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Abstract- In this chapter suggests dual to ratio-cum-product type exponential estimator in stratified random sampling. In fact,
Srivenkataramana (1980) transformation has been used on Tailor and Chouhan (2013) estimator. The bias and mean squared
error of the suggested estimator have been obtained upto the first degree of approximation. The suggested estimator has been
compared with usual unbiased estimator in stratified random sampling, combined ratio and product estimators, dual to
combined ratio and product estimators, Singh et al. (2008) ratio and product type exponential estimators and dual to ratio and
product type exponential estimators given by Tailor et al. (2013). An empirical study shows the performance of the suggested
estimator.
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l. INTRODUCTION

Bahl and Tuteja (1991) envisaged ratio and product type exponential estimators using exponential function. These estimators
were studied in stratified random sampling by Singh et al. (2008). Using Srivenkataramana (1980) transformation on auxiliary
variates Tailor et al. (2013) obtained dual to Singh et al. (2008) ratio and product type exponential estimators. Singh et al.
(2009) envisaged ratio-cum-product type exponential estimator for population mean. Tailor and Chouhan (2013) suggested

ratio-cum-product type exponential estimator of population mean in stratified random sampling.

Let us consider a finite population U :{Ul,Uz,...,UN} of size N which is divided into L strata of sizes
Nh(hzl, 2, ...,L). Let Y be the study variate and X and Z be two auxiliary variables taking values Y,; , X,;and Z,

respectively where 1=1, 2 ,..., N, . Here the auxiliary variate X and the study variate y are assumed to be positively
correlated while the auxiliary variate Z is assumed to be negatively correlated with the study variate y. To estimate

population mean of the study variate Yy, a sample of size N, is drawn using simple random sampling without replacement
L

from each stratum that constitutes the stratified random sample of size n suchthat n = n,, . Then we define
h=1
_ 1 L N, l L
= sz hi :WZ Y ZW Y Population mean of the study variate y

h=1 i=1 h=1
_ 1 L Np L _
X=— Xpi = Z:WhXh : Population mean of the auxiliary variate x,

N =i h=1
_ 1 L N L _
Z= WZ 2= thZh : Population mean of the auxiliary variate z.
h h

=1 i=1 =1
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Our problem is to estimate population mean of Y ofthe study variate y using stratified random sampling.

_ L
Usual unbiased estimator of population of population mean Y in stratified random sampling is defined as Y, = z W, Y, .
h=1

Similarly, unbiased estimators of population mean X of the auxiliary variate X and population mean Z of the auxiliary
variate z are defined respectively as

L L
Xy = Z WX, ad Z,= Z W, Z,, respectively,
h=1 h=1

where
1 & My

X, =n—ZXhi and Z, :—Zzhi are means of sample taken from h" stratum for the auxiliary variate X and z
hoi=1 hoi=l

respectively.
Hansen et al. (1946) envisaged combined ratio estimator for population mean Y as

> (X
Yee = Vol = |- (5.1.1)
Xst
For negative correlation between the study variate y and the auxiliary variate z , combined product estimator is defined as
-~ _ 7 "
Yec = Vu [?i : (5.1.2)
Variance of unbiased estimators Y, , X, and Z, are respectively given as
L
o 2 2
V(Vq)=2 W72, S5, (5.1.3)
h=1
S 2 2
V()_(st): Z Wy 7hS - (5.1.4)
h=1
and
- 2 2
V(Zst)zz Wy 70Soh - (5.1.5)
h=1

The biases and mean squared error of the combined ratio estimator Y_RC and combined product estimator Y_PC are

- 1<¢
B(YRC ):fz Wh27/h (Rlsxzh _Syxh) , (5.1.6)
h=1
V2 1< 2 2a2
B(YF’C ):Z: W 7h(stzh +Syzh)’ (5.1.7)
h-1
A L
MSE(Y_RC ): z thyh (th + Rlzsfh _ZRlsyxh)’ (5.1.8)
h-1
A L
MSE(_PC ): > W7y, (S% + RS2 +2R,S,,) | (5.1.9)
h-1
where
R, = Y: and R, = Y: .
X Z

Bahl and Tuteja (1991) developed ratio and product type exponential estimators for population mean Y in simple random
sampling as

© 2017, IISRMSS All Rights Reserved 20



Int. J. Sci. Res. in Mathematical and Statistical Sciences Vol. 4(3), Jun 2017, ISSN: 2348-4519

Voo = Vexp( )i_)_(j , (5.1.10)
X +X

and

?Pe = yexp(f_—%J . (5.1.11)
Z+Z

Singh et al. (2008) studied Bahl and Tuteja (1991) estimators in stratified random sampling as

