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several methods ool estinatine milk viela ror the
lactation from various rarts incluacina several intervals be-
tw=2en tests were evaluated on 5%,840 comrleted records oI
Michigan Holstein cows calving between Jauuary, 1952, ana
Januerv, 19061,

Three ratio nrocecures and linear regression were
used to estimate total milk vield from tne diirferent parts
Lor two monthlv sets oL bi-monthly data ana thies monthlv
sets o tri-monthlv data.

The rirst ratio nrocecure consisted oif averayged
estimnates where the estirtates were those opntained v estiaat-
inc total milk wviela rrowm the non-cumulative factors. Tnese
estimates nroviuea error varisnces or 5il1,39c, and 502 1b
milk for tue tri-monthlv sets consisting o:c months 1-4-7-10,
2-5-38, anu 2-0-9 resnectivelv., The seconu ratio nrocedure
consisted oL weiahtiny each non-cumulative estimate accordinag
to its variance and nrovided error variances for the three
tri-monthlv sets 1-4-7-10, 2-5-8, and 3-9-9 o<l 292,471 and
493 1b milk resnectivelv., The third ratio nrocecure emvloved
a single ratio of total to sum of nrouuction on grouns of

montnlv test days to estinate total wvield., This ovrocedure
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nroviceds error variances or 272,452 en. 475 12 mile< Zor the
tri-ronthlyv sets consisting orf montins 1-4-7-10, 2-5-u, and

Z-c=% resnectivelv, i--onthly estiwrtes Zron the 200

rztico ~roccelvrecs wrovilas error varicnceze ¢©f 427,104 ond

207 17 ilk res-zctivels Zor rroceTires 1,2, =0l D oZcr the
onthlss gt containi~s the Zizst onth of test 2ol 41D, 1701,
= 122 17T -illc Inx the oove threc wrocsluarss Zor the conth
et conzistins 2I -ontho Z-0-I-0-10, Al exceor vorioonces
wire loruer thza thfoe oltolined Ly linenr reocerfsicl.

recression ractonrs weie octaineca ror estimating total

milk vielw Ircm various warts inclucing several incervals

hetween tests Zor Iour eze-seasodOn Grours
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IZTROLULTION

sianagement and selection decisions ror the dairy
nerd are based on vrocuction ol each cow and the herd.
Decisions on caily feedinc are dased on prouuction at that
narticular time. 3=2ulls are conpared thicuch the nerformance
of their nrocenv where each animal's o-roduction is adjusted
to a ccmmon age anw constant lencth of lactation. In the
cullinyg of females from the herd, eacn animal is comnared
with the herd, acain adjusting each animal to a common age
ana constant length orf lactation. Tracitionallwv, recorcs
have been adjusted to a common ace using mature-eguivalent
factors anda lengtih ol lactation has kteen 205 davs, estimated
trom 10 monthlyv milk weiounts,

Consiuerasle time coula be saved in choosing between
bulls ana culling oZ the herd coulu be much more timely it
an accurate estimate ol the total lactation could pe obtainec
from a part record. ULess frecuent milk weichts and butter-
fat tests would rcduce the cost ol the testinyg orocram.

Total crowuction has been estimateC Irom part
records by ratios anu bv regression. The ratio methoc
relates the ratio ol total rrouwuction to a rvart for the
lactation. Tne recression methoa takes into account some
overall averagenlus anoronriate wei¢nts for each acdec

nart., 1o estinate tetal vield from cunulative anc non-cumnulative

(U]



varts, uses eitner metnoc. Regression coerrficieants have reen
roraulated ror estimating total vielu from 2i-monthlv anc
tri-monthlv tests., Hcwever, ratios have not pbeen obcainea
for tnis nuronose, nor have recrescsion tactors Hesn comnuted

for missing <ata.

IS

Sewarate recression factors for various age-season
crours are neecec, Tnere is also a nced Ior comvuting appro-
nriate factors for the various combinations ofsecuential adata
ana for tri- anu bi-monthlyv sets with missing observations,
where a monthly set consists of a rarticular group of months.
Tnere are three tri-monthly sets, one consisting oi months
1-4-7-10, another consisting of months 2-5-8 and the thira
consisting o: months 3-6-9, The bi-monthly sets contain
meontbhs 1-3-5-7-2 and 2-4-v-3-1C,

If ratios are to ce usecd, there arises a cuestion or
hancling additional cata arter the rirst ecstimate has been
comouted, Several nossibilities exist for handling this
situation; weicht each non-curnulative estimate ecually,
wei ht the non-curulative estimates in proovcortion to their
relative nrecision, or form cne ratio from all availaole cata
each time new cata are availavle.

The onjectives ol this stucy ares (a) to compmare the
ageviations from actual nroduction of total onrocuction esti-
mated rrom various marts by several methodis, and (b) to seek
wavs to incluae longer intervals between tests without in-

Creasing errors ol estimate.
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rethods oI estimating total lactation vield
stancard Li:Ia lnethoa

Tne standard JiIi wetnod of cowruting total lacta-
tion yield of a cow iz &t~ test tue animzl one time vnercalen-
car month within 3 cavs oL a centering cate ror the herd. The
amount vrocucea on test cey is arnliea back 15 cays and
aheaa 15 cays taking into account cate ol rresheninc anu azte
drv or removed where anoronriate, Froduction is cumulatec to
205 davs or to the end ol the lactation. Camnpbell (194:2),
Erb et al. (1952), Flanagan (1905), ilcuowell (1927), C'Connor
et al. (1960) and rebila (1209) have recorted accuracies ot
estimating total lactation vield from this methoa compared to
the actual cailv milk weights, The DiEIA methold is somewhat
costly and lakorious. Tnererore, as early as 1915, workers
were attempting to aetermine some methoa of estimatinc the
total lactation yielcd oi a cow from a partial recorda.

Yaoo (1915) concluced that the stancara ZHEIA methoad
mentioned above, represented fairly accurately the vrouucing
anilities ox cows ana that a continuous seven cay test was
not a satistactorv criterion ov which to jucge a cow's total

vield,

W
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McDowell (1927) reported that the standard method
varied on the average 2,91 percent from actual production,
McCandlish and M'Vicar (1925) reported that the monthly
method of testing produced results within two percent of the
actual yield, Dick (1950) observed an error of 2,32 percent
from actual production when cows were tested at 28 day inter-
vals,

Using 96 bi-monthly, monthly, and six week intervals
of recording production, Cunningham (1965) measured correla-
tions between these estimates and actual 305-day milk pro-
duction to be ,99 for all three methods, .97 for bi-monthly
and .98 for the other two methods., Actual data were milk

weights each day for the entire lactation.

Bi-Monthly Tests

Erb et al. (1952), using 19 cows, reported that the
calendar month method showed twice as much variation as the
centering date (standard) method, but the former was not likely
to be in error more than T five percent for fat-corrected milk
in 25 percent of the records, nor more than : 12 percent in
one percent of the records. The error could be reduced by
less than one percent of that indicated for the 24 hour test
by testing on a 48 hour basis and reduced less than two per-
cent when the 96 hour test was compared with the 24 hour test,

The percent error in estimating milk yield exceeded
by 25 percent of the records was 2.4, 3.4, 5.6, 7.4, and 8,8

for the 30, 60, 90, 120, and 150 day testing intervals,
respectively. These data further substantiated the belief that
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cows tested at the first of a calendar month have an advantage
over those always tested at the end of the month, These data
on the 30 and 60 day intervals are in good agreement with
McDowell (1927) and McCandlish and M'Vicar (1925).

McDowell (1927) found 3.8 percent error in estimates
of fat when bi-monthly records were compared with monthly
testing on 70 cows in the Minnesota Agriculture Experiment
Station herd, This amounted to 6,65 1lb fat per lactation on
cows averaging 1.75 1b fat and five percent of the 70 cows
had an error of 8.75 1b fat. As previously mentioned,
McDowell (1927) concluded that the bi-monthly method would be
in error 2.5 1b fat per lactation more than the standard
method, but errors of both methods should be disregarded for
all practical purposes,

Gifford (1930), reporting on more than 100 AR
Holstein and Guernsey records, stated that 69 percent of the
estimates were within one standard error of estimate in com-
paring bi-monthly with monthly records, 95 percent within
. two standard errors and 99 percent were within three standard
errors of the estimate, For two combinations of bi-monthly
testing reported mean deviations for fat of -4.9 ¥ .35 for
odd numbered months and +2.4 pd .38 for even numbered months,
For convenience he further divided the records by levels of
fat production, using groupings of 300-400, 500-600, 700-800,
and 900 1lb, Correlation coefficients between monthly and
bi-monthly records ranged from .956 to .997. From these data,
Gifford concluded that a bi-monthly form of testing is satis-

factory.
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McKellip and Seath (1941) reported a correlation
coefficient of .97 between monthly and bi-monthly records,
They concluded that bi-monthly tests when used with daily
weights were practically as accurate as monthly records made
by centering the tests and not using daily weights, Copeland
(1928) reported that records made under a bi-monthly method
show little deviation from those made by the usual monthly
methods, He used 500 Jersey records and found the deviation
of all records to be 7.21 1b fat., He found 258 bi-monthly
records that exceeded the monthly records and 242 that were
lower., Alexander and Yapp (1949) used 684 cows of five breeds
to compare bi-monthly with monthly tests and found that 43,27
percent of all cows were within two percent error of the
actual, 29,54 percent of the total were within 2.1 to 5.0
percent of the actual, 20,03 percent within 5.1 to 10.0 per-
cent of the actual, and 7.16 percent of the 684 cows were
above 10,0 percent of the actual production., For all breeds,
the average production was 11,894 1b milk with the average of
the negative deviates being 11,802 and the positive 12,383
for the standard method. The bi-monthly method showed
11,453 1b milk for all cows, 12,431 1lb for those above the
average and 11,453 1lb for those below average., These figures
represented an error percentage from the standard method of
-3.7 for the overall group, +0.4 for those above and -5,0 for
those below the overall average, The authors concluded that
bi-monthly testing is 92.84 percent as dependable as the

standard method and this difference is not sufficiently large
to exclude the practical use of bi-monthly testing,



