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1. INTRODUCTION

The available official estimates of annual production of milk in
the country are those worked out by the Directorate of Marketing &
Inspection on the basis of the market surveys conducted by them
(Chowdhary and Narang; 1962). These estimates are of limited utility
since the data used were not those collected through objective enquiries
(Singh and Murty, 1963).

During the Second Plan period, the Institute of Agricultural
Reserch Statistics had conducted a series of pilot sample surveys in
typical areas of the different :nimal husbandry regions of the country
with the objects of evolving a suitable sampling procedure for secu-
ring precise estimates of milk production and study of the practices
of feeding and management ofcattle and buffaloes in the regions
(Panse, Singh and Murty, 1964, 1966). Such investigations were con-
ducted in Punjab, eastern districts of Uttar Pradesh and Gujarat and
costal districts and adjoining areas of Andhra Pradesh and coastal
* districts of Orissa (Amble, Murty, Sathe and Goel, 1964). During the
Third Plan period, the first three investigations were repeated after
a lapse of 5 years for the changes in the level of milk production rnd
in the bovine practices that might have taken place during the inter-
vening period.

In each of the surveys, data were collected over a whole year
covering each of the three seasons, viz., summer, rainy and winter,
using appropriate sampling methods. On every working day of the
survey, a representative sample of cows and buffaloes which were in
milk onthat day was selected and the milk yield of these animals was
recorded by physical weighment on the spot. Such data collected by
appropriate sampling procedures over the whole year permitted to
work out objective estimates of annual milk production in the tract,
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The annual milk production was thus obtained as —estimate of average
milk yield per day per animal in milk multiplied by the estimate of
the average number of animals in milk in the yedr and the number of
days in the year (365). Estimates for different seasons were also
obtained by using a similar procedure. ‘

2. SCOPE OF STUDY

For a particular type of sampling design used in a survey, a
number of estimates of annual milk production can be formulated.
From this wide class of estimates, the most suitable estimate could
be chosen after taking into consideration the relative efficiency of the
estimate besides simplicity in its calculation. On certain occasions, a
biased estimate may have to be preferred to an estimate which is un-
biased provided the bias is small and can be estimated from the sample
itself. Keeping these considerations in view, several estimates of num-
ber of animals in milk and annual milk production have been studied
and their relative efficiency has been examined. This paper gives the
results of suchastudy. In working out the estimates of the number of
animals in milk and annual milk production, ratio method of estimation
has been used. These estimates, although biased, are consistent. An
estimate of the relative bias has also been worked out for each of the
estimates and the results are given in the paper. The assumption
made in arriving at the various expressions in the estimates is that
the sample size is large and, therefore, only first approximation has
been used in arriving at them. Thus the contribution by second and
higher order terms has been neglected. The assumption of large
sample is possibly valid, the sampling fraction at the first stage vary-
ing from 20 to 25 per cent in different strata. The correlation between
the character studied and the auxiliary character used is assumed and
seen to be high. For obtaining the estimates of variance of number of
animals in milk or milk production sample estimates were substituted
for the corresponding population values. Similarly, a preliminary
study revealed that the contribution of the bias at the second stage
in the relative bias of number of animals in milk or milk production
was negligible as compared tothe first stage component and the second
stage component of bias has, therefore, been iguored.

* The 'various mathematical expressions of the estimates, their
relative bias and variance are indicated in Section 4. A numeri@:ai
illustration has also been presented making use of the data relating tof
rural area collected from the surveys of Punjab and Uttar Prad,e’sh._
The sampling design adopted in these states is indicated in Section 3,
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3. SAMPLING DESIGN OF PILOT SAMPLE SURVBYS IN PUNJAB AND
UTTAR PRADESH o

(i) Sampling Design: The sampling design adopted.in each of
the states was one of stratified multistage random sampling.” The tract
was divided into three or four zones and the zones were adopted as
strata. The basis of stratification was geographical contiguity, clima-
tic conditions, animal husbandry practices, etc. The unit at the
primary stage of sampling (PSU) was a tehsil. A cluster of three
neighbouring villages/town, a cluster of three adjacent households
and an animal in milk were the units at the second, third and
ultimate stages of sampling. From each stratum, a sample of five
tehsils was selected with equal probability and without replacement
and these tehsils were followed for observation throughout the 12
months’® period of the survey. From each tehsil, a sample of two
clusters of villages or one such cluster and two towns were selected
in each season. Selection of a cluster was done by first selecting
a village with equal probability and without replacement from the
total population of villages in the tehsil and attaching to this village,
two more villages selected at random out of those which were within
a radius of three kilometers. Selection of thesample at the subsequent
stages was done with equal probability and without replacement. In
case of urban area, a further stage was introduced by first selecting a
town from the tehsil and then selecting a ward from the selected town.
Thus, from each tehsil, two clusters of three villages each or one such
cluster and two towns with one ward in each selected town were
observed for field work and this sample was observed in each month
of the season. During each month from each selected village, a sample
of 2 to 4 clusters of 3 households each was selected for recording
detailed data. These clusters were those formed by first selecting a
household having animals and clubbing it with two similar adjoining
households. From each selected housebold two animals in milk were
selected for recording milk yield, while all the animals in the household
were observed for recording other detailed data.

