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Abstract: In this article, exponential ratio type estimators are
proposed for general parameter in adaptive cluster sampling.
The estimators utilise information on two auxiliary variables
in three different situations, i.e. partial, no and full information
aboutpopulation parameters of auxiliary variables. The proposed
estimators for general parameter can be used to estimate
population mean, coefficient of variation, standard deviation
and variance of the variable of interest. The bias and mean
square error equations for the proposed estimators are derived
using first order approximation. The proposed estimators are
more efficient than usual sample estimators and ratio estimators
in all three situations under adaptive cluster sampling. Two
different populations are used for numerical illustration.

Keywords: Adaptive cluster sampling, auxiliary variable,
coefficient of variation.

INTRODUCTION

In the theory of survey sampling, estimation of different
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
clumped, sporadic and hidden populations.

Adaptive cluster sampling is valuable for studies on
drug addicts, endangered species of animals, contagious
diseases, rare and precious plants, minerals and natural
resources. In adaptive cluster sampling, an initial sample

is selected by some conventional sampling design.
All the selected units are examined for a predefined
condition C. If any of these units satisfy the condition,
its neighbouring units are added to the sample. Further,
if any of these newly added units satisfy the condition,
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. When population mean and variance are known for
one auxiliary variable (say Zz ) and unknown for the
other auxiliary variable (say X).

2. When population mean and variance are unknown for
both auxiliary variables.

3. When population mean and variance are known for
both auxiliary variables.

When population parameters for at least one of the
auxiliary variable are unknown, we adopt the two phase
sampling scheme using adaptive cluster sampling at each
phase as follows:

1. In phase one, a large sample of size 7 is drawn using
adaptive cluster sampling based on auxiliary variable
and unknown parameters of auxiliary variables
(x and z) are estimated.

2. In phase two, network structure of the phase one
sample is used to select a sample of size n (n<n')
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.

Consider a finite population of N units with labels
L,2,.,N. Let ¥, and (x,,z,) be the observed values of
the study and the auxiliary variables and w, and (w,,w.)

be the network level means. Also let w, and (w..w.) be
the sample means and s, and (s;

W, ,z) be the sample
variances of study and aux111ary variables. Let Y, and
(x.,z,) and S; and (S, ,S,) be the corresponding
population means and variances respectively, in

transformed population.

The following notations are used:
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w. _ _
C, == s vaw), - pw},wx Cwy wa s (jwA w.

pwxw: CWX CW: > vaw: = pwywZ va sz

The following error terms are used:

n 1 n 62_ ’8;_ — 5
= Zw wx:—wa_,wZ:—sz_,
- nig
S, =Sy, s, =S, . s. =S
e = e, =t L ol = oy
:—Z_xj’w :—ZZ 3 S:V 4 Si 4 S:V
m, jeY¥; m, jev; y x x
. - - s, =S, 8, =S,
- — — e, =— =, e, =—= =,
Yo=—>w Xu="Sw Zu=""w, ’ s? ° S
NI T NT T NT T : :
, such that E(e)=0 Vi=0,1,2,3,4,5 and E(e)=
— 1 & — 1 & 0vi=1,2,4,5.
Wy :_,ZW\T’WZ - Wzi,
- n i
Also,
2 1 . 2 . s .
S Z_Z(Wy _Wy)zasw Z_Z(WX -Wx)", E(eo) 6Cw ,E(eze3)=HJZOICW:,E(e]ez)=E(€16‘2)
— L=l =l
1 n = E(e2el’) = e,CwAw: 4
Szv = (Wz _WZ) s ) ,or ’
— ; E(e,z)=6CWA,E(eZe4):Hﬂmler,E(ele‘t):E(ele“)
' = E(e4e;) = ‘9,/1030C
y 1 1
wa ' ) Sw, =5 Z(WZ _WZ) ? ro ¢
n - n' =143 E(e;)= 0C, . E(ee,) =04, C, ,E(ees) = E(ees)
R = = E(ese;) = 0'2,,,C,, ,
S =— w, —Yw), ) e
" N—I,Z:l:( ) )
E(e]) =04, E(e,es) = HZlOZCW)_ ,E(eye,)=E(e,e,)
< = = E(e,e,) = 0'A,,C
S? w, —X)58 =——N(w. —Z.)%, (ese,) 021, 5
e 12( VS = 2 =7
S, S E(ef) = Oy, E(ege;) = 6?/lsoocwy ,E(e/ze;) = E(eze;)
CW :_y’Cw :__W-Y’ 4 ’
YW X = E(ese,) = 04, C
where E(es) Oy E(ese,) = Oy, E(ese5) = 04,
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Estimators in adaptive cluster sampling

