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ABSTRACT 

In this paper we have suggested a chain-type estimator of population variance by 
making use of a known coefficient of kurtosis of second auxiliary variable in 
two-phase sampling. It is shown that the proposed estimator is better than usual 
estimators under some realistic conditions. 
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1. Introduction 

In many sample surveys studies, the information on more than single auxiliary 
variables correlated with study variable is either readily known or may be made 
known by diverting a part of the survey resources. This information is used at the 
estimation stage, thereby leading to a better choice of estimators. Out of many, 
ratio and regression methods of estimation are good examples in this context. 

Consider a finite population � �NUUUU ,...,, 21� . Let y and x be the variable 

under study and auxiliary variable, taking values iy and ix respectively for the 
thi unit. Define  
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 are the population means of y and x 

respectively. 
For large N, 

22
yyS ��  and 22

xxS �� . 

Isaki (1983) suggested a ratio estimator for 2
yS  of y assuming that the 

population variance 2
xS  of x is known. When the two variables y and x are closely 

related but no information is available on the population variance 2
xS of x, we 

seek to estimate of 2
yS  of y from a sample ‘s’, obtained through a two-phase (or 

double) selection. Allowing simple random sampling without replacement 
(SRSWOR) in each phase, the two phase sampling will be as follows: 

(a) The first phase sample 1s � �Us �1  of fixed size n is drawn to measure 
only x in order to obtain a good estimate 2

xS . 

(b) Given 1s , the second-phase sample s  � �1ss �  of fixed size m is selected 
to measure y only. 
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The two-phase sampling version of Isaki’s (1983) estimator for 2
yS  is defined 

by  

� �222
1 xmxnym ssst �   (1.1) 

Sometimes even if 2
xS  is unknown, information on a cheaply ascertainable 

variable z is available on all units of the population with known population 
variance  
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For large N, 22
zzS �� . 

Motivated by Chand (1975) one may suggest a chain ratio-type estimator for 
2
yS  as  
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To the first degree of approximation, the biases of Rdt  and 1Rt , the variance 

of 2
ys  and mean square errors (MSEs) of Rdt  and 1Rt  are respectively given by  
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In the present investigation we have suggested a modified chain ratio-type 
estimator for 2

yS  and discussed its properties. Further generalization of the 
suggested estimator are also presented. 
 

2. Modified estimator 

As noted earlier in Section 1, the information about the second auxiliary 
variable z is available for all the units. Thus, the values of certain parameters of 
the variable z can be made available. Thus, utilizing the knowledge of 2

zS and 
� �z2� and following Upadhyaya and Singh (1999) we suggest a ratio estimator 

for 2
xS  as  
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where � � 2
0020040042 ���� ��z  is the known population coefficient of kurtosis 

of the variable z. 
Replacing 2

xns  by xRt  in (1.7) we get a modified chain ratio-type estimator for 
2
yS  as  
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To obtain the bias and MSE of 2Rt  we write  
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Expressing (2.2) in terms of e’s we have 
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Taking expectation of both sides in (2.4) we get the bias of 2Rt  to the first 
degree of approximation as  
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Squaring both sides of (2.4), retaining terms containing the powers of e’s up 
to second degree and then taking expectations of both sides of (2.4), we get the 
MSE of  2Rt  as  
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3. Efficiency comparisons 

From (1.5) and (2.6) we note that � � � �2
2 ymR sVartMSE (  if  

� � � � 02112111
02

2
201

2
1 (�

�

�
�
�

�
�


�
�



�
� ���


�
�



�
� � �%%� C

Nn
C

nm
 

which is always true if 

2
1

01 )�  and 
202
%� )  (3.1) 

From (1.6) and (2.6) we see that � � � �RdR tMSEtMSE (2  if  

202
%� )  (3.2) 

It follows from (1.7) and (2.6) that � � � �12 RR tMSEtMSE (  if  

� �
2

1
02

%� �
(  (3.3) 



STATISTICS IN TRANSITION-new series, July 2009 81

Thus from (3.2) and (3.3) it is observed that the suggested estimator 2Rt is 
more efficient than Rdt  and  1Rt  if  
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From (3.1) and (3.4) we see that the estimator 2Rt  dominates the estimators 
2
yms , Rdt  and 1Rt  if (3.4) holds good along with 21)C . 

4. Generalized estimators 

We define the following classes of estimators for 2
yS  as  
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Thus the resulting minimum mean squared errors of )1(
gt  and )2(

gt  are 
respectively given by  

� � � � � ��
�

�
�
�

�
�


�
�



�
� ���


�
�



�
� �� 2

02
2
01

2
0

4)1( 111111.min ��
Nnnm

CStMSE yg  (4.7) 

and 

� � � � � ��
�

�
�
�

�
�


�
�



�
� ���


�
�



�
� �� 2

02
2

12.0
2
0

4)2( 111111.min ��
Nnnm

CStMSE yg  (4.8) 

where  
� � � �2

120201
2
02

2
0112.0 12

12 ������� ����
. 

From (1.5), (1.6), (1.7), (2.6), (4.7) and (4.8) we have  
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Thus, it follows from (4.9), (4.10), (4.11), (4.12) and (4.13) that the suggested 
estimator )2(

gt  is the best estimator among all the estimators discussed here at its 
optimum conditions. 
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