated as:
yield on sample day x days to 305 d

Usually in Denmark, the lactation length exceeds 305 d, and routinely the yield in the last part
of the 305-d period is estimated from the sample yield following the test day.

Records are only allowed for cows in the first five days after calving. In all other cases a

zero yield is assumed and is used in the calculations. If there are missing records at the end of
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a lactation, and it is not because the cow is dry, the credit of the last interval is calculated as:
b x yield on sample day x days to 305 d

where b is a factor which is calculated from the herd average, age at 1st calving, breed, parity,

season and days to 305 d. If the cow is dry a zero yield is assumed. This method is illustrated

in Appendix F.3.

3.4.6 Multiple trait projection method (Italy)
This multiple trait projection (MTP) method was developed by Trus and Buttazzoni (1991)

with the following objectives:

1 - The method should easily accommodate the range of factors affecting lactation yields

2- Partial lactation data should be treated in a statistically optimal way such that the prediction
errors are minimized and projections are not sensitive to “outlier” input data points.

The MTP method has five basic elements:

1 - Divide the lactation curve into intervals corresponding to the sampling method. Observa-
tions within each interval are treated as expressions of a trait that is correlated with all
other intervals.

2 - Define a fixed effects linear model which is adequate for all intervals. The same model is
used for each interval.

Y. =X.B,+e  fori=12,---t.
where Y; = an observed vector observations within the ith interval
X; = the known design matrix for the ith interval
B; = an unknown vector of fixed effects
e; = an unknown vector of random residuals corresponding to Y;

E[Y‘] = [?B ‘]s Var[e]=R, = Var[Y,- X.B]

(<

The model in Italy takes into account the following fixed effects: 1) pregnancy status, no.

of milkings per d, season of milking, days pregnant (DPREG) as covariate, DPREG? as a
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covariate, days in milk (DIM) since beginning of interval as a covariate, DIMZ as a
covariate, age of cow at calving (i.e. days/100) as a covariate, year of birth of cow as a
covariate, and bST in a given period.
Given a population, estimate model coefficients () and a matrix of residual (colvariances
(R) among intervals:

Ro=(8"8-&11'4/ ) / (n — Rank[(x7x.)])
where n;j; = the number of cows with records in the ith interval.
For each cow on which a projection is to be made, daily yields are the sum of E(Y) and the
interval residual. Residuals in intervals in which no observations occurred are predicted as
weighted functions of the observed residuals. Once R and B have been estimated, there
are used to calculate daily yields.
The projection of a complete lactation is achieved in three steps:
Calculate &,=Y-XB for each observation.

Calculate a residual & =R’.. Rls for each of the remaining intervals without an
'm pm

mm Cp

observation.

iii - For each day calculate y - xﬁ +8-

3.5 Bootstrap resampling

In ordinary usage the phrase ‘resampling methods’ refers to methods in which the

observed data are used repeatedly, in a computer-intensive simulation analysis, to provide

inferences. In simple terms, resampling does with a computer what an experimeter would do

in practice, if it were possible: he or she would repeat the experiment. In resampling, the

observed variable’s values are randomly re-assigned to treatment groups, and the test-statistics

are recomputed. These reassignments and recomputations are done thousands of times.

Bootstrap resampling is only one of such methods.

Bootstrap resampling was used to examine sampling variations in mean daily milk yield.



22

The accuracy of a statistic describes the sampling variations of that statistic. This accuracy
depends on the ;Vidth of the interval spanning the statistic. In most cases, the data needed to
calculate the exact half-width around a statistic never exist. Efron (1979) proposed the idea of
using computer-based simulations instead of mathematical investigations to obtain the sam-
pling properties of random variables. The bootstrap method advances the notion that by
repeated sampling from the data, one can approximate the sampling variations which pro-
duced the dgm. Thus, the one available sample gives rise to many others. Various studies
examinihg theoretical aspects of the bootstrap procedures have been conducted (Beran and
Ducharme, 1991; LePage and Billard, 1992; Singh, 1981). The bootstrap method has been
applied to practical problems that either did not have completely satisfying solutions or were
resistant to statistical investigation (Westfall and Young, 1993).

The following is a brief review of the one-sample bootstrap algorithm, described more
completely by Efron and Tibshirani (1986). An unknown probability distribution F produces
the observed data (

leXZv"'vXn) — X by random sampling. That is, x;,x;,**,x, are indepen-
dent and identically distributed (i.i.d) observations from F. From x;,x;, **,x,, we calculate a

statistic of interest S( , the numerical value of which is SO. Let [ indicate the

X1X2r " Xn)
empirical probability distribution, putting probability (1/n) on each observed value

x; (i = 1,---,n). A bootstrap sample (XI,'“,X:\) = X is a random sample of size n from f:
Each X, isan independent realization of X, With probability (1/n) (i=1, 2, ..., n). The statistic
of interest S evaluated for the bootstrap data y* is a bootstrap replication of S, the numerical
value of which is S*. We can generate as many bootstrap replications of $ " as desired. Let us
call the independently generated bootstrap samples (each of which contains n bootstrap data
points) x*!  x'2 ..., x'B, where B may be at least 1000 for an approximate confidence
interval. Each y*b gives an independent bootstrap replication of the statistic of interest, sb.

The bootstrap replications provide bias and variance estimates for S as described by Efron and

Tibshirani (1986).
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The 100(1 d)rh percentile of the bootstrap distribution, S, (a)s is estimated by
Sela) = 100ath percentile of g1 g2 ... B

Thus, we have an approximate confidence interval for the statistic of interest.

3.6 Smoothing of continuous functions

The need to-smooth data arises in many classes of problems. Specifically, we often want to
find the ‘best approximation’ of the function after the random noise has been removed. The
problem is to find a function which has the least deviation from a given function. Much of the
theory of ‘best approximation’ is treated in detail by Shapiro (1969). The ‘moving average’
method of data smoothing was used to smooth bootstrap sampling variations of mean daily
milk yield in §4 and curves in §6. We formally state our problem as follows:

Given f € [!(-a, o), can we approximate f by continuous functions in the Ll metric?
The answer is in the affirmative is and will be shown below.

Theorem: let f € L’(—oo, oo) . Then, given g > Q there exists a continous function

g € Ll(—ao, 00) such that

an

f-el, = J.lf(x)-g(x)|dx < g-

-@®

Proof: Let a be a positive real number. Define f,, the moving average of f, by the formula

_an _ F(x+a)—F(x-a) ll]
00 = o [ (0 =

where

F(x) = j £(r)dr

: 1 - : : :
Itis easy to check that f. € L (oo, °°), and that it is continuous. Hence, from integration
rheory,

limot'_\(x) = f(x) a.e.

Thus, f is the limit a.e. of a sequence of continuous functions. A detailed proof that
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f. € L'(-o, ) is given by Shapiro (1969).

Generalizing, we rewrite [1] in the form,

LOx)= Jf(x=0)G (1) de

where 5. (x) = N for |x| < a
0 for [xl > a

Whence, we define the convolution f*g of fand g by the formula

(f*g)(x) = Tf(x—t) g(t)dt

The following properties apply to the convolution product
M) frg e (o0, o) Infact [IFxel < Il flells
(i) feg = g*fs
(iii) fx(gxh) = (f*g)*h
forf, g, h e 1}'(~, ).
Hence, notice that £, is the convolution product of f and G,. Moreover, if we set

K(x)={%’ =1

0, |x>1

then

@

j K(x)dx = 1

-on

and writing for A > 0,

Ki(x) = AK(Ax)

we have

(}Q(X) = KK(X), )\' = _1_.

a

So, the ‘moving average’ method of smoothing is characterized by a certain function known as

the kernel, K(x). Writing f{x; A) for f,(x), we have
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fx 1) = (FeR)00 = [f(x-0 A KA

| f(x-i) K(t)dr.

o
3.7 Principal factor analysis

Factor analysis was used to examine differences between methods for computing total
lactation yield. Factor analysis entails the statistical analysis of multivariate data from a mixture
of finitely many populations. The task, at hand, is to find fundamental and meaningful
dimensions of a multivariate domain by examining the intercorrelations between a set of traits
of interest.

In the initial step, a composite score measuring what these traits have in common is
generated. This score must explain the maximum variance among the variables. The principal
axis, or component, defines the factor or basic dimension the variables are measuring in
common. This procedure is called principal components analysis (Morrison, 1976). The
resulting principal factors are used as a set of reference axes for determining the most easily
interpretable set of factors for the domain in question. This whole process, which Harman
(1960) calls multiple-factor analysis, is reviewed within the context of the sample space model
by Cooley and Lohnes (1971).

Subjective procedures are proposed (Harman, 1960) for developing the transformation
from some initial solution to the multiple-factor form of the solution. The methods consist of
the build up of a series of rotations in a plane using simplification of the rows or columns of
the factor matrix.

After the initial factor extraction, the common factors are uncorrelated with each other. If
the factors are rotated by an orthogonal transformation, the rotated factors are also
uncorrelated. If the factors are rotated by an oblique transformation, the rotated factors

become more correlated. However, oblique rotations often produce more useful patterns than
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do orthogonal rotations.

3.7.1 Orthogonal varimax factor rotation

The varimax criterion involves simplification of the columns of the factor matrix and has
become the moét widely accepted and employed standard for orthogonal rotation of factors
since its development by Kaiser (1958). He defines the simplicity of the factor as the variance
of its squared loadings (A factor loading is a correlation between the underlying factor and the
observed trait in question):

{pZ,il(sfk)z‘ (Z,P-l ka)z }

Vk= 2
p

where s is the new factor loading for variable j on factor k; j=1, 2, ..., p,and k =1, 2, ..., n.

Then for the entire factor matrix the varimax criterion is:

n n PZ; (S,k) _(Z;x szk).

2

k=1 k=1 P
max

To eliminate some slight bias associated with the column sums TP s Kaiser redefined the
)=1°)

criterion by ‘normalizing’ the loadings,

v=3 pZ(sh/0) ~(Z5./0)

-

k=1 p'

max

where | 2 is the communality of the jth trait (A communality is the proportion of the variance
)
of the jrh trait that is explained by all n factors). Kaiser (1958) delineates the method fully. The

criterion V is maximized by the iterative application of trigonometric functions.

3.7.2 Oblique Procrustean factor rotation

First, the matrix of factor loadings is rotated to orthogonal simple structure using the
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varimax criterion. Then these orthogonal results are rotated to a least squares fit to give the

ideal oblique solution. Hendrickson and White (1964) define a matrix P=(Pk) such that:

u+l
Sk)

pkj = / Sk

with u > 1. Thus, each element of this matrix is the uth power of the corresponding element
in the row-column normalized orthogonal matrix. Then find the OLS fit of the orthogonal
matrix of factor loadings to the pattern matrix, P:

L=(E'E) 'E'P
where L is the unnormalized transformation matrix of the reference vector and E is the
orthogonal rotated matrix. This is the ‘Procrustes’ equation described by Hurley and Cartell
(1962). The columns of L are normalized such that their sums of squares are equal to unity.
This provides the transformation matrix from the orthogonal factors to the oblique reference

vectors.

3.7.3 Oblique Harris-Kaiser factor rotation

A derived oblique solution which employs only positive definite diagonal matrices (D
matrices) and orthonormal matrices (T matrices) is presented by Harris and Kaiser (1964).
This feature then permits translating the problem of the developing an oblique solution into
the problem of orthogonal rotation of a matrix that differs in certain ways from the initial
orthogonal solution, F. The preliminaries are as follows:

1) R*, the correlation or covariance matrix of the traits of interest.

DR=QMQ.  QQ=L QQ'#I

where M2 is positive definite and diagonal and (Q consists of m columns of normalized
eigenvectors corresponding to the nonzero eigenvalues of R*. The tautological expression is:
R'=QM'Q'=(QMT:D: Ti D))
(DT D T MMM T D T D) (D T D: T MQY)
in which all T matrices are orthonormal (T =TT’ =1)- An oblique solution is obtained by

setting T, = and D, =1 (with T, #1, D, #1,L#1) - Then, for an independent cluster solution,
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define

A = Q Tl Dl )
L=D/'T"M'T. D", (Case II; Harris and Kaiser, 1964)
B=QM'T\Di".

Here A is regarded as a pattern matrix and B as a structure matrix in the sense of Harman

(1964), and the marrix L designates the intercorrelations of the factors.

3.7.3.1 Harris-Kaiser rotation with Cureton-Mulaik weights

Kaiser's iterative algorithm for the varimax rotation fails when a) there is a substantial
cluster of variables near the middle of each bounding hyperplane, and/or b) there are appre-
ciably more than m traits whose loadings on one of inifial F-matrix, usually the first, are near
zero. Cureton and Mulaik (1975) proposed an approach for overcoming these difficulties by
weighting the factors, giving maximum weights to those likely to be near the primary axes,
intermediate weights to those likely to be near hyperplanes but not near primary axes, and
near-zero weights to those almost collinear with or almost orthogonal to the first initial F-axis.
For a solution, normalize the rows of the initial F-matrix and call the result G, with elements
g, =fu/hy where h is the square root of the communality of trait j. Isolate all rows of G
whose first-factor loadings are negative, and call the result A. The desirable weighting function

1s:

(cos I/m) = cos

2| cos m COS  akl ° .

Wl = cos’ ST R g0 | +.001 if >J(/m
LT cos '/(1/m) AL

-1

p——— ‘71 - °
Wi =cos 'C*OL:“('I-/'HV:) _LO8 Ay 90" | +.001 if an<(l/m
\ 90 —cos (1/m)

2

Let W be a diagonal matrix of the m weights for the m traits. Then the weighted varimax
orthogonal approximation to simple structure is:

V.=FAw

where  is the rransformation matrix of y; = WA - Applications to the Procrustean rotation
w
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are discussed by Cureton and Mulaik (1975). An extension to case II of the Harris-Kaiser
oblique procedure exists if their T is replaced with the weighted varimax transformation

matrix A, .