(if) Programme of field work : An enumerator was located in
each selected tehsil and he was required to collect the primary data

from the sample of villages/towns selected from the tehsil. He would... 24

visit each of the two clusters of villages or one such:¢luster-and two
towns in his jurisdiction every month, spending a fortnight in each
cluster. In the course of the first month, the enumerator would devote
the first 8 days of the fortnight for making a complete enumeration of
the households in the selected villages and collect the necessary basic
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data for preparing the sampling frame. In the remaining part of the
fortnight, he would select two clusters of three households from each
village and record detailed data in respect of each selected household
at the rate of one cluster per day. In case of a ward, the procedure
was exactly the same except in that he would stay only for a week in
each ward and spend 4 days for a complete enumeration and subse-
quent two days in the week for collection of detailed data. During
each of the subsequent months, four clusters were selected in each
village for collection of detailed data, while in case of a ward, five
such clusters were selected. Besides these clusters, the enumerator
would also select 8 more clusters of three households each in case of a
village and 10 clusters in case of a ward for recording changes in the
number of bovine stock in the period intervening the first and the
subsequent visits,

(7if) Data collected : The detailed data collected from each of
the selected households included information on milk yield for each of
the milkings in the day of two animals in milk selected at random,
out of all the animals in the household. - Data were also recorded on
quantity and composition of feeds supplied to the animals and parti-
culars such as breed, the order and stage of lactation of animals in
milk, prices of purchase and sale of animals, veterinary aid availed of,
utilisation of milk, procurement of feeds, utilisation of dung, etc.

4. ESTIMATES OF NUMBBR OF ANIMALS IN MILK AND TOTAL MiLk
PropbucTION

It has been mentioned in the previous section that from each
selected tehsil, a sample of two clusters each consisting of three ad-
Jacent villages was selected. Utilising the mean squares between
clusters within tehsils and between villages within clusters in the
analysis of variance, an estimate of the intraclass correlation coeffi-
cient between the viilage means was worked out and this was found
to be very small, viz., 0 1, for each of the surveys. Thus for further
study, the procedures used were the same as .for a random sample of
villages from all the villages of the selected tehsil.

4-1, Notation :

Let Yijriam be the milk yield of ‘m’th animal, in ‘Ith household,
‘k’th village of “I’th tehsil during ‘r’th round of ‘j’th season.
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Further notation may be defind as follows : —

Number of animals in milk in
‘Pth household, ‘k’th village of
‘i’th tehsil during ‘r’th round of
‘’th season.

Number of households in ‘k’th
village of ‘I’th tehsil during ‘r’th
round of ‘j’th season.

Number of villages in ‘i’th tehsil
during ¢/’th season.

Number of roundsin ¢’th season.
Relative length of the ‘/’th season.

Number of tehsils in the stratum.
Number of seasons.
Hy
Further, let.
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It may be noted that the ‘M’s are true values of the number
of animals in milk but these values, with the exception of ‘Myy;’
namely the number of animals in milk in a sampled village enumera-
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ted during a season, are not known. However, similar data on the
number of animals in milk and milch animals according to a quin-
quennial Livestock Census are known for each village and tehsil in
the population. The notation used to denote the number of animals
in milk or milch animals according to livestock census is given below.

i

Let M'y;, be the censu§ figure of number of animals in milk in
‘“k’th village of ‘I’th tehsil and M"; the corresponding figure for
number of milch animals and

FY Mi, Fvas Mi”
M; = _Vg— M,- = T
T T
M= 2 Mil M= 2 M.
i=1 =
— M’ —-—,,-__M”
M= M=