,E(ejes) = E(e,e) = E(ese) = 04,

E(eye,)=6C, , .E(ee,)=6C, , E(ees)=04,,C, .

E(e]') = E(e,e,) =0T, ,

E(ee,)=6C, , ,E(e,e,)=6C, Anr E(ese) =025,

LE(e}) = E(e,e,)=0C,, ,

E(e,e5) = Ohy,,, E(ees) = Hlooscwf ) E(e3e;) =0'2,,,C

JE(e]) = Eeye,) = 0,
E(e,e,)=0'A,,C

E(ese,) =04, E(e,e;) = 04,,,C

9 y 9
w, Wy

JE(el)=E(eses) =02,

where

I P e 2 I (e A A

n N i
9,:[%—ij,9”:9—6/:(1_ ]j/lm_/l ﬂ‘rvt
n N n n »
M
Moo H20 M0

The general parameter of interest is defined by,

(e, p) = YuS? Y, #0,

w2

where « and g are suitably chosen constants. For
different values of a and B, r(a,B) reduces to the
following population parameters:

1. a=1,=0,z(a,8) =Y (population mean)
2. a=0,=2,7(a, )=, (population variance)

3. a:_laﬂzlﬁr(a’ﬂ)zcwv
of variation) ‘

(population coefficient

Thompson (1990) proposed an unbiased estimator for
population mean based on Hansen-Hurwitz estimator as,
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where,
(w,), = Z Voo
m; jew,
P, is the network that includes unit 7, (w,); is the

average of y values and m;, is the size of that network.
The variance of 7, is

V(t,)=6Y.C2, (2)

Thompson (1992) suggested an unbiased estimator
for population variance as,

—_ o2
tov - sw‘.

1 “ 2
———E W, =Wy
1[:1( i v)

3

The variance of 7 is

V(t,) =65 Ay (@)

Similarly, an estimator for coefficient of variation can
be defined as,

A~
= C‘V).

SW‘.

Wy (5)

The bias and mean square error (MSE) of 7, to
first order of approximation are,

Bias(t,.) = 6C,, (Cliy C 2100 400) -(6)

and

MSE(t,)=C;} 6(C} +— /1400

oc

Cw}. As0) (7

Thus, the usual estimator for the general parameter
o(a,p) is,

I, =T p
o

=wys,, (8)

The bias and MSE of t,, to first order of

approximation are,

1, =Wy
m a(a-1) ,, o 2
1 Bias(t,)=1(cx, §)6] ( ) (O +—ﬂCM Ayoo + 'H(ﬁ ) ool
= Z (Wy )i ’
nG (D) (9)
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and

MSE(t)) =1(c, ﬁ)Ze[oﬁCj,y ﬁ A

400 T aﬂcw‘\,ﬂ?OO]
...(10)

Dryver and Chao (2007) proposed ratio estimator for
population mean as,
- X w
Ly =Wy = ..(11)
Wi

The bias and MSE of t, to first order of

approximation are,

. v 2
Bias(t,)=6Y.(C,,-C, ) ..(12)
and
MSE(1,)= Y (C, +C2,-2C, ) (13)

Following Dryver and Chao (2007), ratio estimator
for general parameter z,,, , , when (X ) is unknown and
(Z,) is known, can be defined as,

A Wix W, Zw
- T(a,ﬂ) - - _r
Wi W W;

tdc—l
..(14)
The bias and MSE of ¢, , to first order of
approximation are,
Bias(t,,_,) =T, 56{3C,. -20C, , —BA,C, +

B g+ a(o; Dee /3’(,88 -2) .