7

The first data involving records from more than one
herd were reported by Bayley et al. (1952), They used 1,255
Holstein records of 305 days or less, but not less than 150
days, in 42 herds and reported a slightly greater percent
error in the estimates than previous workers, Bayley com-
pared the two sets of bi-monthly records with the standard
DHIA method and found that the set which includes the first
month on test is somewhat more accurate than the remaining
set for both milk and butterfat., The relative reliability
of the first set, where "relative reliability" was measured
by the ratio of the mean squares of the two monthly sets, was
reported as 101.0 percent and 104.0 percent for the first and
second sets, respectively. The first set overestimated the
milk record by an average of 69 lbs with a standard error of
2.8 1b. The second set underestimated the milk record by an
average of 18 1b with a standard error of 3.4 1b., The fre-
quency of errors larger than 10 percent for the first set
was one in 78 and was one in 32 for the second set, The
average percent error when bi-monthly records were compared
with the standard method was 3.0 for all bi-monthly sets for
milk and 4,0 for fat., A4Again, the first set was somewhat more
accurate, being in error 2,8 percent for milk and 3.7 percent
for fat while the second set was in error 3,2 percent and 4.4
percent for milk and fat, The workers concluded that bi-
monthly testing should be satisfactory for sire provings and
population studies, but it may be unsatisfactory for indivi-

dual lactation records.
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Flanagan (1965) employed the centering date method
to predict lactation records of six different lengths from
seven, 14, 30, 42, 60, and 90 day intervals, From daily
records of 367 lactations of s pring-calving Shorthorn cows
and 147 lactations of spring-calving Friesians he found that
different factors should be used to compensate for the bias
introduced by the three months of calving, and for each of
seven lactation length classes, For all lactation lengths
combined, he reported standard errors of estimate as 9,35
imperial gallons for seven day intervals, 13,43, 22,48, 29,75,
40,32, and 69,60 imperial gallons for 14,30,42,60 and 90 day
intervals, respectively for the Friesian breed. Wwhen he
used the 305 day standard error as the base, the standard
error of cows tested at 90 day intervals was 34,5 percent of

the base,

Predicting Total Production from Parts

In the prediction of total lactation from one or
more months of a cow's record the coefficient of correlation
between the part and whole tells how valuable each part will
be. The higher the correlation of production of a given
month with the total yield, the more accurate is that seg-
ment in estimating the record.

Gaines (1927) found that a one or two day test during
the fourth month of lactation provided the best indication 6f
what the cow would produce during the lactation, Working

with 80 Jersey and 80 Holstein records, Kennedy and Seath (1942)
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reported that production by first calf heifers during the
first four months was a good index of what the first lactation
would be and that it was useful to predict the relative pro-
duction of the second lactation., Coefficients of correlations
between production in single months and total production for
first lactation for Holsteins were .62 for the first month
and ,73 for the fourth month, The correlation between com-
plete first and second lactations was ,54.

Madden et al. (1955) reported repeatabilities,
heritabilities, and genetic correlations for monthly and
cunulative periods of milk production. Repeatabilities for
milk and fat production in single months and for cumulative
milk and fat production were 0,41, 0.32, 0.57, and 0.51,
respectively. By intra-sire regression of daughters on dam,
heritabilities were .,076 for 275-305 to .390 for 1-30 days
production for monthly data and .344 for 1-120 days to .632
for 1-274 days of cumulative production, Genetic correlations
between cumulative parts and total milk and fat production
were larger than 0.90, Selecting on the cumulative part
record would improve production nearly as much as selecting
on the complete record itself, with efficiency values ranging
from 0.74 to unity,

Reece (1942), working in New Jersey with 70 cows in
the Experiment Station herd, concluded that the average fat
test at the end of the second month of lactation was a good
measure of the ability of a cow to secrete milk fat, Further-

more, he found that almost as much accuracy was available by
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the end of the sixth menth ol lactation as for 10 full months.
Iie reported correlations with total orolduction of 0.53 for
the first month, .74, .c0, .25, .87, and .93 for two throucgh
six cumulative months of the lactation.

Voelker (1957) extended 1636 two-vear-old records
from the college herd at Gouth Dakota and renorted correla-
tions of total »nrouuction o .Sy for the first month to .99
for nine cumulctive months on test., Correlation coetrficients
increased to .t£9 rfor five cunulative months then remained
the same for the next four months. The cumulative milk yielcd
ftor the first 70 cays oi lactation was a good incication of
total lactation vield, correlation coefficient of .80
renorted bv Rendel (1957), using 3109 nroluction recordas irom
six breads in CGreat Eritain., Maacen et al. (19:£2) founa the
correlations between noa-cunulative test-cav prowuction and
total yield were hicher for vounuer cows anc that the highest
values occurrec bhetween the fourth ana seventh moiiths,
ranging from .71 to .93. Correlations between orocuction on
test dates varied from .3¢ to .89 for cows under two yvears
ola on 2X milkine and from .23 to .55 for cows three vears
0ld ana olaer. The hichest correlations occurredé between
adjacent months. These results were similar to those renmorted
earlier by Kennedy (1242), Voelker (1257), and Reece (1942)
in the United States and Rendel (1957) in Great 3Britain.

Lamp (19062) also reosorted relatively hiuh correlations com-
pared with the other months for the fourth, fifth, and sixthn

months incividuallyv with the total lactation vyield.
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The younger cows tended to be more persistent than the
older animals; correlations of first month with total milk
declined from .63 for the first lactation, to .62 for the
second, and to .54 for the third lactation and over. The
middle months varied less than the first and last months of
the lactation, but the younger cows were always highest and
the older animals always lowest in production, This was al-
so true for butterfat values, VanVleck and Henderson (19614d),
in ascertaining the efficiency of intra-herd regression
factors compared to those derived by ignoring herd effects,
reported similar findings., They found correlations of .67
between first month and milk yield for total lactation for
9036 Holstein cows, and the correlation increased to .90 for
the fifth month of lactation, then decreased to ,52 for the

tenth month, Again, the fourth and sixth months were also
higher than all others except the fifth month, when herd
effects were ignored., The correlation between part and whole
for cumulative milk production increased from .67 for the
first month to .99 for the ninth month. On an intra-herd
basis, non-cumulative data provided correlations of .53 for
the tenth month and .57 for the first month, Cumulatively,
the correlation coefficients were .57 for the first month and
.99 for the ninth month. These values were similar to those
later reported by Lamb (1962). However Lamb's data were
recorded by lactation number and the older animals had lower
values, particularly in the first five months, than did the

first lactation animals. The same pattern for fat was evident
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three breeds and computed the errors resulting from estimating
a 305-day record, They observed an average difference of
8.8 1lb fat with the estimated records being larger for the
"College Herd" factors and a negative value of 3.0 1b fat
when factors derived from DHIA data were used to extend
records, They concluded that the errors in records calculated
by ratio factors are small, and the factors could be used
successfully.,

Turner and Ragsdale used over 3,000 Holstein lactation
AR records to ascertain appropriate age and length factors
which would allow them to compare daughters of 229 Holstein
sires., Cannon used 400 Holstein records from the Iowa State
College herd and 1289 lactation records of five breeds from
the Iowa Dairy Herd Improvement Association to calculate
cumulative factors to extend partial records to a 305 day
basis, The conversion factors were based on the average rate
of decline by using the ratio of total production during 365
days to the production at various monthly intervals.

Turner (1926) illustrated how the exponential law
could be employed in expressing in a quantitative form the
persistency of milk and fat secretion and its application to
the analysis of experimental data., His argument was that
from a given maximum production for a month, the cause of
variation in total yield of milk is due to the variation in
the rateof decrease, He suggested that an index of persist-
ency could be obtained from the ratio between total yearly

yield and the maximum month's production, When this ratio
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equals twelve for a yearly test or ten for ten months, the
persistency percent is 100, This ratio applied to the
maximum month's production provided an estimate of the 305-
day production when ten months were used in the total.
Turner concluded that when all other conditions are uniform,
the monthly milk or fat production during the lactation
period after the maximum is passed is a constant percentage
of the preceeding month's production.

Madden et al. (1959) considered age, frequency of
milking, and production levels in formulating factors to
estimate total lactation records from parts. They used the
first ten tests from lactations which had production recorded
for at least ten different test dates and divided the data
into lactations with the same milking frequencies (2X or 3X).
They found that lactation curves for 2X and 3X for the same
lactation appeared parallel, with the 3X curve being higher
than the 2X curve, Earlier Madden et al. (1955) found
lactation curves parallel for cows calving at less than three
years of age, and for three, four, five, and six year olds,
but the older cows differed from the younger animals in
achieving a higher maximum but declining more rapidly. The
curves crossed at about nine months in production., Average
production on first test day for monthly age groups through
six years of age differed significantly, but the means for
ages under three years and means for three years and older
did not differ within their respective groups. There was

overlapping of average production between groups only at the
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ages of 35 to 37 months., Of those animals calving between
35 and 36 months of age the percent of first lactations
initiated was approximately equal to the percent of total
lactations initiated, Twelve percent of the second lactations
were initiated prior to 36 months and ten percent of the first
lactations after 35 months., For this reason, they classi-
fied the ages into less than 36 months and equal to or
greater than 36 months,

Madden et al. (1959) concluded that the ratio method
may appeal intuitively to many and that it is easy to develop
and use although it tends to underestimate total production
of low-producing cows and overestimate total production of
high producing cows since the ratio method corrects only for
incompleteness of the lactation and does not take into account
the incomplete repeatability of the parts of the lactation,

Lamb (1959) completed a comprehensive study of vari-
ables affecting the relationship of the total to part produc-
tion., He used 16,272 complete lactation records of four
breeds in Michigan to study age and lactation number, season
of calving, herd effect, and breed effect, First calf heifers
did not decline in production as rapidly as older cows during
the last months of the lactation., By grouping cows according
to first, second, and third or more lactations and according
to age by less than 36 months, 36 to 48 months, 48 to 60
months, and 60 months and over, he found the variability in

ratios of total to part was larger for lactation number than
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for age. This was true particularly for the first and last
months of lactation, The component of variance for age dur-
ing the center months was larger than the component for
lactation; thus, age would be a better indicator for these
months, He further stated that age correction factors should
be used to extend first lactation records initiated after 36
months of age, since the factors for first lactation would
overestimate production., Age correction factors also would
be more realistic for animals with second lactations initiated
prior to 36 months, since the factors based on lactation would
tend to underestimate production. 1In all other cases, factors
based on either age or lactation should work egually well.