4. BOOTSTRAP ASSESSMENT OF THE SAMPLING VARIATIONS IN MEAN
DAILY MILK YIELD

4.1 Abstract

The notion behind bootstra-p is that by sampling repeatedly from dara, one can approxi-
mate the sampling variations which produced that data. The objective was to estimate sam-
pling variations in mean of daily milk yield (DMY), throughout a lactation, within subclasses
of parity and season of calving. We used 4 yr daily milk records of 340 Holstein cows from a
Michigan herd. Parity groups were 1st, 2nd, 3rd, 4th or higher. Season of calving groups were
April through October and November through March. Bootstrap resampling was done within
each of the eight parity-season groups: A random sample comprising of a fixed percentage of
the total number of lactations was obtained to form a hypothetical random sample from the
population. This sample was duplicated, or cloned, to form a proxy for the population. A
random sample of the fixed percentage, the bootstrap sample, was drawn without replacement
from the cloned population. Different percentages were studied to determine optimum size
for resampling. This resampling was repeated 5000 times. The mean of DMY for each of the
bootstrap samples was deviated from those calculated from the hypothetical sample to give an

approximation to the sampling variations in the mean of DMY.

4.2 Introduction

The availability of electronic identification and decreased cost of electronic data acquisi-
tion have made feasible the daily monitoring of milk yield for individual cows. The physi-
ological state of cows can be associated with abnormal fluctuations in daily milk yield.

The sources of variation in milk yield have been examined (Everett and Wadell, 1970) and

reviewed (Palmer et al., 1994). The gross standard deviation and coefficient of variation of

total daily was 4.5 to 6 kg and 17 to 30% within 300-d lactations (Anderson et al., 1989).

30
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Because variance estimates differ based on the sample, there is a need to have a better under-
standing of the sampling variations around daily milk yields.

However, the data needed to compute the true variance of daily milk yields are too expen-
sive to acquire. The bootstrap (BS) method, introduced by Efron (1989), can provide a good
approximation to the true variance given a relatively small sample that is representative of the
population. It is a computer-intensive method that achieves this approximation by repeated
sampling from the original sample. In simple terms, resampling does with a computer what
an experimeter would do in practice, if it were possible: he or she would repeat the experi-
ment. In resampling, the observed variable’s values are randomly re-assigned to treatment
groups, and the test-statistics are recomputed. These reassignments and recomputations are
done thousands of times.

The objectives of this study were: 1) to approximate sampling variations in mean daily
milk yield; 2) to determine the optimum proportion of the sample data for bootstrap

resampling; 3) to use bootstrap confidence intervals for generating lactation records.
piing 3 g g

4.3 Materials and methods

The data were daily milk yield for 340 primiparous Holstein cows from a low somatic cell
count herd in Michigan. There were 89 cows in the first lactation and 251 in the second and
later lactations. 67% of the first lactation cows and 88% of the second and later lactation cows
had > 305 days in milk. Parity subclasses were defined as 1) first parity and 2) second and
later parities. To be consistent with the literature, all records were truncated at 305d.

Sampling variations in mean DMY were approximated by bootstrap resampling. To
determine the optimum proportion of the original data for resampling, two sampling propor-
tions (p) were defined; p = .2 for light and p = .8 for heavy sampling. Within parity the BS
method was implemented by the following steps:

a. Generate a proxy for the population. Note that each cow generates 305 data points.
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i) Obrain random sample of n cows, where n = p*N  (e.g. N=89 for 1st parity).
i) Compute sample mean.
iii) To reduce noise, smooth the sample mean by convolution:

Define a suitable kernel estimator,

k(y - x)=exp_2m(3%5) di=1,---,305

Then let fly) = a(ii). Then

f(0) = [f(y) k(y=x)y

and

convolution = InverseFourier|Fourier[f(x)] Fourier[k(y-x)] ]

iv) Clone the sample (N / n) times.

b. Generate the bootstrap sample.

of

i) Obtain a random sample of size n without replacement from the clone. This is known
as the BS sample.
ii) Compute mean of the BS sample.
iii) To reduce noise, smooth the mean of the BS sample by convolution.
iv) Compute difference a(iii) and b(iii).
Repeat b 5000 times to give 5000 x 305 matrix of smoothed BS differences.
To obtain naive 100(1- a)% confidence interval (CI),
i) Sort smoothed BS differences in ¢
ii) The half width for mean DMY is the irh. jrh element of e where,
i=5000(1- o)
iii) CI = bfiii) t d(ii). Due differences between a(iii) and b(iii), we can expect some degree
under or over-estimation by the BS approach.
A lactation curve can be generated by random sampling of a real value berween the upper

and lower bounds described by d(iii) on each day in lactation.
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4.4 Results and discussion

The BS resampling analyses were performed on an Intel 486/66MHz IBM PC compat-
ible computer with 20MB of RAM. The average CPU time was 58 sec per iteration. Figure 2
shows the 100(1-a)% BS confidence intervals of mean DMY for first lactation cows after
light sampling (p=.2) of the original data. The mean of the original sample, which represents
the population mean, is shown on each plot. These data were consistent with theory; the 99%
CI> 95% CI > 80% CIL. However, the 80% CI for mean DMY did not cover the pseudo-
population mean. The half-width was widest in the interval spanning peak lactation and
narrowest at the beginning and end of 305-d lactation. The figure shows that the “sample
mean® lead to an overestimation during the middle part of the lactation. This overestimation
was due to “sampling error”. The BS estimates of confidence intervals were considered to be
unbiased and were the primary focus of these results.

Contrary to the data reported by Anderson (1989), the variance of daily yield varied during
lactation. However, our data are in agreement with those of Palmer et al. (1994).

The CI's after heavy sampling of the original data are shown in Figure 3. The half-width
following heavy sampling was narrower than that for light sampling. Furthermore, the 80%
ClI covered the pseudo-population mean. Because the BS samples contained more information
about the population, the coverage was much better. Light sampling led to wider BS estimates

of the half-width. Results for the second and later lactation cows (not shown) were similar.
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Figure 2. Bootstrap confidence intervals for daily milk yield. Data are for first lactation cows
following sampling a light proportion (p=.2) of the original data. The pseudo-population mean
is also shown on each plot.
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Figure 3. Bootstrap confidence intervals for daily milk yield. Data are for first lactation cows
following sampling a heavy proportion (p=.8) of the original data. The pseudo-population
mean is also shown on each plor.

A sample lactation curve generated using the 99% Cl is shown in Figure 4. The fluctua-

tions in milk yield depicted by this curve are comparable to those in the observed data.
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Simulated lactation curve

30}

Milk yield (kg/c)
o )

-
N

50 100 150 200 250 300
Days in milk

Figure 4. A sample lactation curve simulated by random sampling from 99% bootstrap
confidence intervals.

4.5 Conclusions

The bootstrap method was used to approximate the sampling variations of mean daily
milk yield. The bootstrap 100(1- )% CI of mean daily milk yield were accurate. However
accuracy of the sampling variations was sensitive to the size of the bootstrap sample. The
coverage of the confidence intervals was much better when the size of the bootstrap sample
was equal to 80% of the original sample size. When the bootstrap sample size was only 20%
of the original sample size, the confidence intervals appeared to be over estimated. The data
show that confidence interval of mean daily milk yield is widest at peak to mid lactation. The
confidence intervals obtained are useful in generating biologically consistent lactation records.
The method is relatively easy to implement. The main dis-advantage of bootstrap resampling is

the heavy computation involved and availability of computer software to perform analyses.
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Most applications require individually crafted programs. In addition, once software is in place,
the thousands of simulations required can be uncomfortably time-consuming, particularly for
those with limited computing facilities. The use of bootstrap resampling in this study was not
only descriptive but well suited to the problem of approximated the distributional characteris-
tics of mean daily yield. The approach was suitable because the mean for the original sample
was unusual compared to the resampling disfriburion, The resampling method was a conve-
nient and asymprotically valid way of incorporating the unknown dependence structures
inherent in the data. In the absence of the requisite large sample sizes, the method can be used

to verify analytic results from standard analyses.



5. VARIATION IN MORNING AND EVENING YIELD DURING LACTATION OF
HOLSTEIN COWS

5.1 Abstract

Differences in mean and variance of daily milk yield at morning and evening during a
lactation in different parity and season of calving were investigated. Data on a total of 956,680
lactations of 3295 cows distributed in 26 herds from Dairy Herd Improvement Centers of
Alberta and Ontario, and Florida Agricultural Experiment Station were used. Size of herds
and number of cows with records had an impact on the magnitude of the variances within
subclasses of paﬁty and season of calving. Across regions, mean morning yield was higher
than evening yield. The shape of the mean curve for total yield followed that for evening yield
closely. Rank correlations between daily morning, evening, and total yield were as high as .998
(P <.0001). Variance in daily rotal yield was mostly determined by variance in daily evening
yield. Second lactation cows had the largest variance in daily morning and evening yield. Parity
difterences were least in the Florida data. The highest variation occurred at 50 d postpartum
during the lactation of cows calving in December to February. Fluctuations in daily yield were

highest for cows freshening in June through August.

5.2 Introduction

Recent technological advances in identification and automated data capture have made
feasible the daily recording of milk yields for individual cows. The accumulated data can be
utilized in monitoring the health status and in facilitating the management of lactating cows.

Variation in milk yield due to different intervals between morning and evening milkings
has been reported (Anderson et al., 1989, Everett and Wadell, 1970; Palmer et al., 1994;
Schmidt, 1960). Gilbert et al. (1973) investigated diurnal variations of milk yield and found
that milk production at morning (AM) and evening (PM) were not equal even though the
milking interval was 12h. Hyde et al. (1981) observed that variation in milk yield was not

constant throughout the entire lactation and varied between first and later parities.
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Adjustment factors for the difference between AM and PM milk yields have been devel-
oped. These adjustment factors accommodate differences among herds, cows, seasons, month
of lactation milking interval, ménrh of lactation, breeds, and age at calving (Palmer et al.,
1994; Putam and Gilmore, 1970; Shook etal., 1980). Palmer et al. (1994) calculated a range
of 2 to 6kg in gross standard deviation of individual milk yield within 305-d lactations. How-
ever, the literature is lacking in studies that show the actual magnitude of variation in the AM
and PM ﬁlilk yields throughout lactation. The objective of this study was to examine differ-
ences in mean and variation in AM and PM yields and their relationship to daily total yield.
The effects of parity, season, and region on AM and PM yield both in mean and variation

were also examined.

5.3 Materials and methods

Data of morning and evening milk yield for Holsteins cows from Florida, Alberta, and
Ontario were used. Data from the two provinces were collected in an automated milking
systems project conducted by the Canadian Dairy Herd Improvement Program. To be in-
cluded in analyses, all lactation records had to have calving dates and parity number specified
and were truncated at 305 d postpartum (pp). The resulting data sets included whole and part-
lactation records with either a AM or PM milk weight on each day of lactation. The intervals
between morning and evening milkings varied. However the exact length of the interval could
not be determined because milking times for the sampled and previous milkings were not
available.

The exrent of the data is indicated in Table 2. The Ontario data set had the most records,
lactations, cows, and herds. Six of the Ontario herds had less than 90 cows while all 5 Alberta
herds had more than 160 cows. In contrast to the Florida data, the number of records in-
creased with parity for the Canadian herds. Alberta herds tended to have more late Fall and
Winter calvings whereas the Ontario data consisted of higher number of calvings during the

Spring and Summer. Most of the Florida lactation records were initiated in late Fall.



TABLE 2. Test day data for Holstein cows utilized for analyses by location.

Data source
Category Alberta Ontario Florida
No.of lacation days | 287325 451423 217932
No. of lactations | 1288 2715 587
No. of cows ‘ 960 1924 411
No. of herd 5 20 1
Minimum herd size (cows) 161 28 o
Maximum herd size (cows) 437 490 o
1 st lactation records 409 187 272
2nd lactation records 300 691 146
3rd or later lactation records 579 1237 169
Lactations started Dec. - Feb. 325 657 129
Lactations started Mar. - May 295 700 141
Lactations started Jun. - Aug. 308 723 130
Lactations started Sep. - Nov. 360 635 187

Figure 5 shows the number of cows with lactations records by location. All locations had
few cows with records from 1 to 7 d pp. Thereafter, the Alberta data showed a drop in
number of cows with records (NCR) after 280 d pp. A steady decline in NCR occurred in the
Ontario data after 100 d pp. The NCR remained the same after 7 d pp for the Florida data.
Whereas, NCR for Alberta and Florida was similar at a.m. and p.m., Ontario had more NCR
for AM after 100 d pp. Most of the cows with records at a.m. had a record at p.m.

Within each location, parity, and season of calving, the mean, standard error of mean,
95% confidence interval of mean and variance of mean AM, PM, and daily total yield were
computed. Product-moment correlations between mean AM, PM and daily total yield were

calculated. A test for significant differences between correlations was conducted. All analyses
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were accomplished using analytical procedures of SAS (1992).

g

J2OYI6 CT0 Q04 238 272 o
BESHO VIS !

Figure 5. Number of cows with lactation records by location: A = toral milk yield, B = morning
milk yield, and C = evening yield.
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5.4 Results and discussion

Table 3 shows the within location productmoment correlations between mean total, AM,
and PM yields. Across locations, correlation coefficients were significantly high (P < .0001)
but they were not significantly ditferent from each other (P> .1). The magnitude of these
correlations was not regarded as ample evidence for predictive ability because the sources of
variadon in total ( Everett Aand Wadell, 1970; Murphy, 1992), AM, and PM yields are numer-

ous (Amos et al., 1985; Becker et al., 1990; Elvinger et al., 1992; Lewis and Newman, 1984).

TABLE 3. Product moment correlations between mean morning, evening, and total yields.

Alberta Ontario Florida
Total AMI PMZ  Total AM PM Total AM PM
Total . 994 .996 . 970 .992 . 993 993
AM . 0RO . .99 . . 982

TAM = daily morning yield.

ZPM =daily evening yield.

All correlation coefficients significantly different from zero (P <.0001) but not significantly
different from each other.

