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Summary

For estimating the lactation Yield of cattle and buffaloes daily milk
is recorded at systematic time intervals during the entire lactation pertod
for a sample of selected animals. But due to several reasons it may not
be always possible to obtain milk records at every time interval for all
the selected anlmals. In the present investigation two alternative
eStimators of average lactation yield under village conditions have been
suggested. The first estimator s based on datily milk records of animals
having complete lactation data using appropriate probabilities of
obtaining the complete records and the second one makes use of the
records of all the selected animals, having complete as well as incomplete
lactation records.
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Introduction

Estimates of average milk yleld of cattle and buffaloes
maintained in villages are often required for assessing the progress
of a development programme aimed at increasing the milk
production in the area. Amble et al [2] developed a sampling method
to estimate the average lactation yield as well as the annual milk
production under the village conditions. This procedure requires all
the sample milk yield records during the lactation of each animal
included in the sample. However, it is not uncommon that some of
the records for some of the animals may not be available. This may
be due to several reasons, e.g. the selected animals may be sold,
transferred or removed due to death during the period of enquiry.
Sometimes the enumerator may fail to reach in time to record the
milk yield. Thus only a smaller number of animals may ultimately
provide the milk records for all the sampled time intervals during
the lactation period. The probability of obtaining all the sample milk
yield records from different animals depends upon several factors
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and varies from animal to animal so that the usual estimator based
on the sample average of these animals is likely to be biased. Singh
and Narain [5] have presented an appropriate estimation procedure
based on random sample sizes. In the present study two alternative
estimators of average lactation yield have been developed which are-

unbiased and have smaller variance. The first estimator considers ..

only those animals which provide all the sampled yield records
during lactation taking into account the differential probabilities of
obtaining such records for the selected animals. The second
estimator makes use of the milk records of all the selected animals
included in the survey irrespective of whether all the sampled
records during lactation are available or not.

2. Procedure of sampllng and estimation

In order to estimate the average lactation yield, the milk
recording is done at systematic intervals throughout the lactation
period for a number of selected animals. As the calving of the
animals is spread throughout the year it is not possible to obtain
the required sample of freshly calved animals at the start of the
survey. Therefore, the selection of animals in the sample has to be
carried over the average calving interval systematically after
up-dating the frame of freshly calved animals at each subsequent
time interval. Amble-et al (2] proposed the plan of selecting a
systematic sample of animals which requires the list to be brought
up-to-date from time to time before each selection. There-after the
milk recording is done at regular intervals of t days throughout the
lactation. Such a procedure of systematic sampling both for the
animals as well as for the day of milk recording assumes that the
selected animal is in milk on the day of milk recording andthe
sample is evenly distributed over animials calved in different months
so that estimates of milk production are not affected by the seasonal
variation in calving. But due to several reasons it is not always
possible to record milk yield for all the time-intervals for some of the
animals. This results in making the estimator biased as well as less
efficient. In the present investigation two alternative estimators are

“proposed to deal with the problem of such incomplete records. -

3. Unbiased estimator based on Complete milk yield records only

Let yy denote the milk yield for the j-th time stage of the i-th
animal. Let L; denote the lactation length for i-th ariimal and tdenote
the time interval for milk yield recording. The lactation yield of the

i-th animal is then given by Y; = X L Yy. An unbiased estimator of Y;. is .
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n

Y1.=t2 Vy=t T ' :
51 . - (1)

where 1, is the number of total sample records and Ty is the total of
the observed sample milk yield for the i-th animal. '

Viyin) =t 2 Ti - Vi (= visay) "

Let p; denote the probability that the i-th animal selected in the
sample would provide the lactation records for all the =
time-intervals durmg the lactation period L;. Let m out of n selected
animals provide with records for all the time intervals. Then,
following Singh and Narain [5] let the probability of obtaining m
animals with records for all the time intervals be

n-oi

p(m)-Eo n P1 T gy
i j=

where 3 denotes sum over all ( ) combinations and q, = 1 —p,. The

conditional probability of obtaining complete records from the i-th
animal given that m animals have complete sample records is given
by

m-1 n-m
P |2 @ Py n
I'mi 1’

mj=

7 (m) p(m)

where X, denotes summation over ( ) combinations excluding
the i-th one.

The probability of obtaining complete records from the pair of
animals i and j given that m animals hiave complete sample records
is given by

m-2 n-m

P1Py 22 n Py T qf
et | Jet g

Ty (m) =

p(m)
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where 2, denotes sum over all (2 2) combinations excluding i and

j. We assume here that the probability of obtaimng a sample with
no animal having records for all the time intervals i.e. P(O) is very
small and negligible so that m is always taken as greater than zero.
An unbiased estimate of average lactation yleld Y is then given by

¥i.

my (m) . (3)

il
=
M

T

-
]
—

The expected value and the variance of T, are given by
E(T,) = E1E2E;5(Ty) and
V(Ty) = VlEzEé(Tl) + 4E1V2E3(T1)+E1E2V3(T1)
where E;, E,, E| and Vj, V,, V; denote expected value and variance

for given animal i, for fixed m and for all samples of n respectively.