L J—
N Z Wh (X h ™ )_(h )
Yeo = Vg 00| : (5.1.12)
z W, (Xh + )_(h)
L h=1
and
. B
R > w,(z,-2Z,)
Yo =V, 00| = : (5.1.13)
> w,(z,+2,)
h=1

Tailor et al. (20i3) used Srivenkataramana (1980) transformation and obtained dual to Singh et al. (2008) ratio and product

type exponential estimators Y_RséT and Y_PzT as

L
) 3w, (% -X,)
Yoo = Vg exp |12 — . (5.1.14)
3w, (% +X,)
L h=1
and
oL B
) > w,(Z,-z)
Yoo =V @] T : (5.1.15)
> Wh( L+ Zh)
L h=1
ce XNy =%,n . Z,N,-7Z,n _ _
where X, = h_h "hh and Z, =—h_h _—h D are unbiased estimators of population mean X and Z
Ny, —n, Ny —n,

respectively.
Singh (1967) utilized information on population mean of two auxiliary variates i.e. X and Z and suggested ratio-cum-
product estimator for population mean Y in simple random sampling as

-~ . )? 7
Yep = y(gJ (%) : (5.1.16)

Tailor et al. (2012) defined Singh (1967) estimator Y_RP in stratified random sampling as

2 X\(z
Yo =V, (_—J (:j : (5.1.17)
RP t Xst Z

Singh et al. (2009) defined ratio-cum-product type exponential estimator in simple random sampling as
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V. = Vexp XX exp -2 (5.1.18)
e X +X Z+2) -
Tailor and Chouhan (2013) studied ARPe in stratified random sampling as
> X —X Z,—Z
Ve = YO0 = || = |, 5.1.19
e = Ja Xp(XJr)‘(SJ Xp(zst+2J (6119
or
L _ _ L _
~ ZWh(Xh—Xh) th(zh_zh)
Yepe = Yy 00| 22 exp| = . (5.1.20)
th(xh+)_(h) ZWh(zh+ h
h=1 h=1

1. SUGGESTED IMPROVED RATIO-CUM-PRODUCT ESTIMATOR

. nx . : : A
Using the transformation X; = N— , Srivenkataramana (1980) obtained dual to classical ratio estimator as
n

~ (X
Yy = y(fj . (5.2.1)

N, X, —n,X, - N,Z,—n zZ,
— h =
Nh —ny, Nh —n,

Tailor and Chouhan (2013) estimator is suggested as

th()_(:_ih) ZWh(Z_h_Z:)

Using the same transformation i.e. )_(; = on auxiliary variates X and z dual to

= N, X, — L —
B w,| St LS W, X,
h=1 h_nh h=1
[t - & N.Z -n2z )|
thzh_z Wh[ hNh h hj
exp hot h-1 h— Ny
L - ¢ N.Z —n Z
th h+z Wh( hNh h hj
ot hot h— Ny
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L -n,Z,-N,Z, +n,Z,

Z ( N, —n, J
N,Z,-nZ, +N,Z, —n,zZ,

{ Ny —n, ]

L
z W{ -n, xhj
- = Nh_nh
=(Z Whyh]exp
h

2N, X, —n, X, —nhihj

To obtain the bias and mean squared error of the suggested estimator YLR*F,SET , We write
A :Y_h(l+ eOh), X, = )?h(l+ elh) and Z, = Zh(l+ eZh) such that

E(eOh): E(elh): E(eZh) =0,

E(esn)= 7.C yh’

E(elh): 7thh '

E(ezzh)ZVhszh’

E(€onein)= 71PpmCuiCu

E(epnem)= Y0PynCuhCon
and

E(e1nn)= 70PunCxnCon-
Now the suggested dual to ratio-cum-product type exponential estimator in terms of €, 'S are expressed as

z W gh( (1+elh))
i Wh(ZNhXh_ h(xh+>?h(1+elh))J

h-1 N, —n,
L Z (1+e )—Z_]
Wn h 2h h
i W 2N, Z,, _nh(zh(1+62h)+zh)
h=1 " Nh_nh
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L _ L _ L _
_ z WtheOh _Z thhghelh Z thhghezh
:Y 1+ h=1 _ eXp h:lL eXp h=1 -
2X =2 W, X, 9,8y, 22— W,Z, 948,
h=1 h=1
S B _ _— i _
L _ Z W, X g€ Z W, Z,9,e,,
Z W, Y€, - R
Y| 1+ 7 exp - X exp - Z
z W, X, 9,8, Z W,Z,,9,85
h=1 h=1
2— — 2— —
L X i L Z i
~ _ —e e
Yo =Y (1+¢,) € L 2
e =Y (L+e) ep {Z_ej Xp {z_ej
where
_ M
gy N —n,
L L L
ZWtheOh th X, Gney, Z\Nh 2,048,
g = — g =" and e, ="
Y Z
such that