5.4.1 Owerall variance of daily milk yield
Figure 6 shows 95% confidence intervals for mean total, AM, and PM yield for Alberta,

Ontario, and Florida. In all cases, mean AM yield was higher than mean PM yield. This
relationship between AM and PM yields was similar to that observed by Putham and Gilmore
(1970). However, the general shape of mean curve for total yield appeared to follow that for
PM. For both Alberta and Ontario, the variance of AM yield rose sharply, peaked at 20 d pp,
declined rapidly then started to rise in late lactation. Ontario had much smaller herds. In
small herds, time of AM milking tends to be consistent but PM milking time tends to be less
so due to field work and social life. Thus, more variation in milk yield would be associated
with cows in small herds. On the contrary, in the Florida data, the variance of AM peaked at
45 d and then declined steadily throughout lactation. In all cases, the variance of total yield

followed that for PM. In this and subsequent illustrations, the apparently higher variance at
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the beginning and end of the lactation could be arttributed to more missing observations

caused by incomplete lactations.

5.4.2. Within parity variance of daily milk yield

95% confidence intervals and mean total, AM, and PM yields for Alberta, Ontario, and,
Florida are shown in Figures 7, 8, and 9 respectively. Mean yield increased with parity. The
variance of daily morning, evening, and total yield was highest for 2nd lactation cows. This
difference in the variance peaks was associated with a possible region by parity interaction.
This variance peaked at 7 d pp in the Alberta, and Ontario data but at 50 d in Florida. In
addition, differences between 1st and 2nd lactation curves were much less for Florida. Be-
cause the Florida data were from a single herd, this lack of differences between 1st and 2nd

parities was attributed to management within that herd.

5.4.3 Within season variance of daily milk yield

5.4.3.1 Alberta,

There were seasonal differences in shapes of the curves for mean milk yield (Figure 10).
The largest peak for mean and variance of AM and PM was at 50 d pp, for cows freshening in
December through February. The data for mean daily yield are in agreement with those of
Keown and Van Vleck (1973) who reported that cows calving in January through April had
the highest peak production. The least variance during lactation was for cows giving birth in

March to May. The variance in AM and PM peaked at 7 d pp in June through August.

5.4.3.2 Ontario.

The magnitude of the variance for AM, PM, and total yield was highest at 45 d pp for
cows calving in March to May (Figure 11). As few as 10 cows with records at the beginning
and end of the lactation caused variances to be high. Fall freshening cows were more persis-

tent and had the highest variance during lactation. The persistency in the Fall provides biologi-
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cal evidence for the Spring stimulus to production discussed by Wood (1969).
5.4.3.3 Florida,

The largest variance in AM, PM, and total yield occurred at 50 d pp for cows calving in
December through February (Figure 12) and agreed with Florida. Mean milk yield was more
depressed and had greater fluctuations in June to August but the variance declined gradually
following the 50 d pp peak. Seasonal effects on mean daily yield differ from effects reported

by Keown and Van Vleck (1973), who found cows freshening in May through August had the

highest average production.

5.5 Conclusions

Mean morning yield was higher than evening yicld. The data indicated that the shape of
the mean curve for total daily yield followed that for evening yield. In these data, the variance
of evening yield appeared to determine the variance of total daily yield. Regional differences in
the magnitude of the variance of daily total, morning, and evening yield were observed. These
differences could be associated, in part, with stage of lactation, parity, seasonal effects. The
data did not contain complete morning and evening yields for each cow during lactation.
Hence, it was not possible to quantify the observed region by season, region by parity, and

parity by season interactions. Future studies should investigate these interactions.
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Figure 10. Estimated 95% confidence interval of mean daily milk yield within calving scason
for Alberta, Canada: A = total yield, B = morning yicld, and C = cvening yield.
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6. MATHEMATICAL DESCRIPTION OF LACTATION CURVES IN DAIRY
| CATTLE.

6.1 Abstract

Tools for fitting mathematical functions to various shapes of lactation curves of dairy cows
were established. A method for generating sample lactation curves from the functions was
described. This method tfanscends any method that approximates the shape and variance of
the lactation curve frpm a single mathematical model.. The method was demonstrated by

fitting ten curves for mean yield and four variance curves for mean yield during lactation.

6.2 Introduction

Frequent applications of the lactation curve include extension of records in progress to
predict yield up to a standard length, calculation of lactation totals, and generation of yields for
simulation studies. Lactation curves also can be used on a routine basis to monitor the health
and progress of individual animals. Therefore, a clear, concise, and accurate mathematical
description of the lactation curve is imperative. Such a description must be representative of
different breeds, regions, seasons of calving, age at calving, days open, days dry, stage of
pregnancy, stage of lactation, BST treatment, and other environmental factors.

An early attempt to develop a model which would describe the lactation curve was made by
Gaines (1927). He proposed the formula Y, = A exp(—Kt) in which v, is the yield in month t,
A is the starting yield (when t = 0) and K is the rate of decline per month of lactation. This
expression however makes no attempt to explain the initial rise in production, a portion of the
curve which is of extreme importance.

Vujicic and Bacic (1961) suggested a modification of the formula of Gaines. They pro-
posed the expression Y, = tm * exp(—mt), where Y, is the yield in period t while a and m are

parameters. Unlike Gianes’ formula, the expression proposed by Vujicic and Bacic varies both
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directly as exponentially with time. Thus, it accounts for the initial rise in production during
early lactation.

Nelder (1966) described a family of inverse polynomial curves of the form,
Y, =(be/x+b, +b2x)-l where y, is the yield in week x and bo, by,and b, 2T€ constants
which could be estimated by Ordinary Least Squares (OLS). Under this model, maximum
vield occurs when x=(be/ b )" The maximum yield is equal to(z/(bob:)'*bl)fl'

Using a similar approach, Wood (1967, 1969, 1972) described the lactation curve as the

incomplete gamma (IG) function Y where Y is the average daily yield in the

=an"exp(—cn)
nth week of lactation and a, b, and c are constants. The equation reaches a maximum when n
= b/c. The expected maximum yield is a(b /c)bexp(——b)' The exponential form accounted
for 95.4% of the variation in month yield as opposed to 84.4% for the inverse polynomial.
The Wood's IG function has been the most widely used because of the flexibility of fitting
curves of different shapes by estimating the three curve parameters.

Grossman et al. (1986) extended the IG equation by including sine and cosine terms to
account for seasonal variations other than season of calving,
Y, =an®exp(—cn) (1 + usin(x) + v cos(x)) where x is the day of the year in radians and all
other terms are as defined previously. This extended function gave a better OLS fit than the
inverse polynomial function (Batra, 1986). In order to account the different stages of lacta-
tion, Grossman and Koops (1988) proposed a multiphasic function,
Y.= ia' b {1 _ ranhz(b. (¢ -c.))}' where Y. is milk yield at time t (t = days in milk); n is the

number of lactation phases; tanh is the hyperbolic tangent; a are parameters for the ith

by Ci
phase. A diphasic function was found to be sufficient to describe the lactation curve. This
function accounts for smaller and more random residuals and provides easily interpretable
parameters that have biological importance. In addition, linear (Schaeffer and Dekkers, 1994;

Rowlands et al., 1982; Stanton et al., 1992), nonlinear (Freeze and Richards, 1992; Schaeffer

etal., 1977 ) models to include shape, genetic and environmental effects have been proposed.
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All of the above mathematical expressions and models require raw data in order to esti-
mate the parameters of the léctation curve and they diverge from typical lactation curves
because shapes of lactation curves ditfer for over a wide range of ages, parities, regions,
climates, and breeds. For empirical studies, the hitherto approach of relying on estimates of
curve parameters in order to accommodate factors which affect the silape of the lactation
curve is not only unsuitable but prohibitive. The objective of this study was to propose math-

ematical functions which describe typical shapes of the lactation curve in dairy cartle.

6.3 Materials and methods

Ten curves that were representative of typical lactation curves were identified. These
curves as shown in Figure 13. Two curves for morning and evening yield also were identified
(Figure 14). Observed from the literature were mean curve 1 (Grossman and Koops, 1988),
curve 2 (Mainland, 1985), and curve 3 (Congleton and Everett, 1980). Mean curves 4, 5, 6, 7,
8,9,10, 11, and 12 were perceived from a preliminary analysis of data from a herd in Michi-
gan.

Four curves that were representative of the variation in mean daily yield during lactation
were identified. These variance curves, shown in Figure 15, were observed from preliminary
analysis of data from a herd in Michigan. All the mean and variance curves were endorsed by
the "Lactation Computation Working Group" of the International Committee of Animal
Recording as representative of all breeds, regions, parities, ages at calving, and seasons of
calving, and other grouping effects.

A collection of approximately 40 basic mathematical functions from the literature
(Abramowitz and Stegun, 1965; Papajcsik and Bodero, 1988) were used to handcraft the
functions for the curves in Figure 13, 14, and 15. To reduce random noise, the ‘moving
average’ approach was used to smooth mean curves 1, 2, 3, 4, and 5; and variance curve 1.

This was achieved by defining the kernel estimator,

k(y—x) = =), 305
y—X) = exp ; 1,00y



55

~
~~
181 201

U S S

2 8 & 2 ©°

(6% proa
P A
. i b
ta
|
|
J P
\\ -
/ e
/
/
/ m
e
/..lv
—— e T N -
? 8 R 2 °
[ TN

Days

Daya postoartam

(Bx) oA

201

181

101

st

25

201

st

Days postparntum

Days posipartum

.

201

e —

101

AL}

s1

25

18

0

st

Days

Deys

N
301

3
/
/ -
/ re
/
/
/
/ -
/ e
y |
~
SO
3 g 2 °
(Bx) P
- .|J/||||J‘ g
N~ .
{
\ 3
)
3
‘ t &
N W

Dwys

Deys posipatum

D 4
o /
-/
)
\‘"
\\
/
|/
{
/.
N

—

0 = —— 4

301

101 181 201

s

15 201 28
Days postparu™

101

81

Oays pos:oartm

Figure 13. Lactation curves for daily yield.



56

N N w
o w o

[
w

vield (kg)

10

Yield (Kg)
N N w w
o w o (0]

-
w

-
o

Figure 14. Lactation curves for morning (AM) and evening (PM) yield.

50 100 150 200 250 300
Days PP
otal 12
0 50 100 150 200 250 300
Days PP




& & T

(D) s IvIvA

(3 4) w WM




57

Variance (kg)
Variance (kg)

1 51 101 151 201 251 301 1 51 101 151 201 251
Days postpartum ' Days postpartum

Vanance (kg)

Variance (kg)
8
+

1 51 101 151 201 251

+ + —+ +
1 51 101 151 201 251 301

Figure 15. Variance curves for mean daily yield during lactation.

The unifying integral for the convolution was
f(x) = [(y) k(y—x)dy
and
convolution = InverseFourier[Fourier(f(x)] Fourier[k(y-x)] ]
where f(y) is the raw data for the curve. All analyses were performed using Mathematica

(Wolfram, 1988).

6.4 Results and discussion.

The mathematical functions for the mean and variance curves were as follows:



M
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Mean curve 1:

fix) = 14.7819 (1 - Tanh[.008471 (x -150.656)]); x, 1, ..., 305;

Mean curve 2:

f(x)=10x"" Sech[.009x]; x=1....,305}

Mean curve 3:

{(x)=10x'" Sech[.009x]; x=1,...,305}

Mean curve 4:

f(x) y=10+24;% Sech[.006i); i=1,...,250, 1 £x<250
X)=
y=23-.06i —.001{%; i=6,...,60, 250<x <305

Mean curve 5:

" y=20+11;% Sech[.006i;,  i=1,...,250, 1<x<250
X)= .
y=26.8-.001{-.0lLoglily  i=6....,60, 250<x<305;

Mean curve 6:

f(x)=30+Exp|-.07x]-.02x —1.5Log[x]; x=1,...,305}

Mean curve 7:

f(x)=20+.3Expl.011x]+.007x'"*+ .9Logl.2x}; x=1,...,305

Mean curve 8:

f(x)=22.1539+.500083x —.00620379 x* +.00002581 56+ 3.68262%10 ° x*; x=1,...,305

Mean curve 9:

f(x)=15+.00019x+.00731 x*—.00009 x>+ 3.724* 10 'x*-5.1379% 10 °x’; x=1,...,305
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Mean curve 10:

y,=5+1Q5x> Secli.OO‘]]; i=17..,5Q
f(x)=y,= 263+.0002+.0053*-.0005’ +3.62¢1 0 7i* - 5.22810"}’;
y,=1008+13;* Secl{.OOQ];‘ i=244..,303

x=1,...,43

x=244...,303%
Mean curve 11:
Yam = 2.5 +9.30139 (1 - Tanh[0.007471 (-150.656 + x))); x=1,.., 305
Ypm = 2+ 7.61007(1 - Tanh[0.006162 (-130.546 + x)]); x=1, .., 305

Mean curve 12:

y,=8.8+11;% Sech[.006i), i=1,...,250; 1<x<250
Yor T y,=y, L —.001 .01 Loglil, i=6,...,60; 250<x<305

y=5+11i° Sech|.004i), i=1,...,250;  1<x<250
Yoo ) y.=y, _—.0013-.01Loglil, i=6,...,60; 250<x<305

Variance curve 1:

y=35-.2i+.4Llogli}; i=1,...,255, 1<x<255
f(x)= .001;

y=8.5+———; i=5,...,54, 255<x<305
Expl-1.9i]

Variance curve 2:
f(x)=100-.27x +.002 Log[. 02x}; x=1,...,305
Variance curve 3:

fix) = 44.6652; x=1,..., 305

Variance curve 4:

fix) =20 +.26x; x=1, ..., 305.

i’y 1=85..,283 x=44...243



60

Alternatively, the piecewise functions could have been fitted using: 1) polynomial cubic

splines with several knots (Mathews, 1987); 2) fourier series and trigonometric polynomials
(Mathews, 1987); 3) the bounded Riemann Zeta-function (Karatsuba and Voronin, 1992); 4)
simple differential equations (O'Neil, 1983) such as

dxz%iucidw

2 . .‘-. .
where a and 0" are parameters which could be modified as required.

Lactation curves for empirical studies can be obtained from these curves by the Monte-
Carlo approach of applying the variance curves to each mean curve. Figure 16A illustrates this
for mean curve 8 and variance curve 1. Daily yields can be generated by random sampling of
real values between the limits determined by the variance. Figure 16B shows 5 sample lacta-
tion curves generated by this approach. An individual lactation curve is shown in Figure 16C.
As expected, the curves are sensitive to the shape of the variance. Increasing the sample size
guarantees full representation of the variation in yield. Because these curves are comprised of
linear and nonlinear trajectories, no single function or mathematical model can be used to

generate all of them.

