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Abstract

This paper considers an exponential chain dual to ratio cum dual to product estimator for
estimating finite population mean using two auxiliary variables in double sampling scheme when
the information on another additional auxiliary variable is available along with the main
auxiliary variable. The expressions for bias and mean square error of the asymptotically optimum
estimator are identified in two different cases. The optimum value of the first phase and
second phase sample size has been obtained for the fixed cost of survey. To illustrate the
results, theoretical and empirical studies have also been carried out to judge the merits of the
suggested estimator with respect to strategies which utilized the information on two auxiliary
variables.
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1. Introduction

The use of an auxiliary variable x at the estimation stage improves the precision of an estimate
of the population mean of a character y under study. Using the information on the auxiliary
variable x, we often use classical ratio and product estimators depending upon the condition

p,>C.12C, and p,,<-C,/2C, respectively, whereC andC, denote the coefficients of variation of
the variable y and x and p,, is the correlation coefficient between y and x . However, in many

situations of practical importance, the population mean X is not known before the start of a
survey. In such a situation, the usual thing to doisto estimate it by the sample mean X
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based on a preliminary sample of size n, of which nis asubsample (n<n,). If the population

mean Z of another auxiliary variable z , closely related to x but compared to x remotely
related to y is known, it is advisable to estimate X by X =XZ/z, , which would

provide better estimate of X than X, to the terms of order o(n*l) if p,C,/C,>12.

Sukhatme and Chand (1977) proposed a technique of chaining the available information on
auxiliary characteristics with the main characteristics. Kiregyera (1984) also proposed some
chain type ratio and regression estimators based on two auxiliary variables. Al-Jararha and
Ahmed (2002) defined two classes of estimators by using prior information on parameter of one
of the two auxiliary variables under double sampling scheme.

Consider a finite population =(U,,U,,..., UN)of N units, lety be the study variable, x and z

are the two auxiliary variables. Let X be unknown, but Z the population mean of another
cheaper auxiliary variable z closely related to x but compared to x remotely related to vy

(ie., p, >p,) is known. In this case, Chand (1975) defined the chain ratio estimator

&

—(C) T
yR - y = !
Zl

bell

where X and y are the sample means of x and vy, respectively based on a sample size nout of
the population N units and

X = nl)ianl:Xi v

denotes the sample mean of x based on the first-phase sample of the size n, and

Zz(l/nl)zl:zi,
i=1

denote the sample mean based on n, units of the auxiliary variable z .
Using the transformation

o (NX—nx)

X _W,(izl,z,s,...,N).

Srivenkataramana (1980) proposed dual to ratio estimator to estimate population mean as

Ve =Y

><|| o

where
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Bandyopadhyay (1980) obtained dual to product estimator as

_X
Ye =Y i_g .
Kumar et al. (2006) used the transformation

_G_(nl)?—nxi)

and proposed a dual to ratio estimator in double sampling as

(i=12,3,..,N),

where

and is an unbiased estimator of X .

Singh and Choudhury (2012) proposed dual to product estimator for estimating population mean
in double sampling as

Using an additional auxiliary variable z in dual to ratio and product estimators in double
sampling of Kumar et al. (2006) and Singh and Choudhury (2012) estimators converts to chain
dual to ratio and chain dual to product estimators in double sampling as

and
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respectively.

The chain linear regression estimator in double sampling suggested by Kiregyera (1984) is given
as

Ve, = 7+byx[¥1 +b, (Z-T)-x],
whereb , andb,, are the regression coefficients of y on xand x onz, respectively.

Bahl and Tuteja (1991) suggested the exponential ratio and product type estimators as

7 =yexp X —X
Yo =Y X+X)

and
5, = yexp X=X
Pe X+X )
for the population mean Y.

Saini and Kumar (2015) also proposed some exponential type product estimator for finite
population mean with information on auxiliary attribute.

Singh and Vishwakarma (2007) suggested an exponential ratio and product-type estimators for Y
in double sampling as

o X —X
ySe=yexp(f _J,
X
and

X+X

_ _ X—X
Vee =yexp(—fl].