E(e?)=" 72 :
" ZL: W7, 9585

o) T
" ZL: Wy'7,95S 5,

ez): h1 7 :
E(eoel)=%hi;, W, 7401 Syn
E(e0e2)=%§ W,'7,8nSan
and
E(elez):%hi; W,’7,0:S,0n -
Now
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2 — - e )" e e, )"
Yosl =Y (1+€,)exp [Tl(l_éj } exp {?2( —?2] }
- e(, &) e, )
=Y(l+e,) [1-2{1-2| +2[{1-2
2 2 8 2
2 2 2
=Y(1+e,) [1- N BT 1+el+3i
2 2 4 8 4
2
142014582, % %
2 2

4
=Y(l+e )_1—e—1—e—1+i
0 2 4 8

— —Zelz_elz 1+e_2+ﬁ
8 2 8

—Y(Lre,) 1—(‘9—1}
) 2 2
:V(1+eo){1—i—e—l} 1+e—2+3i}

e e\’ e? e\’
1+-211--2| +-2 1——2j
[ 2 ( 2] 8 ( 2

2
2 8 2 8
2

2
=Y (l+e,) 18 8 % 88 36
2 8 2 4 8

2 2
—{1_&_8_1+e_2_ﬁ+3ﬁ _%+ﬁ}

+€
2 8 2 2 8 2 2

2 2
Vil V=V g -24% 8 3% &8 & & (5:23)
272 8 8 2 2 2

ST

Taking expectation of both sides of (5.2.3), the bias of the suggested dual to ratio-cum-product estimator YRPE upto the first

degree of approximation is obtained as

L* \/ L 3 1 1 1
B(YRP? ):Yhzl: thyh[ thgh +3 Szhgh Esyxhgh +-5,10n _Esxzhgh:|,
or
: 2
. _Z Wy 7495
B(YR;SeT)=Y hle[_ gh(sfh _3Szzh )_4(Syxh + Syzh - szh )] : (5.2.4)

Taking square and expectation of both sides of (5.2.3), mean squared error of the suggested dual to ratio-cum-product estimator

Y_,{;iT upto the first degree of approximation is obtained as
2
Z — € €
MSE(YRPS;T)zY 2 E{eo —El+ﬂ
*ST N 2 2 1
MSE( \E ) Z W, 7h‘:8 +4R thgh +— RZSzhgh Rlsyxhgh
h=1
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Rlegr?szh i|

+R28yzhgh - 2

£ L 1
MSEE -3 Wi S5+ RES5 07+ RES30E 4RS00, - RS ~2RR,05,)|
h=1 or
A L gz
/7 *ST 2 2 202 202
MSE(YRPe ): ; Wh yh{syh +Th((R1 th + RZSzh _2R1stxzh )_ gh<Rlsyxh - R yzh ))} (5 2. 5)

II. EFFICIENCY COMPARISONS

This section compares the efficiency of the suggested estimator YRPe , With respect to usual unbiased estimator Y,
combined ratio and product estimators Y_RC and Y_F,C , dual to combined ratio and product estimators Y. and Y_P*C , Singh et
al. (2008) ratio and product type exponential estimators Y_RseT and Y_PiT, dual to Singh et al. (2008) estimators given by Tailor

etal. (2013) Y Yo>T and Yo" and Tailor and Chouhan (2013) estimator Yy, .

Variance of usual unbiased estimator Y, is expressed as

V(Y) z W,’7,S (5.3.1)
Mean squared errors of the estimators YARC , YLPC ,YLR* , YAF,*C ,YARS‘;T , YLPzT YAR*eST , YAPZST and YLR’;S;T are expressed
as

N L
MSE(YRC ): > W2y, (s2 +R?S2 —2R;S ) , (5.32)
h=1
N L
MSE(YPC = hZ:, W7, (Sih +Ry S5, + 2styzh) , (5.3.3)
" L
MSE(YRC )=Z W7, (S5 +R7 0257 —2Ri 1Sy ) (5.34)
h=1
" L
MSE|Ypc ): Z W7, (Sih +R79:S;, + 2Rzghsyzh) ) (5.35)
h=1
2~ L 1
MSE(YRSQT): hzll thyh(sjh +ZR ’S2 —R syxhj (5.3.6)
A L
MSE(\(F:T):Z: thyh(sjh +%R§th + styzh) : (5.3.7)
'vlSE(_R*eS thyh(syh +— 1 ghsfh 1ghsyxhj ! (5'3'8)
h=1
" L
'VlSE(YP*eST Z Wh27h(s + Rz 9n S~ Zghsyzhj . (5:3.9)
h=1
N L
MSE(YRSPTe => h}/h( +=(RS§ +R7S; —2R R,S,,) +R,S - syxhj (5.3.10)
h=1
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Comparisons of (5.2.5), (5.3.1), (5.3.2), (5.3.3), (5.3.4), (5.3.5), (5.3.6),
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(5.3.7), (5.3.8), (5.3.9) and (5.3.10), shows that the

suggested dual to ratio-cum-product type exponential estimator of population mean Y_R*PseT would be more efficient than