6.5 Conclusions

Mathematical functions for 12 mean curves and 4 variance curves for lactation yield in
dairy cattle were determined. These curves were representative of curves that are observable in
the various dairy cattle populations globally. The vastly different shapes can best be fitted by
mathematical functions such as those described. A method for generating a sample lactation
from these functions was established. This method generated lactation curves that were more
representative than those that could be generated from a single mathematical model that relies
on estimation of curve parameters such as those in Wood’s (1967) equation. These functions

also can be used as tools for instruction in dairy production courses.
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7. DESCRIPTION OF THE STANDARD LACTATION CURVES (SLAC)
PROJECT

7.1 Summary

The data files of standard lactation curves (SLAC) were generated. The SLAC consists of test-
day yields for a total of 1,126,080 lactation records representing five testing schemes, six patterns
of missing test-day yields, varying starting days of recording postpartum from 3600 sample lacta-
tions of various shapes of lactation curves. Collaborating Data Processing Centers (DPC) were
asked-to calculate the lactation totals of these lactations using their operating procedures. The
calculated lactation totals were sent back to Michigan State University (MSU) for analyses and
sumrarization.

A total of 40 parameter curves were designed by combining ten curves of different shapes for
mean daily yield in a lactation with four curves for variance of daily yield. For each of the 40
parameter curves, 90 sample curves were simulated to generate a total of 3,600 sample curves.
True lactation total yields of the sample curves were calculated and kept at MSU.

Four test schemes of Al, A4, A6, and A8 were applied to each of the sample curves. Only one
starting test-day postpartum was considered for the Al scheme, but four starting days were consid-
ered for the other three schemes. For each of the simulated curves under a specific test scheme with
a specified starting day postpartum, up to five patterns of missing test-day records were established.
The patterns in which missing records occurred at the end of a lactation were intended to simulate
incomplete lactations which will need to be “extended” in order to obtain 305-d yields. After
application of different test schemes with different starting days and patterns of missing test-days
on the 3600 sample curves, there are test records on a total of 136,800 lactations.

Mean daily AM yield curves and the corresponding mean PM yield curves were designed for
each of two mean daily total yield curves, and two variance curves. From a composite of simulated
AM and PM data, 90 sample curves on daily total yields were generated for each of the four
parameter curves to give a total of 360 sample curves. The AP/4 test scheme was applied to these

curves by taking monthly test records alternately from the AM and PM test results. After the
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application of the four starting test-days postpartum and the patterns of missing test day records,
there were AP/4 records on a total of 3,960 lactations. The total number of lactations was now
140,760.

Each simulated lactation was coded for one trait, one breed, one of two parities, and one of
four seasons of calving. Each cooperating DPC had to designate the codes to fit categories of its
choice before processing the SLAC data for total lactation yields. The DPC was asked to inform
MSU of its designations. For SLAC, we assumed that all codes (1x1x2x4=8 combinations)
would be designated, thus, each of the 140,760 lactations were repeated 8 times to give a total of
1,126,080 lactations.

The SLAC data file on 1,126,080 lactations was partitioned into five parts by test schemes
and was stored in a fixed format. Column positions and codes used for the files are described
and a printout of the first three records of each file are shown in Appendix C. The original 103
MB data file was packed into a size of 5 MB. Instructions for retrieving SLAC by DPC with FTP
service were provided. Transfer with IBM PC compatible floppy disks was a popular alternative
as most DPCs did not have FTP services.

Collaborating DPCs were asked to send the yield totals calculated from lactations in SLAC
back to MSU. The format and a sample printout of the first three records of each of the five
return files are shown in Appendix D. Alternative means for transfer/retrieval were also sug-

gested.

7.2 Design of lactation curves for daily total yield
A total of ten curves of different shapes for mean daily yield in a lactation and four curves for
variance of daily yield were designed. These curves are shown in Figure 13 and 15, respectively.
a) Combining each of ten mean curves with each of four variance curves gives a set of 10 x 4
= 40 curves (see illustration in Figure 16).
b) Mathematical functions were established for each of the 10 mean curves. Then for each of

the mean curves, 90 sample curves were simulated according to the assigned variance curve. A
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total of 3,600 curves was generated. For each of the curves, true lactation yield was calcu-

lated by accumulating daily yields. The true lactation yield data was kept at MSU for

analysis purposes. Note that the optimal size required to compute a significant difference

between mean biases at the 99% level was found to be 90.

c) For each of the simulated curves, four test schemes with different lengths of interval (Al,

A4, A6, and A8) were applied. Al stands for a 1 week interval between milk recording,

A4 stands for a 4 week interval recording, A6, stands for a 6 week interval between

recording, and A8 stands for an 8 week interval between recording.

Sfartiﬁg day of recordiné was 7d postpartum for Al scheme, while there were four (4)
different starting days, 7d, 14d, 21d, and 28d postpartum, applied to Al, A4, A6 schemes.
The number of test-day records for each of the combinations of test schemes by starting day is

shown in Table 4.

TABLE 4. Number of records in a complete lactation by scheme and starting

day for milk recording.
Sarting day
Scheme 7d pp 14d pp 21dpp  28dpp
Al 43 _ _ _
A4 11 11 11 10
A6 8 7 7 7
A8 6 6 6 5

d) For each of the simulated curves under a specific test scheme and starting day, up to
five (5) patterns of missing test-day records were established. They are shown in Table 5

below and a graphical representation is in Appendix B.
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The number of lactation curves before (not in parentheses) and after (in parentheses)

applying schemes, starting days, and missing patterns is shown in Table 6.

TABLE 5. Weceks in which data were missing by scheme and starting day of milk

recording.
Starting day
Scheme . 7d pp 14d pp 21d pp 28d pp
Al 1,...3 . _ _
6,....9
10, ..., 13
26, ..., 43
36, ..., 43
A4 9,..,13 6, .., 10 3 _
7
11,..,15
27,...43
35, ...,43
A6 13 _ 3 _
9
15
27, .., 39
33, ... 39
A8 9 _ 3 _
11
19
27, .., 43

35,..,43
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TABLE 6. Number of curves by scheme, starting day, and missing pattern

Starting day
Scheme ' dpp 14d pp 21d pp 28d pp Total
Al i 3600+3600x5)=21600 21600
A4 . 3600+(3600)=7200 3600+(3600)=7200  3600+(3600x5)=21600 3600 39600
A6 3600+(3600)=7200 ‘ 3600 4 3600+(3600x5)-21600 3600 36000
A8 3600+(3600)=7200 - 3600 3600H3600x5)=21600  3600+3600=7200 39600
Total 43200 ~ 14400 64800 14400 136800

7.3 Design of lactation curves for AM and PM yield
Mean daily AM yield curves and the corresponding mean daily PM yield curves were

designed for each of the two mean daily total yield curves. Two shapes of variance curves were

chosen. The two mean curves are shown in Figure 14 and the two variance curves are shown in

Figure 15 as curves 3 and 4.

a) Combining each of the yield curves with each of the two variance curves gave a set of 2

x 2 = 4 curves.

b) For each of 4 curves, a total of 90 sample curves were simulated for a total of 360

curves. For each of the simulated curves, true daily yield was calculated by summing the

corresponding AM and PM daily yields, and true lactation yield was calculated by summing

the true daily yields.

c) For each of the simulated AM/PM curves, the AP/4 test scheme was applied by taking

the yield on AM curve at week 1,9, 17, 25, 33, and 41 and the yield on the PM curve at

week 5, 13, 21, 29, and 37 (see illustration in Appendix A).

Also applied were four starting days of recording 7d, 14d, 21d, and 28d postpartum.
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For each simulated curve, patterns of missing records were established in a manner similar

to that for A4. The total number of curves for AP/4 is shown in Table 7.:

TABLE 7. Number of curves for AP/4 by starting day and missing pattern.

Starting day
. Scheme 7d pp 14d pp 21d pp 28d pp Total
AP/4 360+360=720 360+360=720 - 360+(360x5)-2160 360 3960

The total number of AP/4 lactation curves was 3,960 and the combined total number of

lactation curves for both daily total yield and AP/4 was (1 36,800+3,960)=140,760.

7.4 Designation of trait/breed/parity/calving season categories

Each simulated lactation included a trait designation, a breed designation, and designa-
tions for parity and calving season categories. Each of the Data Processing Centers needs to
fit their designation codes to the codes described below and, in the process, to choose the
specific categories in order to capture the most popular categories. In every case, the Data
Processing Center was required to inform MSU of the category definition of the chosen
designation codes.

Designation codes were required for the following categories:

(1) Trait: Only “1” for milk yield;

(2) Breed: Only“1” for one cattle breed. We suggested that the breed be Holstein/

Friesian, which was the case for Italy and Canada for example. For Norway, the breed

could be Norwegian cattle. For Switzerland, the breed could be either Simmental, Brown

or Holstein;

(3) Parity: Up to two categories. Code “1” denoted either first parity or all parities, while
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code “2” denoted either second or second plus later parities. For U.S.A., for example,
“1” was for the first parity and “2” for second plus later parities. If the algorithm of a
Data Processing Center did not distinguish between parities, the DPC used “1” to denote
all parities.

(4) Season: For season of calving, up to four categories. For US, “1” denoted Decem-
ber through February, “2” was for March through May, “3” June through August, and
“4” represented September through November. Ifa Data Processing Center considered
only two calving seasons, for example, the designation would be either “1” or “2” only.
The purposes of such designations were:

(1) To ensure that the record format contains basic information necessary for inputting
the data into the algorithm/program for calculating total yields at a Data Processing
Center, and

(2) To suggest specific categories and a specific number of categories in order for a Data

Processing Center to choose specific algorithm/programs for those specific categories.

(3) To achieve a reasonable degree of standardization, because of the great variety of

category designations among Data Processing Centers. The number of categories for each

designation was kept at a minimum in order to keep the data size manageable.

[t was assumed that the maximum number of the above categories (1,2,3, and 4) would be
chosen. Thus each of the 140,760 curves was repeated 8 (1x1x2x4=8) times. The total number

of curves was therefore 1,126,080. The combinations of categories are shown in Table 8.
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TABLE 8. Combinations of fixed effects for calculating lactation torals.

Combination code

({,...8) Lactation (1,2) Breed (1) Trait (1) Season (1,...,4)
1 1 1 1 1
2 1 1 1 2
3 1 1 : 1 3
4 1 1 1 4
5 2 1 1 1
6 2 1 1 2
7 2 1 1 3
8 2 1 1 4

7.5 Data files of standard lactation curves (SLAC)
The 1,126,080 curves made up the SLAC. The data were stored in a fixed format. The

record format in SLAC was:
Mean curve No.; Variance curve No.; Replicate No.; Scheme; Starting day; Missing
pattern; Combination code for fixed effects; Days PP; Test-day yield.
The SLAC was partitioned into five (5) parts by test schemes. An exact description of
column positions and codes used for the files and a printout of the first 3 records of each file

are shown in Appendix C.

This SLAC was made available in one of the following two ways to the Data Processing
Center (DPC) of each of the ICAR member which agreed to collaborate:
Choice 1: DPC's with FTP service could retrieve SLAC via Guest FTP to 35.8.124.45
(Guest login password was: slac ). Files could be transferred from the sub-directory

\pub\slac\outgoing. All files were stored in an archived format. Instructions for transfer/
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retrieval of the archived files were contained in the file \pub\slac\outgoing\readme. I'st and

are included herein as Appendix E.2. Problems with file transfer were addressed to

saama@ msu.edu.

Choice 2: DPC's without FTP services could receive SLAC on IBM PC compatible

1.44MB 3'4” or 1.2MB 5%” disk media with installation instructions included herein as

Appendix E.1.

7.6 Data files of calculated lactation totals to be returned to MSU

These calculated lactation totals by the DPC will be sent to Michigan State University in

the corresponding five (5) parts by test scheme with the format below:

Type
Numeric
Numeric
Numeric
Numeric
Numeric
PP)

Numeric

Numeric

Numeric

Length

2
1
3
1
1

1
1

5

Position

12
3
46
7
89

10
11

12-16

Description
Mean curve No. (1, ..., 10)
Variance curve No. (1, ...,4)
Replicate No. (1, ...,120)
Scheme (1=Al, 2=A4, 3=A6, 4=A8, 5= AP/4)
Starting day (7=7d PP, 14=14d PP, 21=21d PP, 28=28d

Missing pattern (O=none, 1=early lactation, 2-early peak,
3=late peak, 4-=late, 5=tail end)

Combination code for levels of fixed effects

(1 => Lactation=1, breed=1, trait=1, season=1;
2 => Lactation=1, breed=1, trait=1, season=2;
3 => Lactation=1, breed=1, trait=1, season=3;
4 => Lactation=1, breed=1, trait=1, season=4;
5 => Lactation=2, breed=1, trait=1, season=1;
6 => Lactation=2, breed~=1, trait=1, season=2;
7 => Lactation=2, breed=1, trait=1, season=3;
8 => Lactation=2, breed=1, trait=1, season=4)
Total yield (kg) in Integer format.

The data could be returned to MSU using only one of the following methods:

Choice 1: Guest FTP to 35.8.124.45 (Guest login password was: slac ). Files could be placed
in the sub-directory \pub\slac\incoming. A description of the files transmitted was required.
After transmission, DPC’s were asked to send an E-mail message to saama@msu.edu. The E-
mail message had to include data source and a list of the files transmitted ro MSU.
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Choice 2: IBM PC compatible 1.44MB 3'2” or 1.2MB 5%” disk (Provide disk catalog).
Choice 3: ASCII or EBCDIC tape (Provide tape catalog).

A sample printout of the first 3 records of the files for the corresponding 5 parts is shown in
Appendix F. Note that the total yield shown for each record in the sample printouts is solely

for the purpose of illustration.

1.7 Participating data records processing centers

A request for participation in the SLAC project was solicited by the Secretary Generalof
ICAR. A respose was received at MSU from Australia, [taly, the Netherlands, New Zealand,
USA, Denmark, Jersey (England & Wales), France, Switzerland, Germany, Austria, and
Mexico. Subsequently, the SLAC was sent to each of these countries. Results for the test-

interval method were computed at MSU'.