Singh and Choudhury (2012) suggested the exponential chain ratio and product type estimators
under double sampling scheme as

https://digitalcommons.pvamu.edu/aam/vol12/iss1/4
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|
|

I
NN

y;e = yexp — ’

+
x|

e
NN

and

|
!
B
N[N

Yoo = Y EXP
X +

X
NN

Singh et al. (2013) again generalized the above estimators to a class of exponential chain ratio-
product type estimator in double sampling scheme as

_Z o Z
X ——X X=X —
e - Z, Z,
Yrpe = Y| @ EXP Z + B exp 7
X, —+X X+%— ||
- s %)

where « and g are unknown constants such that a«+=1. Singh et al. (2014) proposed
exponential ratio cum exponential dual to ratio estimator in double sampling.

Motivated by Singh et al. (2013), Srivenkataramana (1980) and Bandyopadhyay (1980) and with
an aim to provide a more efficient estimator, we have proposed a class of exponential chain dual
to ratio cum dual to product estimator in double sampling for estimating population mean Y
using two auxiliary characters. Throughout the paper simple random sampling without
replacement (SRSWOR) scheme has been considered. Theoretical comparisons of the proposed
estimator are carried out to demonstrate the performance of the suggested estimator over others
and empirical studies have also been carried out in the support of the present study.

2. The Proposed Estimator

Let instead of X, the population mean Z of another auxiliary variable z , which has a positive
correlation with x (i.e., p,, >0) be known. We further assume p,,, p,, >0. Let X; and Z, be
the sample means of x and z respectively based on a preliminary sample of size n, drawn from

the population of size N with simple random sampling without replacement strategy in order to
get an estimate of X . Then, we suggest a class of estimators for Y as

Published by Digital Commons @PVAMU, 2017
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_ - o _
n=zZ-nx| _ _ n1§2—n7
4 _ﬁz_ ﬁz__ Z
n—n Z Z n,—n
Virpe = Y| X €XP X +(1—a)exp —
n—2Z-nx| _ _ n1§2—ni
4 Y Azl 4
n—n 7, 7 n,—n
Let
Varpe :aT1+(1_a)Tzv (1)

where « is unknown constant to be determined and

n21Z-nx| _
Z, %
n —n Z,
Tl:nge:yexp 71 — y
n—+Z-nx| _
'z + A7
n—n A
and
_ nléz_—ni
A7 | 4
Z n—n
T, = Vape = Y EXP % =
_ n—2Z-nx
é2_+ 'z
Z, n—n

To obtain the bias (B) and MSE of Y., we write

https://digitalcommons.pvamu.edu/aam/vol12/iss1/4
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V=Y (1+g), X=X (1+e), X, = X (1+e,)
and

Z,=Z(1+e,).

Expressing Y, in terms of e’s, we have

—c — 1
Yarpe = y|:05{1+59(ez —e3—e1—e§ +ezee.)

2

—% 9% (e} —2e,e, +€f +2e,e; — 2ep, +ef)}
4 2
+(1-a) 1+§g(q—ez+e3+e2+e1e3—e1e2—e2e3)
+g g” (e’ +ef +ef +2ee, —2ee, — 26,0, )}} :

or
ychPe = Vl:a(l"' il) +(1_a) @+ iz):l
=Y (@+e)[1+i, + (i, —i,)]

or
a2 IR PR - 2 5
Yarpe =Y =Y eo+29|3+89 I, +agls +agils |, (2)
where
o1
|1:§[4g(e2—e3—el—e§+e2e3)—gz(e§—2e2e3+e§+2e1e3—2e1e2+ef)},

