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proposed for general parameter in adaptive cluster sampling. 

The estimators utilise information on two auxiliary variables 

about population parameters of auxiliary variables. The proposed 

estimators for general parameter can be used to estimate 

and variance of the variable of interest. The bias and mean 

square error equations for the proposed estimators are derived 

in all three situations under adaptive cluster sampling. Two 

different populations are used for numerical illustration. 

INTRODUCTION

population parameters is widely considered using several 

sampling designs. Conventional sampling designs may 

not be helpful when the population under consideration is 

rare and clustered. Thompson (1990) introduced adaptive 

cluster sampling for such situations as an alternative. 

The scheme provides higher sampling yields for highly 

 Adaptive cluster sampling is valuable for studies on 

is selected by some conventional sampling design. 

condition C

its neighbouring units are also included in the sample 

and the process continues until no more units satisfy the 

condition. Estimators for general parameter under three 

different situations are proposed.

1. 

one auxiliary variable (say z ) and unknown for the 

other auxiliary variable (say x ).

2. 

both auxiliary variables.

3. 

both auxiliary variables.

sampling scheme using adaptive cluster sampling at each 

phase as follows:

n  is drawn using 

adaptive cluster sampling based on auxiliary variable 

and unknown parameters of auxiliary variables 

( x  and z) are estimated.

sample is used to select a sample of size n )( nn  

using adaptive cluster sampling based on the study 
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variable. Thus information on the study variable ( y) 

and auxiliary variables ( x  and z ) is observed.

N  units with labels 

.21 N  Let iy  and ( ii zx ) be the observed values of 

the study and the auxiliary variables and 
iyw  and (

ii zx ww ) 

be the network level means. Also let  yw  and ( zx ww ) be 

the sample means and 
2

yws and (
22

zx ww ss ) be the sample 

variances of study and auxiliary variables. Let wY  and 

( ww ZX ) and 2

ywS
 

and ( 22

zx ww SS ) be the corresponding 

transformed population.

 The following notations are used: 
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The exponential ratio type estimator for population 

mean  mt1   can be obtained by substituting  01   

in equation (23). The bias and  MSE   of  mt1   can be 

obtained by putting  01   in equations (26) and 

population variance ( vt1

( ct1 ) can be obtained by putting  20   and  

11   respectively in equation (23). 
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The exponential ratio type estimator for population 

mean mt2 can be obtained by substituting 01   

in equation (29). The bias and MSE of  mt2 can be 

obtained by putting 01  in equations (32) and 

population variance ( vt2

( ct2 ) can be obtained by putting 20  and  

11   respectively in equation (29).
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where  dcba   are suitably chosen constants. Rewriting 
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The mean square error of the proposed estimator 3t
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Optimum values of  421iwi
  for  2t   and  3t   can be obtained by solving the following system of equations:
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The exponential ratio type estimator for population 

mean mt3  can be obtained by substituting 01  

in equation (34). The bias and  MSE   of  mt3   can be 

obtained by putting  01   in equations (37) and 

population variance ( vt3

( ct3 ) can be obtained by putting 20   and  

11   respectively in equation (34).

Comparison of the proposed estimators with other 

estimators are considered here.
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considered for numerical comparison of the proposed 

and existing estimators. The estimators are evaluated in 

terms of MSE ARB) and percent 

PRE). Chutiman and Kumphon 

(2008) generated a rare and clustered population for 

study variable y  and two associated auxiliary variables  

x  and z xy  and z
values are studied from Chutiman and Kumphon (2008). 

∼

>
=

otherwise)2(

0 if4

Poiy

ycyc
y

i

ii

i

=×

==== ρ

==== ρρ

 where yc
i
 are the simulated values from Chutiman 

and Kumphon (2008). Auxiliary variables are generated 

on the same pattern. The condition of interest is  

}:{ yyC
the four adjacent units. The study region is partitioned 

population are:
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,83.16,1625.5,9651.8,400 2 =====
ywwww SZXYN

6762.2,2593.2,244.2,643.2028 ==== CCCS

=== ρρ

 

 
,0429.136,7388.404,83.16 2 ==

xy ww SS   

,7574.0,6762.2 ===== ρ   

===== ρρ

 

,2593.2,244.2,643.2028
2 ====

zxyz wwww CCCS

,8401.3,8706.0,8806.0 === CCρρ
 

,7574.0,6762.2, =====
xyz wwwC ρ   

3243.5,2286.5,8401 ===== CCρρ
,8401.3,8706.0,8806.0 ===

zyxyzyzx wwwwwwww CCρρ

 
,3243.5,2286.5 =====

zxzy wwww Cρρ   

  
,4474.26,2648.89,3587.17 300004040400 ==== λλλλ

7683.2,4466.3,6728.3,2433.4 ==== λλλλ

==== λλλλ

x

y

+=

+∼

====

=== ρρ

==== λλλλ

==== λλλλ

==== λλλλ

ARB PRE

ARB

PRE

PRE

  