Lamb (1962) substantiated the previous work and
suggested that at least two sets of age correction factors be
used, Separate factors could be used for records initiated
at less than 36 months, 37 to 47 months, and over 48 months,
but it appears reasonable to use one set of factors for all
cows calving at ages over 36 months, If one set of ratio
factors were used, records for older cows would be overestimated
while those for younger cows would be underestimated. These
results were similar to those reported by Madden et al. (1959)
for Holstein HIR data.

Lamb (1959) classified records by four seasons,
October-December, January-March, April-June, and July-September,
Season appeared to account for almost as much variation as age,

and Holsteins were least influenced by season of calving,



17
Two seasonal groups were used to develop ratio factors -
November-April and May-October, Lamb's- later work did not
substantiate earlier results; he found the season adjustment
was less important than adjustment for age, He also re-
arranged the two seasonal groups to include April-July and
August-March since differences between the factors of these
groups were larger than between factors of the two previous
groups.

Lamb's (1959) work indicated no sizable variation in
the relationship of total to part production among various
classes of records, EHowever, Jerseys tended to show the most
herd differences of the four breeds included.

Aulerich (1965) reported ratio factors for predicting
total production from terminal incomplete lactations differed
from those for non-terminal records, The terminal incomplete
lactations were initiated at a lower milk yield than those of
cows completing their records in the same age-season group,
and they declined at a faster rate, A separate set of ratio
factors was developed for cows having voluntarily terminal
incomplete records, Cows removed voluntarily were culled for
low production, o0ld age, dairy purposes, or hard milking,

The DHIA Newsletter (1965) includes a set of projec-
tion factors for estimating 305-day milk production, These
factors were based on a total of 162,191 DHIA lactations
combining Michigan and Iowa data, The authors recommend the

use of two age factors, disregarding season effects, since
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previous research indicates that age is the most important
cause of variation within breed in the projection factors.

VanVleck and Henderson (1961b) classified cows into
60 age classes, three seasons of calving and ten stages of
lactation to ascertain the differences beteen ratio factors
for each of the above effects, Their analysis of 177,575
Holstein records indicated that ratio factors for estimating
total lactation yield from cumulative monthly records must be
constructed simultaneously taking into account age at calving,
season of calving, month of production, and whether the record
is milk or fat. Ratio factors for adjusting monthly records
to a common age and season and for estimating a total lacta-
tion from a single monthly record must be constructed in the
same manner, This method would require 3600 factors, too
many to be practical. Therefore, the authors suggest using
six-month age intervals which would reduce the numnber of
factors to 1200, They remarked that correcting for age but
not for season and then analyzing records within seasons
would not be adequate because definite differences exist among

seasons,

Regression

Gowen and Gowen (1922) to provide some means for mak-
ing the seven day test more meaningful to farmers, used
regression factors to estimate total lactation yield from the
seven day totals, They reported correlation coefficients of

-.115 to .835 (with a weighted mean of .598) between seven-day
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and 365-day totals for various age groups., In addition to
formulating prediction equations for tl.e same lactation, they
predicted the succeeding lactation from a given record., They
found that a seven day test predicted the 365-day record of
which it ie a part more accurately than it predicts subseguent
lactations,

Fritz et al. (1960) investigated the importance of
breed, herd, lactation number, season of calving, and age at
calving on the relationship between milk or fat production on
test day and corresponding production for the complete lacta-
tion, They computed appropriate regression factors for esti-
mating 305-day records from parts., In this study, they used
11,420 Michigan DHIA-IB4 records, including only those animals
having at least ten consecutive test days. They reported that
variation in fat production among seasons was significant only
for the first test day of production and that herd differences
in milk production were significant for the first test day of
production., Aan examination of age and lactation numbers
revealed that only seven percent of the first lactations were
initiated after 36 months of age and five percent of the second
lactations prior to 36 months of age,

Intra-herd factors were compared visually with inter-
herd factors and, although these results were not tested for
significance, the authors reported a marked similarity between
the two sets of factors, especially for milk production, Since
variation due to herd differences was not significant except

for the first month of production, the authors suggested that
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it may not be necessary to derive extension factors on an
intra-herd basis to achieve sufficient maximum accuracy in
extending records to 305 days. Correlations between cumula-
tive test day production and the 305-day total, ignoring
herd effects, also were reported and compared closely with
others previously mentioned,

To ascertain if separate extension factors are needed
for low or high producing cows , Madden et al. (1959) fit
quadratic regression equations of total on cumulative part
production for various age-milking frequency groups. They
reported that multiple correlation values were within .006 of
the correlations reported when production levels were not con-
sidered, They developed regression factors for extending
cumulative part records at two milking frequencies and two age
groups, Except for young cows in the first month of the
lactation, the differences between frequencies of milking
within ages were non-significant,

VanVleck and Henderson (l1l96la) used 9,036 Holstein
records from 375 New York herds and reported regression
factors for extending (1) single monthly records, (2) sequen-
tial test day data, and (3) cumulative test day records to a
ten month total on an intra-herd basis, Correlations between
monthly and total production ranged from .53 for the tenth
month to .85 for the fourth, fifth, and sixth months when used
singly. Correlation coefficients for cumulative production
ranged from .57 for the first month to .99 for the ninth month,

and these were in general agreement with others previously
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sets one and two of bi-monthly records and 204, 457, and 421
for the three tri-monthly sets, The authors concluded that
prediction of ten month milk yield by regression ignoring
herd effects is more practical for most situations because of
simplicity although the accuracy is slightly less in all

situations than for the intra-herd predictions,

Comparison of the Ratio and Regression Methods

Madden et al. (1959) stated that the choice between
the ratio and regression methods depends on the purpose for
which the method is to be used and the ease of use., They
indicated that the ratio method may have more appeal to many
and would be easier to develop and use, The variation in the
total production estimated by ratio is more nearly like the
variation in actual total production. In addition to the
adjustment for incompleteness accomplished by the ratio method,
the regression method also adjusts for the unidentified
sources of variation which make the part larger or smaller
than average, and the total estimated by regression varies
less than the actual total. The differences between these
two methods are largest during the early months of the lacta-
tion,

Lamb (1959) reported that the value of the regression
procedure is in its ability to correct for the incomplete
repeatability of various portions of the lactation, whereas
the advantages of the ratio procedure are its direct measure

of the relationship of the partial lactation to its total,



23
its simnlicitv, esse of calculaticn, anw its availenilitvy
from a sincgle lactation.
Farvev (l9:sc)founa that sevarate ecuations are

needec for each stage oL lactation when the regression onro-

cedure is used hecause ol the changin, nar-meter values. e
note” tnst tho esti--ta” intoxeo~t a-wroochs” Z2ro o the

- 3= -z - - 1 P - o= e —~— ] i~ e ~ e s - o S T~ - I
loath cf lact-ticn increcnel, cou=sin: oi-ilsritics ©o crnict

. _——
T~

ics zud regressicn co=idicients, Tho diflicr-
2aCsy Lotueen the Lo weihous can he exnressed as (o-c)(z-x)
where b is the lineur reoression cf total »nioduction on a
nart, ¢ il the ratio or the total to vart, X is the actual
nartial wilk opro’uction, anu g is tne mean of the partial
milik oroduction for tne adcrovriate Dreec-ace-season croun,
adcen et 2l. (1959) found the ¢ifferences (b-c) to oe negsa-
tive anc largest in magnituve curing the early (omthree)
cunulative months, negative ktut smaller in macgnitudue curing
the mildle months (four-six), and vositive and s:2ll curing

the longzar (seven-nine) cunulative months.