400}

+ QI{QCWVWZ + g XZOICW 2CEZ } +
g’(c,,+2C,, -aC, _b ﬂmc N
..(15)

and

ﬁ/l

MSE(t,.,) = T(Za,/j)[e{aZCiy 400 2ﬂﬁ’201cwz

+%cm Ay +4C2 ~4aC, )
~3c2 |

wz

- 9,{2“Cw,.wz + BAnC.,
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v ﬂ/fi’ZIOCm }]
..(16)

woric2, +ac,, —2aC

Similarly, ratio estimator for general parameter 7, 4,

when both ( ¥ wy Z W) are unknown, can be defined as,
A wx WZ
tdc—2 = T(a,ﬂ) = || = (17)
x )\ We

The bias and MSE of t,_,, to first order of
approximation are,

oa(a—1)

o
Bias(t,,_,) = Ta, ﬁ) {TIBCW), Ao + C\iy
ﬁ(ﬂ 2)
= R HOCE +C+
_’gﬂzlocm _5/1201Cw2 -

@Cow, = o 1] ..(18)

and

2
MSE(t,.,) = T(za,ﬁ)[e{azciy + ﬂ? 1200 + aﬂcwy 2300}
+0(C2 +C. + 2C,,,

_ﬂﬂzloc

—-2o0C

H/ Wy

wy - ﬁ/lZOICWZ }]
.(19)

— ZOJCWV "

Also, ratio estimator for general parameter 7,
when both ( X,,, Z,,) are known, can be defined as,
. (x.)(z.
Z‘dc—3 - T(O!,ﬁ) — —
w Ww;
* ‘ .(20)
The bias and MSE
approximation are,

of f,_5, to first order of

Bias(t,, ;)= 0{C;,+C,. —oC, w, T

(a A

a(az_ 1) Ciy ﬂ(ﬁg 2) /1400 IB Cw), 2’300
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Estimators in adaptive cluster sampling 93
B B 2e-1, e 1-d . l-c .
+waw: - acwywz _EAZIOCWX _5/12OICVWZ } .21 ZCCZ 22 - 2(2‘2 73585 t—5¢e+
and X 0,85 e85 €65 ees 1 6 &
MSE(1,, ) = 72, ,0{C2, +C2. +a*C?, +%/1400 cd cd cd cdf
2f-1 2g—-1 e,e
C, Ay +2C,, —2aC TR e
+ alB w),//i'SOO + wow, - WyW, Zf 2g (24)
_20’Cw,w, = BAC., = BhaiC,.) Multiplying out the terms on right hand side, we have,
..(22) ) ) )
1= T pll+— S 5.5 S5 4.8 4
METHODOLOGY d d ¢ ¢ b b a a
Estimator for general parameter when ( X S, ) are B es e 2d-1 1., -,
general p ws taey+ ey ——> =+ (——+—)(es —e5)
unknown and (Z,,,S;, ) are known 27 f g 2d df
i i i 2c-1 1 . 2f-1
Motlvateq by Shabblr and Qupta (2017), the follow%ng +( c L (62 e 2)+ ( f )62 +
exponential ratio type estimator for the population ? cg 2 2 212 3
parameter is proposed:
— - - — 2b-1,, o, 11 '
=W — - +(—+—+ —)(e, e —ee )+
ty = %05 €XPY= WeZ W expl — We T W — 2b? (es—e.) cd of dg SR
Wy + (a—- l)wx w. +(c—Dw;
2¢—-1_, 1 1 1 ,
Zy—w. S, =S, ( 2g° ot o O ot bf Newes —eses)
eXpy=———— ¢ XP\ T
Zw+(g—Dw, s, +(b-1s,
g ' 2a-1 1 ,
+ Y% ( e, )+(— —)(e,e, —e,e,)+
518 Sy =5 e
exp 2 ) - 2 eXp 2 - 1 ’
52 +(d-1s St +(f-Ds2 [ LG
) ) ‘ 2 ab
..(23)
1 1 N4
) H—+—)(ees —ees) ——e e, ——e es +
where a,b,c,d,g,f are suitably chosen constants. ad
Rewriting equation (23) in terms of error terms and
considering first order approximation, we have 1 1 ’ )]
’ ’ +(—+—)(ee, _elez)_2_e3es
B, oB, . ae- ac ag f
[1 ZT(a,ﬂ){1+an+Ee3 +7€0€3+ eO+
BB-2) , « oo ,
) ) ) +T e; —E(eoe5 —eoes)—;(eoe2 —eye,)
weg}{1+e_4_e_4+e_l _ﬁ_%_,_
8 b a a 2b a , o ,
, —;(6064 —eye,) =18, —(e,e, —eye)
2b—1 , e’ 2a-1, 1-b . a
2 €, % 7261 +7264€4 +
2b 2a 2a b Yij B ,
, —5(6365 _3365)_%(6362 —e;6,)
1-a ee, ee, ee, ee,
2 44
b ab ab ab Vi ) .o
. 5(6364 —ese,) ——a(e3e1 —ese)+—eye;]
e, e e 2d -1
Hl+S 5.8 & o+ —e +
d d ¢ ¢ 2 2d ..(25)
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From equation (25), we get the bias of proposed estimator
t, as