4'2. ESTIMATE OF THE NUMBER OF ANIMALS IN MILK

A A A
Three different estimates of M, denoted by M;,, M, and M
were worked out and the estimates are given below,

t A
A 2 My,
. — ’ 1
O My=MX—
S M/
i
where
© A 3 A
Myy= 3 Nz My
Jj=
and
Vij.
A IE M
Mi,-m=M’¢><:ﬁ—
5 My
k
oA
’ A 2_ Mi(Z)
~ (ii) M(2)=M' Xa:—v
, 5 M
H
where
. A 3 A

Mi(z)——le Di My,
j=




72 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

and

A Vz Vi

Mﬁ(z)=v—_ S My
i k

t oA

A 3 My,
(ii)) Mg =HX

s H;

1
where ‘H;’ is the number of households in ‘’th tehsil according to
Human population census, and
T
.H =3 H;
i=1
A 3 A
M= j5«1 Pi Mijia),

Vij

A S My
k
Mym=HiX 5~
2 Hilc
k

A A A
The estimates M1, M) and M, being ratio estimates are

biased, but consistent.
A
Relative bias in My, is given by

T _ T . —
{,z (M; =0Ty 3 (M;—M)(M/~M')
qx i=1

1=

e M
T — —
S (M/—M')(B,—B)| —
= oz 1
A w W
h I 1 _E—-l g‘. B, and B;is the relative bias
whereg=-gy =1y °- T 21 "

i=1

A
in My, Neglecting bias at- the second stage, estimate of R.B.

A
(M) can be shown to be approximately equal to
t A r A A A
S (M —MY 3(Migy—~M)(M{— M)
1 1
= A - A A

(2
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where
' T—t 1 A M
‘e — —— and Y= 3 —
=7 1—1 M= 27
A T M T T 3 P2
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The relative bias in M(,,, ‘and V(M(a,) and thelr estimates W}lll be

given by expressxons quite similar to those of M(,, except m‘ that
My, M, M/, etc., are to be substituted by Hy, H; H; etc_' res-

A A A .
tes M(;), My and M, together with the estimates
bias and variances worked out from the data of the
| and Eastern Uttar Pradesh are given in Table-1.
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A
It is seen from the above that My is the estimate with minimum
A
relative bias and standard error. M(y, has, therefore, been preferred

A A
to M, and M, for estimating the number of animals in milk in the
year. ’
4'3. ESTIMATE OF MILK PRODUCTION PER DAY
Let P=M7 be the total milk production per day in a stratum.
The following estimates of P are considered.

'
R A El M{" v
1. P(1)=M(1)‘>< 7
) =M .
i
t oA -
A A %Ms Vi
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H
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A 3 A " A » > M”’“
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j=1 S My,
k
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1
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and ¥ij;, is the average milk yield per day per animal in milk in ‘k’th
village of ‘i’th tehsil during ‘/th season.
A
Relative bias of Py, can be shown to be approximately equal to

T —
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A
Relative mean square error of P, can be shown to be approxi-

mately equal to
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MM Y ..(10)
where B; and 2; are the biases in the estimates of M; and Y; which
are ratio estimates. As has already been mentioned -in section 2, the
biases at the second stage, viz., B; and A; have been ignored in further

. discussion. . .

Further a study of the correlation coefficients between -different

A
estimates of numbers (M, M’, M"), and § and between different
A

estimates of numbers and production (M §, M’y and M'y) and the
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coefficients of variation was made. The estimated values of the
correlation coeflicients and coefficients of variation obtained for the
Punjab survey are given in Table 2. The correlation coefficients and
the coeflicients of variation have been culculated ignoring the strata.
As mentioned earlier, the intraclass correlation between villages with-
in clusters was small. Thus the procedure adopted for working out
the correlation coefficients or coefficients of variation were the same
as those usually adopted for a random sample.

It may be seen from Table 2 that the correlation coefficients
A

A
as also their C.V’s, between the first three pairs viz., M, M' ; M, M"
and M’, M" are of the same order and may be denoted by p, and C;,
A

Similarly, the values of the fourth and fifth pairs, viz, M, y and M’,
¥, are of the same order and the correlation coefficients and C.¥*s may

be denoted-by-py-and C,. - Similarly,-the correlation- coefficients bet-
A A

ween the remaining pairs of characters, viz.,, M, M"y ; M', My ; M’,

A
My ; M, My ; M', My and M", My and also their C.V’s are of a
different type and are of the same order. The latter group of coefficients
of correlation and coefficients of variation may be denoted by p, and C,
A

respectively. The relative bias and relative mean square error of Py,
will then reduce fo the expressions given below :— =~

