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Summary
A comparison among several sampling strategies involving

Deshparides sampling design arid Hansen-Hurwltz estimator has been
made under a superpopulatlon model.

Key words : Horvltz Thompson estimator, Mldzuno's sampling
scheme, Deshpande's sampling scheme, PPS sampUngi

Introduction

Considera finite population UofNidentifiable units labelled 1,
2 i. • . .. N. Associated with i are two real quantities (yi, xj,
values ofa studyvariable y and a relatedauxiliaryvariable 'x'called
size measure on unit i.

• Deshpande (1) considered the following modification of
Midzuno's [2] sampling design for estimating the population total

n • • '"

y= 2 yj. His sampling design Pd is as follows : ;
1=1

Asubset s ofndistinct units out ofpossible (^) subsets ofUand

a number R iii (O: Q) where Q = max J Pk. s = U- s, pk = —.
S - X

N

Xk

X= 2 Xk. are chosen at random. IfRs V p '̂s is selected as a
1 i

sample: otherwise, the process is repeated involving firesh choices
ofa subset and a random number in (O, Q). Here andsubsequently

T.D.B. College, RanlganJ (presently at Ashutosh College, Calcutta)



GENETIC PARAMETERS OF STAYABHITY OF DAIRYANIMALS 137

Table 2 (Contd.) .

Cattle Crossbreds 3/4

Order of
.2 3 4 5

lactation

0.09 0.89 0.85 0.96
2 (0.09) (0.10) "(0.12) (0.05)

0.58 0.21 0.91 0.67
3 (0.03) (0.10) (0.06) (0.26)

0.36 0.64 0.21
»♦

4 (0.04) (0.03) (0.10)

0.23 0.42 0.72 0.10
5

(0.04) (0.04) (0.03) (0.09) 1

Cattle Crossbreds 7/8

0.19 0.13 -0.37
2

(0.21) (0.69) (0.36)

0.58 0.96 -0.52
3

(0.06) (0.17) (1.26)

0.21 0.44 0.24 -0.60
4

(0.07) (0.07) (0.22) (0.24)

0.05 0.28 0.52 • •

5 (0.07) (0.07) (0.06)

Note : — Indicate Inadmissible estimates. Figures In parentheses denote standard
errors. Diagonal terms are herltablllUes of stayablUty or survival. Values below
diagonal arephenotyplc correlaUons. Values above diagonal aregenotyplc correla
tions.
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^ will denote sumover all kes.Similarly willdenote summation
s ' S

k k e s. For this scheme,

p(s)

Xi:
n

N- 1

-1

2 Pk
S

a- P.).

n(n- 1) ^
(N- 1) (N- 2) ^

where ni= J p(s). rt,j = P(s)-
S3i.iS3l

An unbiased estimator of Y is

YseD = ^ X

(1.1)

(1.2)

n\
with ys

n
\ /

^ yk . Xi = 2 Xk- Subsequently 2 and
N N

will denote ^ and ^ ^ respectively.
1 k- k' - 1

We have V(eD)= ^ 2; ft- Y'
(„) ^

with an unbiased variance estimator

, , 2 Xv(eD). eo- ^

(1.3)

(1.4)

t, denoting the sample space.

By using p'i= 1- (N- 1) pi in place of pi the above design can be
made a Jips (ni a pi, 1= 1, 2. .... N) design, Pd. (say) for which it is
required.
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'^'n(N-l)* * (1.5)

Xs =̂ 2 Xk. Xi5. We note that both Midzuno's
S

design and D-design, when made Jips have identical values ofiiiand
Jiij and hence give the same values of VCein-). enr denoting the
Horvitz-Thompson estimator.