7.8 Data files for computed lactation totals returned to MSU

Data files of computed lactation totals were returned from USA, Netherlands, Denmark,
Italy, and France. As a result of in-house changes in the method for computing lactation
totals, Germany, New Zealand, and Australia decided against computing or returning dara
files. These radical changes were not atypical of the DPC’s but some may have been motivated
by preliminary SLAC results presented to the working group on “Lactation computation and

related matters” at the 29th session of the ICAR General Assemby meetings in Ottawa,



8. COMPARISONS OF DIFFERENT METHODS OF ESTIMATING 305-D MILK
YIELD

8.1 Abstract

In order to evaluate the relative accuracy of methods for calculating total yield in a lactation, a
data set of standard lactation curves was generateci. Standard lactation‘curves were designed.
Replicates by simulation, test scBemes, missiﬁg data patterns and starting day of recording were
empirically imposed on each sample standard curve. Separately, morning and evening lactation
curves were designed for an altefnating testing scheme. The total number of sample test-day
records was 1,126,080. A total of six methods for calculating lactation totals from test-d yields
were compared. They were methods of centering date ignoring missing test-day data, test interval
without adjustment factors but correction for missing data, test interval without adjustment
factors and no correction for missing data, test interval with adjustment factors, interpolation
with standard curves, and multiple-trait projection. The differences between actual and calcu-
lated lactation yields were analyzed within each method by fixed classification models. Factor
analysis using the squared multiple correlations of the methods as priors was conducted. Main
effects of method, scheme, patterns of missing yields, and starting day of recording postpartum
and two way interactions between scheme and shape of lactation curve, interactions between
scheme and starting day of recording and, interactions between scheme and pattern of missing
test-day records were significant (P <.0001). When no yields were missing, the overall predic-
tion bias for all methods was generally small. Within shape of lactation curve, variability in the
accuracy of the methods was evident. With missing test-day records and varying starting days of

recording, some methods had smaller bias than others.

8.2 Introduction

Test-day records in a lactation are the basic unit of information on a cow’s production for
management decisions and genetic evaluation. Lactation totals are calculated from information
collected on test-days. The test-day yields are most commonly recorded at monthly intervals,

which are then used to estimate a cow’s lactation yield over a standard lactation period, and the
y p
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convention is to use 305 days. Some of the officially approved testing schemes by the Inter-
national Committee of Animal Recording (ICAR) are A4, A6, and A8 where the A denotes
testing schemes in which data collection, handling, and transferring is done by authorized
technicians at 4, 6, and 8 wk intervals.

To cﬂculate 305-d yield, typically, a continuous lactation curve is simulated by linear
interpolation between test-d records. This approach is weakened by non-linearity in the shape
of the lactation curve at the beginning, peak, and end of lactation. To account for this weak-
ness, various methods have been developed (Wood, 1972; Schaeffer et al., 1977; Grossman
etal., 1986; Shook et al., 1980; Wilmink, 1987).

The projection of incomplete lactations to 305 d also provides useful information for both
management and genetic evaluation. Factors have been estimated that can be used to extend
partial lactation records (Batra and Lee, 1985; Keown et al., 1986; Wiggans and Van Vleck,
1979; Wiggans, 1981; Wiggans, 1986). Most of these factors were estimated from empirical
relationships between cumulative and last test-d yields and lactations from animals with
complete lactation records (Shook et al., 1980, Palmer et al., 1994), but some used factors
calculated from lactation curves (Schaeffer et al., 1977; Wilmink, 1987).

Different methods for computing lactation totals are being used in different regions and
countries. These methods are at various levels of sophistication and produce estimates of
lactation totals with different degrees of precision and accuracy. With the increased need for
pooling data bases and the tremendous growth in the exchange of germplasm between
countries, a set of standard methods is needed. Such methods must be flexible enough to
suit different shapes of lactation curves due to breed and management differences, different
intervals of sampling and different rules of screening records in different schemes, different
patterns of missing test-day records, different starting days of milk recording, and different
production traits. To evaluate, summarize, and compare the precision and accuracy of current
methods, a “Lactation Computation” working group, consisting of 12 member countries, was

established by ICAR. This study was commissioned by I[CAR to establish the relative preci-
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sion and accuracy of methods for computing 305-d lactation yields. Twelve countries partici-

pated in the computation of lactation totals.

8.3 Materials and methods

A test-day data set on standard lactation curves (SLAC) was generated.

8.3.1 Design of SLAC

A total of 40 parameter curves were designed for 10 curves of different shapes for mean
daily yield in a lactation by 4 curves describing variance of daily yield throughout a lactation.
For each of the parameter curves, 90 sample curves were simulated to generate a total of 3,600
sample curves. True lactation yield of the sample curves were calculated. Four test schemes of
Al, A4, A6, and A8 were applied to each of the sample curves. Only one starting day postpar-
tum (7 d) was considered for scheme Al, but four starting days (7, 14, 21, and 28 d) were
considered for the other three schemes. For each of the simulated curves under a specific test
scheme with a specified starting day postpartum, up to six patterns of missing test-d yields
(none, early, early peak, late peak, late, and tail-end of lactation) were established. After applica-
tion of different test schemes with different starting days and patterns of missing test-d yields
on the 3600 sample curves, there were test-d records on a total of 136,800 lactations.

Mean daily morning and the corresponding evening yield curves were designed for each of
two mean daily total yield curves, for each of which two variance curves were designed. Again,
90 sample curves were generated for each of the four parameter curves to give a total of 360
sample curves. An AP/4 test scheme was then applied to these curves by taking alternate
morning and evening test-day yields from one month to the next. After the application of the
four starting test-days postpartum and patterns of missing test-day records, there were AP/4
records on a total of 3,960 lactations. The combined total number of lactations was now
140,760.

Each simulated lactation was coded for one trait, one breed, one of two parities, and one of
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four seasons of calving to accommodate the application of different methods for calculating
lactation totals. Thus, each of 140,760 lactations was duplicated 8 times to give a total of

1,126,080 lactations. The SLAC curves were simulated using Mathematica (Wolfram, 1988).

8.3.2 Methods for calculating 305-d lactation yield

Six methods were compared:
1) Test interval method (TIM-Al: Wiggans, 1985; Wiggans and Dickinson, 1985) with
prediction of missing test-day yields and 305-d projections using adjustment factors for parity,
and season effeds. No lactation totals were computed for lactations in scheme A6 and A8,
and missing pattern of ‘late lactation’;
2) Linear interpolation using standard curves (ISC: Wilmink, 1987; Mimeo from Wilmink
and Ouweltjes, March 1991, NAS-report, 91-0355/WQO/CA, Netherlands Royal Syndicate,
AL Arhem) with prediction of missing test-day yields and 305-d projections using standard
yield curves;

3) Centering date method (CDM: Letter from O. K. Hansen, Danish Agric. Adv. Centre,
Aarhus on 9/7/94) with no prediction of missing test-day yields but 305-d projections using
adjustment factors for parity, and season effects. No lactation totals were computed for
scheme AP/4;

4) Test interval method (TIM-U1: Appendix A of Int. Comm. of Anim. Recording Agree-
ment) with an estimate for a single missing test-d yield and 305-d projections for lactations that
were at least 300d but with no adjustments for parity or season effects. Interval credits for
scheme AP/4 were calculated after doubling the sample test-d yields;

5) Test interval method (TIM-U2: Letter from Nicole Bouloc, Institut de I’elevage, Paris,
France, on 11/8/94) with no adjustments for parity and season effects and no corrections for
missing test-d yield. Interval credits for the last interval computed as,

((Test-d yield + previous yield)/2 x interval length) + (test-d yield x ¢)
where ¢ = 14 for schemes Al, A4, AP/4, and A6 or c = 28 for scheme A8. No lactation torals
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were computed for incomplete lactations;

6) Multiple trait projection (MTP: Trus and Buttazzoni, 1991; Mimeo from D. Trus, Ottawa,
Canada, on 8/15/94) method with prediction of missing test-day yields and 305-d projections
using expectations of parity and season sub-class means, and error estimates from the residual

covariances among intervals (1 5). Lactation totals were computed for only schemes A4 and

Ab.

8.3.3 Statistical analyses

Bias in calculated lactation total yield from each of the above methods was expressed as
bias = (acrual yield - estimared yield).

Thus, a positive mean bias was synonymous with overestimation while negative bias was
indicative of underestimation.

For purposes of analysis, biases were stratified into three data sets in a manner that was
consistent with the SLAC design:
1) Data set A - For general inferences about the methods, biases from lactation records with
starting d of 7 d postpartum and no missing test-d yields were used.

Using data set A, crude means for bias were computed within each test scheme. Within
shape of mean curve, sources of variation in bias were analyzed by the following linear models:

Y imn = H TS+ M+ Vit Py + Tap+ MV +SM, + SV +SPur+ STomip + €ktann (La]
where Y i is bias (kg); p is a constant common to all observations; g is the fixed effect of
scheme i with i=1, 2, ..., 4, with 1 = Al, 2 = A4, 3 = A6, 4 = AS; M, is fixed effect of method
jwithj=1,2,.., 6 V, s fixed effect of variance curve k with k = 1, 2, 3, 4; p, is the fixed
effect of parity l with 1 = 1, ..., 4 with 1 = first, 2 = second, 3 = second and later, 4 = not used;

T, is the fixed effect of season of calving m with m = 1, ..., 7 with 1 = December to Febru-

ary, 2 = December to January, 3 = March to May, 4 = April to May, 5 = June to August, 6 =

September to November, 7 = not used; Pijand To, are nested eficcts and
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MV, SMy» SVi» SPuiys ST are interaction effects between the respective factors; €,umn
is the random residual error distributed as N(O, lcf) , where g was assumed to be homoge-
neous across all groups and zero covariances between groups. All other interactions were
assumed to be negligible.

Ydeon =M M+ Vit P+ Tapp t MV + € i [2a]
where Y i is bias (kg) for scheme AP/4; all terms are as defined in [1a].
2) Data set B - For inferences regarding missing test-d yields, biases from all lactation records
for scheme Al, but only lactations with postpartum starting d of 21d for schemes A4, A6, A8,
and AP/4. Within each shape of mean curve, sources of variation in bias were analyzed by the

following linear models:

yl)qug = p’ +S| + MJ+ Vk + Pl(])+ Tm(ﬂ+ Fq + MVJk + SM|,+ SP||(1)+ STI"\(]) [l bl
+ Squ + €ikdmqr

where . is bias (kg); F, is fixed effect of pattern of missing test-d yield, q = 1, 2, ..., 6,

ikdmas
with 1 = None, 2 = early lactation, 3 = early peak, 4 = late peak, 5 = late lactation, 6 = tail end;
SF,is an interaction effect between the respective factors. All other terms are as defined in
[1a).

Yidmge =M T M+ Vit Pl Tap t Fg ¥ MV + € e [2b)
where Y i is bias (kg) for scheme AP/4. All other terms are as defined in [2a].
3) Data set C - For inferences about starting day postpartum of recording, biases from lacta-

tion records for schemes A4, A6, A8, and AP/4 with no missing test-d yields were used.

Within each method, sources of variation in bias were analyzed by the following linear mod-

els:
Yoimno = H T Sit M+ Vi + Py + Tapt Dot MV +SM, + 8Py + STimip
+SDin + E o [1e]
where Y e is bias (kg); D, is fixed effect of starting day postpartum, n=1, 2, 3,4 with 1 =

7d,2 =144, 3= 21d, 4 - 28d postpartum; gy is an interaction etfecr berween the respective
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factors. All other terms are as defined in [1a].

Y dmno = H ¥ M+ Vi +Pip+ Tap + Da + MV ikt €10 [2¢]
where Y bt is bias (kg) for scheme AP/4. All other terms as defined in [3a].

To further delineate between the methods, principal factor analysis (Harman, 1960) using
squared multiple correlations for the prior communality estimates was conducted across and
within the schemes. Kaiser's measure of sainpling adequacy (MSA) is a summary, for each
variable and for all variables, of how much smaller the partial correlations are than the simple
correlations (Cerny and Kaiser, 1977). Kaiser's MSA was computed (Cerny and Kaiser, 1977);
values of .8 and .9 were considered very good, while MSA below .5 suggested sampling
inadequacy. Orthogonal varimax prerotation (Harman, 1960) followed by oblique Procrustean
rotation (Hendrickson and White, 1964) of the initial factor matrix was carried out. Harris-
Kaiser's rotation (Harris and Kaiser, 1964) with Cureton-Mulaik weights (Cureton and

Mulaik, 1975) was used to obtain an independent cluster oblique solution to the simple

structure of the factors. All statistical analyses were conducted using SAS (SAS, 1992).

8.4 Results and discussion
8.4.1 Biases of different methods associated with test schemes on daily yield

The crude mean, standard deviation, standard error, mean : standard deviation, and
coefficient of variation of bias by method of estimating lactation totals and schemes Al and
A4 are shown in Table 9 while data for schemes A6 and A8 are summarized in Table 10. For
all methods, the mean bias did not increase with decreased sampling frequency. However, the
standard deviation and standard error was higher under scheme A8 when compared with
scheme Al (P < .0001). The magnitude of mean : standard deviation followed the sampling
frequency and was a reliable measure for ranking methods within each test scheme. The mean
for TIM-Al under schemes A4 and A8 was similar but larger than that under scheme Al; the

mean under scheme A6 was smallest (P < .0001). The mean bias for ISC and TIM-U2
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increased with decreased sampling frequency. However, the mean bias for TIM-U2 was
smaller under scheme A8. The MTP method also showed an increase in the mean under
scheme A6 when compared with scheme A4 (P < .0001). The mean for TIM-U1 under
schemes Al and A4 were close but increased under schemes A6 and A8. This reduced

accuracy was attributed to the increase in the interval between recording.

TABLE 9. Mean, standard deviation, standard error, cogfﬁcient of variation, and mean : standard deviation of
bias by method of estimating lactation totals and schemes Al and A4.