A T—t .
RB.(Py = Tt [C22 - p1)—psCiCs]

1 I s e
e 3 MY WY
i=1
_ (11
= (11)

A T—t
RM.S.E(Pu)="F7 [C;’(3—2p)+Cy(C3—2p,Cy))

T
A s Mi”V—
/AN W=t o
Tt i1 a2 T T rvE

T . _\2
(4 5 MFi-M7T)
i=1 ..(12)

(Hn?)z
Under the assumptions made above, the relative biasand relative mean
square error of the other three estimates ¢an be shown to be equal to

e



Estimates of coefficient of variation and coefficient of correlation

TABLE 2

Characters’

A .
1. MM
. L
2, M,M
i3 M,M
. ‘A
4. M, 7
Y5, M, 7
; A,
:;6. M, My
17 M,My
i
18, M,My
A i
9 M,My5J
10. M,M7y
, A
1. M,M7¥
) A
122 MMy

- -c 0 W S B UF F AL OES
Cofficient of Coefficient of Correlatior Coefficient of | Coefficient of Correlation
variation variarion coefficient variation variation coefficient
(1) 2) (1 (2
44'5 404 0-98 450 428 0-97
445 366 0-91 450 ;380 093
404 366 0-96 428 384 © 096
a4's 183 ! 0:27 450 212 066
404 183 018 428 21-2 1053
44°5 432, 0-93 4540 500 0-96
404 43-2 0:92 42-8 50-0 0-92
36'6 432 088 384 500 0-91
445 488 0-95 450 549 097
404 488 092 428 549 0-93
404 54-8 088 42:8 597 0-87
366 548 077 384 597 081

6, NOLLONAOUd ATIN TVONNY 40 SYOLVIIISE AWOS 40 NOSIdVINOD
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T—t . , -
R B. (P(2J)— [Ci2—psCiCs] - " (13)

RMS.E. (pm) T 102+Ca(C 29301)]

1 7 V(A T
T M) 1 MAV(7;)
AT t thzl (MY)? e(14)
1 L=
e L 75
R.B. (Pa)= [01 (1—91]+ — 5 ..(15)
o T A
3 V(M)
. A, T—t 1 i=1
~ RM.S.E. (P) = T [2C (1 —p)+ G2+ T
T T_
s V(@) [ 3 Y:—Y}
1 i=1 1 i=1
+'j‘? Y2 + T i : : ....(16)
T—
RB.(P) == Ti L ICH3—20)—psCiCal
T —— — —
e MTHY
A= ___ ) (17
tp (17)
T .
R M.S. E(P4) = T [C12(5 4p1) 4+ Cs—2p,C,C,]
A T
E V(M) 5 M*V(7;)
i=1 1 i=1
tT o T (MY
1 T — — N
{—T 3 M,-'Y,—M'Y}
i=
PR — ,>,+ —_— (Ml )2 — ) . ---(18)

For estimating the relative bias and relative mean square error
of these estimates of production, the estimates of ¢y, p,, pa and Cy, C,
and C; have been obtained from the sample and substituted in the

above formulae. In regard to the tefm of the form |
2

( % MIT— 7 )
T i=1
(M”—Y_)a
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A
it can be seen that in view of the high correlation between Ms and
M,"s the contribution of this term to the relative bias and relative
A A A
mean square error of Py) and Py wil be small. In regard to P,
the estimate of the corresponding term will, however, be (—p.CiCo)-
Similarly, other terms, viz.. T
A
1 g VM) g L g MVGy)
Tt i=1 M? Tt i=1 (M"Y)?
will bc estimated from the sample.
The estimates of relative bias and relative mean square error of

0

A A A A
each of Py, Py, Pia and Py, are presented in Table-3.

5. DISCUSSION

(i) Estimate of number of animals in milk :
In working out estimate of number of animals in milk in a

stratum, three different estimates using ratio method of estimation
A A

were attempted. For the first two estimates, viz., M, and M,, the
auxiliary variate used was the livestock census estimate of the number

A
of animals in milk, while in regard to the third estimate, viz., M,,the
auxiliary variate was human population census estimate of number
A

of houscholds. The first estimate (My) differs from the second one
in that a ratio was used at the first and second stages in case of the

A A
first one (M) whereas in case of second estimate (M,), a simple esti-
mate was taken at the second stage and a ratio was used at the first

A
stage. The third estimate (#3) was a ratio estimate at both thefirstand
second stages. A study of the results presented in the Table 1indicates