i, = %[4g (-8, +e,+6; +ee,—ee,—ee ) +39° (6 +€ +€] + 200, - 20, - 2e2e3)},

2
I, = [el -8, +6,+€, +€£, —€, —€,6, +€,€ —€, + e0e3] )

=[ef +e +€]+ 260, - 200, - 208, |,
11
|68 -6 e +BE DB+, ~6R 68 |

1 2 2 2
o, 68 +eR - (8 48 18 )|

n
n,—n

I,
iS
g
g
and
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A+g)=—1 .
n—n

To obtain the bias (B) and MSE of y;,,., let

CZ=S?/Y", C?=82/X", C2=S2/Z",

CYX = pYXCY ! Cyz = 'OYZC ' sz = pXZCX '
CX CZ CZ
Py =Sy /Sy P =5, /8,8,
and
pZX :SZX/SZSX’
where
S = e AR )
A T = A R R Y PR
St = 3 (2-2) S = > (1T (5 -X)
z (N _1) = i 1~y (N _1) = i i !
1 N -
Sy (N _1);:(yi _Y)(Z' _Z)
and

s :(N—l_l)il(xi ~X)(z-2).

i
In this paper the following two cases will be considered separately.

Case |: When the second phase sample of size n is a subsample of the first phase sample of size
n.

Case Il: When the second phase sample of size n is drawn independently of the first phase
sample of sizen,

3. Casel

3.1. Bias, MSE and Optimum value of o for (Vnge)l

In case I, we get the following results

https://digitalcommons.pvamu.edu/aam/vol12/iss1/4
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E(e,)=E(e,)=E(e,)=E(e;)=0,

B -5 JCimAw B[ 2% et -
E(el)= (——%}cz AZ,Z,E(e@:(ni—%]C%Am
)= T |CuCE = A Elesey)= (ni %]cyxcxz—Aoz

E(eoe?,):(rf NJCWCS A E(ee.)= (ni 1)Ci=m,

1

1 1 1
E(eleB):[n N JCXZCZZ Ai,S’ E(eZeS):( jCXZCZZ - A23
1 l

©)

Taking expectations in (2) and using the results of (3), we get the bias of (VJRPE)I to the first
order of approximation as

B(ydRPe) Vg |:%{A13 - Az,z - A1,3 + Az,z + A),l - '%,2 + Ab3}
+g g9 {Ail + Az,z + A3,3 _2A2,2 _2A1,3 +2A1,3}
+0‘{A2,3 -A, +% A, _% As+ A, —As— Abl}

raG {2 A A S A A A= AMH ,

or
B(Yree): =Vg[@—ajq—§gP—%(Az,z+A2,3)—“—§P] (4)
where
= A=At Ay
and
QA=A+ Ay

Again from Equation (2), we have

Published by Digital Commons @PVAMU, 2017
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. 1
Veape —Y =Y[eo+§g(e1—e2+e3)+ag(e2—e3—e1)} : %)

Squaring both the sides of Equation (5), taking expectations and using the results of (3),
we obtain the MSE of the estimator (Vnge)l to the first order of approximation as

MSE(V;RPe)| :Y_lepb,o"'gz(%_aj {A1,1+A2,2 +A; _2A1,2_2A2,3+2A1,3}
+{ A= Ao+ A} 209 { Ay~ A, + A

or

2
MSE(VS"RPQ)I :V{A"NLQZ(%_“) P+gQ—2agQ] (6)
The MSE of (ngpe)l is minimum when

20Q+9°P
a= gS!Tg = alopt.(say) : (7)

Putting the value of a from (7) in (1) yields the ‘asymptotically optimum estimator’ (AOE) as

(VSR Pe ), (o) a, (opt)Tl + (1_al (opt) )Tz '
Thus, the resulting MSE of (Vchpe)l(opt) is given by
72 Q’
MSE(ydRPe)l(Opt) =Y {'Ab,o_F} : 8

Remarks:

1. Whena =0, the estimator (Vchpe) in (1) reduces to the exponential chain dual to product

estimator (ygpe)l in double sampling. The bias and MSE of (ygpe)l is obtained by putting =0
in (4) and (6), respectively as

B(YG..), =d Bq—ggp}

and

https://digitalcommons.pvamu.edu/aam/vol12/iss1/4
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MSE (e, ), =¥* {A‘m + gip + gQ} : 9)

2. Wheng =1, the estimator (¥ggp,) in (1) reduces to the exponential chain dual to ratio
estimator (nge)l in double sampling. The bias and MSE of (nge)I is obtained by putting & =1
in (4) and (6) respectively as