1 b

Wi (2 —wy ws (2—ws)

Bias(t)) = 7, ;61 ) Agos + C‘i

ala—1) c’

w

+

y

+Ws W6/1003Cw: + % va Ao +

Ao — WAy C,, —awsC

wyw,

B(B-2)
8

*
—=wedy,
2

_g W5/1201Cw2 }+ 9"{M C:ﬁ +
w,(2-w,)
2

(Wyw, +wyw, + w4w5)/1003Cwz +( +

Wy W) Aoy + (Wi, +wywg )/1012wa - awzﬂhzocwy
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+w2(2—w2)

5 2240 +(ww, + szs)/?%zz +

w;(2—wy)

B .
w Wzlomcwr D) w ﬂ*zlocw,\ +( +wyws)C,,

+ (W, w3 +w,ws )/1021sz - g W3/1201sz

+Hwws +wws)C,, , —ow, A4, C, —owC,

wow,

B
2

1

a?

B

- 6‘(‘/‘/‘lc‘w}‘w,( )

W4ﬂ"*zoz - W2/1220 1

(26

_1 _1 _ 1 _ 1
W2 _an3 _Zaw4 _79W5 _Ea

We = 1. The mean square error of the proposed
estimator 7, to the first degree of approximation is

obtained as,

where w, =

2
MSE(t) = T(za,ﬂ)[g{azcir‘, + Wszcvzv: + %ﬂ:too + 2W5W6/1003Cw1 - 205W61102Cw‘ + W62/1*004

—2owC

wyw,

= Py, — Pws 2’201Cw2 +af Cw). Aso} + 0" wy Ci; +w) Ao

2 2 * 2
+C, (w5 +2wyws) + Ao, (wy +2w,we) + 240, C,, (Wyw, +wyw +w,ws)

+2 50, (Wyw, + wywe ) + 2402,C,, (wywy +w,w)+2C

+2£012Cw\ (Wywy +wiwg) + 2w, WzﬁmonA - 205“’441026‘»»\, —2ow,C

(wywy +wywy)

wow,

WoWw,

—2ow. 3Cw‘.w7 —2o0m,4, 20CW) = Bw, A, — ﬂw3/120]cw: — By g

_,Bwl/lzmcw, 1

..(27)
We get minimum mean square error of t, by substituting of wVi=12,.,6 are obtained by solving
the optimum values of w,Vi=1,2,...,6. Optimum values AX =B .(28)
where
i 2wa 2/1030 2pWXWZ sz 2/1012 2pwxwz sz 2/1()12 ]
22030 wa 21:;40 220, sz 2/1322 220 Cw: 2/1222
4 2pwx W, wa 220 2Cw: 22003 2sz 22003
2201 wa 21;22 2200 sz 21(*)04 22003 Cw: 21{)04 '
2pwxwz Cw) 0" 21,,0" 2CW: 0" 2 24050" 2sz o0 2200,0
2//Lmzcwx 0" 22’322‘9” 22003 sz 0" 22’(5)046” 22003 sz 0 2)“’(5)04‘9
_Wl i [ 2apw\w). Cwy + ﬂ/lzm |
w, 2aﬁuocw‘. + B
X = W3 B= 2apw:wy Cwy + 152‘201
w, i Zaﬂ'lozcwy +ﬂ/fz()2
W5 2apw:wy Cwye + ﬁﬂ'lﬂle
L We L 20(1,026'% 0+ BA0 |
March 2019 Journal of the National Science Foundation of Sri Lanka 47(1)