A
that the second estimate (M) wherein a simple estimate was used at
the second stage was much inferior to the other two estimates in the
sense that it was subject to a higher mean square error and the rela-
tive bias was also large. Similarly, the third estimate obtained by
using the number of households as auxiliary variate at both the stages
had a higher mean square error than the one for which the auxiliary
variate was the census estimate of number of animals in milk. This
could be explained by the fact that the number of animals in milk in
a tehsil (P.8.U.) during the season had a higher correlation with the
livestock census estimate of the number of animals in milk than with
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A
the number of households in a tehsil. Thus the estimate (M) for
which a ratio method was used at both first and second stages and
the auxiliary variate was the census estimate of number of animals in
milk was preferred to the other two estimates and it had been used
as one of the factors in the formula for estimating milk production.

(i) Estimate of total milk production

The estimate of tota] milk production in a stratum was obtained
as a product of two factors, viz , the estimate of number of animals
in milk and the average milk yield per animal in milk in the stratum.

In order to study the relative efficiency of the different methods, four
A A A A

different estimates, viz., P,, P,, P, and P, were .considered. For
each of the estimates, the estimate of the number of animals in milk

A

(M) was the one obtained by using ratio at the first and second
stages, and auxiliary variate was the livestock census estimate of the
number of animals in milk. However, in regard to the second factor,
viz,, average milk yield per animal in milk per day, (), four different
estimates were considered. The first estimate of Y was the one
obtained by weigting the tehsil averages with the census estimate of
number of milch animals in the tehsil. The second estimate was
obtained by weigting the telsil averages by the survey estimate of
the number of animals in milk in the tehsil. The third estimate of
average was only a simple average of all the tehsi] averages. The
fourth estimate was obtained by using livestock census estimates of
number of animals in milk as weights. In all the four cases, the
tehsil average was the one defined earlier in Section 4.

A study of the results presented in Table 3'shows that the
A

relative bias was of a higher order for the estimate P, worked out by.
using simple mean of the tehsil averages. This [estimate is also not

consistent. Now the problem is to choose one among the other
A A A A

A
three estimates, viz.,, P,, P, and P;. Pyand P, as explained earlier,
are of similar type in that the weights used for obtaining the stratum
estimates of average milk yield were the census estimates of number

A
of milch animals and animals in mjlk respectively. The estimate P,
A
is preferred to Py since both the relative bias and relative mean
A A
square error of Py were somewhat lower than those of P;. Moreover,
A

A
P, is more meaningful than Py, These two estimates as compared
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A .
to P, obtained by using the survey estimate of number of animals 10
milk as weight had a higher relative bias and relative mean square

A
error. This was so since for P, the weights were survey estlmatf:s
worked out after taking into consideration the seasonal changes 10
the numbers. The mathematical expressions for the relative bias as

A
also of relative mean square error of the P, are also much simpler
than those for any of the other three estimates. These results, there-

A
fore, indicate that P, should be preferred to any of the other three
estimates.

6. SUMMARY

The available official estimates of annual production of milk in
the country are of Jimited utility since the data utilised were not
those collected through any objective enquiries. The Institute of
Agricultural Research Statistics had initiated pilot sampling enquiries
during the Second Plan period in typical tracts of the different animal
husbandry regions of the country with the object of evolving a
suitable sampling technique for estimation of annual production of
milk and study of bovine practices. This paper relates to the study
of relative efficiency of different estimates considered for annual pro-
duction of milk. The data collected from the surveys in Punjab and
Eastern Uttar Pradesh had been utilised as a numerical example for
the study. The estimate of total milk production in the tract was
obtained as a product of the estimated number of animals in milk
and the estimate of average milk yield per animal in milk in the tract.
The results of the study indicated that for obtaining the estimate of
number of animals in milk in a tract, ratio estimate using livestock
census estimate of number of animals in milk as auxiliary variate at
the first and second stages of sampling was the best. In regard to
the second factor, viz., average milk yield per day per animal in milk,
four different estimates were considered. In the four estimates, the
estimate of the average milk yield at tehsil level was the same, while
for working out the stratum estimate, different types of weights were
used. The different weights used were the census estimate of milch ani-
mals, animals in milk, survey estimate of number of animals in milk
and equal weights. A study of the resulis indicated that for estimating
total milk production in the stratum, the estimate of stratum average
milk yield per animal in milk should be the one obtained by weight-
ing tehsil averages with the estimated number of animals in milk in
the tehsil.
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