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Abstract

Stability of the estimator of sampling variance is very important in using the estimator for
estimation of sampling variance. In this paper the stability of the estimator of sampling variance of
Modified Murthy (1957) estimator given by Shahbaz (2004) has been carried out by using the
super population model.
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1. Introduction

Horvitz and Thompson (1952) were the first who developed the theoretical
ground of unequal probability sampling without replacement and provide the
following estimator of population total:

Vo =22 (1.1)
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along with the foIIowing designed based variance:
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Sen (1953) and, independently, Yates and Grundy (1953) obtained the following
model based variance of the Horvitz—Thompson (1952) estimator:
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Under the linear stochastic model:
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where o’ =0%z7 i1<y<1

Bayless and Rao (1970) have shown that the expected variance of y/; is:
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Ey [Var(yi; )]=0" (%j 7 > (1-7 )z (1.5)

Rao and Bayless (1969) and Bayless and Rao (1970) have studied the stability
of the variance estimator given by Sen (1953) and Yates and Grundy (1953).

Murthy (1957) symmetrize the Raj (1956) estimator to obtain the following
unbiased estimator of population total:

1 Yi Yj
ts mm — - 1_p' +—(1- P; (1-6)
' 2—pi—pj{pi( ] pj( )}

The variance of (1.6), obtained by Murthy (1957), is:
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The expected variance of (1.6) under model (1.4), obtained by Rao and Bayless
(1969), is:
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Rao and Bayless (1969) and Bayless and Rao (1970) have conducted extensive
empirical study for the expected variances given in (1.5) and (1.8).

Shahbaz (2004) have obtained the following modified Murthy estimator by using
the Durbin (1953) selection procedure in the general Murthy (1957) estimator:
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The design based variance of (1.9) obtained by Shahbaz (2004) is:
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The estimator of variance given in (1.10) is given as:

var (tMM(D)) E[k(12p. )(1—2p,— ) _1](L_ﬁJ2 (1.11)
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In the following section we have studied the stability of (1.11) under the linear
stochastic model (1.4) in order to see whether the estimator is admissible for
estimation of variance of (1.9). The estimator (1.11) will be stable if under model
(1.4) its variance remain positive for all values of the constant y .
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2. The Stability of Variance Estimator
In this section we have studied the stability of variance estimator given in (1.11).
The stability of the variance estimator is judged by using the expression:

E, Ep [var(y’ )-Var(y’ )]Z -E,E, [var(y’ )T —[EM {Var(y’ )}T (2.1)
where E, E, [var(y’)]2 —E,, {Z{var(y’ )}2 P(S)} (2.2)
Now considering again (1.11) and squaring we have:
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Applying the design expectation we have:
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Applying the model expectation we have:
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In the following section we have conducted the empirical study to see the stability
of the variance estimator.

3. Empirical Study

In this section we have conducted the empirical study to see the stability of the
variance estimator. The stability has been studied by using various values of
parameter y ranging from 0.5 to 1.0. The relative expected variance in the

variance estimator, given as:
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The relative expected variances have been given in Table—-1 below:

Table 1. Relative Expected Variances

Pop. Values of y

No 0.5 0.6 0.7 0.8 0.9 1.0
1 0.9948 | 0.4900 | 0.1247 | 0.1426 | 0.3378 | 0.4850
2 0.4774 | 0.2031 | 0.2426 | 0.5045 | 0.9406 | 0.5084
3 0.1920 | 0.1132 | 0.3323 | 0.4928 | 0.6105 | 0.6976
4 0.2111 | 0.5183 | 0.6978 | 0.8050 | 0.8714 | 0.9137
5 0.5932 | 0.7464 | 0.8406 | 0.8990 | 0.9355 | 0.9585
6 0.4471 | 0.6522 | 0.7764 | 0.8533 | 0.9021 | 0.9338
7 0.6577 | 0.8017 | 0.8820 | 0.9283 | 0.9558 | 0.9724
8 0.7958 | 0.8951 | 0.9440 | 0.9692 | 0.9827 | 0.9901
9 0.8106 | 0.9057 | 0.9510 | 0.9736 | 0.9854 | 0.9918
10 0.9132 | 0.9639 | 0.9841 | 0.9927 | 0.9965 | 0.9983

Looking at the expected variances given in Table—1 we can readily see that for
all choices of the constant y, the variance estimator has stable performance as

all the entries are positive and less then 1 which is a desirable property for a
variance estimator to be stable.
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