B(nge)|:_Y_g{ <A22+A23+Q) 7gp}

and

MSE (Vse. ), =Y {A)O +5— gQ} (10)

4. Efficiency Comparisons in Case |
4.1. Comparison with sample mean per unit estimator y

The variance of usual unbiased estimator y is given by

v(y):?z(%—%jcj. (11)
From (8) and (11), we have
S - _ 2@
V(7)=MSE(Tsree ), 000 = ¥ ~>0, (12)
if
At A >R,
where
= Ai,l - Az,z + As,s
and
= A),l - ‘%,2 + A)a :

Published by Digital Commons @PVAMU, 2017 11
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4.2. Comparison with the chain dual to ratio estimator ( Vc(j:R )I

The MSE of the chain dual to ratio estimator (VdCR )I is given by

MSE (V5 ), =Y2[ Ao —20Q+9°P ] . (13)

From (8) and (13), we have

Vv 2

MSE (Vs ), —MSE (V5gee ) Q-gP) >0. (14)

1 (opt) - F(

4.3. Comparison with the chain dual to product estimator (¥, )

The MSE of the chain dual to product estimator (ygp)l is given by

|\/|sE(ygF,)I =Y?[ A, +20Q+9°P]. (15)

From (8) and (15), we have

/ 2

MSE (s, ), ~ MSE (¥;s.) Q+gP) >0. (16)

1 (opt) - F(
4.4. Comparison with the exponential chain dual to ratio estimator (nge)l
From (8) and (10), we have

_y2(9P-2Q)

2
MSE (Ve ), ~ MSE (Vagee ), o, = 0 (17)

4.5. Comparison with the exponential chain dual to product estimator (ygpe)l

From (8) and (9), we have

:YZ(gP+2Q)

2
MSE (Vaee ), ~ MSE (Firee ), 0 0 (18)

4.6. Comparison with the chain linear regression estimator (yz, )

https://digitalcommons.pvamu.edu/aam/vol12/iss1/4 12
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The MSE of the chain linear regression estimattor(yfw)I is given by

(11 11
MSE(yreg-)| =Y? {(H—W](Cj _C5X05)+{n__W]{C5XCf

1

+C,C,C2(C,C —2Cyz)}] (19)

yxIxz ™~z yx ~7xz

From (8) and (19), we have

7 ¢ ¢ _v?e 1 1 2 A2 1 1
MSE(yreg')l - MSE(y“RPe)I(opt) - {_[E_n_l}cyxcx +(n_l_ﬁ)

C,C.CZ(C,C —2cyz)}+QT>o, (20)

yx“xz 7z yX 7 xz
1 1) (1 1 )
[ﬁ_n_JCVXCX <[n—l—ﬁj{cyxcxzcz (C,Ce—2C, )}
Now, we state the following theorem:
Theorem.

To the first order of approximation, the proposed strategy under optimality condition (7) is
always more efficient than Vv (y), MSE(VjR)I, I\/ISE(VEP)I, MSE(VSRG)I, MSE(VJPE), and

MSE(erg_)I .
5. Case Il
5.1. Bias, MSE and Optimum Value of & for (VdCRpe)

In case I, we have

Published by Digital Commons @PVAMU, 2017
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E(e,)=E(e,)=E(e,)=E(e;)=0,

e 2o, B[ Jci-a,

E()- (——ﬁ]oz A ) (——ﬁ}:i:/x,g,

1 1 1
E(e el)[ NJnyCf Ab,liE(ezes)z[__Nijzsz Az,sv

1

E(ee,)= E(e,e,)=E(e.e,)=E(ee,) = 0. (21)

Taking expectations in (2) and using the results of (21), we obtain the bias of (;zs. ), up to the

terms of order n* as

_ 3
B(Virpe)u =YO |:%{Ab,l_pb,2 +'Ab,3} +§g {Ail —A,+ Asa}
+o {% Az,a _% Az,z + A\),z - Ab,s - A;)l}

+ag {% A, _%%,3 _%Ai,l}:|’

B(S5ure), V0| 2+ 32 (2m, -0 )220 | 22)

or

Since the population size N is large as compared to the sample sizes n and n, so the finite
population correction (FPC) terms 1/N and 2/N are ignored.