SOURCE OF DATA

Approximately 58,840 completed records of Holstein
cows were selected from more than 500,000 records tested in
Michigan DHIA between January, 1959, and October, 1961, The
analyzed records in this study were obtained by selecting
completed Holstein records which were included in a previous
study (Aulerich, 1963), In the previous work, records of
milk production were obtained from approximately 2,500,000
monthly reports of cows tested in Michigan DHIA from January,
1959 to October, 1961. Only lactations initiated after
January 1, 1959 and identified by herd number, cow number,
date of calving, age at calving and breed were included. Each
test day milk weight was recorded in tenths of pounds, and
records in which the first test occurred more than 50 days
after calving were excluded, From this group, records were
chosen to include only those cows that had consecutive
monthly production from calving until going dry. Records of
cows leaving the herd for various reasons were excluced from
this analysis. Likewise, lactations with data missing for

one or more months were excluded,
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METHODS AND RESULTS

Record Classification

Data were analyzed as a single group for the primary
purpose of this study to compare various methods of estimat-
ing production in the total lactation. For computing regres-
sion coefficients, the data were categorized by two age groups
(cows calving at less than 36 months of age and those calving
at 36 months or over) and two seasons of calving (cows
calving from April through July and those calving from
august through iMarch), The basis of these classifications is
primarily Lamb's (1952 and 1962)work. Aall ratio procedures
were limited to include all cows in milk on test date and the
comparison between regression and the ratio procedures was
conducted on this basis rather than for each of the various
age-season groups.
Table 1 shows the classification of data as used for

computing the age-season regression factors,

Measuring Relationships of Parts to the Whole

The value of any part in estimating the whole is
determined by how closely the part is related to the whole,
Simple product-moment correlations were used to measure this
relationship. When several parts were included in the relation-

ship, multiple correlation coefficients were used to express

the relationship between the parts combined and the whole,
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TABLE 1

Distribution of Records by age and Season

D e e —

Age at Calving Percent
4,36 MoNths =—m— e e 36.5
236 months ——-=—=—= e e e 63.5

Season of Calving

April - July =—==cmcmcce e e e e e e 23.4

August - March —=—c-—eme e 76.6

Age-Season of Calving

£ 36 months = April - July =—==—cecececcrcrcmnc—ememe- 3.6
£ 36 months - August - March —=—-cccmcmcmcmc 27,9
> 36 months = april - July =—=e——memerccce e e e 14.8

> 36 months August - March ——e=cecccccmm e e 48,7
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partial correlation coefficients were used to express the
highest order partial correlation coefficient between the
parts (Xi) and the whole (Y).

Most data used in previous reports have had the re-
striction that the first ten consecutive months of test be in-
cluded, To determine whether the relationships of part to
whole were similar in these cases to those instances where
animals terminate their record by going dry prior to the com-
pletion of the first ten test dates, correlations were com-
puted for both situations,

Aulerich (1965) suggested that ratios may differ for
terminated records after plotting the lactation curves for
the two groups., She stated that involuntary terminal
records were similar to the complete records and that these
data should be extended using the non-terminal factors., She
further reported that wvoluntarily terminal incomplete lacta-
tions should be extended using another set of factors. There-
fore, she developed a separate setof ratios for these records, )
This could also be accomplished for animals going dry prior
to 305 days.

Table 2 shows the percent and numbers of animals in
milk for each of the ten test dates,

These data indicate that 18 percent of the cows go-
ing dry prior to 305 days terminate their records between the
ninth and tenth month of lactation,

Table 3 shows the simple correlations between milk

produced on individual test days and the production for the
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total lactation for records including the first ten tests,
Table 4 provides corresponding correlations between

various parts and the total production for all cows in milk

on test day.

Estimating 305-Day Records from Various Parts
of the Lactation

Ratios
The ratios, which were extensively developed by Lamb
(1962), Madden et al. (1955) and Aulerich (1965), are a
popular form of extending records, Two forms of ratios have
been developed, (1) cumulative ratio factors which extend the
total production to date to the whole, and (2) non-cumulative
ratios which extend single month's production to the total.
A linear function of the ratios to extend records from
two or more nonadjacent test dates can be expressed as
1 l)-l

Ry = (Rj_ + Ry where R; = ratio to extend the sum of
amounts produced on two non-adjacent months,

ratio used to extend on non-cunulative basis the

Ry

jth test

A

the kth test,

ratio used to extend on non-cumulative basis

This ratio may be useful where some tests are missing.

another method of using ratios is to average estimates
from individual test days. This could be accomplished by
dividing the estimate by the number of ratios used, thus,

weighting equally each ratio., This can be expressed as
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TASLE 2

Percent Cows in Milk on Each of 10 Test Dates

Month of Test

4 5 6 7 8 9 10
Percent %9,8 99,5 99,3 99.0 98,3 97.4 82,0
Percent Cows Reported Dry
the First Time for Each of 10 Test Dates
Percent 1.34 1.28 1.01 1.76 3.81 20.2 70.4

Total 17.99




TASLE 3

Correlations Between Milk Produced on Single Test-Days for
Records with 10 Tests

W
Month of Test

Month
of

Test 1 2 3 4 5 6 7 8 9 10 Total
1 1.0 75
2 .82 1.0 .85
3 .75 .87 1.0 .88
4 .69 ., 82 .88 1.0 .90
5 .64 .76 .82 ,87 1.0 .91
6 .58 .60 .76 .81 .,871.0 .90
7 .50 .61 .67 .74 .80 .85 1,0 .87
8 «39 .49 .56 ,62 ,69 .76 .84 1.0 .81
9 .24 .32 .33 .44 .50 .58 .66 .80 1.0 .67

10 .13 .20 .24 .29 .35 .42 .50 .63 .81 1.0 .53
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TABLE 4

Correlations Between Milk Produced on Single Test-Days
(Dry Test Days Excluded)

Month of Test

Month
of

Test " 1 2 3 4 5 6 7 8 9 10 Total
1 1.0 o 71
2 .81 1.0 .82
3 .75 .87 1.0 .85
4 .69 .82 .88 1.0 .88
5 .64 .76 .,82 .87 1.0 .89
6 .56 .68 .75 .81 .87 1.0 .89
7 .47 .59 .65 .72 .78 .86 1.0 .87
8 .34 .45 .51 .53 .65 .73 .83 1.0 .80
9 . 20 .29 .35 .41 .47 .55 .65 .81 1.0 .66

10 13 .20 .24 .29 .35 .42 .50 .63 .81 «53
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(R1x1+R2A2 + R3A3) / 3 where Rl, Ry, Ry are the non-cumulative
ratio factors for any three test days and Xl' X2' X3 are the
corresponding amounts of milk for each of the test days.

To weight each estimate of total production by the

inverse of its error variance can be expressed as followss

b3 gﬁiy/(l-rizy) &‘-ffy_]/z /T / 1-rj2_y) A fy] where

Ri = non-cunulative factor for extending records for the ith
test date
iy= correlation between the ith part and the total
A 2 _
d-'iy= total variance of 305-day lactations,

Btandard D=IA Method

The DHIA Handbook provides a centering date table for
bi-monthly testing which functions in th=2 same manner as the
regular monthly Festing program. Each bi-monthly testing
period is divided as nearly as possible into two equal groups
of time, half of the time occurring prior to the test date
and half the time falling after the test date, Many states
have used a bi-monﬁhly system to provide a low cost testing
program, The model for the THIA procedure can be writtens
? = B, X, + B,X, + 3. X, + B,X, + B,X. where the values of Bl

11 22 243 24 35

and B, depend on the stage of lactation when the animal is

3
first tested and the xi represent the milk weights on test
days, The value of 32 is 2.0 since each test represents two

monthly tests,
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Recgression Coefficients for Estimating Total Yield

The least squares normal equations were solved to
estimate the desired regression coefficients, The right and
left hand sides of these equations were made up of the total
sums of squares and cross-products corrected for means,

Algebraically, the estimates are obtained froms

Cc M

1
coefficient of total production on production in part i of the

where bi is the estimated partial regression

iy *° Ty

o’
H
I
. 0
] lM

lactation,

ciJ is the element of the inverse of the matrix of
sums of squares and products involving production parts i and
e

ij is the corrected sum of products of total produc-
tion and production in part j.

The standard error of the regression coefficient is

estimated as Sbi=v<ﬁ1§2 where S2 is the error variance or
(l-R%)f;z where R% is the scquare of the multiple correlation
anq?&z is the estimated variance of the total yield.

VanVleck and Henderson (1961d) concluded that this
method is more practical for most situations if herd effects
are ignored.,

An exarple of the use of regression factors to esti-
mate total yield from a test-day of a single record is as

A
followss Y = total lactations for the breed + bi (test day

production - breed average production for that test day or

T=7% )
=Y + bl(xigxi .
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Regression coefficients and their standard errors,
standard errors of estimated yields, and correlations of
various parts with total production were computed for single
months, seguential months, cumulative months, and different
types of both bi-monthly and tri-monthly testing,

Most work to date has been based on records contain-
ing at least ten test dates, with the exception of that of
Madden et al. (1955) who included completed records of 243 or
more days in length., To ascertain whether or not this type
of restriction affects the factors, the regression factors in
this study were computed in the two ways, one including those
records containing at least ten consecutive test dates and the
other also including records terminated by dry period prior
to 305 days.

Table 5 shows the means and standard deviation of
monthly test day records and the cumulative production for
those animals in milk at least ten consecutive test dates., A
total of 43,257 records was used in this category, with the
average age being 47 months, Table 6 contains corresponding
values for data including all cows in milk on test date.

Tables 7 and 8 contain regression coefficients for
estimating total milk yield for the lactation from cumulative
test data for both situations., The standard errors of esti-
mates are smaller for the data where ten consecutive test

dates are used than for records of all cows in milk on test

day.
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TABLE 5
Means and Standard Deviations of Monthly Test Day Records

of Milk Produced on Single and Cumulative Test Days
(10 Test Days)

e —

Month

single

»Yonths 51.3 51,0 45,9 43,3 40.4 37.9 35.3 32,4 28,1 23.7
std.

Dev, l12.0 12,7 11.9 10.9 10.1 9.5 9.0 8,7 9.0 9.2
Cum,Mos.