Scheme
Al A4

Method X sD X/sSD SE (Y X SD X/SD SE Cv

S (<) (k) % k9 __ (kg %
TIM-Al 53.4 29.2 18 2 54.7 120.5 61.6 2.0 4 51.1
ISC -8.8 28.1 -3 .1 3195 11.5 61.9 .2 3 5358
CDM -10.1 28.2 -4 2 2794 8.7 61.4 .1 4 706.2
TIM-U1 -10.1 28.2 -4 2 2794 8.7 614 .1 4 706.2
MTP 436 1208 4 7 2772
TIM-U2 293 67.9 -4 2 2314 309 1409 .2 .3 4553

CDM = Centering date method, ISC = interpolation with standard curves, MTP = multiple trait projection,
TIM-A1 = test interval method, TIM-U1 = TIM without adjustments for fixed effects, and TIM-U1 = TIM

without adjustments for fixed effects and no corrections for missing test-d yield.



80

TABLE 10. Mean, standard deviation, standard error, coefficient of variation, and mean : standard deviation of
bias by method of estimating lactation totals and schemes A6 and A8.

Scheme
A6 A8

Method X SD X/sD SE Ccv X SD  X/sD SE cv

(ke (kg % (ke ___ (kg) %
TIM 32.5 839 4 .5 2582 614 1125 5 7 1831
ISC 63.9 87.8 Wi 4 1376 89.2 1209 i 5 1355
CDM - 70.9 87.2 8 S50 1231 1064 1206 9 a1 1134
TIM-U1 709 87.2 8 S0 1231 1064 1206 9 7 1134
MTP 638 115.0 .6 7 180.0
TIM-U2 259.0 2064 1.3 4 79.7 178.1 282.2 .6 6 158.5

CDM = Centering date method, ISC = interpolation with standard curves, MTP = multiple trait projection, TIM-
Al = test interval method, TIM-U1 = TIM without adjustments for fixed effects, and TIM-U1 = TIM without
adjustments for fixed effects and no corrections for missing test-d yield.

The CDM and TIM-U1 gave equivalent results because, within scheme, the interval
between recording was fixed. Agreement between the centering date and test interval methods
was also observed by Sargent et al. (1968). The increase in standard error with length of testing
interval is comparable with the results of Erb et al. (1952) and Anderson et al. (1989). The
considerably high coefficient of variation signified that the prediction error was due to numer-

ous factors and that further partitioning of the mean bias was necessary.

8.4.1.1 All rest-day records available
Within method, from model [1a], main effects and interactions between scheme and shape of
mean curve were significant (P < .0001). In this and subsequent analyses, the main effect of

variance curve was not significant (P > .1). The fixed effects of parity and season of calving

were assigned to lactation curves in order to: 1) accomodate computing algorithms for the
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various methods; 2) facilitate computation of lactation totals. The bias introduced by these
effects was removed by consideration of these effects in the linear models.

The least squares mean bias by method, scheme and shape of mean curve is shown in
Figure 17. From this and other models, standard errors of least squares means ranged from
.1 to .85 kg. Hence, least squares means that were not within 2 standard érrors of each other
were considered to be significantly different (P < .0001). Observe that, in this and all charts
showing adjusted mean bias, scales for plots vary from scheme to scheme. Under scheme Al,
all methods, with the exception of TIM-Al, tended to overestimate lactation yields for all
shapes of the lactation curve with the exception of shapes 6 and 7. Estimation of lactation
yields by TIM-Al had the lowest bias for shape 1. In comparison with other methods, TIM-
Al had the largest absolute bias for all shapes except shape 1. The CDM, TIM-U1, and TIM-
U2 performed best for shape 6 and 7 while the ISC approach gave the lowest bias for shape
1.

The results for scheme A4 indicate a tendency towards underestimation by all methods for
most of the shapes except the MTP method which overestimated yields for shapes 2, 8, and 9.
The ISC, CDM, and TIM-U1 tended to overestimate yields for shape 9. The MTP, TIM-Al,
and TIM-U2 gave equivalent results for shapes 3 and 10. The MTP approach did best for
shapes 1 and 4 but was not accurate for shape 7. The ISC, CDM, and TIM-U1 were similar
and gave consistently lower biases across all shapes.

A remarkable improvement in TIM-Al, relative to other methods, was observed from
scheme A4 to A6. The bias for TIM-Al was relatively low as compared to the other methods.
All methods tended to underestimate yields for all shapes except shapes 6 and 7. The ISC,
CDM, TIM-U1, and TIM-U2 were similar. Similar relationships between the methods were
observed for scheme A8 which was in agreement with the crude statistics in Table 10 where
the biases were much larger for scheme A8. The TIM-Al had relatively lower absolute bias

than all other methods.
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Figure 17. Least squares mean bias by method, shape of lactation curve and test scheme Al,
A4, A6, and AS8.

The total variation in the TIM, ISC, CDM, TIM-Ul, and TIM-U2 was explained by at
least two factors. Plots of the reference structure of the predominant factors for the methods
within test schemes Al, A4, A6, and A8 are shown in Figure 18. A distance of 5mm was used
as a measure of close proximity between methods. Methods within 3mm of each other were
considered to have formed a cluster. The ISC and TIM-Al formed a cluster which was close
to CDM, TIM-Ul, and TIM-U2 under scheme Al. However, ISC, TIM-Al, CDM, and
TIM-Ul formed a cluster which was close to TIM-U2 but distant from MTP under scheme
A4. For schemes A6, CDM, ISC, TIM-UI and TIM-U2 clustered together and were close to
TIM-Al. The MTP and TIM-Al were close. Therefore estimation of lactation yields by CDM,
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ISC, TIM-U1, and TIM-U2 was expected to give results that were similar and close to those
given by TIM-ALl for scheme A6. The data for scheme A8 showed a similar relationship
between the methods. However, TIM-Al was isolated from the other methods. The MSA’s
ranged between .67 and .91 implying that the data were suitable for the factor analysis. Results
from factor analysis were in agreement with those from the linear model analysis. Although,
the data were inadequate for factor analysis within scheme and shape of mean curves, this

analysis added strength to interpretations by considering the (covariance structure of methods.
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Figure 18. Reference structure for weighted Harris-Kaiser rotation of factors for test scheme
A4 and test scheme A6. Procrustean rotation of factors for scheme A8.

Within method, from model [1b], the main effects and interactions between schemes
and patterns of missing test-d records were significant (P < .0001). The least squares mean
bias by method, scheme, and pattern of missing test-d records is shown in Figure 19. When

all records were available, all methods were accurate under the different recording schemes
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except TIM-Al, TIM-U1 and TIM-U2 in scheme A6. This reduced accuracy was attributed to
a possible starting day by scheme interaction. For scheme Al, the accuracy of the ISC method
was consistently high for all patterns of missingi data. The data for TIM-Al were comparable
to ISC expect when records were missing towards the later part of lactation. Therefore, the
ISC method was more accurate than TIM-Al for the incomplete lactations. Biases for CDM
were large when records were missing in all but the late lactation and tail end stages of lacta-
tion. The TIM-U1 was not accurate in all patterns and grossly underestimated lactation yields
for incomplete lactations. The TIM-U2 was comparable to ISC when records were missing
Juring early and peak lactation. |

As the sampling frequency decreased from Al to A8, biases increased but the relative
accuracy between methods remained essentially the same. Biases in CDM and TIM-Ul
became very exaggerated. The MTP method was relative more accurate than TIM-Al when
test-d records were missing during lactation but was comparable to ISC for incomplete lacta-
tions in schemes A4 and A6. The TIM-U2 had lower biases than TIM-UL1. Biases for TIM-
U1 were low when test-d records were missing during early peak under scheme A4 and A8,
and during late peak lactation under scheme A8. This implied that estimating missing yields
using the average of the previous and next test-day yield improved the accuracy of TIM-U1 in

schemes A4 and AS8.



85

A4 ’L Nethod:
@TM-AI CISC BEICOM DOTIM-U1 EEMTP COITIM-U2

L'S Mean (kg)
IR

i . 4 A e
None Sty (Gasty poakc Late poas Lo Tad eng

Pattern of missing data
f Niethod: A8 Method:
A6 IC3TIM-A1 TSISC SBCOM TIMU1 EBMTP C3TIM | 2500 LTMA1 CISC SCOM CITMUT ETIMU2
m P— S ————————— i —— : . N N

1
‘ .

None Eanty Eary poan Late pesk Lo Tab ons
Pattern of mussing data

Figure 19. Least squares mean bias by method, pattern of missing test-d records and test
scheme Al, scheme A4, scheme A6, and scheme A8.

Plots of the reference structure of the important factors for methods by scheme, for
lactations with missing test-d records, are shown in Figure 20. Under scheme Al, all the
methods, except ISC and TIM-U2 were apart from each other. The furthest distance was
between CDM and TIM-Al. The plot for scheme A4 showed that TIM-Al was close to both
MTP and ISC; ISC was close to TIM-Al and TIM-U2; TIM-U2 was distant from MTP. For
scheme A6, the TIM-Al, MTP, and TIM-U2 methods formed a cluster that was close in
proximity to ISC. The CDM and TIM-U1 were distant from this cluster. Therefore, these
methods were not expected to yield equivalent results under schemes A6 and A8. The MSA’s

ranged between .6 for scheme A8 and .9 for schemes A4 and A6. Hence, the data for scheme

A8 were suitable for the factor analysis.
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Figure 20. Reference structure for weighted Harris-Kaiser rotation of factors for test scheme

Al, scheme A4, scheme A6, and scheme AS8.

8.4.1.3 Starting day of recording postpartum
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Within method, from model [1¢], the main effects and interactions between schemes and

starting day of recording were significant (P < .0001). The least squares mean bias by method,

scheme and starting day of recording is shown in Figure 21. For scherhe A4, all methods

performed well. The ISC, CDM, and TIM-U2 showed an increase in overestimation as the
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duration to the starting day for recording was increased from 7 d to 28 d postpartum. Biases
for CDM and TIM-UI had oppésite signs and also were largest when the starting day of
recording was 28 d postpartum. Erb et al. (1952) also found that the day of the initial super-
vised test influenced the accuracy of lactation records.

The data for scheme A6 show similar trends for ISC and CDM. Biases for TIM-Al and
TIM-U1 were large for all starting days except for 7; biases for TIM-Al were much smaller.
The accuracy of TIM-U2 improved as the duration to the initial test-d increased from 14 d to
28 d. The bias for MTP was small and relatively stable but decreased when the starting day of
recording was 28 d postpartum.

For scheme A8, all methods performed well for all starting days except for 28 d postpar-
tum where biases for TIM-Al, TIM-U1, and TIM-U2 increased with the latter grossly under-

estimating lactation yields.
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Figure 21. Least squares mean bias by method, starting day of recording and scheme A4,
scheme A6, and scheme AS8.
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Figure 22. Reference structure for weighted Harris-Kaiser rotation of factors for test scheme

A4, scheme A6, scheme AS8.

Plots of the reference structure of the important factors for methods by scheme, when
starting days of recording were allowed to vary, are shown in Figure 22. Under scheme A4,
the CDM and ISC formed a cluster that was close to TIM-Al; TIM-Al was close to TIM-U2.
All other methods were isolated. The plot for scheme A6 showed a cluster between CDM,
ISC, TIM-U1, and TIM-U2 which was distant from MTP and TIM-Al. For scheme A8, the
cluster was between CDM, ISC, TIM-U1, and TIM-U2; TIM-Al was close TIM-Ul. The
MSA'’s ranged between .5 for scheme A8, and .8 for schemes A4 and A6. Therefore, the data

for scheme A8 were marginally suitable for the factor analysis.
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8.4.2 Biases of different methods associated with the AP/4 test scheme

The crude mean, standard deviation, standard error, coefficient of variation, and mean :
standard deviation of bias by method of estimating lactation totals for scheme AP/4 are shown
in Table 11. The ISC method had the smallest bias while TIM-A1 had the largest bias but all
biases and mean : standard deviaﬁon were much larger than those for scheme A4 shown in
Table 9. However, the coefficient of variation for TIM-Al was relatively low. The variance for
TIM-U1 was small as compared to other methods. The mean : standard deviation were
smallest for ISC and TIM-U2. Standard errors were similar but larger than those for other

testing schemes shown in Table 9 and 10.

TABLE 11. Mean, standard deviation, standard error, coefficient of
variation, mean : standard deviation of bias by method of estimating
lactation totals and schemes AP/4.

Method X SD X/SD SE CV
(ke (ke) %
TIM 222.1 87.1 2.5 1.6 39.2
ISC 25.0 86.1 3 1.6 344.4
TIM-UL 34.9 9.5 3.7 1.7 256.3
TIM-U2 42.4 196.3 2 1.2 463.2

ISC = Interpolation with standard curves, TIM-Al = test interval method,
TIM-U1 = TIM without adjustments for fixed effects, and TIM-Ul = TIM
without adjustments for fixed effects and no corrections for missing test-d
yield.

8.4.2.1 All test-day records available
From model [2a], the effect of shape of mean curve was significant (P < .0001). Least

squares mean bias by method and shape of mean curves is shown in Figure 23A. The biases
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for TIM-Al, ISC, and TIM-U2 were invariant to the shapes of the underlying lactation

curves. However, TIM-U1 had a larger bias under shape 11. This difference was attributed to

more variability around peak and postpeak yields for shape 11.
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Figure 23. Least squares mean bias by scheme AP/4, method, and shape of lactation curve
(A), pattern of missing test-d records (B), and starting day of recording (C).

A plot for the reference structure of the first two factors is shown in Figure 24A. The ISC

clustered with TIM-U2 while TIM-Al was close to TIM-U1. The overall MSA was .8 which

suggested that the data were suitable for factor analysis.
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Figure 24. Reference structure for weighted Harris-Kaiser rotation of factors for scheme AP/
4 and method for lactations with no missing data(A), lactations with missing data (B), and
lactations with varying starting day of recording (C).

8.4.2.2 Missing test-day records

From model [2b], the effect of missing test-d records was significant (P < .0001). Least

squares mean bias by method and pattern of missing test-d records is shown in Figure 23B.
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Figure 25. Least squares mean bias by method, data set, and shape of mean curve for scheme
Al.