Estimators in adaptive cluster sampling

The exponential ratio type estimator for population
mean [, can be obtained by substituting a=1,8=0
in equation (23). The bias and MSE of ¢, canbe
obtained by putting o =1,#=0 in equations (26) and

95

(27). Similarly, exponential ratio type estimator for
population variance (f,,) and coefficient of variation
(f,.) can be obtained by putting «=0,=2 and
a =-1, =1 respectively in equation (23).

Estimator for general parameter when all (}W, va ) and (ZW, S; ) are unknown

When }W,S:\/ and Ew,S:V

2 Wx - Wx Wz - W
Ly=Tpn€XPpy=— = (€Xp

Wy +(a—1)w,

W+ (c—Dw:

all are unknown, the following estimator for general parameter is proposed:

SZ’ _SZ SZ’ _SZ

w w w, w,

X = = X
Pl +0-ns, [T0)s +(@-Dys,

2

.(29)

where a,b,c,d are suitably chosen constants. Rewriting equation (29) in terms of error terms and considering first

order approximation, we have,

o a—1 e, e X 2 2b-1
tzzr(a’ﬁ){1+aeo+ﬁe3+—’geoe3+ ) e ﬂ(ﬁ 32}{1+—4——4+ﬁ—i—e—42 —e;
2 2 b b a 2b 2b
) ., , , , ”
2a-1 1-b l-a . ee e e e e e
e12+ a2 €12+ k e4e4+€1€4+€1€4+ —ee, - 154 4}{1+ R R R B 52+
2a 2a ab a a ab ab d d ¢ ¢ 2
- 1-d . l-c . e} 2c-1 ee. ees ee.  ee
2d 21652+—26’5€5+—2€2€2——22+ _ e+ 925 98 6% | 66,
2d d c 2c 2c cd cd cd cd
..(30)
Multiplying out the terms on right hand side, we have
e. e e, e, e, e e e a(a—1 -
L=Tapllt—=—=42 22—y + (@ )e§ +é BPB=D 2)e§+
d ¢ ¢ b b a a 2 2 8
2a-1,, ., 2b ) of 2c-1, , . 2d-1 , , 1 ,
(ef —e )+ (ey—e; )t——eje; +——(e; —e, )+——(e5 —es )+ —(e,es —e,es) +
2612 1 1 2[92 4 2 0-3 202 2 2 2d2 5 5 Cd 2%5 25
1 1 1 1 .
ﬁ(ezle5 e4es)+b (e,e, — 6264)+a (e,e5 — ees)+ (ele2 elez)+ (ele4 ee,)
(24 , o . , ,
—E(eoe5 —eOeS)—;(eOe2 —eoez)—ﬁa(ge1 —6361)—%(6364 —eqe,)
o o , , .
—— (e e, —epe,)——(eye, —eje,) ——(ese, —ese,) ——(e;es —ezes)]
a b ¢ d eI
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From equation (31), we get the bias of proposed estimator 7, as,

a(a 1)

Bias(t,) =

w,(Z—WI)C2 +w3(2—w3)

wy

—aw, Cw),wA - mzﬂnoc

é WM';oz - g Wzﬂ*izo

B
) ) Wsﬂ’zmcwz

- (ZW42102C

-2) . 2- .
T(aﬁ)[g{ Cw" IB(I&; )ﬂ4oo+aﬂc /1100}+9{W1W3 +Mﬂom+

Cfv: +W3W4/1003Cw: +W1W4/1012Cw( +W1W2/1030CWX -

_ w,(2=w,)
ows CWW: +fﬁo4o W, WS%ZIC +wyw, Ay, —

)]
w _Ewﬁﬂocw 1 ..(32)

The MSE of proposed estimator #,, to the first degree of approximation is obtained as,

MSE(1,) =

‘ 2W3W42003Cw, —2ow,C

WyWy

2wwiC,,,, — 20‘W41102Cwy — 20,4,

Pwi20,C,,. = P, Ao, }]

The exponential ratio type estimator for population
mean f,, can be obtained by substituting o =1, =0
in equation (29). The bias and MSE of ¢,, can be
obtained by putting o =1, =0 in equations (32) and
(33). Similarly, exponential ratio type estimator for
population variance (7,,) and coefficient of variation
(%,.) can be obtained by putting o=0,4=2 and
a=-1,4=1 respectively in equation (29).