In what follows we shall compare the strategies (denoting by
ppswr, Cpps, probability proportional to size with replacement
scheme and the corresponding Hansen-Hurwitz estimator
respectively),

(i) (Pd. en) =

(U) (ppswr, epp3) = H,

(iii) (PD.e„T) = H2

(iv) (pj)., e^y) = H3

under the following superpopulation model. It is assumed
y = (yi. y2 Yn) is a realisation of a vector of random variables
Y = (Yi, Y2, . . .,Yn). (Yi being the rsindom variable corresponding to
yi), following a joint probability distribution ^ with

£ (Yi I xi) = p(l- pi)

ir (Yi I Xi)= of i= 1, 2 N (1.6)

t (Y, , Y,' I x„ X,') = 0 i;- i',

8, "T , t denoting respectively expectation, variance and
covariance with respect to

A strategy Hj will be said to be better than Hj (Hi }• Hj) if
8 [V(Hi)l s 8 [V(Hj)], V[(Hk)] denoting design-variance of Hk, k = 0,
1,2,3.
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2. Main Results

We have

V(Ho)=

where,

m-n\

n
\ /

-1

-1

Pk
.1=1,2 N

sdl

-1

S31.J

= 1.2 N

^ Pi

m-n V? 1 /"N-n

-Y^

YiYjV(H2) -
n

\ /

2 (1- Pi)

(1- pi- pj)- Y®

n 2' (l-p,)(l-pj)

n(n-l)
(N-1) (N-2)

V(H3)

1'

vP'/

n-1

n(N- 1) (N- 2)

PiPj
(N- 1) (P.+ pj) - 1

Writing 6k = £ [V(Hk)I. k = 0. 1, 2. 3.

-Y®.

141

(2.1)

(2.2)

(2.3)

(2.4)

(2.5)

(2.6)

6o-
fN-n

n

-1

/N-n

n
\ /

-1

-1
(2.7)
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n

63 =

2

62 = 2

-N®1'

\ /

[ (N- 1) 1
n(l~Pi)

n- 1
pi ^n(N-l)(N-2)

V

vP^J
- 1

^ (N- l)(pi+ Pi)- 1 ,
PiPj

(1- Pi)(l- Pj)- (N- 1)^

Lemma 1. For the sampling design po.

oi (say)
^ ,N-1, N-1

1)^n-r (N- n)(l- pi)

i= 1. 2.

N-2

n-2^ (N- n)(l- pi- Pj)

i-! j = 1. 2,

N:

(say)

..N:

Proof. Since arithmetic mean a harmonic mean.

N-1) -1

,N-1.
' <n-l'

^ /N-L

S 3l S
!

Hence the lemma,

Inequality (2.12) follows similarly.

Theorem I. Hq }• Hi if

n 1+ (n- 1) pi'
N- n npi

S 31 S
\

Hi (say) ,

(2.8)

(2.9)

- 1
npi

(2.10)

(2.11)

(2.12)

"l ^-1

(2.13)
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and

(N-1)

N- n

,.2, (N-2) (n-1) (1-Pi) (1-Pi)
^ ^ N-1 2, i.p^.p,

(N

N N

1-1 J-1

(N-1).

N-ri I +(N- If (n-1)Pi

where = >4 , 1=1,2 N.

Proof.

61 - 60 = bp' + 2) c, of

where

(1-Pi)' (N-1)^
npi n

-INN
N-n

n 2 2 Mi-Pi)(i-Pj)+(N-If
1-1 j.i

Ci = l+(l/n)
Pi

1 (N- n)'- 1- n ^

Now 61-60 a Oif

baO andciaOVi= 1.2 N.

-1
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(244)

(2.15)

(2.16)

(2.17)

(2.18)

(2.18) combined with lemma 1 gives (2.13) and (2.14).

Example 1. Consider the followingvalues.

N=5. n=2; Pi=0.14. p2=0.20. P3=0.21, p4=0.22 and p5=0.23

where

b3 = (1/n)

li= (1/n)

fl\

- N'

1-Npi , ..