Contrary to the data for scheme A4, the ISC method had considerably large biases for
incomplete lactations. The bias for TIM-Al was largest when test-d yields were missing at the
tail end of lactations. The largest biases for TIM-U1 occurred when data were missing early
and peak periods of a lactation. During those periods, the performance of TIM-U1 was
inferior to TIM-Al and ISC. For incomplete lactations, the performance of TIM-Ul was
comparable to TIM. The accuracy of TIM-U2 was highest when test-d yields were missing in
early lactation but was lowest when data were missing during early peak lactation.

A plot of the reference structure for the important factors is shown in Figure 24B. This
plot depicted close proximity between ISC and TIM-U2. All other methods were distant. The

overall MSA was .65 which implied that the data were well-suited for factor analysis.
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From model [2¢], the effect of starting day of recording was significant (P < .0001). Least

squares mean bias by method and starting day of recording is shown in Figure 23C. Biases
for TIM-Al were large when the starting day of recording was 7d but appeared to decline as
the starting day occurred later in lactation.

A plot of the reference structure for the important factors is shown in Figure 24C. The
TIM-Al and TIM-U2 were close to each other. All other methods were distant from each
other indicating a lack of equivalence between them. The overall MSA of .7 implied that these

data were marginally favorable for the factor analysis.

8.4.3 Validation of sampling design

To examine if the performance of methods was caused by the sampling design of SLAC, a
different data set (SLAC 2) was created as defined in §8.3.1. However, values for the variance
curves used in creating SLAC 2 were twice those shown in Figure 15. Thus, test-day yields for
lactations had more day to day variation. The ISC method was used to compute lactation totals
for SLAC 2. Scheme Al results for SLAC 1 and SLAC 2 are shown in Figure 25. The biases
for both data sets were very similar. This consistency established that the performance of

methods was not due to sampling design

8.5 Conclusions

Generation of SLAC enabled the examination of the relative accuracy of different meth-
ods for calculating lacration totals. The shapes of mean curves were designed to cover factors
that affect milk yield in a lactation. The patterns of missing test-d records, starting days of
recording, and testing schemes were representative of typical situations. The relative accuracy
was examined under different shapes of mean curve, patterns of missing test-d records, and
starting days of recording. Methods for computing lactation yields are many and some are

currently being modified. The methods compared in this study were considered to be fairly



94

representative of different approaches. The sampling frequency did not affect the mean bias
but increased the standard errors. The accuracy of methods for scheme AP/4 was lower when
compared with scheme A4. When all test-d records are available, and when the duration to
the initial test was 7d, all the methods performed well. The accuracy of these methods dif-
fered according to underlying shapes of the lactation curve. In general the interpolation with
standard curves, centering date, multiple trait projection were more accurate than the other
methods. While the adjustment factors used wifh the test interval method appeared to under-
estimate lactation yields in scheme Al, the method produced small biases for lactations with
missing test-d records. The centering date and test interval methods were considered suitable
for recording schemes that exclude lactations with missing test-d yields. When the starting day
of recording was delayed to 28 d postpartum, the accuracy of the test interval methods without
adjustment for fixed factors was reduced. The shapes of the lactation curves in this data set
were known apriori. Thus, implementation of the interpolation with standard curves methods
was easy. In most situations, information about the underlying shapes is not readily available.
Therefore, the benefit of using this method should be considered after a careful review of its
merit and the availability of such data. In order for a dara processing center to adopt a given
method, shapes of lactation curves, patterns of missing test-d records, and starting days of
recording postpartum inherent in the data need to be considered. The SLAC enabled the
International Committee of Animal Recording to evaluate the accuracy of any method for
computing lactation totals. From these evaluations, standards for recognizing methods as

official were established.



9. SUMMARY

Sampling variations in mean daily milk yield were investigated using bootstrap resampling.
The bootstrap confidence intervals of mean daily yield were accurate and consistent with the
theory. The variation in yields was highest at the peak and postpeak stages of lactation. It was
established that for a given mean and variance curve, sample lactation curves could be gener-
ated.

Variation in morning and evening yields of Holstein cows was studied. Mean morning
yield was higher than evening yield. The variance of evening yield appeared to determine the
variance of total daily yield. The variance was highest at peak lactation of morning and evening
yields. Regional differences in the magnitude of variance of daily total, morning, and evening
yield were observed. These results provided a preliminary understanding of the shapes of
curves for mean milk yield and its variance.

A set of curves for mean and variance of total, morning, and evening yields that was
representative of the global cattle population was established. Mathematical functions were
fitted to these curves. A data set of standard lactation curves (SLAC) was generated using these
functions. Thus lactation records of SLAC were biologically consistent and accomodated
different missing test-day records, starting days of recording, parities, breeds, seasons of
calving, ages at calving, regions, and other grouping effects.

The SLAC was sent to six participating data processing centers. Each center calculated and
returned lactation totals for SLAC. A tortal of six methods for calculating lactation totals were
compared. When all test-d records were available, all methods performed well. The sampling
frequency did not affect the mean bias but increased the standard errors. Within shape of
lacration curves, the accuracy of the methods varied. With missing test-d yields, some methods
gave a lower bias than others. The SLAC was commissioned by [CAR to identity the sensitiv-
ity of a given method to the various shapes of the lactation curve, patterns of missing test-d
yiclds, and starting days of recording.

95
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10. APPENDICES
APPENDIX A:
Illustration of parameter lactation curves for daily AM and PM yield using mean
daily total yield curve 11 and variance curve 4
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APPENDIX C:
Format for SLAC data files and sample printout of data

(1) FILE 1 (slacltd.dat): Contains test-day data from test scheme Al

Number of records: 172,800

Type Length Position Description

Numeric 2 1.2 Mean curve No. (1, ..., 10)

Numeric 1 3 Variance curve No. (1, ...,4)

Numeric 3 4.6 Replicate No. (1, ...,120)

Numeric 1 7 Scheme (1=Al)

Numeric 1 89 Starting day (7=7d PP)

Numeric 1 10 Missing pattern (O=none, 1=early lactation, 2=carly peak, 3=late
peak, 4=late, 5=tail end)

Numeric 1 11 Combinadon code for levels of fixed effects

(1 => Lactation=1, breed=1, trait=1, season=1;
2 => Lactation=1, breed=1, trait=1, season=2;
3 => Lactation=1, breed=1, trait=1, season=3;
4 => lactatdon=1, breed=1, trait=1, season=4;
5 => Lactation=2, breed=1, trait=1, season=1;
6 => Lactation=2, breed=1, trait=1, season=2;
7 => Lactation=2, breed=1, trait=1, season=3;
8 => Lactation=2, breed=1, trait=1, season=4)

Numeric 1 12 Days PP at 1st recording
Numeric 2 1314 Days PP at 2nd recording
. . 37.38 Days PP at 14th recording
Numeric 3 3941 Days PP at 15th recording
Numeric 3 ‘1“23-] 25 Days PP at 43td recording
Numeric 3 126-128 Test-day yield at 1st recording (divide by 10 to get yield,
O=missing)
Numeric 3 129131 Test-day yicld at 2nd recording ( " )
Numeric 3 252-254 Test-day yield at 43rd recording ( " )

ILLUSTRATION OF SLAC FILE 1 (slacltd.dat) with 1st and last two days PP and corresponding test day
yiclds shown

First 3 records on-ile (Unformatted):
11 11 701 714...294301228289...135118
11 11 702 714...294301228289...135118
11 11 703 714...294301228289...135118

First 3 reco ;

1111701714 ... 294 301 22.8 28.9 ... 13.5 11.8
1111702714 ... 294 301 22.8 28.9 ... 13.5 11.8
1111703714 ... 294 301 22.8 28.9 ... 13.5 11.8
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(2) FILE 2 (slac2td.dat): Conmins test-day data from test scheme A4
Number of records: 316,800

Type Length Position Description

Numeric 2 1-2 Mean curve No. (1, ..., 10)

Numeric 1 3 Variance curve No. (1, ..., 4)

Numeric 3 4-6 Replicate No. (1, ..., 120)

Numeric 1 7 Scheme (2=A4)

Numeric 2 89 Starting date (7=7d PP, 14=14d PP, 21=21d PP, 28=28d PP)

Numeric 1 10 Missing pattern (O=none, 1=carly lactation, 2=early peak, 3=late
peak, 4=late, 5= til end)

Numeric 1 11 Combination code for levels of fixed effects

(1 => Lactation=1, breed=1, trair=1, season=1;
2 => lactation=1, breed=1, trait=1, season=2;
3 => Lactation=1, breed=1, trait=1, scason=3;
4 => | actation=1, breed=1, trait=1, season=4;
5 => Lactation=2, breed=1, trait=1, season=1;
6 => lactation=2, breed=1, trait=1, season=2;
7 => Lactation=2, breed=1, trait=1, season=3;
8 => Lactation=2, breed=1, trait=1, season=4)

Numeric 2 12.13 Days PP at 1st recording

Numeric 2 14-15 Days PP at 2nd recording

Numeric 2 1617 Days PP at 3rd recording

Numeric 3 1820 Days PP at 4th recording

Numeric 3 3941 Days PP at 11th recording (999 = Not applicable for
scheme/starting date of recording)

Numeric 3 42.44 Testday yield at 1st recording (divide by 10 to get yicld,
O=missing)

Numeric 3 45-47 Test-day yield at 2nd recording( " )

Numeric 3 72-74 Test-day yield at 11th recording (divide by 10 to get yield,
O=missing, 999 = Not applicable for scheme/starting date of
recording)

ILLUSTRATION OF SLAC FILE 2 (slac2td.dat) with 1st and last two days PP and corresponding test day
yields shown

First 3 records on-file (Unformatted):
11 12 701 735...259287228380...153131
11 12 702 735...259287228380...153131
11 12 703 735...259287228380...153131

st 3 is af ling (F D
35 ... 259 287 22.8 38.0 ... 15.3 13.1
35 ... 259 287 22.8 38.0 ... 15.3 13.1
35 . 259 287 22.8 38.0 ... 15.3 13.1
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(3) FILE 3 (slac3td.dat): Conmins test-day data from test scheme A6
Number of records: 288,000

Type Length Position Description

Numeric 2 12 Mean curve No. (1, ..., 10)

Numeric 1 3 Variance curve No. (1, ..., 4)

Numeric 3 4.6 Replicate No. (1, ..., 120)

Numeric 1 7 Scheme (3=A6)

Numeric 2 89 Starting date (7=7d PP, 14=14d PP, 21=21d PP, 28=28d PP)

Numeric 1 10 Missing pattern (O=none, 1=early lactation, 2=early peak, 3=late
peak, 4=late, 5= il end)

Numeric 1 11 Combination code for levels of fixed effects

(1 => Lactation=1, breed=1, trait=1, season=1;
2 => Lactation=1, breed=1, trait=1, season=2;
3 => Lactation=1, breed=1, trait=1, season=3;
4 => Lactation=1, breed=1, trair=1, season=4;
5 => Lactation=2, breed=1, trait=1, season=1;
6 => Lactation=2, breed=1, trait=1, season=2;
7 => Lactation=2, breed=1, trait=1, season=3;
8 => lLactation=2, breed=1, trait=1, scason=4)

Numeric 2 12-13 Days PP at 1st recording

Numeric 2 14-15 Days PP at 2nd recording

Numeric 3 16-18 Days PP at 3rd recording

Numeric 3 31-33 Days PP at 8th recording (999= Not applicable for
scheme/starting date of recording)

Numeric 3 34.36 Test-day yield at 1st recording (divide by 10 to gret yield,
O=missing)

Numeric 3 37-39 Test-day yicld at 2nd recording ( " )

Numeric 3 55-57 Test-day yield at 8th recording (divide by 10 to get yicld,
O=missing, 999 = Not applicable for scheme/starting date of
recording)

ILLUSTRATION OF SLAC FILE 3 (slac3td.dat) with 1st and last two days PP and corresponding test day
yiclds shown

First 3 records on-file (Unformatted):
11 13 701 749...259301228379...153118
11 13 702 749...259301228379...153118
11 13 703 749...259301228379...153118

17 49 ... 259 301 22.8 37.9 ... 15.3 11.8
2 7 49 ... 259 301 22.8 37.9 ... 15.3 11.8
37 49 ... 259 301 22.8 37.9 ... 15.3 11.8
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(4) FILE 4 (slac4td.dat): Contains test-day dam from test scheme A8

Number of records: 316,800

Type Length  Position
Numeric 2 1-2
Numeric 1 3
Numeric 3 4.6
Numeric 1 7
Numeric 2 89
Numeric 1 10
Numeric 1 11
Numeric 2 12-13
Numeric 2 14-15
Numeric 3 16-18
Numeric 3 5.5-27
Numeric 3 28-30
Numeric 3 31.33
Numeric 3 ;1”3-45

Description

Mean curve No. (1, ..., 10)

Variance curve No. (1, ..., 4)

Replicate No. (1, ..., 120)

Scheme (4=A8)

Starting date (7=7d PP, 14=14d PP, 21=21d PP, 28=28d PP)
Missing pattern (O=none, 1=early lactation, 2=early peak, 3=late
peak, 4=late, 5= tail end)

Combination code for levels of fixed effects

(1 => Lactation=1, breed=1, trait=1, season=1;

2 => Lactation=1, breed=1, trait=1, season=2;

3 => Lactation=1, breed=1, trait=1, season=3;

4 => Lactation=1, breed=1, trair=1, season=4;

5 => Lactation=2, breed=1, trait=1, season=1;

6 => Lactadon=2, breed=1, trait=1, season=2;

7 => Lactation=2, breed=1, trait=1, season=3;

8 => Lactation=2, breed=1, trait=1, scason=4)

Days PP at 1st recording

Days PP at 2nd recording

Days PP at 3rd recording

Days PP at 6th recording (999 = Not applicable for
scheme/starting date of recording)

Test-day yicld at 1st recording (divide by 10 to get yield,
O=missing)

Test-day yield at 2nd recording( " )

Test-day yield at 6th recording (divide by 10 to get yield,
O=missing, 999 = Not applicable for scheme/starting date of
recording)

ILLUSTRATION OF SLAC FILE 4 (slac4td.dat) with 1st and last two days PP and corresponding test day

yields shown

11 14 701 763...231287228368

11 14 702 763...231287228368.