It is seen that T, is an unbiased estimator of the Jactation yield
as '

1

BTy = EiESES(Ty) = B:E 2

(;n) = El yn.= ?

To obtain the variance of T, we see that
VIEgEs(T1) = {24 ¥n - Yh= V. (say)

where 2, denotes sum over all such samples and f is the sampling

interval for selection of animals. Y, is total of lactation yield of n
selected animals and Yy, is total population milk yield.

2

- Y
Ey VsEo(Ty)= N‘“_” 2 (m) 7 (m)- 7 Y .-
n(N-1) & m (m) my (m)

and ’ E1E2V3(T1)= m E ;i(—lm)

so that we may write the variance of T,, for fixed m, as
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v () = Nf; D 2}; [m (m) 7y (m) - (am)]
Y, . .Y,
(m (m)" th(m)) oN E ™ (m) ' (4)

An approximate estimator of variance of T; (by treating the
systematic sample of n animals equivalent to a random sample and
ignoring the third stage variance i.e. treating the estimated lactation
yield of each animal as the true lactation yield) may be written as

o Yf 1 Yi ¥y
2 7@ m(m)  n (E m(m)) 22 m (m) my(m)

2

A 1
V(T))= ol

m(m) x,(m)- 7y(m) ! :
2 2 myy(1m) (nl(m) JlTJ(m))

The estirmator Ty is based on the assumption that p,'s are known
for all the animals. But in general p, is not known and therefore to
make use of the estimator T; we have to use some guessed values
of Pi's based on the experience and knowledge about the house
holder’s occupation, breed of the animals, etc. For example some
additional information may be obtained regarding whether the
house holder intends to sell the animal or wants to keep it for his
own use throughout the lactation. Similarly animals of same breed
having almost same lactation length may have same P,.

The estimator T, assumes a particularly simple form if we
assume all py's to be equal (say p) with q-= 1-p. In this situation
m(m) reduces to, as expected

m(m) = =

The estimator T, in this case becomes

1 o
EE f (5)
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! = —_—] —_—— 2 —_— —_—
anfi. V(T{ ) = [E( ) N] ‘Sy_ + N S \'A E( )

where : . ' ) '
1y _ (1Y), (9} '
- (m) ) (n9)+(n2 PZ) | ®)

" 4. Estimator based on incomplete milk yieid records

‘The estimator T; given by (3) requires the knowledge of p, for all
the animals which is generally not available. The Estimator also
does not use the records of (n-m) animals for which milk yield for
some time intervals is not available. This results in loss of
information. Further as the selection of animals is'spread over the
calving interval, the survey has to be continued for about three years
to obtain complete lactation records of all the animals selected in
the sample which requires much time and cost and perhaps will be
unusable by the time it is made available.

Therefore we propose an alternative estimator which makes use
of all the available information and also can be completed during
only one year or so.

Consider a population of N milch animals and let a sample of n
animals be selected by simple random sampling without
replacement for milk recording at systematic initervals of time t over
the lactation period. As the sample is selected out of all the milch
animals, some animals may be already in milk and at different
lactation stages while some others may calve only after some time.
Therefore, all the animals in the sample can not prov1de record for
all the time intervals. Let n’ denote the number of animals for which
complete lactation records for all the time intervals are available and
let nk denote the number of additional animals for which the k-th
time-interval record is available. Let ny= n’ + nj denote the total
number of animals for whlch the k-th time interval records are
available. :

Now we define

y = %’ E y;. the sample mean for y. based on n’ animals,
(y. is used for the variable lactation yield)
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similarly
Fi» Ve = the sample mean for y* (k-th time interval
milk yield) based on ny and ny; animals
respectively
St St = the population mean square for y. and v
Sk Si1= ~ the population sum of products fory., ¥
and y", ¥’ respectively and
Poks PkI= the correlation coefﬁcient between y., yk

and y*, y' respectively.

Now as total milk yield y. is: related to yk the k-th time interval
~milk yield, an improved estimator of the average lactation yield may
be given by » '

Te= ¥+ > W G- ¥
Where r is the total number of time intervals at which milk records
.are available.

or which may be written as
C T=F.+WX . ' (7)
W' is row vector of constants (W, W,,...,W,] to be chosen such that
V(T,) is minimum and
X is the column vector (' - ¥, .. ., ¥~ 7Y
The variance of T, is given by '
V(T)= V§i)+ WEIW+ 2W Z

where 2 is the variance: covariance matrix of X, and Z is covariance
matrix of y'. with X.

" The variance is minimum when W = - 3°'7

The minimum variance of T, is obtained as

V(To) =Vy'.)-2Z =172 (9)




ESTIMATION OF LACTATIONYIELD 223

An estimate of the variance of T, can be easily obtained by using the
sample values in (9).

To obtain V(T,) we requi;é V(y'.). Z and Z.

