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Abstract- This paper develops two modified RCP estimators for finite PM. Infact, dual to two RCP estimators have been
developed. The BIAS and MSQER of the developed estimators have been obtained upto the first degree of approximation. The
developed estimators have been compared with existing estimators and conditions under which the developed estimators are
more efficient have been obtained. An empirical study also has been conducted.
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I. INTRODUCTION

Let us consider a finite population U={U,, U,,....,Un}. A sample of size n is drawn using SRSWOR. Let Yy be the study variate
and X, and X, be the AVs such that X, is positively correlated and X, is negatively correlated with the SV Y .
Cochran (1940) and Robson (1957) invented RP estimators for PM Y respectively as

Y, = 7(@} 1)
Xl
and
- X
V. =y 22 1.2
P Y(xz (1.2)

_ n _ n X. _ n X. — N ;
Where § = z Yi X = —n' and X, = E —n' are SM of Yy, X, and X, and unbiased estimators of PMs Y :Z—y' ,
i i=1 i=1 i=1

_ Ny . N oy
X, = Zﬁ and X, = Zﬁ respectively.
i=1 i=1

2 X, Y X
Y., =y — || == |. 1.3
" y()_(lj(XZJ ( )

MSQERs of ratio estimator Y_R, product estimator Y_P and RCP estimator Y_RP respectively are

MSE(\?R)= yYelcr+c2 -2k, )], (1.4)
mSelY, )=y ¥efcz +c2 i+ 2k, )] (L5)
and

MSE,, )=V 2[cz +c2 1-2K , )+ 2 v 2(K,, —K,, )] (L6)
where
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Sy, = Z( YXX2I - ) and S, _—Z(xlI X )(le - )
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. . . * NX—n)_(i .

Srivenkataramana (1980) applied a transformation X; = N— on AVs X, and X, and suggested dual to RP estimators
-N

YAR and Y, as
AL )_(*
Y, = Y| = 17

R =Y X, L7
and
L* X
Yo =¥ 2 (1.8)

X2
where X, :(1+ g))?—g)_(1 and X, :(1+ g))?2 —0X, and ¢ =N.n
—N

Singh et al. (2005) determined dual to Singh (1967) RCP estimator Y_RP as

2 X | X
RP Xl X2
MSQER of YLR*, YLP* and YLR; are
MSE(\?R*)z yVZ[Cj +9C;, (9- 2K, Il (1.10)

msely; )=y ¥2fcz + g2 (g -2k, )] (L.11)

MSE(\?R’; ): yVZ[C§ + ngl(g -2K,, )+ aCy {g + 2<ny2 - 9K, ,, )}] (1.12)
[Upadhyaya and Singh (1999)] suggested a RP type estimators using CV and CK as.

X,C
Yeus: =Y _l - +ﬂ2(X1) (1.13)
chx1 +ﬂ2(xl)

|>

and
2 X,C,  + X
Yeus1 =Y - IBZ( 2) (1.14)
X,Cy, +5,(x;)
MSQER of Y, rusy and YPUSl are respectively obtained as
MSE( RUSl) v2[cz+4C2 (1, 2K, )] (1.15)

and
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A

MSE(YPUSl): yV2lcz+a,c2 (2, +2K,, )] (1.16)

Dual to Ygq; and Yy g, are determined as

YL* —y )_(:Cxl +ﬂ2(X1) (1.17)
. Xlel +p, (Xl) |
and
B X,C
thmzy _*2 X +ﬂ2(X2) . (1.18)
XZCX2 +ﬂ2(x2)
MSQER of YLRLSI and YLPLSI are
MSE( e = 7 72[C2 + 02,C2 (g2 — 2K, )] (119)
and
MSE(\?P’[JSI)z yY2[cz + 94,2 (94, + 2K, )] (1.20)
where A =— XiCX” , i :M; i=12.
I XiCXi +ﬂ2(Xi) Xiﬁz(xi)+Cxi

Il. DEVELOPED ESTIMATORS

Assuming that the information on CV (C, and C, ) and CK (5, (X,)and ,(X;)) of AVs X; and X, are available.
Parmar (2013) suggested two RCP estimators for PM as