11 14 703 763...231287228368

13 records after_reading (Formatted):

I

@0

Ei
1
1
1

[y

1470
1470
1470

..182131
..182131
..182131

1 7 63 ... 231 287 22.8 36.8 ... 18.2 13.1
2 7 63 ... 231 287 22.8 36.8 ... 18.2 13.1
37 63 ... 231 287 22.8 36.8 ... 18.2 13.1
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(5) FILE 5 (slac5td.dat): Contains test-day data from test scheme AP/4

Number of records: 31,680

Type Length Position Description
Numeric 2 1.2 Mean curve No. (11 = AM/PM curve 1, 12 = AM/PM curve 2)
Numeric 1 3 Variance curve No. (5 = AM/PM variance curve 1, 6 = AM/PM
variance curve 2)
Numeric 3 4.6 Replicate No. (1, ..., 120)
Numeric 1 7 Scheme (5=AP/4)
Numeric 2 89 Starting date (7=7d PP, 14=14d PP, 21=21d PP, 28=28d PP)
Numeric 1 10 Missing pattern (O=none, 1=early lactation, 2=early peak, 3=late
peak, 4=late, 5= tail end)
Numeric 1 11 Combination code for levels of fixed effects
(1 => Lactation=1, breed=1, trait=1, season=1;
2 => Lactation=1, breed=1, trait=1, season=2;
3 => Lactation=1, brecd=1, trait=1, secason=3;
4 => lactation=1, breed=1, trait=1, season=4;
5 => Lactation=2, breed=1, trait=1, scason=1;
6 => lactation=2, breed=1, trait=1, scason=2;
7 => Lactation=2, breed=1, trait=1, season=3;
8 => Lactation=2, breed=1, trait=1, scason=4)
Numeric 2 12-13 Days PP at 1st recording
Numeric 2 14-15 Days PP at 2nd recording
Numeric 2 16-17 Days PP at 31d recording
Numeric 3 1820 Days PP at 4th recording
Numeric 3 3941 Days PP at 11th recording (999 = Not applicable for
scheme/starting date of recording)
Numeric 3 4244 Testday yield at 1st recording (divide by 10 to get yield,
O=missing)
Numeric 3 4547 Test-day yicld at 2nd recording (divide by 10 to get yicld,
O=missing)
Numeric 3 72-74 Test-day yield at 11th recording (divide by 10 to get yield,
O=missing, 999 = Not applicable for scheme/starting date of
recording)

ILLUSTRATION OF SLAC FILE 5 (slac5td.dat) with 1st and last two days PP and corresponding test day

yields shown

First 3 records on-file (Unformartted):

115 15 701 735...259287 96148... 46 50
115 25 701 735...259287106147... 55 49
115 35 701 735...259287104141... 51 45

First 3 records after reading (Formarted):

11 5157017 35 ... 259 287 9.6 14.8 .
11 5257017 35 ... 259 287 10.6 14.7 ...
11 5357017 35 ... 259 287 10.4 14.1 ...

[LRTINS
oo
& ;
noo

105



APPENDIX D:
Illustration of files containing computed lactation total yield

FILE 1 (slacl sum.dat) for SCHEME Al

First 3 records on-file:
11 11 70110111
11 1170210112
11 1170310113

FILE 2 (slac2sum.dat) for SCHEME A4

Ficst 3 Is on-file:
11 1270110111
11 1270210112
11 1270310113

FILE 3 (slac3sum.dar) for SCHEME A6

First 3 records on-file:
11 1370110111
11 1370210112
11 1370310113

FILE 4 (slac4sum.dat) for SCHEME A8

First 3 records on-file:
11 1470110111
11 1470210112
1T 1470310113

FILE 5 (slac5sum.dat) for SCHEME AP/4
115 1570110111

115 2570110112
115 3570110113
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APPENDIX E.1
Installation instructions for the SLAC dataset

A. Distribution disks
INSTALL/DATA DISK #1
Filename Type Length Date Description
autoinst.bat A 3452 02-16-94 DOS batch file (alternative to install.exe)

2495 02-01-94 Instructions for data retrieval via FTP
slac.fmt 13814 02-01-94 File formats for SLAC
install.exe 175132 02-16-94 SLAC installation software

readme.1lst A
A
B
* b A Internal files (used by install.exe)
A
B
A

ot Internal files (used by install.exe)
*oxX_ Internal files (used by install.exe)
slacl.l 797559 02-14-94 Part I of archive for File 1 of SLAC
INSTALL/DATA DISK #2

Filename Type Length Date Description
slacl.2 A 797559 02-14-94 Part 1I of archive for File 1 of SLAC
INSTALL/DATA DISK #3

Filename Type Length Date Description
slac2.zoo B 1287447 01-15-94 Archive for File 2 of SLAC (slac2td.dat)
INSTALL/DATA DISK #4

Filename Type Length Date Description
slac3.zoo B 940150 01-15-94 Archive for File 3 of SLAC (slac3td.dat)
INSTALL/DATA DISK #5

Filename Type Length Date Description
slac4.zoo B 934519 01-15-9 Archive for File 4 of SLAC (slacd4td.dat)
slac5.zo0 B 119312 01-31-94 Archive for File 5 of SLAC (slac5td.dat)

The SLAC is partitioned into 5 parts according to milk recording scheme. A

detailed description of each part is given in the file slac.fmt on INSTALL/DATA DISK
1. The uncompressed SLAC files should occupy 103 MB disk space.

B. Data Installation
To install SLAC:

Place the diskette labelled INSTALL/DATA DISK 1 in the 3.5" drive, e.g. A:

Step 2
Type A:INSTALL and press <Enter>  (Executes SLAC installation program).

You should see a screen that looks like this:
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Installation program for Standard Lactation Curves (SL

n the event that this screen does not come up, we recommend that you stream-line
your system start-up files. If problems persist, skip to step 4.

The following are required as input:
a) The data source drive:
To choose from a list of all available drives on your system, use [Up) and [Down)
arrow keys or mouse. This should be the 3.5" drive. The default is A:

b) The Destination drive:

This is the drive on which the data will be decompresseed. Use the [Tab] key move
forward from input field to input field. [SHIFT-Tab] moves backwards between input
fields.

c) The destination sub-directory:
This is the location on the destination drive where the data will be stored.

d) Scheme:

Selective installation of data for any desired scheme is made possible by pressing
the spacebar. The default choice installs data for all schemes. The [Up| and [Down]
arrow keys can be used to move between the check boxes. Pressing [Alt] plus the
[highlighted letter] or [number] selects or invokes the respective feature. For example
Ale1 selects scheme Al while [AltH] invokes the on-line help. The disk space needed is
shown at the bottom of the screen. Press [Ale]] to start the data installation. The
program will prompt you for the appropriate disks.

If the installation program fails to work, perform a full installation using the
batch file autoins.bat on INSTALL/DATA DISK 1.

108



a) Place the diskette labelled INSTALL/DATA DISK 1 in the 3.5" drive, e.g. A:
b) Type A:AUTOINS [source drive:] [destination drive:\path] and press <Enter>
This should install SLAC on the [destination drive:\path].

If the installation program fails to work and you do not have at least 103MB free
disk space, perform a selective installation using the batch file selins.bat on
INSTALL/DATA DISK 1.

a) Place the diskette labelled INSTALL/DATA DISK 1 in the 3.5" drive, e.g. A:
b) Make a sub-directory on a fixed disk drive where the SLAC will be stored, e.g.
mkdir c:\slac
c) Change the default directory to the sub-directory created in b), e.g.
c: <Enter>
cd\slac <Enter>
d) Copy the file selins.bat from INSTALL/DATA DISK 1 to this sub-directroy.

e) Type SELINS [SOURCE drive:] IDESTINATION drive:\pathname] [scheme #]
and press <Enter> then follow the instructions on the screen.
Valid values for [scheme #] are:
1 for scheme Al
2 for scheme A4
3 for scheme A6
4 for scheme A8
5 for scheme AP/4
For example:
SELINS A: CA\SLAC 1 —- Installs SCHEME Al data from A: to
CASLAC

This should perform a selective installation of SLAC.
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APPENDIX E.2

Installation instructions for electronic retrieval of SLAC via FTP
Files were stored in the directory pub\slac\incoming\ (guest ftp 35.8.124.45, pwd: slac)

Filename Type Length Date Description

readme.lst A 2495 02-01-94 This file (Instructions for data retreival)
slac.fmt A 3814 020194 File formats for SLAC

slacl.z-oo B 1595118 01-15-94 Archive for File 1 of SLAC (slacltd.dat)

slacz.zoo B 1287447 01-1594 Archive for File 2 of SLAC (slac2td.dat)

slac3.zoo B 940150 01-15-94 Archive for File 3 of SLAC (slac3td.dat)

slac4.zoo B 934519 01-1594 Archive for File 4 of SLAC (slac4td.dat)

slac5.zo00 B 119312 01-31-94 Archive for File 5 of SLAC (slac5td.dat)
B

200210.exe
archives

55721 01-17-94 Self extracting - makes/extracts/views ZOO

The SLAC is partitioned into 5 parts according to milk recording scheme. A

detailed description of each part is given in the file \pub\slac\incoming\slac.fmt.

Due to the large size of the files each one was compressed to enable transfer from MSU.
Five (5) MB disk space is required for transferring SLAC. The uncompressed SLAC
files take

up 103 MB disk space. The following sequence of commands is suggested (rootdir is
used to represent the destination directory):

Command: Purpose:
1. led \rootdir (Changes your default directory )
1. bi (Sets file transfer mode to binary)
2. getfilename.ext (Transfers filename.ext to \rootdir, repeat as desired)
or
mget *.* (Transfers all files to \rootdir)
3. quit (Closes the FTP connection).

Note: The file compression\decompression utility is Dhesi's ZOO version 2.10
for MSDOS 3.x or higher and should now be in your \rootdir. The compressed
files should be compatible with the UNIX version of ZOO.

4. 200210 Executes zoo210.exe and extracts the files ZOO.EXE & ZOO.MAN
5. zooxarc *.* Extracts the contents of \rootdir\arc.zoo (where arc is

the filename for the archive (e.g. slacl for \rootdir\slacl.zoo).

See ZOO.MAN for further instructions.
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APPENDIX F.1: Illustration of the test interval method (MSU)

Example 1: All testday yields available (Scheme A4)
SLAC record (Mean curve/ Variance curve/ Replicate No./ Scheme/ Starting date/
Missing pattern/ Code for fixed effects) = 10/4/015/2/07/0/8

Day of lact. | Testday vield | Interval days | Interval vyield | Cum. Yield
7 26.9 7 188.3 188.3
35 35.1 28 868.0 1056.3
63 35.1 28 982.8 2039.1
91 31.9 28 938.0 2977.1
119 27.3 28 828.8 3805.9
147 24.2 28 721.0 4526.9
175 23.2 28 663.6 5190.5
203 27.5 28 709.8 5900.3
231 29.2 28 793.8 6694.1
259 26.6 28 781.2 7475.3
287 22.9 46 1105.2 8580.5
Notes:

- length of last interval = (287 - 259) + (305 - 287) = 46 days credited for.

Example 2: Not all testday yields available (SCHEME A4)
SLAC record (Mean curve/ Variance curve/ Scheme/ Replicate No./ Starting date/
Missing pattern/ Code for fixed effects) = 10/4/010/2/21/2/8

Day of lact. | Testday vield | Interval days | Interval yield | Cum. Yield
21 32.6 21 684.6 684.6
49 _ 28 914.9 1599.5
77 32.9 28 919.1 2518.6
105 28.5 28 859.6 3378.2
133 24.7 28 744.8 4123.0
161 23.6 28 676.2 4799.2
189 26.6 28 702.8 5502.0
217 27.6 28 758.8 6260.8
245 28.1 28 779.8 7040.6
273 26.3 28 761.6 7802.2
301 21.7 32 758.8 8561.0
Notes:

- length of last interval = (301 - 273) + (305 - 301) = 32 days credited for.
- estimate for missing yield on day of lactation = 49 was calculated as (32.6 + 32.9) /2 =
32.8 kg
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APPENDIX F.2 Illustration of the test interval method (France).

Example: All testday yields available (SCHEME AS8)
Mean curve/ Variance curve/ Replicate/ Scheme/ Starting day/ Missing pattern/ =

7/4/1/4/21/0

Day of lact. | Testday yield |Interval days | Interval yield | Cum. Yield
21 21.4 21 449.4 449.4
77 23.4 56 1254.4 1703.8
133 25.1 56 1358.0 3061.8
189 25.6 56 1419.6 4481.4
245 27.8 56 1495.2 5976.6
301 31.1 56 1649.2 7625.8
305 31.1 4 124.4 7750.2
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APPENDIX F.3: Illlustration of the centering date method (Denmark)

Example 1: All testday yields available (Scheme A4)
SLAC record (Mean curve/ Variance curve/ Replicate No./ Scheme/ Starting date/
Missing pattern/ Code for fixed effects) = 10/4/015/2/07/0/8

Day of lact. | Testday yield | Interval days |Interval yield | Cum. Yield
7 26.9 7 188.3 188.3
35 35.1 28 868.0 1056.3
63 35.1 28 982.8 2039.1
91 31.9 28 938.0 2977.10
119 27.3 28 828.8 3805.9
147 24.2 28 721.0 4526.9
175 23.2 28 663.6 5190.5
203 27.5 28 709.8 5900.3
231 29.2 28 793.8 6694.1
259 26.6 28 781.2 7475.3
287 22.9 46 1105.2 8580.5

Example 2: Not all testday yields available (SCHEME A4)
SLAC record (Mean curve/ Variance curve/ Scheme/ Replicate No./ Starting date/
Missing pattern/ Code for fixed effects) = 10/4/010/2/21/2/8

Day of lact. Testday yield Interval days Interval yield Cum. Yield
21 32.6 21 €84.6 684.6
49 0.0 28 456.4 1141.0
77 32.9 28 460.6 1601.6
105 28.5 28 859.6 2461.2
133 24.7 28 744.8 3206.0
161 23.6 28 676.2 3882.2
189 26.6 28 702.8 4585.0
217 27.6 28 758.8 5343.8
245 28.1 28 779.8 6123.6
273 26.3 28 761.6 6885.2
301 21.7 32 758.8 7644.0
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