Means 51.3 102,3 149,.,2 192,5 232,9 270.8 306.,1 338,5 366,6 390.4

Total 390.4

std.Dev, 84,0

305 Day

(Actual) 11907
TASBLE ©

Milk Produced on Single Test Days (Dry Test Days Excluded)

Month
of Test 1 2 3 4 5 6 7 8 9 10

Mean 51.2 50.6 46.4 42,7 39.8 37.1 34,3 30.9 26.9 23.7

std.Dev,12,7 12.8 12,0 11.0 10.2 9.7 9.4 9.4 9.5 9.2




Regression Factors for Estimating Total Milk Yield from
Cumul ative Test-Day Records (10 Test Days)

-— ——

Month
of Test 1 2 3 4 5 6 7 8 9

b 4,97 2,91 2,12 1.72 1.48 1.31 1,19 1,11 1.05

Yy
std.b .020 ,009 ,005 ,004 ,003 ,002 ,001 .,001 .0O01
75 .84 .88 .91 .93 .95 .97 .98 .99

r
"
Te 55,9 46,2 39,9 34,8 30,0 25,4 20,6 15,2 8.3

TAZLE 8

Regression Factors for Estimating Total iMilk Yield From
Cumulative Test Day Records (Dry Test Days Excluded)

= e e —

Month
of Test 1 2 3 4 5 6 7 8 9

b 4,93 2,93 2,15 1.74 1.49 1.32 1.21 1.12 1.06
Std.b .020 ,009 ,006 ,004 .,003 ,002 ,002 ,001 .00l

r .71 .80 .85 .88 .91 .93 .95 .97 .99
L)
Oe 62.9 53,6 47,6 41,7 36,6 31.6 25.1 19.3 10.8
b = Regression cocefficient
r = Correlation between that month and the total

de
std b

Resio Var.
std., error of regression coefficient
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TABLE 9
Regression Factors for Estimating Total Milk Yield From

A Single Monthly Test Using Data Only From Cows in Milk
at Least Ten Test Dates

Month
of Test 1 2 3 4 5 6 7 8 9 10

b 4,97 5.58 6,23 6,96 7.54 7,94 8,10 7.79 6,27 4,80

Std.b .020 .,016 .015 .015 ,0l16 .017 .021 ,020 ,032 ,035
r «75 «85 .88 .90 .91 .90 .87 .8l .67 «53
1))
Oe -°-° 44,7 39,8 36,5 35,2 36,6 41.2 49,2 62,4 71.5

TABLE 10

Regression Factors for Estimating Total Milk Yield From
A Single Monthly Test Record Using Data From All Cows In
Milk on Test Date

Month
of Test 1 2 3 4 5 6 7 8 9 10

b 4,98 5,68 6,34 7.09 7.66 8,03 8.05 7.34 5,94 4.80
std.b .020 .,017 .016 .016 ,016 .,017 ,0l19 .023 .028 .035
r .71 .82 .85 .83 .89 .89 .87 .30 .65 53

e; 62,9 51.5 46,5 41.8 39.3 39,2 42,7 51.4 63.5 71.5
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TABLE 11
Regression Factors for Estimating Total Milk Yield

From Cumulative Test Day Records When First Month
Records are Missing

Month
of
Test 10 ° 8 7 6 S 4 3 2

b 4,80 3,05 2,50 2.15 1,87 1l.%4 1l.44 1.26 1.1l
std,» .,035 ,017 .,0l11 .,007 .,005 ,003 ,002 .,001 .00l
r 53 .63 .73 .81 .83 .22 .96 .98 .99

71.5 65.4 57.3 43.8 40.6 32,7 24.8 17.1 9.4
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Bi-lMonthly and Tri-Monthly Results

It appears from previously mentioned results that it
may be necessary to compute regression coefficients to ex-
tend records which have only various portions of the data
normally available for computation of the tri-monthly and bi-
monthly records, For example, if a cow has no production on
her first test day, she still fits into the first bi-monthly
or tri-monthly set but with the first test date's data missing.

If a full complement of monthly data are needed to
extend the production to a 10 month basis, records with miss-
ing monthly results would be excluded from the program. How-
ever, if regression factors are available for extending a
particular incomplete tri-monthly set, the data could be sal-
vaged, The number of combinations of months varies from
those situations where all months are available to those where
only one is available, For tri-monthly testing, the monthly
set using four test dates (1-4-7-10) would have a total of 15
combinations of incomplete data when single months are in-
cluded: the other two sets have a total of seven combinations
each, However, since the single months and the complete com-
pliment of dates are already computed, it is necessary only
to solve for ten additional factors for the 1-4-7-10 combina-
tion and three additional factors for each of the other two
sets, 2-5-8 and 3-6-9 combinations,

Table 15 lists the simultaneous values for both tri-

monthly and bi-monthly testing systems. These data contain

all records available on test date., The corresponding cumulative



Ligures foi potn =i- an® tri-montnlw testins zie snown in
Tavle l:e Tacle 17 zhows the recression valuzas to e
aszivnea iLor tae various "iacov~lete" monthlv sets Zor each
OL the turee sets ol tri-ronthlyv Gata. The nuacer ol comn-
hinaticns that coulc result tor each o tne two i—iontnlw
sets is cuite larce (2t leacst 20). :owever, manv of thnese
will rell into the sinzle month catecorv or into one of the

akove listed tri-monthl-s results,

Means o< totel rmrocuction were hichest ror aiimals
initiating lactations at Zo or more months of ace ana from
aucust to sarch, and vere lowest tor those animals freshen-
ing curin., A~ril-July at aces less than 3t —wontns, Tne
VOUNLEr Cows reacheld nezX vrowuction at lower levzls ana dic
not c¢iwminish in vroducticn as rarvicvlv as the older aninals.
Tacle 12 cives the means ana stancara ceviations for the
four age-s2ason crouns ior ten months cauring the lactation,

Table 19 shows the reagression Iactors for estimeting
total vielld from cunulative test cavs cata. Diiferences in
these factors voint to dirfrereaces in vrcouction levels cx
aged cows anc vounT animale. Larccer iractors are raguired
for the vouncer aninals earlv in the lactation; but as vro-
cduction accumulatss, Tactors ror cGifrerent ages ccnverde.

Tanle 20 is a tatle ol regression tactors fcr thne
four age-season crouns for extencing cucnulative nart recorcs

to a ten month basis when data are missing for tne rirst month.
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TABLE 16

Regression Factors for Estimating Total Milk Yield From
Cumulative Bi-Monthly and Tri-lionthly Test-Day Records

——————ee e e e e e T e

Bi-Monthly Tri-Monthly
Monthly Sets 1 2 1 2 3
b 1.93 2,00 2,52 3.00 3.19
Std. b .001 .001 .002 .003 .003

R .99 .99 .93 .97 .97
6‘-( 14.4 12.0 17.2 20.3 20.0
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Table 21 shows both correlations between part and total and
the regression factors for extending single month's data
to a ten month basis, Correlations are higher for younger
animals than for olcder animals within a particular season
of calving, The differences are larger in the early months
of lactation than for the middle or last months of the
record,

Table 22 contains regression factors for estimating
total lactation yield from seguential test-day data for the
four age-season groups. Again the correlations between
the estimate and actual are higher during the early parts
of lactation for younger animals than for older cows.

Table 23 lists the regression factors for estimat-
ing total milk yield from sequential bi-monthly data for
four age-season groups. Correlations between these estimates
and the actual values are also included.,

Table 24 contains regression coefZicients for esti-
mating total yield from tri-monthly data. The correlations
between the estimate and actual production using the first,
fourth, seventh, and tenth month's data are as high or
higher than the other two test sets for all four age-
season groups, while the third set is as low or lower than
the other two for the same age-season group. Regression
factors to estimate total production from both bi-monthly
and tri-monthly cumulative data are included in Tables 25

and 26.
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TA3LEZ 19

Regression factors rfor Lstimating Total itilk Yield From
Cumulative Test-Lay Records for Ffour Age-5eason Groups

p————— ]
Age-Season Groups

Cunulated 2 36 months & 36 months <2 36 months & 356 months

rionths of AUy, =iiar, Aug, =iar,. April-July April-July

Test

1 5.20 5.50 4,55 4,97

2 214 3.21 2.87 2,91

3 2.28 2.32 2.14 2,13

4 1.34 1.25 1.74 1.73

5 1.55 1.5% 1.59 1.49

o 1.27 1.37 1.24 1.33

7 1.23 1,23 1.23 1.22

3 1.13 1.13 1.14 1.14
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TA3LE 20
Regression Factors for stimating Total Milk Yield lFrom

Cumulative Test Day Records .Jhen First Month Records are
Missing for four Age-Season Groups

-

Month of 2 36.months &£36 months 2 36 months &£ 36 months

Test Aug,-}ar, Aug,-Mar, April-July April-July
2 1.10 1.11 1.10 1.11
3 1.23 1.25 1.23 1.26
4 1.2 1.43 1.39 1.43
5 1.53 1.65 1.60 1.63
5] 1.32 1.91 1.78 1.35
7 2.10 2.24 2.06 2.13
3 2.45 2.65 2.45 2,62
9 3.05 3. 30 3.14 3.40

10 4,97 5.35 5.09 5.42




(XY}

5

TA3LE 21

Regression Factors for Estimating Total i4ilk Yield
from a Single Monthly Test Record for Four Age-Season

Groups

Month of 236 months &36 months 2236 months <36 months

Test Aug,-Mar. ___aAug.-Mar, April-July  April-July
1 D 5.20 5.56 4,55 4,97
r .71 .77 .03 .74
2 b 5.83 6.13 5.206 5.45
r .53 .39 .81 .84
3 b 6. 20 6.63 5.93 6,23
r .87 .59 .34 .37
4 b .93 7.27 5. 49 6.82
r .23 .91 J=1S) .39
5 b 7.33 7.72 7.27 7.65
r .90 .91 .88 .20
6 b 7.75 8.06 7.66 8.19
r .90 .91 .83 .20
7 b 7.20 S. 24 7.90 3. 50
r . &3 .59 .30 .87
85 D 7.42 7.92 7.75 8. 24
r .33 .33 .32 .33
9 b €.08 €.53 6. 53 7.24
r .70 .71 .73 .75
10 b 4,97 5.35 5.09 5.42
r .53 .60 .60 .61
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TABLE 23
Regression Factors for Estimating Total !Milk