2 LI ^ so ba is always non-negative. Also 1^ are
non-hegaWe when s 0. Hense the theorem.

eVua^^n arot' ^-^-^ic

Pi= -(N-n+ l) +|(N-n+ I)''+ 4(n- IV
2(n- 1)

1/2

= 0(say)
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Here

>^1 6.20341 ai 6.20 . 1*1 10.86

X2 6.68.859 02 6.67 1*2 8.00

X3 6.77348 "3 6.75 W 7.68

>•4 6.85921 04 6.83 >*4 7.39

6.94558 as 6.92 7.13

hl2 1.5151S. X23 1.69492 X34 1.75439

Ma 1.53846 hi* 1.72414 >^35 1.78571

1.56250 1.75439 1.81818

>^15 1.58730

(Note that Xij = X,i, i, j = 1, 2 N). Here

5 5

21 (1-B)a-P,) - 43.31206.
1 1

,46 j0UI!NA10FraEINDMKS0Cffin-C>FA0iaCUI.rUI!ALSriTISnCS

CorolIOTH 1. If - Kp. (1- p.). ®constant, then Ha >H,.
Under the givencondition

2 11°?= [1-Npi+ (n-1) Pi(l-Pi)

.f(n-l)(l-2ri)'''-
Hence H2 } Hi.

Example 3. Consider the foUowing sampling design :
N=10, n=4; pi=0.045. p2=0.080. i^=0.085. p4=0.091. p5=0.100
P6=0.105. P7=0.110. P8=0.125. p9=0.128. pio=0.131.
Here

62 =2.3842p'+ 17.2727a®i+ 10.07070^2+ 9.5325a^3
+8.96700^4 +8.2500al +7.9068o| +7.5963o^7
+6.821408 +6.689709 +6.5644oio

Clearly 81 > 63. Hence, here. H2 \ Hi.
The.conditions in theorem 3are however, not satisfied for the

data in example 1.

Theorem 4. H3 ^Hi if

2' [(N-,1) (Pi+ pj) -1

Proof.

_

1

•

•1-P|1
Pi

£ (N- If (N- 2)
(2.22)
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Which is non-negative if (2.22) holds.

Example 4. For the population in Example 1,

((N-l)(p,+ Pj) -1} =190.29306.

Again (N-lf (N-2) = 192

Therefore, (2.22) is satisfied.

Actually. 6,- 63 = 0.07112P'' + 0.5 J of

Le.. H3 \ H,.

Considering H2 eind H3

63-^2 = b4P'̂ + ^ mi of

147

(2.23)

Where b4= —
n

(1-Pif
Pi

n- 1

(N- l)(N-2) 2' [(N-:l)(p,+ p,)- 1]

(1- pi)(l- p,)

(PiPj).
-n(N- 1)"

and mi =
1-Npi

nPi(l-Pi)

Now mi a 0 = >1- Npi a 0 = > pi s

since ^ pi = 1, the only possible value ofpi =—vi=1.2 N,
1

when 62 = 63.

Thus when o? is eirbitrary we can not come to any definite
conclusion about superiority of one to the other.

Theorem 5. Ifof a Pi (1- Pj) and Pi+ Pj a i j= 1, 2 N.
(2.24)

then H2 ^ H3.

N
\ /

V i = 1. 2 N: but
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Proof. Putting of = KPj(1- Pj). K being a constant, in (2.23) we get

^ mi of = 0. Also when Pi+ Pj a Is i j s N, b4 a 0. Hence
the theorem.

Example. 5. For the population in Example 1., the second set of
conditions in (2.24) holds. Here

83- 62 = 0.32790P® > 0. Hence Hg \ H3.

3. Discussion

Under some situations the value of the main variable may be
inversely related to its (only available) size-measure x, when the
model (1.6) may be applicable. Under this model the performance
of Hi is worst among the strategies considered, which is not
surprising, as Hi should be used when y values vary directly with
x-values. The main point of interest is comparison among Ho, H2
and H3 all of which involve D-sampling design, in which p(s) being
proportional to the total size-measure of the units in the
complementary subset, the model considered here seems to be of
interest. Under certain conditions H2 seems to be the best choice
among Ho, H2 and H3 in the sense of minimum average variance.
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