Now

V{F7.) = ViEsF) + E1V2 (7

1N 1 1
- E[Ee -] (n.-ﬁ)s;

To obtain T and Z we note that

VE*- 7 = St (——i)'

n ng
Cov.(*-¥. ¥ Y -¥)= kl( n —1‘-i+—1‘,)

ngIy ng n n
1] mygytn-n
= Sk ( -

ny 0y
and
Cov. @, ¥~ = CIE: @, ¥
+EiC T V-7
= CGE:F. ., ¥-¥)
1 1
= _Sok(nll = nk)
Thus '
5?(%-L) S12 —1—,-n—l+n2—-n-) ... Sir —l—,-ﬂﬁ'—n"—n-
n n2 n ninz . n ning
2 1 1 s 1 ng+ ne- n'\ -
z- n m) T neng

and
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. 11y L (1 1 (11
ol ety nfr )

From (9] it can be seen that the estimator T, is always more efficient
as compared to the estimator based only on the sample mean of data
for animals having lactation records for all the time-intervals. The
reduction in variance due to the use of estimator T, instead of y'. as
obtained from (9) is given by

VF') - V(Ty)= 2’52 ' ' (10)

5. Empirical investigation

In order to study the relative efficiency of the estimator T, which
makes use of all the available data, consider an empirical
inveistation. Data for this study has been taken from a survey
entitled ‘A Study of Impact of Milk Supply Schemes on Rural
Economy in milk collection areas of Madhavaram Milk Supply
Schemes, Madras’. conducted by the Indian Agricultural Statistics
Research Institute, ICAR during the years 1979-80.

For the purpose of present study milk yield records obtained at
monthly intervals over a period of one year for 44 cattle selected
randomly from two villages have been used. Out of the total of these
44 cattle, data for all time stages during the entire lactation period
could be obtained for only 11 cattle. The complete data is given in
the Annexure. '

Now, if data of only such cattle is used whose lactation records
are complete then, we can use the records of only 11 cattle and the
estimator of average lactation yield is provided by ., the sample
mean for total lactation yield of these cattle. The estimate of variance
ofy. is 688.50. Using the estimator T, proposed in (7) to make use
of the entire available data, the records of all the 44 animals are
considered. The estimate of variance of T; is 179.57 which shows
that the estimated variance reduces to almost one fifth by use of
estimator T; which a reasonable indicator that T, is expected to be
quite efficient as compared to ¥ Assuming the probability of
obtaining complete lactation records from each cattle equal, the
estimator T{ given by (5) reduces to estimator ¥/, therefore for the
empirical study the estimator y/ has been used.
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- Datly Milk Yield records at monthly intérvals during the Laction (100 Gms.)

ANNEXURE

225 -

Lactatlon stage

Sl. No. )
1. 2 3 4.5 6 7 8 .9. 19 11 12

1. 18 18 20 20 20 20 20 20 15 10 08 05
2, 10 10 10 10 10 10 10 10 .. . ... ',
3. . 15° 15 10 10 10 10 10' 10 10 05 05
4. 15 20 20 20 20 20 20 20 N

5. 10 10 10 10 10 10 10° v e e
6. . 15 15 15 15 15 15 .. 10 ‘10 10 10
7. 15 15 '10 10 10 10 10 10 10 10. 10 05
8. 15 15 10 10 10 10 10 ‘10 10 10 10 10
9. 25 22 22 20 20 20 20 20 10 .10 .10
10. .. 15 15 15. 10. 05
11. e e 15 15 15 10 05

12. 10 10 15 15, oo o oo e e
13. 15 14 14 15 10 10 10 10 08
14. 25 20 20 20 20 10 10 10
15. .. 20 22 22 20 20 20 20 20
16. 20 24 24 20 20 15 15 10 10
17. e e e e 15 14 20 10 10 ..
18. 15 15 10 10 10 10 10 10 10 10 05 OS5
19. 20 20 10 05 10
20. e e e 15 20 10 05
21. 10 15 15 15 15 .. .o e e
22, 10 10 10 15 15 10 10 10 10 08 06 06
23. 15 15 15 10 10 10 .. 10 10 10
24. - 100 15 15 15 15 15 .. .o e ae ...
25. 25 25 25 25 25 20 20 20 20 20 20 13
26. 20 20 20 20 20 20 20 10 06
27. e 10 10 10 10 10 10 10
28. 10 10 10 10 10 10 10 07 05 ..
20. .. . . . 20 20 20 20 20 20 20 10
30. 10 10 10 10 10 10 10- 10 10_ 10 10 05
31. 15 15 15 15 25 15 15 10 12
32. 25 25 25. 25 .. 25 25 20 16
33. .. 40 40 40 40 40 30 30 25
34. . . .40 40 40 40 40 40 40 30 10
35. 40 40 40 45 45 45 40 40 35 28 20 10
36. 40 40 40 40 40 40 35 30 30 25 10 10
37. . .. . 30 30 . 30 30 30 30 . 20
38. 20 20 20 20 20 20 20 20 20 13 06 05
39. 25 .. 45 40 40 40 40 .. 25
40. . . .. 3 30 30 30 30 30 20 25 10
41. 20 25 25 25 25 25 .. .. .. .. .. ..
42, 30 30 30 30 30 30 30 20
43. . . . _. 30 30 30 B30 25 25 25 15
44. 15 10 10 10 10 10 10 10 10 08 06 15
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