Estimator for general parameter when all (X ws St )
and (ZW,S2 ) are known

When X w,S, and z w,S,  all are known, we propose
the following estimator for general parameter:

A Xw_@x Zw_@z
t faﬁ.)exp EXpy = p—
X+ (a—1w, Zw+(c—Dw:
SZ _ 2 S2 2
2 X W e 2 W Z
{S +(b-1)s> } {S +(d-1)s }
..(3%)

where a,b,c,d aresuitably chosen constants. Rewriting
equation (34) in terms of error terms and considering first
order approximation, we have,

Cw —205W3 Wyw, ﬁwl//lZlO

M)[e{ac +ﬁ Aioo +0BC,, 2300}+t9{w42004+w3C2 +2w2w4/2022+w12C2

2 Ak
+ 2W1W4ﬂmzcwx + 2W1W2ﬂnsocwx W) Aggo + 2w, w34, C,, +

= P, Ay —

.(33)

B opf aa-1) ,

t3=T(a,ﬂ){1+a€0+E€3 +7€O€3+ ) eO+

BB-2) o2 e, 2b-1, 2a-1, ee,

o + +
R L TE R R R
2d-1 , 2c-1 , eye;
}{1_7_?+ 2t ST g ~(35)

Multiplying out the terms on right hand side, we have,

es e, e, e g o a
L, =T, 5ll-—=—2——Ztoe, +T e, —— e, ——epe
3 (a,ﬂ>[ d ¢ b a 0 ) 3 d 05 c 0&2
2d-1 , « a 2c-1 , 2b-1, 2a-1,
g O T T T et Gt
off I 1 a@-) . 1
+ e e, +—ee.+—ee + +— +
2 TGS T T be T ad O

e s e B, BB-D . B

ee,+—ee, ——ee + —
172 174 3*1 3
ac ab 2a 8 2c

Pope B
o e =] -(36)

3%2

From equation (36), we get the bias of proposed estimator
ty as,
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2— 2— . 2— ;

Bias(l‘;) = T(a,ﬁ)‘g[ Mm2-w) C;X + W (2= w,) /1040 + Wy 2o w,) Cv_v: +w W3Cw>\.w\.
2— . -1 .

+ oy Bowy) Aoos + = C:vy +wiw, A, G, wywy Ay, — ow,C,

+ g Ao + By Cw), Ao W, W5 /IOZICWI +ww, Ay ij — oW, Cw,.w:

B B

+wiwy Aoy C,, — aw21120cw). - aw42102Cwy Y Wy Ao = Py wi4y1C,,,
B . B
_EW4/1202 _Ews/lzolcwz] ..(37)

The mean square error of the proposed estimator 7, to the first degree of approximation is obtained as

2

MSE(t;) = T(za,ﬁ)e[azci‘. + IBT Aio + OtﬂCwy oo + W5 Ay + lecvzvx + w32Cfvz + W} Ao
+2w3w42003CwZ +2w,w, A + 2w, W4’1012wa — ZOtwleywx - 20{w3Cwywz

—20m, /ﬁiuocwv - pw, /1210wa = P, A5

+2W2W3/1021Cw2 - 20“"’42102Cwv _:BW3/1201CWZ = Bw, A,

2w w, A3 C,, + 2w w,C

wow,

.(38)

Optimum values of w,Vi=1,2,...,4 for #, and #; can be obtained by solving the following system of equations:

2CWX 22/030 zpwxwz Cw: 2/1012 Wl 2ap Cwy + ﬂﬂ’zlo
2/1030wa 2%40 22‘021ij 2%22 Wy | 205/11 20Cw}. + ﬂﬂ’*zzo
2pw\w: Cw* 2/,11)21 2Cw 2/1003 W3 2a,pw:wy Cwy + ﬁ/lZOI