G _ _E chxl + 3, (Xl)}( X,C,, +ﬂ2(X2)J

_y = - (2.)
' Xle1 +ﬁ2(xl) XZCXZ +ﬂ2(X2)

and

22)

va | Xlﬂz(xl)_'_cx )_(2,32(X2)+CX
Y,=y| = i 2 |
)(lﬂZ()(l)_+_(:xl Xzﬂz(x2)+cx2

MSQER of the estimators YA_l and YL2 are obtained as

MSE(YLI): yYelcz+ac2 (4 -2K, )+ 4,2 4, + 2K, -4k, N @3
and

MSE(YLZ): yY? [C§ + lefl (7/1 -2K )+ 72sz {yz + Z(ny2 = 71Ky, )}] (2.4)

Using the transformation )_(1* and )_(; , modified to the estimators are expressed as

A )_(;Cxl +:B2(X1) )zzcx2 +ﬂ2(xz)
Yl - y va _* (25)
chx1 +ﬂ2(xl) XZCXZ +ﬂ2(X2)
and
YL* - )_(1*,82()(1)"'Cx1 Xzﬂz(xz)"'cx2
» =Y = — : (2.6)
Xlﬂz(xl)—'_cx1 Xzﬁz(x2)+cx2
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To obtain the BIAS and MSQER of the developed estimators, it is assumed that VzY_(l+ eo), X, = )?1(1+ el),
X, = X, (1+e, ) such that E(e,)=E(e,)=E(e,)=0 and E(eg)z ;/Cj, E<e12): 7/CX21, E(ezz): )/CXZ2
v E(eoe1)= 7 Py, C,Cy E(eoel) =7 Py,C,C,,-

MSQqER of the developed estimators are

MSE, )= 7 72[c? + 94,2 (04 —2K,, )+ 04,C2 (g4, +2{4K,, —K,, )]
(2.7)

MSE(YL{)= yY2[C2 +97,C2 (g7, 2K, )+ 97.C2 (g7, —207,K,,, +2K,, )]
2.8)

I1l. EFFICIENCY COMPARISONS

We known that the variance of SM Y in simple SRSWOR is determined as
V(y)=yS: (3.1)
From (1.4), (1.5), (1.6), (1.10), (1.11), (1.12), (1.15), (1.16), (1.19), (1.20), (2.7) and (3.1) it follows that
(i) MSE(YT)<V(7) if
C:  ghlaK,, —4,)-24,K
cC Ala-2k,)
(ii) MSE(YT)< MSE(\?R) if
C: 94K, ~4)-204K,,
c? - (922 -1+ 2K, (1-9))
(iii) MSE(YT)< MSE(\?,D) i
Ci _ 924, (24K, —2,)+1+2K,, (1-g4,)
c? o494 —2K,, )
(iv) MSE(YT)< MSE(?RP) if
C2 1-g222+2K,, (9°44, -1)-2K, (g4, -1)
c:* (04 -0k +1)-2K,, ]
(v) MSE(YT)< MSE(?R*) if
C2  94,(204K,, —2K, -1)
2~ (h-1fo*(h +D-20K,, |
(vi) MSE(YT)< MSE(?P*) if
C: (-4 ) o2+ 4,)+20K,, |+20%44,K,
c:” 04 (0% 2K, ) |
(vii) MSE(YT)< MSE(\?R’;) i
Cfl Zgszlx2 (21}”2 _1)_(/12 —1){92(12 +1)+ Zgnyz}
cz © (4 D" (4 +D-20K,, } ’

¥X2 ' (32)

3.3)

(3.4)

(3.5)

(3.6)

(3.7)

(3.8)
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(viii) MSE(YT)< MSE(\?RUSl) if
C: 94K, —4)-204K,,
Cz "~ (g +1E(e-1)+ 24K, )
(ix) MSE(YT)< MSE(\?PUSl) if
C2  (1-g)2(+0)+24,K, |+ g*AA4K,
c:* g4l —2K,, ) |
(X) MSE(YT)< MSE(\?R*UM) if
2K

yXo

ﬂlelxz - 22

(3.9)