Ignoring the FPC in (22), the bias of(ngpe)II is given by
B(Vc(j:RPe)“ :_g|:i+£+ (2A01 A22+A2 ) a’gP:|’ (23)
where

= A1’,1 - Aé,z + Aé,s

and

https://digitalcommons.pvamu.edu/aam/vol12/iss1/4
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r l 2 r l 2 r i 2 r i 2
A),O _[n]cy’ A‘l,l_(njcx’ AZ,Z _[nljcx’ A3,3 _[nljcﬂ
(L N 2
Ab,l _(njcyxcx ’ A2,3 _[nljcxzcz .
(24)

Squaring both the sides in (5), taking expectations and using the results from (24), we obtain the
MSE of the estimator (ngPe)” to the first order of approximation as

MSE(V‘?RPG)H =Y {A;O " 92 (%_QJ (Ai,l - AE,Z + A3"3)+ gp\;,l —ZaQA;l:l ,
or
MSE(V(;:RPe)“ :Y_2|:A6,0+92(%_aj P’+gA[’)Y1—2agA{)’1} . (25)

Differentiation of (25) with respect to « yields its optimum value as

a= % = Qo (S2Y) - (26)
Thus, the resulting optimum MSE of (ijPe)”(om) is given by
2
—C va [ '%v
MSE(ydRPe)”(Opt) :Yzleo( Pl,) . (27)

Remarks:

1. Whena =0, the estimator (7§Rpe) in (1) reduces to the exponential chain dual to product
estimator (ygpe)" in double sampling. The MSE of ()—/;F,e)II is obtained by putting & =0 in (25)

as
2pr

e 28)

MSE (g, ), =Y {A;,o +4

2. Whena =1, the estimator (ngpe) in (1) reduces to the exponential chain dual to ratio
estimator(nge)” in double sampling. Thus by putting & =1in (25), we obtain the MSE of

(Vi ), to the first order of approximation as

Published by Digital Commons @PVAMU, 2017
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2pr

MSE (Vse, ), =Y Z[As,o +5 4P

- g/ﬁé,l}.

6. Efficiency Comparisons in Case |1

6.1. Comparison with sample mean per unit estimator y

The variance of usual unbiased estimator y is given by

V(Y)=Y?A,.
From (27) and (30), we have
2
_ e - (A,
v (y)_ MSE(ydRPe)II(opI) :YZ ( Pl’) >0 '

if

A+A>A,,
where

P'= Al’,l - Aé,z + A;,a :

6.2. Comparison with the chain dual to ratio estimator(VjR)“

The MSE of the chain dual to ratio estimator (ng )“ is given by

MSE (V5 ), =Y?| Ao —20A5,+9°P'|.
From (27) and (32), we have

Vv 2

MSE (T3 ), ~MSE (inee ) oy = 7 (A2~ 9P') >0,

6.3. Comparison with the chain dual to product estimator(ydcp )“

The MSE of the chain dual to product estimator (Vdcp )I is given by

https://digitalcommons.pvamu.edu/aam/vol12/iss1/4
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MSE (Vs ), =V [ Abo + 204, +9°P'].

From (27) and (34), we have

/ 2

Y , N2
opt) Pr(p\n"'gp) >0.

MSE (¥ ), — MSE (Ve )

6.4. Comparison with the exponential chain dual to ratio estimator(nge)"

From (27) and (29), we have

v (gP’_Z'A\;vl)Z

= >0.
11 (opt) 4P’

MSE (¥x, ), — MSE (T5ap.)

6.5. Comparison with the exponential chain dual to product estimator (¥, )

From (27) and (28), we have

=Y? —(gP’+2A511)2 >0

MSE (Ysne ), =MSE (Tiwre ), o0 = T

6.6. Comparison with the chain linear regression estimator (yy, )

The MSE of the chain linear regression estimator(yfeg.)II is given by

e 72| A 1 1) one 1) om0
MSE(yreg.)“ =Y |:A)O _(H_n_lJnycx _(n_1] nyszCz :| )

From (27) and (38), we have

v o C va (A{) )2 1 1
MSE(yreg.)”—MSE(ydRPe)“(Opt)Yz{ P1, B H_n_l C;Cf

Published by Digital Commons @PVAMU, 2017
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() (11 1
~—=l > (— ——jcjxcj +(—chxcfch . (39)
P n n n
Theorem.