2260C, 2Am  240C, 22 | W, 204,,,C,, + B,

Wew,

The exponential ratio type estimator for population (7, ) can be obtained by putting «=0,=2 and
mean f;, can be obtained by substituting a=1,5=0 a=-1,p=1 respectively in equation (34).

in equation (34). The bias and MSE of £;, can be
obtained by putting o =1,8=0 in equations (37) and
(38). Similarly, the exponential ratio type estimator for  Comparison of the proposed estimators with other
population variance (#;,) and coefficient of variation  estimators are considered here.

Efficiency comparison

From equations (10) and (27), MSE(t,) < MSE(t,) if

2 g 2 «
O Agos + W5 C:»I +2w; Woﬂooscw: - 205W6/’l102Cw), — 20w Cw) w, T ﬁwsﬂzolcw: = P
Y07 A, (Wi +2w,we) +2400,C. (W, +wywg +w,ws) +CL (w3 +2w,wy) + wiCl
2 A% * ®
+2w, W22/030CWA + W, Aoy + 22/012CWA (Wwy +wwg)+ 2w, w, + wywe ) Aoy, — P, Ay,
F2(Wywy + Wy ws) A, C, +2(wywy +wyws)C, - —20w,4,,C, —20w,4,,C,,

_2W3Cwyw: - Q’Q‘/VIC‘W}.WA _IBM/3/1201CWZ - ﬂM)Z//ZZZO - ﬁwlﬂ’ZIOwa } <0
.(39)
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From equations (16) and (27), MSE(t,) < MSE(t, ) if

of Wé%m + C»ZVZ (Ws2 —4)+2w; W6Z‘003Cw: = BPws A — Zawsﬂ'lozcwy - ,[7%2()1C‘wZ (ws=2)

~C, ., Qow,—4a)}-0'RacC,

T ﬂﬂ’ZOICwZ - 3Ciz }+ 0" (2(w, w; +w,w; );LOZICWZ

+2400:C,, (Wyw, +wywg +w,wy) + (w32 +2wyws)C, +C, (wl2 1) +2ww,4,,C,,

2 * *
Wy + 2w, ) Aoy + 20w, Wy + Wy W) Ay, + 20w w, + ww) Ay, C,, — 20w, 4,,C

+W22%40 + 2(W1 W + wiWws — 4)CWXW: - 2aw3cvv),vvz

From equations (10) and (33), MSE(t,) < MSE(¢,) if

w ¥

- zacw\,wx (wl - ]‘) - 2aw21'120cwv
=Py sy — By Ay — ﬂwsﬂzmcw, - ﬂﬂzlocwx (w,—D}<0

...(40)

2 A% 2 12 2 A% 22
Wi Agos + W3 sz + Wy Agge + W, wa + 2W1W4/1012wa + 2wy w, A sz +2w, W3/1021Cw:

w

2w, w, Ay, +2ww,C,  —20ow,C,
xz ¥

_2aW21120Cw}, A ﬂw3ﬂ’201CwZ = Py Aoy — B, ﬂ“zlocwx <0

From equations (19) and (33), MSE(t,) < MSE(t,,_,) i

2wy A C,, = 20w, 4,,C, = 2aw,C,,

..(41)

Wi dogs +Ch, (W5 =1+ w3 Ay +2ww, 4, C,, +2w, w3k, C,, +2C,,, (ww, = 1)
2w, W, Ao, + 2w, W4/1012CWX +2w, W2/1030Cw) —20m, 4, 20Cw‘. - 20{Cw‘.wZ (wy; =D
+Cv2vx (w; =D~ 2m4/1|02Cwy - zacw),w'v (w =1~ ﬁ/ﬁizolcw: (w; =1) = fw, A

—Bw, A, _,Bﬂzlocw) (w, =1 <0

.(42)

From equations (10) and (38), MSE(t;) < MSE(t,) if equation (41) is satisfied.

From equations (22) and (38), MSE(t3) <MSE(t dc_3) if equation (42) is satisfied.