(i) Vg if
L gZ
Z WhZV{Th(Rlzsfh + Rzzszzh _2R1stxzh)
h=1
- gh(Rlsyxh - styzh) i|< 0'
(i) Y if

Z Wi 7h|: R; th(g 4)+%§(R22822h _2R1R28xzh)

_Rlsyxh(g )"thR Syzh :| O'

(iii) YLF,C if
2
}:W { &gxﬁ—®+%%ﬁ$kea&gg

_RZSyzh(g ) ghRSyxh } <0,
(iv) \?R*C if
Z W, 7{ ( 3R, th +R2822h 2RR szh)
g (R Syxh +R Syzh) } O’
W) Yoo if
- IJ8
z WhZV{ 4 (Rl szh 3R Sz2h 2RR szh)
h=1
~9,(RS,, +RSW)} <0,
(vi) Yo if
2
z W { Rl th(g 1)+%Th(R22822h_2R1R28xzh)
~ RS, (9n —1)+ 9, R,S } <0,
(vii) YT if

© 2017, IISRMSS All Rights Reserved
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5 wen Lrisi o1+ % (isi -2nmis.)
h=1

+R28yzh(gh_1)_gthsyxh }0, (5.3.17)
(viii) \?R*jT if
L g2
Z thy{fh(RZZth ~2RR,S,, )+ gthsyZh}o , (5.3.18)
(ix) Y*ST i
3w g—ﬁ(st2 —2RR,S 4 )~ G,RS, i |<0
h Vh 4 L 1R90n )= 9n ROy [< (5.3.19)
h=1

(X) ﬁjj i
ZWz { (RS2, —2R,R,S 4 K92 —1) = (9, ~D(R,S styzh)}o.

(5.3.20)
Expressions (5.3.11) to (5.3.20) provide the conditions under WhICh suggested dual to ratlo cum product type exponential

v ST v ST v/ #ST v/ *ST v ST
estimator has less mean squared error as compared to Y, YRC,YF,C,YRC,YF,C,YRe ,YF,e ,YRe YF,e and YRF,e

V. EMPIRICAL STUDY

To see the performance of the suggested estimator Y_R’;SST , a natural population data set is being considered. Description of the

populations is given below :

Population I [Source: Murthy (1967), p. 228]
Y : Output ,

X : Fixed capital ,

Z : Number of workers .

n,=2 n,=2 N, = N, =5
Z1=51.80 Z 2=60.60 Y =21440 | X ,=333.80
= | Y,=1925.80 Y ,=31560 S, =0.75 S,, =4.84
v S, = 7487 S,, =66.35 S, =61592 | S, =340.38
4 |'s, =3808 S, =287.92 S, =41116 | S, =-1536.24
S, =39360.68 S, =22356.50
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~ ) o Eas

Table 5.4.1: Percent relative efficiencies of ¥, Yec » Yocr Ve + Yeer Yar o Yoo, Yol YT | Yoo and

Yo with respectto Y,

Estimator v va va vE vE
Ya Yec Yoc | Yec Yec
PREs 100.00 | 313.75 | 115.9 | 432.03 | 123.7
5 4
Estimator | st g ST ST | GesT g ST
YRe YPe YRe YPe YRPe
PREs 173.94 | 107.94 | 2349 | 111.95 | 244.8
6 6
Estimator - 4ST
YRPe
PREs 454.56
V. CONCLUSION

In this chapter dual to ratio-cum-product type exponential estimator has been suggested using Srivenkataramana (1980)
transformation. In section 5.3 conditions under which the suggested estimator would be more efficient than other considered
estimators have been obtained. Table 5.4.1 reflects the percent relative efficiencies of all considered estimators. This table

shows that the suggested dual to ratio-cum-product estimator Y_R*F,ZT has highest percent relative efficiency as compared to

A

usual unbiased estimator Y, combined ratio estimator Y_RC , combined product estimator Y. , dual to combined ratio

estimator Y_R"‘C , dual to combined product estimator YP*C, , ratio type exponential estimator Y_RseT , dual to ratio type
exponential estimator Y_R*eST , product type exponential estimator Y_PzT , dual to product type exponential estimator Y_P*eST
and ratio-cum-product type exponential estimator Y_RSP:. Thus the suggested dual to ratio-cum-product type exponential

estimator Y_R;iT is recommended for the estimation of population mean when conditions obtained in Section 5.3 are satisfied.
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