To the first order of approximation, the proposed strategy under optimality condition (27) is
always more efficient than Vv (y), MSE (5 ) . MSE (V5 ) » MSE(Vsg.) - MSE (g, ) and

MSE (yrceg )I '

7. Cost Aspect

The different estimators reported in this paper have so far been compared with respect to their
MSE. However, in practical applications the cost aspect should also be taken into account. In the
literature, therefore, convention is to fix the total cost of the survey and then have to find
optimum sizes of preliminary and final samples so that the variance of the estimator is
minimized. In most of the practical situations, total cost is a linear function of samples selected at
first and second phases.

In this section, we shall consider the cost of the survey and find the optimum sizes of the
preliminary and second-phase samples in Case | and Case 11 separately.

Case I: When one auxiliary variable x is used then the cost function is given by

C=nC, +nC,,
where

C = the total cost,

C, = the cost per unit of collecting information on the study variable v,
and

C, = the cost per unit of collecting information on the auxiliary variable x.
When we use additional auxiliary variable z to estimate(ijPe)l , then the cost function is given
by
C=nC,+n,(C,+C,), (40)
where C, is the cost per unit of collecting information on the auxiliary variable z .

Ignoring FPC, the MSE of (ngPe)l in (6) can be expressed as

MSE(ydCRPe)l = %Vl +£V2 '

1
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where

\A Z{A(;]O +g-’-(%—a]z Al"l+(1—2a)Al"0},
o (3oa] () s-mba ()|

It is assumed that C, >C, >C,. The optimum values of n and n, for fixed costC =C,, which
minimizes the variance of (37(;}“,9)I in (6) under cost function are given by

CO l/Cl

nO .:
" \/\/1(:1 +\5A/2 (Cz +C3)

and

o COQ&/(CZjLCS) |
o \N1C1+W2(C2+C3)

Hence, the resulting MSE of (ijPe)l is given by

MSE(ngpe)l(opt) - Ci{\Nlcl +W2 (C2 +C3)}2 ' (41)
0

If all the resources were diverted towards the study variable y only, then we would have
optimum sample size as below

Thus, the variance of sample mean y for a given fixed cost C =C, in case of large population is
given by

C

v (y)(opt) = C_; S; ' (42)

Now, from (41) and (42), the proposed sampling strategy would be profitable if

MSE (ng Pe)l(opt) <V (y)(opt) !

or equivalently
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Cz+C3< Sy_\M 2.
C, A

Case I1: We assume thaty is measured on n units; x and z are measured on n, units.
We consider a simple cost function

C=nC +n(C,+C)),

(43)
where C,and C; denotes costs per unit of observing x and z values respectively.
The MSE of (V5qp. ), in (25) can be written as
—c 1 1
M (ydRPe)” =EV1+_V3’ (44)

1
where

2
1 ! !
Vs :(E_aj g* (Aas _Az,z)-
To obtain the optimum allocation of sample between phases for a fixed costC = C,, we minimize

(25) with condition (43). It is easily found that this minimum is attained for

CoVi/C,

n0 .= 1
" WG+ ML (Cp+Ch)

— Co Vs /(Ch+C))
lopt. — ; TN
" WG+ (VL (C+Cy)

Thus, the optimum MSE corresponding to these optimum values of n andn, are given by

and

MSE(VJRPe)u(om) :Ci{\/vlcl +\N3 (CZV +C?:)}2 ’ (45)
0

From (42) and (45), it is obtained that the proposed estimator (VjRPe)” yields less MSE than

that of sample mean Yy for the same fixed cost if

https://digitalcommons.pvamu.edu/aam/vol12/iss1/4
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8. Empirical Study

To examine the merits of the proposed estimator, we have considered the three natural
population data sets. The descriptions of the population are given as follows:

Population | (Source: Cochran (1977))

Y: Number of ‘placebo’ children

X: Number of paralytic polio cases in the placebo group

Z: Number of paralytic polio cases in the ‘not inoculated’ group

N=34,n=10, n, =15,Y =4.92,X =2.59,Z = 2.91, p,, =0.7326,
p,, =0.6430, p,, =0.6837,C. =1.0248,C? =1.5175,C’ =1.1492.