RESULTS AND DISCUSSION

One artificial population and one real dataset are
considered for numerical comparison of the proposed
and existing estimators. The estimators are evaluated in
terms of MSE, absolute relative bias (4RB) and percent
relative efficiency (PRE). Chutiman and Kumphon
(2008) generated a rare and clustered population for
study variable y and two associated auxiliary variables
x and z. For artificial population, simulated y,x and z
values are studied from Chutiman and Kumphon (2008).
To avoid zeros, artificial population is generated using
the relation,

if yc, >0

_ 4yc;
i y; ~ Poi(2) otherwise

where yc, are the simulated values from Chutiman
and Kumphon (2008). Auxiliary variables are generated
on the same pattern. The condition of interest is
C={y : y>5}. The neighbourhood is defined as
the four adjacent units. The study region is partitioned
into 20 x 20 =400 square units. The initial sample in
phase one varies from 40 to 340 and in phase two, it
varies from 5 to 170. The data statistics for simulated
population are:
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N =400,Y,=8.9651, X, =5.1625,Z,, =16.83,S,
=404.7388,5; =136.0429,
S: =2028.643,C, =2.244,C, =2.2593,C,
=2.6762.p, , =0.7574,

=3.840LC,

wyw,

pw\w: = 088063 pw“W: = 08706, C

Wy,

=5.2286,C, , =5.3243,

wew,

Augo =17.3587, Ay =89.2648, Ay, = 26.4474, 4,
=3.4746, A, =7.71,

Aogs = 4.2433, 4,0 =3.6728, A,,, = 34466, 4y,
=2.7683, Ay, = 4.3969,

Ay =3.1124, 4, = 54827, 4, =17.149, A,
=17.6509, 4,,, =39.3448,

For real dataset, counts of teals in 5000 km? area,
which is partitioned into 200 25 km? quadrats in central
Florida are studied from Smith ez al. (1995). Data on blue
winged teal and green winged teal are used as auxiliary
variables X and z respectively to generate the study
variable y, using the model,

Vv, =4x,+4z, +e,

where e, ~N(0,x,+z,). The condition of interest is
C={y : y>0} .The initial sample in phase one varies
from 20 to 150 and in phase two, it varies from 2 to 75.
The data statistics for real dataset are:

N =200.Y, =361.9401, X, =70.6048,Z, =12.01,S,
=3498192, 5 =130872.4,
S =12816.53,C, =5.1676,C, =5.1238,C,,

=9.4263,p, ., =0.9999,

wyw,

=26.4751,C

WW, wow,

Py =0.5442,p,  =0.5443,C

=26.5136,

99

Ao = 26.4596, 4, = 26.4355, Ay, =96.9604, A,
=5.0454, A, =5.0418,

Aogs = 9.7831, A,y = 5.0430, 4, = 5.1769, 4,,,
=5.0442, 4, =5.1757,

Ay, =2.7462, A, = 2.7450, A,y = 26.4475, A,

=27.1226, 4, =27.1103,

The results for MSE, ARB and PRE of different
estimators for estimation of population mean, variance
and coefficient of variation are presented in Tables
1, 2 and 3, respectively. The estimators are proposed
under three different situations, i.e. partial, no and full
information about parameters of auxiliary variable. All
the results reveal the same pattern for both artificial
population and real dataset. The proposed estimators
for population mean in three different situations
are t,,, t,,, t,. Similarly estimators proposed for
population variance and coefficient of variation are ¢,
t,,» t;, and ¢, t, , t,, respectively. For small initial
sample size, the proposed estimators are highly efficient
with some amount of ARB present but as initial sample
size increases, the proposed estimators are efficient with
vanishing ARB. The proposed estimators for population
mean, variance and coefficient of variation have high
PRE (less MSE) than the existing estimators in all three
situations. As initial sample size increases, PRE of
proposed estimators for population mean, variance and
coefficient of variation increases for situations 1 and 2
and remains constant for situation 3.

CONCLUSION

Exponential ratio type estimators are proposed for the
general parameter (7, , =Y ZSQ’,V) 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
are more efficient than the usual estimator proposed by
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
auxiliary variables is beneficial.
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