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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 jnimal 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
(Pause, 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 on that 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 tragt.
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The aimual milk production was thus obtained as-estimate ofaverage
milk yield per day per animal in milk multiplied by the estimate of
the average number ofanimals in milk in the year 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 eflBciency 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 ofnum
ber ofanimals in milk and annual milk production have been studied
and their relative efficiency has been examined. This paper gives the
results of such astudy. In working out the estimates of the number of
animals inmilk and annual milk production, ratio method ofestimation
has been used. These estimates, although biased, are consistent. An
estimate ofthe relative bias has also been worked out for each ofthe
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 ofnumber 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 toithe first stage component and the second
stage component of bias has, therefore, been ignored.

The vaticlis mathematical expressions of, the estimates, their
relative bias and variance are indicated in Section 4. A numerical
illustration has also been presented making use of the data relating to
rural area collected from the surveys ofPunjab and Uttar Pradesh.
The sampling design adopted in these states is indicated in Sectio^n'̂ 3,'
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3. Sampling Design of Pilot Sample Surveys tn Punjab and
Uttar Pradesh

(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 ofvillages 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 ofvillages in the tehsil and attaching to this village,
two more villages selected at random out ofthose which were within
a radius of three kilometers. Selection of the sample 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 household two animals in milk were
selected for recording milk yield, while all theanimals in thehousehold
were observed for recording other detailed data.

(ii) Programme offield 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^
visit each of the two clusters of villages or one s.uch.clust-r-aua two
towns in hisjurisdiction every month, spending a fortnight in each
cluster. In the course of the first month, the enumerator woulddevote
the first 8 days of the fortnight for making a complete enumeration of
the households in the selected villages and collect the necessary basi9
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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, theprocedure
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 forcollection of detailed data. During
each of the subsequent months, four clusters were selected in each
village for collection ofdetailed 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 ofa ward for recording changes in the
number of bovine stock in the period intervening the first and the
subsequent visits.

(/«) 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 ofanimals 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 Number of Animals in Milk and Total Milk
Production

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 village 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.

41. Notation :

Let yurkim be the milk yie/d of 'w'th animal, in 7'th household,
'A:'th village of Tth tehsil during 'r'th. round of 'y'th season.
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Further notation may be deflnd as follows :—
Population

Number of animals in milk ,in
7'th household, 'i'th village of
'i'th tehsil during 'r'th round of
7'th season.

Number of households in 7c'th
village of'/'th tehsil during V'th
round of 7'tli season.

Number of villages in'i'th tehsil
during '7'th season.

Number of rounds in '7'th season.

M,ihkl

Sample

tfJijrkl

Hi.ri. (Hi. for all T
and '/•') hijrk

Relative length of the '7'th season.

Number of tehsils in the stratum.

Number of seasons.

Hik

Further, let. ^ihk —̂ ^ilrkl
1=1

di

2 ^Hrk
J = I

Vij (or simply Vi)

dj {dj=3, 4 or 5)
3

dj

T

3

I P.-
J=l

d,
Vi

k=\

M-= —iWjJ y

Vii

di

Mj = % Mij
i=\

3

Mi= S PjMij
J=l

T

M= % Mi
; = 1

M
T

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 'Ma,,'
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.

Let M'ik be the census"figure of number of animals in milk in
7c'th village of '/'th tehsil and M"f7j the corresponding figure for
number of milch animals and

Vi Vi
Ma, M'

K=1 k=\

W -Mi - M^

T T
M'c=. s Mi' M"= 5 Mi'

! = 1 /=I

II•

ik

4-2. Estimate of the Number of Animals in Milk

A A A

Three different estimates of M, denoted by Af(2) and Afo,
were worked out and the estimates are given below.

t A

A S M/(i)
(0

where

and

where

S Mi'
i

•A 3 A

Mux)= %̂Pj

Vij

k
A ? Mijii

5 M't^
k

t A

A S Afita,
(») X-^

S M\
i

A 3 A

Aft(2)=S Pi
J=i
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and

A y. Vii

is Ic

t A

^ %^iVi)
{Hi) \

S Hi
i

where 'Bi' is the number of households ia '/'th tehsil according to
Human population census, and

T

t Hi
/=!