Yield from Seguential 3i-i4onthly Test Day Records
For Four Age-Season Groups

— — —
e —————— —— et

Age-Season Group 236 months &35 months 236 months €36 months

Aug, -Mar. Aug.-rar. Arril-July April-July
Seg.month lionthly sets#
of test 1 2 1 2 1 2 1 2
1 1.40 1.35 1.33 1.42
2 2.16 2.11 2,22 2.21
3 1.99 1.93 2,03 1.97
4 2.03 1.96 2.03 1.96
5 2,02 2.09 2,03 2.00
6 2.08 1.95 2,03 2.02
7 2,03 2,03 2.04 2,04
8 1.96 2,22 1.90 2,08
9 2. 30 2,42 2.25 2.52
10 1.45 1.37 1.43 1.34
R .92 .99 .99 ..99 .99 .99 .99 .99
* 1 is 1-3-5-7-9 monthly set
2 is 2-4-£€-3-10 monthly set
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CCPARISGU G METHCLS

Madcden et al. (13257) have shown that cifferences
vetween regression and ratio lactors are largest during the
early cunulative mnonths of lactation and smallest in the
latter stages (7-9 cunulative months), To express these
differences as a relationship between the estimated ana
actual periornance, the stancard error of estimate was used
for regression for ratios or other schemes, the variance
of the difference, Harvey (1956) explained that the in-
creased variance of the difference between estimated and
actual total production becomes (b-—c)zd.x2 where xz equals
the variance of cumnulative part production,

Correlations between estimated and actual produc-
tion and standard errors of the estimates are shown in
Tavle 27 for four methods, regression, average estimates
by ratios, proportionally weighted ratios, and the cumula-
tive non-adjacent month ratios. Correlations and standard
errors of estimates also are inclucded when total production
is estimated by the JHIA method as explained earlier in
this paper. Only those sets having a complete complerent

of test dates were used for the DiIIA procedures,

rRatio and Regression .‘ethods

Non-cumulative and cunulative ratio and regression
factors were compared to point out where the two varied and
by how much. The regression factors have ignored herd

effects; therefore, these results will not coincicde with



60

== ==== G8" 0°€® GL° G°TL %6° G°0E 06" €°C% oF3IBY
o== ==== G6° G'8C %8 €°GS G6° T'6C T6° G'9€ o1y
€S° 8°IET ¥6° €°1€ 18" 1°29 GS6° 1°6C 16" T°6E oT3IBY
€s° G°TL 96" 1°CCZ 88" T°'0% 96" T°'8C %6° T°8C a3ay

01 O0T=L=% 0T=L L=y 01=%
86" L°91 VIHd
T6° T°WE 68" T'OY 6L° T1°6S €6° 9°ZE === ==== eeo coce eee ee-e /8 8°WH G6° 892 96° L°%Z (P) OTIEY
96° 0°%#Z €6° 9°CE 18" 6°SS 16" 9°Lf === =cwe «ee ecoce ewe wee- 68 0°ZY 96° L°%C 86" T1°LT  (9) OT3IEBY
S6° 6°9T ¥%6° 0°6T 98" €°S% 16" G°9¢ [8° €'IS 88" S°9% TIL° T'IL 98" TI°Lh %6° 6°6T 86" L'9T (q) oFIwy
66° 6°0C 96" €°%C 98" 9'TY %6° 1°0€ [8" L°TH 88" 8'I% TL° 6°C79 68" 0°0% 96" T°%C 86" O°SI (v) a89y
0T=%-1 01-L-1 01-1 -1 L kK 1 -1 L=%=1 0T=L=%=1 POY3IBN

eleq Jo 839§ LTYyjuop

uoy3onpoad ITH TB3IOL YIUORW U9 93suwilsy o3
103 sonTe\ TENIOY pur S9IBPWIISH UIIMIDG S9OUIIIIITA

LT T19VL

pPosl SPOY3IdW SNOFIBA
Jo suofjejaa@ Jo suostaedmo)



60a

poSeI9A® S9I1BWIISD OFIBI SATIBRTNUND&UON

(r)

90UBTIBA 10119 83F 03 3ulpaodd® OFIBI ATIBInuUNO-UON (D)
eIBp syjuom 3533 Juadefpe uou aATIwINUND woij powroj oFIvI Y3 s} sofiey (q)
*JUaTOTIIA00 *aB39x [eylaed ay3l ST *aBsy (B)
L6* %12 VIHaQ
98" 6°CS T6° %9t Y6° %'TE L6° %°TT orIey
06° 0°t%? €6° 9°%t %6° 9°1€ L6 T°TC oFIey
99" 17201 68" €°S% 78" %'l 88" %[y G6° 8°8C €6° O°WE [6° 8°12 or3Iey
99" G°€9 68 T°6E 98" G°9% 96° 8°WE G6° 6°ST %6 T'0E L6° T1°61 a3sy
9 1 6-9 6-¢t 9-¢ 6-9-¢
l6* 'zt VIHd
== eeee eee ceee wee -wee 6" [°GE S6° TLT T6" E€°LE L6° 6°61 orIey
m== wees see =eee oee -=e=e H6° L°TE G6° L°8T T6° 1°9€ L6° L°12 "oTIRY
08° 0°0L 68" G'%% T8" 6°95 %6° 8°CE GS6° 0°8C 16" €°9¢ L6° ¥'1¢C oT3Iey
08" #'IS 68° €°6E T8 SIS ¥6° 0°6C 96° 0°ST T6° T'WE L6° T'61 1392y
8 S 4 8«G 8=¢ G=¢ 8=G=¢ POYI3R
B3BQ JO S3198 A1yjuop

panurjuo) /g TILVL



€l

those of liadden et al. (1959) concerning the diiference (b-c).

For the non-cumulative and cumulative factors, (b-c)
is always negative., However, this value is larger for the
first three months of cumulative production than for the last
three months where ¢ and b converge,

The value of (b-c) is negative for all months,
largest the last three months, and most similar the thirg,
fourth and fifth months of the lactation., Tables 23 and 29

show these results,

Cistripution of Errors

aAny method that estimates the total from part should
provide not only high correlation of estimated and actual
production but also, if the absolute values are to be used,
estimates that are close to the actual values, The standard
errors of estimates provide some picture of this since they
indicate the frequencies of various magnitudes of deviations
of estimates from actual production, The stancdard errors for
the regression method are less than those for any other
method, and the standard errors are smaller for the fifth
and sixth single months than for any other single months,
The standard errors for regression factors used in projecting
cunulative data are lower when only those animals are incluced
that have at least ten consecutive test dates than when all
cows in milk on test date are included in the results, The
pattern is similar for sequential data. The results for

cunulative data where only cows in milk ten months were included
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compare favorably to the cdata of Fritz et al. (19260) where
inter-herd regression factors were used, with the standarad
errors in the present data being slightly lower for all
months, Standard errors also were smaller than those
reported by VanVleck and Lenderson (193¢lc).

another comparison of the various methods used to
extend records to a 305-day pasis may be obtained from the
distribution of deviations of estimates from actual values,
For situations where the deviations co not adhere to a normal
Cistribution, this method will provide more iniormation con-
cerning the precision of the various methods than will the
standard errors alone,

Table 30 is a compilation of the percent of the
deviations falling in each of eight categories for thnree

methods used in exntending reccrds to a 0S8-day basis., The
Chi ocuare Test lfor ¢oouness of fit was used to test whether
these data fit the normal distribution., ¥or all three metnods
the lack of fit was significant at the 0.01 provaoility
level; i.e., these deviations c¢o not follow a ncrmal d¢istri-
oution, The tests viere mate using averases of the three
tri-monthly sets rather than testing each tri-monthly set
separately, since the probvavility of rejecting each hypo-
thesis when it was true for all three monthly sets would then
e greater than the chosen level of 0,01,

The data show that the cdistributions of deviations

for the three monthly sets obtained by the regression method
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were more alike than for the other two methods, For example,
the mean t one standard deviation for the regression method
included 72.1 percent, 75.1 percent, and 73.6 percent of

the observations for the three sets whereas the ratio method
incluced 69,7 percent, 74.2 percent, and 76.4 percent. The
weighted ratios included 63.8 percent, 76.9 percent and

67.3 percent for the three monthly sets, being about as in-
consistent as the ratios, The ratio method overestimates
the production 4¢,.,8 percent of the time, weighted ratios

45,7 percent and regression 43,5 percent of the time.
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LISCUSSION

Relationshin Setween Various Farts and Total Vield

The primary interest is in tri-monthly testing.
Therefore, while data are included for secuential, cumula-
tive, single months, bi-monthly, and tri-monthly data, most
discussion will center around the tri-monthly figures,
Results are similar for the other methods and will be dis-
cussed only when they differ from the tri-monthly findings,

Correlations of .39 between single monthly parts
and total are hichest for the fifth and sixth single months
of production when 211 records available on test day are
used. The corresponding values for data restricted to only
animals in milk ten test dates are .91 and .90 for the fifth
and sixth months, respectivelv. In the latter case, the
fourth month is as hichly correlated to the total as the
sixth month, 211 correlations of part with whole are
higher for the restricted data than for data where all ani-
mals are included, This would indicate that the record of
an animal going dry orior to having ten full months of
production tends to deviate both plus and minus from the
average lactation curve more than the records of counterparts,
Regression and correlation coefficients reported here for
animals in milk at least ten test dates are similar to those

reported previously by Madden et al. (1259) but the correlations
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are somewhat higher than those reported by VanvVleck and
Henderson (1961d)., Largest differences between these figures
and VanVleck's occur early in the lactation, with values
reported here somewhat larcer for the early months (e.c. .75
vs. .57 for the first month).