 ,71.7,4746.3 030300 ===== λλλλλ   

,3969.4,7683.2 ===== λλλλλ   

===== λλλλλ

x z

y

++=

+∼ >=

===== ρ

===== ρρ

===== λλλλλ

===== λλλλλ

===== λλλλλ

ARB PRE

ARB

ARB

PRE

PRE

,4466.3,6728.3,2433.4 210102120003 ==== λλλλ

,149.17,4827.5,1124.3 ==== λλλλ

y

+=

+∼

===

=== ρρ

=== λλλλ

==== λλλλ

=== λλλλ

ARB PRE

ARB

PRE

PRE

 ,3969.4,7683.2 012210 ===== λλλλλ   

,3448.39,6509.17 ===== λλλλλ   

x z

y

++=

+∼ >=

===== ρ

===== ρρ

===== λλλλλ

===== λλλλλ

===== λλλλλ

ARB PRE

ARB

PRE

PRE

,149.17,4827.5,1124.3 202220021201 ==== λλλλ

For real data set, counts of teals in 5000  km   area, which is partitioned into 200 25- 

y

+=

+∼

===

=== ρρ

=== λλλλ

==== λλλλ

=== λλλλ

ARB PRE

ARB

PRE

PRE

 ,3448.39,6509.17 022202 ===== λλλλλ   

km   area, which is partitioned into 200 25- 

x z

y

++=

+∼ >=

===== ρ

===== ρρ

===== λλλλλ

===== λλλλλ

===== λλλλλ

ARB PRE

ARB

PRE

PRE

2

2 quadrats in central 

Florida are studied from Smith et al

winged teal and green winged teal are used as auxiliary 

variables x  and  z  respectively to generate the study 

variable y
 

iiii ezxy 44

where where  ).,0( iii zxNe +∼   The condition of interest is  

phase one varies from 20 to 150 and in phase two, i

==

== ρρ

== λλ

== λλ

== λλ

ARB

ARB

PRE

PRE

 The condition of interest is  

}0:{ yyC  . The initial sample in phase one varies 

The data statistics for real dataset are:

  
,01.12,6048.70,9401.361,200 2====

ywwww SZXYN

4263.9,1238.5,1676.5,53.12816 ==== CCCS

==== ρρ

==== λλλλ

==== λλλλ

==== λλλλ

ARB PRE

ARB

PRE

PRE

 
,4.130872,3498192,01.12 2 ==

xy ww SS   

,9999.0,4263.9 ===== ρ   

===== ρρ

===== λλλλλ

===== λλλλλ

===== λλλλλ

ARB PRE

ARB

ARB

PRE

PRE

  

,1238.5,1676.5,53.128162 ====
zxyz wwww CCCS

,4751.26,5443.0,5442.0 === CCρρ

=== λλλλ

==== λλλλ

==== λλλλ

ARB PRE

ARB

PRE

PRE

  

 
,9999.0,4263.9, =====

xyz wwwC ρ   

.26,284.26,4751 ===== CCρρ

===== λλλλλ

===== λλλλλ

===== λλλλλ

ARB PRE

ARB

PRE

PRE

  

,4751.26,5443.0,5442.0 ====
zxxyzyzx wwwwwwww CCρρ

0454.5,9604.96,4355.26,4596.26 ==== λλλλ

==== λλλλ

==== λλλλ

ARB PRE

ARB

PRE

PRE

 
,5136.26=====

zywwρρ   

,0418.5===== λλλλλ   

===== λλλλλ

===== λλλλλ

ARB PRE

ARB

ARB

PRE

PRE

,9604.96,4355.26,4596.26 300004040400 ==== λλλλ

0442.5,1769.5,0430.5,7831.9 ==== λλλλ

==== λλλλ

ARB PRE

ARB

PRE

PRE

 
,0418.5,0454.5, 030300 ===== λλλλλ   

,1757.5,0442.5 ===== λλλλλ   

===== λλλλλ

ARB PRE

ARB

PRE

PRE

,1769.5,0430.5,7831.9 210102120003 ==== λλλλ

,4475.26,7450.2,7462.2 === λλλλ

ARB PRE

ARB

PRE

PRE

  

 
,1757.5,0442.5 012210 ===== λλλλλ   

1103.27,1226.27, ===== λλλλλ

ARB PRE

ARB

PRE

PRE

,4475.26,7450.2,7462.2 202220021201 ==== λλλλ

The results for  MSE  ,  ARB   and  PRE   of different estimators for estimation of populat

ARB

PRE

PRE

 ,1103.27,1226.27 022202 ===== λλλλλ

ARB PRE   of different estimators for estimation of populat

ARB

PRE

PRE

 The results for  MSE ARB  and PRE of different 

information about parameters of auxiliary variable. All 

population and real dataset. The proposed estimators 

for population mean in three different situations 

are 
mt1 mt2 mt3

. Similarly estimators proposed for 

vt1

vt2 vt3
 and 

ct1 ct2 ct3

with some amount of ARB present but as initial sample 

vanishing  ARB. The proposed estimators for population 

PRE (less MSE ) than the existing estimators in all three 

PRE   of 

and remains constant for situation 3.

CONCLUSION

Exponential ratio type estimators are proposed for the 

general parameter (
ywwSY)( ) using two auxiliary 

variables in adaptive cluster sampling under two phase 

sampling schemes. The results from both populations 

depict that the proposed estimators for general parameter 

Thompson (1990) and the ratio type estimator proposed 

by Dryver and Chao (2007) in all three situations. This 

shows that use of both population mean and variance of 
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