A 3 A

Aft(3)= S Pi
7=1

n,

^ S Mij]c
^iiut^HiX —

S Hijc
k

A A A

Theestimates M^l), M;?) and being ratio estimates are
biased, but consistent.

qx

Relative bias in M^l) is given by
T _ r _ _
S (Mi'-M'f 2

/=1

M'2

where5=^^'-B=-^ and 5^ is the relative bias

inM.d). Neglecting bias at the second stage, estimate of R.B.
A

(M(i)) can be shown to be approximately equal to

; = 1

MM'

'•=1 f , A
^MMM'

- 1

t
^ A _A

^{Mi'-M'y t{Mn^^~M){Mi'-M')
i i

9 = A A

MM'M'^

...(1)

...(2)
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where

, T-t 1
and M'= 2 -r-

2 -(3)
A:=:l Az i

A

Est.F(Ma,)=rYS s P..J
' M' ' J "

_A

S ...(4)
«=! A/,-

8

.. A - — -

Relative bias in Af(2) is given by

^ (M/-M7 _ I
M'2 ,=i M'^i

A

Estimate of Relative bias in Af(a) is approximately equal to
A A A A

qX
I {Mi'-M'f t {Mi'-M') (Mi,,, - M,2,)
? X—-s —

*- / TT/o '
A

M'2

F(M,2,) = r^« S
'•=1

T ^
+-f S

Mi-Mi'
M'

Pi

A A

MM',(2)

Est. V{M^,,)==T'q i
M'

T i Pi^

...(5)

...(6)

" +T 1 ^•*2, MI ,-(»)
A , A

The relative bias in M(3, and F(M(g,) and their estimates will be
A • 1

given by expressions quite similar to those of Md, except in that
M.-ft', Mi', Mi', etc., are to be substituted by //is, Hi, ~H{, etc.;, res-

ttes M(i,, M(j, and Mo, together with the estimates
Ibias and variances worked out from the data of the
I and Eastern Uttar Pradesh are given in Table-1.
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A

It is seen from the above that M(i, is the estimate with minimum

relative bias and standard error. -A^d) has, therefore, been preferred

to M(2) and for estimating the number of animals in milk in the
year.

4 3. Estimate of Milk Production per day

Let P=My be the total milk production per day in a stratum.
The following estimates ofP are considered.

i Mi" h
1. P(j)—M(i)X j

S M/'
' ' i

t A

A A

S M,
i

A O n

where Mi=S Pj Mij and Afij=A//X
y=i

A A it

3. P(3)=M(i) X S pi
' I

A A

,4. x_—j

where

yij=

•2. Mi'
i

3 A

PiMuyu

y.=^
S Pi Mij

• ;=1

Vjj

s y«"3fc
__A ,
"Vij

k

S Mijk
k -

ViJ

k
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and Yj-js is the average milk yield per day per animal in milk in 'A:'th
village of Tth tehsil during 'j'th season.

A

Relative bias of P(]) can be shown to be approximately equal to
T , T

1

qx
I ' = 1 != 1

MM" Y

2^ {M,^Bi-M -B){Mi'-M')

MM'

1

i=\ J- i=l

M"2 Y

2 (Mi+Bi-M-B){Mi"-M") 2
/=i , f=.i

MM" M'M"

S {Mi"iYi+\)-^- S M/{Yt+Xi)}{Mi'-M')
/=! i=l

M"YM'

S (Mi'-My S {M^'-M"f

+ -=^=—— f-+ "
M"

B

M

s MaYi+h)~M" Y
1

+

S MaYi+-ki)
. ^ /=1

MM" Y

-M-r} i j
M"Y

...(9)

Relative mean square error of fd) can be shown to be approxi
mately equal to - •. .1

C T T
S (Mt+Bi-M-Bf 2 {M/-M'r-

+

i=l i=\

M^ M'^

2 MaYi+-Ki)Y
1=1 i=l
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-2-

+

2
i=\

MM'

/=1 M'"'

%{M^'-M"){Mi+Bi-M- B )
z=l

M"M
-2

^{Mi'+Bi-M- B }{M"i{Yi+l,) -_L 2M/'{ F^+X,)}
i=i rz=i

+2-

-2

Af M"Y

1=1 1 /=1

M' M" Y

S (Mi'-M'MM/ —M")
1=1

+2
M' M"

(f,+x,)_ J_ s ^/'( r,+x..)}]
1=1 i /=I

-2-
M"2 r

J +5^
1=1

+
Tt

+

s Mpvihn.^4 S Mi' {Yi^\i)-M"Y\ 2 •

;=i :t i=i

(M"

+ 2 5

JL ^Mi\Yi-^\)-M" Y
T i=\

M M" Y

where Bi and Xj are the biases in the estimates of and Yi which
are ratio estimates. As has already been mentioned in section 2, the
biases at the second stage, viz., Bi and 7\i have been ignored in further
discussion.