Lamb (1962) reported correlations between monthly
production and total lactation vield in three different ace
groups, The highest correlation for any age group between
the first month and total yield was .63 for the animals in
their first lactations., Table 4 shows this value for all
cows (average ace 47 months) to be .,71. Similar differences
occurred in the other nine single months, Lamb (12462) found
that the highest correlations occurred in the fourth and
fifth months of production bhut these were slightly less than
values reported in this study (.3C vs. .32 for the fourth
month and .35 vs. .39 for the fifth month,) Lamb (1252) in-
cluced only animals completing the first ten months of pro-
duction.

as could be expected, the hichest correlations be-
tween parts occurred between adjacent months of the lactation
and the lowest occurred between the parts wmost dictant., The
lowest correlation involving the first month is with the
‘tenth month (.L2). These correlations of parts are of value
in cdetermining what combination of months will provide the
Pest inforr-tion awout the total., Ferhars this can best be
seen in one of the tri-monthlv coxbinations where the monthly

set is 3-6-9. The standard error of estimate when all three
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months wvere used was 19.1l; however, the standard errors for
the 2-9, 6-9, and 3-% combinations were 25.9, 34.8, and
30.2 1o, respectively. ©0f the three wmonths used, th e sixth
month is most closely correlated with the total .32, .t5,
and .55 for months 6, 3 and 9, reswnectively. Fowever, when
the sixth rmonth is drorvoed fron the combination, the stand-
ard error is smaller than when either the third or ninth
month is drompecd., The squared multiple correlation (Rz) is
affected similarly and is .24 when month three is excluded,
.82 when month nine is excluded and .91 with month six ex-
cluded, These differences may be explained partially by
production in the sixth month being more hichlyv correlated
with production in the third or ninth month than is production
in the third with the test in the ninth,

Correlations between various parts are generally
higher for the "ten consecutive test" croups than for the
group including all animals in milk on test day. This is
especially true for the sixth throuch ninth months of lacta-

tion, and in particular when correlated with the earlier

months in the lactation.

Precision of Various I ethods Used to Extend Records

Ratios

Ratios for cunulative test days in non-adjacent
monthswhich are linear combinations of the ratios for indivi-
dual test days, were used to extend various parts to a ten-

month basis., Correlations between these estimates and actual
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production were similar to but never greater than those
obtained by multiple linear regression., Variance of the
deviations of estimates from actual production was used as a
basis of commarison., %YWeighting the individual estimate with
the inverse of its "variance of estimate" also was used to
combine ratios to extend partial records, This method used
as many weighted ratios as there were months in the monthly
set to be used in making the estimate.

In general, the variances of the deviations were
simnilar for these two methods, with errors of estimate of one
method smaller for a given monthly set and the other more
precise for another set., The sincle ratio was more rprecise
for five of the eleven combinations in the 1-4-7-10 monthly
set and for two of four comkinations for each of the other
two monthly sets., The single ratio method was more precise
in all three sets when the full complement of months was in-
cluded for that set; however, this superiority was small.
Tanle 31 shows the errors of estimate of these methods to
the standard deviation from regression with the single ratio
being about two percent more efficient for the three sets of
monthly cdata., Since 52.0 percent, 24,7 percent, and 93.3
percent of the animals are in milk ten, nine and eight months,
respectively, logically more emphasis can be placed on the

sets that include these months than for those sets containing

lesser numbers of months,
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Relative Zfficiency of Various ilethods in Lstimeting
“onth Production From Three Tri-onthly Sets of Data

Ten

Method ionthlv sets

1(a) 2(k) 2(c)
Reyression 100 300 120
Ratio 20.56 (a) 80,2 76.5
Inv, of Var. 77.3 72.2 74.0
DiIA 77.3 74,5 79.5

(a) set 1 is 1-4-7-10 months

(b) set 2 is 2-5-2 months

(c) set 2 is 2-5-9 months

(d) This is expressed as nercent efficiency

(2) comnpared to the recression estimate
where £ = 100 (residual variance of
regression/resicual variance of ratio).
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Then the single ratio should be used in preference
to the weighted ratios for extending the part records. EHow-
ever, to be able to project the ten-month total early in the
laction is always important when either set in the prefer-
ence is for the set that is easiest to obtain in a rmarticular
situation,

The ecually weighted ratios wnrovided the least pre-
cise estimates of anv ratio method emwnlovec. There were
only a few isoclated instances where ecually weighted ratios
crovicded estimates as precise as either of the other two

ratio schemes.

Dedression

when multiovle linear recression is used, the stand-
ard errors of estimates are lower than those of any other
method. The precision of the estimates for any one monthly
set is related to the amount of data available for that set,
but some combinations involving the same number of variables
are more rrecise than others in estimating the total produc-
tion. The 1-4-10 monthlv cowbination is the most precise of
the three-variable sets in the 1-4-7-10 category. The 2-3
conbination is most efificient of the two-variahle sets from
months 2-5-3 and the 3-2 set is the most precise of the three
two-variable corbinations in the 23-5-9 cset,

It was postulatec that recression factors and corre-
lations derived from data where only records at least ten

concsecutive months in length were used vwould provide results
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inappropriate for the entire ponulation. Zowever, this was
not the case when the reagression factors cderived from the
ten-month Jdata were aprlied to all cows in milk on test day.
The residual variances were almost identical for both popula-
tions. This can be exrlained partially »y the fact that 380
percent of those cows coing dry prior to ten test dates went
dry atter the ninth test but prior to the tenth test date.
Major discrepancies could occur only when the tenth test date
alone was used to project a record since this was the month
most cows were included in one croup but not the other. Z2Zut
the lactation curve for the group going dry after the ninth
test date was more like the curve for all cows in milk on last
test date than for anv of the other drv cow orouvs. For this
reason, these records could not change the standard error of
estimate very much, Differences oif the other groups of dry
cows could change the standard error, but their number was so
few that it was not an effective force in changing the results,
The possibility of cevelopinc a separate set of regression
factors to be used for extending the records of dry cows is
not excluded. The stancdard error of estimate for c¢ry cows only
would certainly be guite high if one applied the factors
developed for either the ten test day data or the uroup involv-
ing all cows. The use of separate recression factors is not
very practical since just when a cow will go dry is not known
at any given stage of the lactation., Eowever to re-estimate
the total lactation yield for dry cows after they co dry

would be more accurate if any form of testing other than
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nonthlv testing is kein, used.

Tacle 22 cecntains the efficiencies ol the ten test
cate ractors amnlienx to all cata. Relntive efriiciency is
Oerined as the raztio cf the errcr variance in the actual
cata to the error variance o2tainec wheir the 10 month data

figures were a»nolied to all data multinlieu by 100.

Serrecsion-Ratio Combinations

The ratio wethou is advantarveocus in tnat it coes not
incluue a herc efrfect, Regression factors can ke cevelonea
which account Zor herd diiferences (VanVleck and Eenderson,
19<1d), but this metnod is rather cunrersome. The ratios
rrovide a simnler relationshin oL the part to the whole, Tut
these ratios when aonlied to all aata lead to over and uncer-
estimates as notea bv Harvev (1956). Thus, ratios are some-
wnat easier to use, rutthe recression factors nroviue esti-
mates closer to the actual pnroauction values., This lea to
the cdevelooment oL a set of reuression factors that could be
aonlied toc the ratio estimates to provice an ectimate od
tinal production. This would allow ratios to be used for
estination in vractical situations; but when more precise
figures are recuired, the estimates coulu then ke weighted
anu com»ined. Thesa recgression factors also give some in-
sicht to the precision oi existing ratios. Takle 32 shows tne
regression coeriicients recuired to adjust the ratio estimate.
For situations where the estimate by ratio was already highlv

correlated ( .27) with the actuzl value, the acdition ci the
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regression factor did little to reduce the error of the esti-
mate, Such was the case for the 1-4-7-10 estimate by ratio.
The estimate by ratio was correlated with the actual value
.93 and had a standard error of estimate of 16.7. ‘‘hen the
adcditional step was added, the correlation remained the same
and the standarcd error also remained nearly the same. The
recression coefficient in this case was almost unity, .92%2.
The facts differed when the estimate bv ratio was from one
month such as the first. Here the correlation between the
estimate by ratio and actual value was .71 and the stanaard
error of the estimate waz 71.2; when the regression factor was
used to extend this record, the correlation was still .71 DHut
the standard error of estimate was reduced to ©2.9, The

regression coefficient used in this case was .65.