(3.10)

<g (3.11)

and
(xi) MSE(YT)< MSE(\?PLM) if
C2  AlgAK,, 4K, )
Ci ) ﬂl(gﬂl_Znyl) |
Similarly from (1.4), (1.5), (1.6), (1.10), (1.11), (1.12), (1.15), (1.16), (1.19), (1.20), (2.8) and (3.1) it follows that
(i) MSE(YLZ*)<V(7) if
Ci _9°n:(erK,, —7.)-27,0K,,
C, 97:(97, - 2K, )
(ii) MSE(YAZ*)< MSE(?R) if
C 027, (1K, —72)- 2K,
C (o -orn+1)-2K,, |’
(i) MSE(YAZ*)< MSE(?P) if
o 1o 97,(9 - 2y, K, )- 2K, (97, -1)
c? g7l97: 2K, ) ’

(iv) MSE(YAZ*)< MSE(?RP) if
C: - 9%2 -2K,, (v, ~1)-2K,, L-9°%7,)

c: (97, -D{gr, +1)-2K,, |
(v) MSE(YAZ*)< MSE(\?R*)if
o 3 0%7,(27.K, —7.)-297.K,,,
C.  (n-1)9°(n+1)-20K,, |
(vi) MSE(YAZ*)< MSE(\?p*)if
Cf1 y (1—72 ){gz(1+ 7/2)+ ZQKW2 }+ 2927/17/2KX1X2
c: 07,97, - 2K, ) ’

(3.12)

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)

(3.18)
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(vii) MSE(YLZ*)< MSE(?R’;) if

Cfl (7/2 _1){29ny2 _92(7/2 +1)}+ zgszlx2 (7/17/2 _1)

cz 0 ~DMe°(r +D-20K,, |
(viii) MSE(YAZ*)< MSE(\?RUSl) if
c, 3 20%,7,K s, — 97, (07, + 2K, )
c: (@ -x)-2K, (g7, +4)
(ix) MSE(YAZ*)< MSE(\?PUSl) if
Cy. 3 22 -9, (20K, ~7,)-2K, (97, - 4,)
c? 97,(07, — 2K, ) '
(X) MSE(YL;)< MSE(\?R*UM) if
c, 3 027, (27K, —72)- 207K,
C2  (n—-aNQ’(n+4)-20K,, |

and

(xi) MSE(YL;)< MSE(\?P*UM) if
C. < 20277, K, = (72 = 2 {02 (2 + 4,)+ 20K . }
C., 97:(07, —2K,,, ) |

IV. EMPIRICAL STUDY

To see the performance of the proposed estimators we are considering a natural population data sets.

Population [Source: Bhuyan (2005) P. No. 77]

Vol. 6(4), Aug 2019, ISSN: 2348-4519

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)

Y =34.826, X, =774.666, X,=753.666, C2=0005 C? =0.007, C2 =0.009, p,, =-0.363,
Py, =—0409, p, =0901, N=15 n=6, B,(x)=1761, f,(x,)=1.828.

Estimators Population
y
Y_R 33.607
Vp 64.331
va 99.482
Yee
Y_R* 49.900
Vp* 102.519
Y_R* 108.511
va 34.625
YRUSl
2 66.668
YPUSl
5 x 51.007
RUS1
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2 104.535
Ypus1
va 83.284
\A
YA 102.939
2
YL* 110.933
1
Y—Z* 110.423

V. CONCLUSION

Table 4.1 shows that the developed estimators Y, and Y, have highest PRE than usual unbiased estimator Y, classical ratio

A

estimator Y_R , classical product estimator Y_P , Singh (1967) ratio-cum-product estimator Y , dual to ratio estimator Y_R*, dual

to product estimator Y_P*, dual to ratio-cum-product estimator Y_R; , Upadhyaya and Singh (1999) estimators Y_RUSI& Y_PUSl

and dual to Upadhyaya and Singh (1999) estimators Y_RLSI & Y_PLSI. Thus if coefficient of variation and coefficient of
kurtosis of the two AVSs are known and conditions obtained in sections 3 are fulfilled.
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