Further a study of the correlation coefficients between different
A

estimates of numbers {M, M', M"), and y and between different
A

^stim^tes of numbers and production (M y, M'y and M"y) and the

...(10)
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coeiBcients of variation was made. Tlie estimated values of the

correlation coefficients and coefficients of variation obtained for the

Punjab survey are given in Table 2. The correlation coefficients and
the coefficients 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.F's, between the first three pairs viz., M, M' ; M, M"
and M', M" are of the same order and may be denoted by and Cj,

A

Similarly, the values of the fourth and fifth pairs, viz , M, y and M',
y, are of the same order and the correlationcoefficients and C.V's may
be denoted by-pa-and C^. Similarlyr-the correlation- coefficients bet-

A A

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

M"y ; M', M'y ; M', My and M", My and also their C.V's are of a
different type and are of the sameorder. The latter group of coefficients
of correlation and coefficients of variation may be denoted by pg and Cg

A

respectively. The relative bias and relative mean square error of Pyi)
will then reduce to the expressions given below :—

RB.{P\-y) = jY" [^1^(2 - Pi)~P3QQ]

. T
_L
T 1=1

+ M"Y

R.M.S.E.iKi))=^ [Q'(3-2pa)+C,{C,-2p,C,)]
T

r " % M{V{yi)
+i. 5 ^ '=^

Tt ,-=1 M' ^ TV (M'Tjf" V,2

...(II)

(L SM/7;-M"rY
V T i=\ /

Under the assumptions made above, the relative bias and relative mean
square error of the other three estimates can be shown to be equal to



Characters

1. M. M

2. M, M

а. M, M

4. M, y

5. M, y
A „

б. M, M y

7. M,M>

8. M. M y
A

9. M, M y

10. M, My
A

11. M,My

12. M, My

Table 2

Estimates of coefficient of variation and coefficient of correlation

c O 5 B U F F A L O1 E S

Cofficient of
variation

'1)

Coefficient of
variation

(2)

Correlatior
coefficient

Coefficient of
variation

a)

Coefficient of
variation

, (21

Correlation
coefficient

44-5 40-4 0-98 45-0 42-8 0-97

44-5 36-6 0-91 45 0 ; 38-0 0-93

40-4 36-6 0-96 42-8 38-4 0-96

44-5 18-3 : 0-27 45 0 21-2 0-66

1 4U-4 18-3 0-18 42-8 21-2 0-53

44-5 43 ;2. 0-93 45^0 50-0 0-96

40-4 43-2 .0:92 42-8 50-0 0-92 1

36-6 43-2 0-88 38-4 50-0 0-91

44-5 48-8 0-95 45-0 54-9 0-97

40-4 48-8 0-92 42-8 54-9 0-93

40-4 54-8 0-88 42-8 59-7 0-87

36-6 54-8 0-77 38-4 59-7 0-81
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- • •" ...(13)RB.

R.M.S.E. [CiHC3(C3-2pA)]

1

/=1 M2 rt/=i {MYf

R.B. (f3)= [Qni-Pi] +

. T _ _
_L S Yi-Y
Ti=\

...(14)

...(15)

R.M.S.E. iP,) =n ^[2C,«(1-Pi)+Q^]+ 1

1
'TV V2 "1"Tt ya

s Ti-y
^ <•=!_

L r F

R.B. {Pd =^r[CA3-2pi)-p3QC3]

S M/Yi-M'Y
- - - -

^ T M'Y
A T-t

R.M.S.E.{P,) [C,«(5-4pi) + C32_2p3CiC3]

SK(k) S M..'®F(27.)
+.1'=.L '=^
^ Tt M'' ^

_+

Tt (M'Yf
(IT 12-f %^Mi'Yi-M'Y\
• (WY-\^ J--{M'-Yf

For estimating the relative bias and relative mean square error
of these estimates of production, the estimates of pj, pg, pg and Ci,Q
and Cs have been obtained from the sample and substituted in the
above formulae. In regard to the term of the form ^

y 2

f± S MfYi-W'Y\
\T i^\ ' ' )

{M"Yf

...(16)

...(17)

...(18)