Population Il (Source: Srivastava et al. (1989, Page 3922))

Y: The measurement of weight of children

X: Mid arm circumference of children

Z: Skull circumference of children

N =55,n=18,n, =30,Y =17.08kg, X =16.92 cm, Z =50.44 cm,

P, =054, p, =051, p, =-0.08,C? =0.0161,C? = 0.0049,C? = 0.0007 .

Population 11 (Source: Srivastava et al. (1989, Page 3922))
Y: The measurement of weight of children

X: Mid arm circumference of children

Z: Skull circumference of children

N =82,n=25n =43Y =5.60 Kg, X =11.90 cm, Z =39.80 cm,
Py =0.09, p, =0.12, p,, =0.86,C? =0.0107,C? =0.0052 and C’ =0.0008.

To see the efficiency of the proposed estimator, the Percent Relative Efficiencies (PRESs) of the
proposed estimator along with other estimators under considerations are computed with respect
to the usual unbiased estimator y using the given formula below in case I and case II.

PRE(Y,*) = N\I/S(EV()*) =100,

where

* =71(y§R)| ’(ng)| ’(75R6)| ’(ygpe)| ! (y:eg.)l ’(ychPe)l(opt)

772 S N 72 T 7 N - 0

They are presented in Tables 1 and 2.

and
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Table 1. Percentage relative efficiency of different estimators with respect to y in Case |
Esti v e ¢ —C —C —cC —C
stimators y (ydR)l (ydP)l (ydRe)I (ydPe)l (yreg.)I (ydRPe)l(

opt)

Population | 100 13691 | * 135.99 * 185.53 | 188
Population Il | 100 13191 | * 128.21 * 123.53 | 132.45
Population 111 | 100 * * * * 100.99 148.5

Table 2. Percentage relative efficiency of different estimators with respect to y in Case Il
Estimators y (ng)u (ygp)u (nge)“ (ygpe)n (y"ceg-)u (ngPe)ll(opt)

Population | 100 * * 123.4 * 162.83 | 277.87
Population Il | 100 116.68 * 157 * 121.08 | 248.8
Population 111 | 100 * * * * 100.73 | 101.66

*Percent relative efficiency is less than 100%

9. Conclusions

The use of auxiliary information to increase the precision of the estimate has received numerous
attentions from several authors. In this paper, we continued this research by developing a new
estimator under SRSWOR. The proposed estimator has been analyzed and its bias and MSE
equations have been obtained in two different cases. The MSE of the proposed estimator has
been compared with the MSEs of the usual unbiased estimator y, chain dual ratio estimator

Y4, chain dual to product estimator V¢, , exponential chain dual to ratio estimator V', ,

exponential chain dual to product estimator Y;.and regression estimator erg. on a theoretical

basis and also conditions for obtaining minimum MSE has been derived. The estimator in its
optimality is compared theoretically and numerically with other estimators under considerations.
The percentage relative efficiencies of different estimators with respect to y have been computed
and is shown in Tables 1 and 2. Theoretically, the proposed estimator is found to be more
efficient than the other estimators under certain conditions. Three population data sets are taken
to check the efficiency of the proposed estimator over others estimators. Numerically in all
population sets, the proposed estimator is found to be more efficient than other estimators viz.,
usual unbiased estimator, chain dual to ratio and product estimators, exponential chain dual to
ratio and exponential chain dual to product estimators and regression estimator in both the cases
of second phase sample selection. Thus, it is preferred to use the proposed estimator

ngPe or [(Vnge),(opt) or (ngPe)u(opt)]

in practice.
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