Mstribution of Errors

All methods tend to overestinate the ten month pro-
duction and the averace estimate by regression method is
nearer the actual averace for the ratio comwpinations. The
more information aveilable the more precise is the estimate
for both. Cn a 205 ¢av bpasis the ratios overestimated 35 per-

~o
<

cent of the records b, 612 1D of milk and underestimated Z2G
percent by the samne amount. The prowvortionately weightec
ratios estimated 71 percent of the observations within 619 1lb
of the actual rroduction, and recression method estimated 73
nercent of the observations within 542 1b of the actual produc-

tion when the tri-monthly system of testing was enploved, with
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TLLE 32
Relative Efficiencies of Regression Factors Derived

from Ten ..onth ZJata When applied to all Cows in [‘ilk on
Test Data

—
—— ———

Sincle Sstandard Error Stancard Error kelative
jonths of &pplied >E 4ctual Efficiency*
Estimates Zstimates
(1o milk) (1lb wilk)
9 ©3.6 3.5 99.8
8 51.6 51.4 99.4
7 42,8 42,7 99.8
5] 29.2 39.2 100.0
5 39,3 39,3 100.0
4 41,9 41.8 99,7
3 45,5 45,5 100.0
2 5l.0 51.5 99.83
1 €2.9 02.9 100.0

Sequential Months

2-5-8 19.2 19.2 100
3-6-9 19.1 19.1 100

* Rel, =ff, = Resid, var, actual x 100
Resid, var, applied







Are Used to Extend
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TAaSLE 33

A Comparison of Efficiencies /hen Regression Factors

Ratio Zstimates to a Ten onth 3asis

onthly Set Method Regr.CoeffSa) R(b) Eiig;(c)gff.
1-4-7-10 Ratio (Cumulative) .99 .99 16,7 100
1-4-7-190 Equally wWeighted .94 .95 24,7 100
Ratios
1-4-7-10 weighted Ratios .90 .97 17.1 100
(Proportionally)
2-5-3 Ratio .95 .97 20.4 113
2-56-9 Ratio .92 .97 20.0 119
1 Ratio .65 .70 ©2.9 123
2 Ratio .74 .81 51.5 122
3 Ratio 77 .35 46,5 152
4 Ratio .20 «33 42,0 123
5 Ratio .20 «39 34.5 166
6 Ratio 79 .39 39.2 133
7 Ratio .73 .87 42,7 144
8 Ratio .59 .80 51.5 1385
9 Ratio .42 « 60 63. 259
10 Ratio .23 53 71.5 340
% BEf, = Resid, var, ratio est.x 100

a)

Resid, var,
Est,

ratio regr,

Regr, Coeff. is the factor used to project the ratio estimate
to a more accurate ten month basis.,

b) R is the correlation coeificient between the new estimates

c)

and the actual values,

std. Error is the residual variance of the new estimate,
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a comrlete complement ool months. This amounted to onlv 67
1h milk diiference between the two extreme methous for avout
the same vercent ol the animals.

The ratios could be ennloyed to estimate total nro-
duction from mart recoras with almost the same accuracy anc
pbe almost as pnrecise as recression. all methods estimate
more records within one anu two stancarc ceviations oi the
actual amounts than would be exvectea trom norwal cistribu-

tion theoivy,

arolication of "Ten Test vate" Redaression ractois to i#ll Lata

Thne stanuard errors of estimate from recression
ractors where all cows are in milk at least ten consecutive
test aates are smaller than corresmoncing values ror the
situation where all cows in milk on test cata are inclucved.
#nile the foimer Iactors co not annlv to the eatire nonzla-
tion guite as well as co those ceveloved when all cows are
inclucec, thev co nrovide more vrecise estimates tran other
netnoas, This would incicate thet at the early staces ox
lactation, wnen wnicn animals will co cry nrior to 20Z cavs or
2t what time are not vet known, the overall ifactors are bect
used to estimcte nroduction for ten montns. nowever, at com-
oletion of the indiviaual cow's lactation, an approoricte set
of recoression or ratio factors could be apvlied, the exact
factors dermencding on the length of the recorc. The appro-
priateness of a method depends on the information cesired.

If an estimate is recuired earlv in the lactation, then the
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overall factorshould Le used to provicde the smallest number of
errors.

If it is possible to wait until the record is com-
plete, it may be more desirable to re-compute the ten month
total from the approoriate set of regression factors. Since
a large numver of animals complete ten test cates, it would
apoear more feasible to begin by using the factors developed
exclusively from those animals, Thus, S0 percent of the
observations would already e predicted with the appropriate
factors, The separate regression factors for various lengths

of lactations have aot 2eea included in this study:; however,

ratios are available Zor this purmcse (aulerich, 12:23),

e e ey e A v A
ALVELICRTION C& LoduTs

Several methols of exntending part records of various
lengths have been presented. The regression factors are more
precise in estimating the total lactation yield from part
records on a cumulative, non-cumulative, or seguential basis
than anyv cf the ratio methods, The ratio methods, of which
two were discussed in detail, are egually precise in most cases
hut both less precise than the regression factors. The more
information availakle the more precise sre the factors in
estimating total yield from nart records., The ratios, while
not cuite as precise as recression factors, are easier to com-
pute and may be somewhat easier to use for practical situations
than are the redression factors.

There are several purnoses for using these factors

in a production testing prosraa. One is the application to a



78

shorter interval testing progran such as a bi-monthly or tri-
monthly orozrawn., &another is to estimate production of ani-
mals at an early date in order to provide early information
about sires for a sire proving program and varticularly for a
young sire program. The phenotvpic correlations between
parts and the whole indicate that vartial records can be ex-
tended with consideransle accuracy; however, Land (1952) report-
ed that cenetic progress ver year will not be as rapid as it
the complete records were used. This reduced accuracy mav
ve offset if the generation interval is decreased sufficiently.

The cost of testing has been postulated to be a con-
tributing factor to the relatively low percentage of herds
enrolled in a production testing program, A less costly pro-
¢gram, such as bi-monthly or tri-monthly testing ocould raise
this percentage. To cdate, much information has been revorted
concerning the practical use of a bi-monthly proaram; however,
most work has centered around the accuracy of the results only
after the five tests have been rercrted, The use of either
regression or ratio factors to extend a record to a ten-month
basis each time the animal is tested may provide sufiicient
infcrmation to the participating herd owner to keep him in-
terested in a testing program. £ach time any additional data
are available on the animal, a new, more accurate estimate can
be computed., This not only will provide information which the
herd owners can use each month in ranking their hercs, but al-
so these data will be availarle at all times fcr use in sum-

marizing sires.,
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ost work availavle on bi-monthly tests assumes a
full complerent of monthly tests, but a succstantizl percent-
ace of all cows terminate their records prior to having com-
rleted ten full monthns, for these situations and those where
the animal is not tested for a particular month for some un-
known reason, additional factors must be used., The results
of this study provide regression factors for all combkbinations
of data available from each of three monthly sets cZ a tri-
monthly testing program, These factors and the resulting
estimates must be included in the evaluation of a particular
type of testing program if it is to be used in a practical
manner,

Tinally, ratios because of their simplicity may be
more desirable for practical use., However, in order to pro-
vide a more precise estimate for sire summaries, to extend
these estimates to a final "ratio-regression" estimate may be

desiranle.



SUMMARY

Data from 53,340 completed records of }ichigan
Holstein cows calving between January, 19539 and January, 19cl
were used to evaluate several methods of estimating total
lactation milk yield from various rarts and to compare esti-
mates obtained from several testing intervals with actual
DHIA cata.

Simple correlations were calculated between each of
the various parts and between each part and total milk yield
from only those records consisting of 10 consecutive test

date data and from all records containing test cdate data
through the last test date involved. 35imple correlations
were calculated between each of the various parts and between
each part and total milk yield for each of 4 age-season groups,

Three ratio methods and linear recgression were used
to estimate total milk yield from the different parts. The
non-cunulative ratio was used to estimate total yield from
each part, and these estimates were weighted egually or
welghted according to the variance of each individual esti-
mrate to form pcoled estimates, The third ratio method in-
volved the formation of a sincle curulative ratio from data
in the non-cunulative months, Total ZJHIA yield was oxtained
after suwming data for each cow over all test dates.,

80
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Total milk vield was estimated from each set of data
obtained by two different bi-monthly testing plans and three
different tri-monthly testing nlans, as well as from all pos-
sible partizal sets of data for each plan., Total milk vield
was also calculatel ny the linear regression of secuential,
cunulative, and non-curulative vield on tine,

Regression Zactors for each case were obtained for
each of 4 age-season croups,

Regression [actors to estimate total vilk vield were
connuted from only those recor<s consisting of 10 consecutive
test date data and from all records containing test date cata
throu_h the last concerned test date,

Simole linear regression factors were obtained to
estimate total milk vield f£rom the ratio estimates Ior each
set of bi-monthly and tri-monthlv data,

Correlaticns between single monthly parts and total
milk vield were highest for the middle months (5 and €) and
lower for either extrenre from these months, with the tenth
month being the lowest correlated sincgle month with total
yviel?2 (0.53). Correlations were higher between each sindle
monthly wart and total wmilk vield for data including only ten
consecutive test cdates than for data including all cows in
milk on test date. The greatest differences occurred at the
early months of lactation and converced as the monthly number
increased. Sinple correlations between various parts were

highest for adjacent months, acain, the data restricted to ten
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consecutive test dates were hicher correlated than the un-
restricted cata.

mstimates obtained by the ecually weighted ratios
were less precise than estimates from either of the other
ratio methods. The latter estimates were equally rprecise,
but were less precise than estimates obtained by linear
regression, IZstimates obtained from the more precise ratio
method were within 309,053, and 655 1lb milk oi actual values
for tri-monthlv sets consisting of months 1-4-7-10, 2-5-8,
and 3-6-9, respectively. Bi-monthly estimnates from the same
ratio methods were within 144 and 125 1b, milk of actual
values for bi-monthly sets consisting of months 1-3-5-7-9
and 2-4-6-5-10, respectively,

Means of total production were hichest for animals
initiating lactations at 35 or more months of age and from
August-:iarch and were lowest for animals calving during
April-July at ages less than 33 months. The younger cows
reached peak procduction at lower levels and <id not diminish
production as rapidly as the older animals. Larger rejres-
sion factors were reguired to estimate total milk yield for
younger cows from cunulative production in the early months
of lactation and become about egual during the middle and
latter months of lactation.

Regression factors to estimate total milk yield from
various parts are more precise when obtained from data inclucd-

ing only those animals in milk ten consecutive test dates.
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However, all cows will not be in milk the full ten months
of lactation thus, it may be cesirable to recompute the
total milk vield using the appropriate regression factors
after the cow has gone dry.

Application of simple linear regression to the
ratio estimates provides a more precise estimate of total
milk yield than does the ratio estimate alone., The efficien-
cy of doing this in terms of the resicdual variance decreases
as additional monthly data vecome available., Efficiency
values rance from 340% when month one alone is used to pre-
cict total milk yield to 100% for tri-monthly sets of data
consisting of months 1-4-7-10, Comparable results for

monthly sets 2-5-8 and 3-6-9 are 112! and 11974, respectively.
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