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Abstract

Use of auxiliary information has been in practice to improve the efficiency of the estimators of
parameters. Ratio, product and regression methods are good examples of use of auxiliary information.
Ratio, product and regression type estimators essentially require the knowledge of population mean of
auxiliary variates. But many times, the information on population mean of the auxiliary variate is not
available. In this type of situations, double sampling is used. Ajagaonkar (1975) and Sisodia and Dwivedi
(2982) discussed problem of estimation using single auxiliary variate whereas Khan and Tripathi (1967),
Rao (1975) and Singh and Namjoshi (1988) considered the use of multi auxiliary variates in double
sampling.

Singh (1967) used information on two auxiliary variates and envisaged a ratio-cum-product estimator of
finite population mean of the study variate assuming that the population mean of the auxiliary variates
are known. Upadhyaya and Singh (1999) proposed some ratio type estimators using coefficient of
variation and coefficient of kurtosis. Tailor et al. (2011) suggested ratio-cum-product estimators using
coefficient variation and coefficient of kurtosis of two auxiliary variates in simple random sampling. In
this paper, authors study the Tailor et al. (2011) ratio-cum-product estimators in double sampling.

Keywords: Ratio-cum-product estimator, double sampling, population mean, Bias, Mean squared error

Introduction

This paper considers the problem of estimation of finite population mean in double sampling.
In this paper, two ratio-cum-product estimators of finite population mean, using known
coefficient of variation and coefficient of kurtosis of two auxiliary variates, have been
suggested. Suggested estimators have been compared with usual unbiased estimator, classical
ratio and product estimators in double sampling and double sampling versions of Singh (1967)
BBl and Upadhyaya and Singh (1999) estimators. To judge the performance of the suggested
estimators over other considered estimators an empirical study also has been carried out.

Let us consider a finite population U = {Ul,Uz,...,UN} of sizeN . Let ¥, X and X, be
the study variate and auxiliary variates taking values Y; X; and X,; respectively on

U, (i=12,..,N) Let the auxiliary variates X, and X, be positively and negatively
correlated with the study variate y respectively.

Let us define

_ 1Y
Y = WZ Y; : Population mean of the study variate y ,
i=1
_ 1y
X, = WZ Xy; - Population mean of the auxiliary variate .y
i=1
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)?2 = WZXZi : Population mean of the auxiliary variate X, .
i=1

Let Y= Z y;/n, X = Z X;/n and X, = Z X,; /N be the unbiased estimators of population mean Y , X,

i=1
respectively.

n
Yll =— Z Xy; - First phase sample mean of the auxiliary variate X, based on sample size n',
i=1
n
Yzl = —Z X,; : First phase sample mean of the auxiliary variate X, based on sample size n’,
i=1
1 n
y=— yi : Second phase sample mean of the study variate Y based on sample size n,
n i=
1

n
=— Z Xy; - Second phase sample mean of the auxiliary variate X; based on sample size n,
i=1

n
Z X,; : Second phase sample mean of the auxiliary variate X, based on sample size n,
i=
N

1
Sf N 12(y, Y) : Population mean square of the study variate Y,

1 N
le N 1Z(X1, X ) : Population mean square of the auxiliary variate X,
i=1
2 1 3
] le (X5 — X,)? : Population mean square of the auxiliary
I
variate XZ,

1y _
o = —Z(yi =Y )(x; — X,) : Population covariance between the study variate y and auxiliary variate X

1

Sy, = N 1Zl(y, ~Y)(x,; — X,) : Population covariance between the study variate y and auxiliary variate X, ,
1
Syx, = Z(Xn X, )(X,; — X,) : Population covariance between the auxiliary variate X1 and X

Py, :Xl > - Population correlation coefficient between the study variate Yy and auxiliary variate X, ,

S, S,

1
S

yXp
'nyz [
Y% population correlation coefficient between the study variate Y and auxiliary variate Xy,

XX

P, = ,—
- Population correlation coefficient between the auxiliary variate X; and auxiliary variate X,,

S

C == Ty

y

Y : Population coefficient of variation of the study variate y ,
S

C.=%

1 : Population coefficient of variation of the auxiliary variate X, ,

S

C.=%

2 - Population coefficient of variation of the auxiliary variate X,,
~173~
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X
S, (x % EXlI - Coefficient of kurtosis of the auxiliary variate X,
1i
:E: (>(2|
S, (X - Coefficient of kurtosis of the auxiliary variate X, ,

:E: (>(2|

Cochran (1940) @ envisaged classical ratio estimator for estimating the population mean Y when study variate Y and auxiliary

variate X; are positively correlated as
=~ (X
Yo = y[flj (L.1)

In case of negative correlation between the study variate y and the auxiliary variate X, , the classical product estimator was given
by Robson (1957) [ as

Y, = V[%j (12)
2

Assuming that the population mean )Tl and coefficient of variation CXl of the auxiliary variate X, are known, Sisodia and
Dwivedi (1981) defined a ratio type estimator as
o X +C
Yoor = y(TJ (1.3)
When the correlation coefficient between the study variate Y and auxiliary variate X, is negative product type estimator using
coefficient of variation sz is expressed as
~ | X, + CXz
Yoop =Y WJ (1.4)

2
Singh et al. (2004) % defined ratio and product type estimators using coefficient of kurtosis £, (X,;) and £,(X,) respectively as

= (X +p (X)J

Yoer = V| =222 |, (1.5)
FIUR A B (%)

and

E

<
{

_d X%+ B(%)
sep = Y X, +ﬂ2(xz)) (1.6)

Upadhyaya and Singh (1999) utilized both coefficient of kurtosis as well as coefficient of variations of auxiliary variates and
suggested two ratio and two product type estimators of population mean Y as

Na _ chx +ﬂ2(X1)
=Y ———7— | (1.7
( XC, + (%)
> _ )Tlﬂz(xl) +C,
Vo oy D2 T e 18
y[ R (%) +C, J o
Y; o YZCXZ + £,(X,)
. X,C,, + B,(X,)
(1.9)
v X, 5, (X,) "‘sz
oee = [izﬂz(xmcxz ] 10

Singh (1967) & utilized information on known population means X, and )?2 of auxiliary variates X; and X, respectively and

envisaged a ratio-cum-product estimator of population mean Y as
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> (XX
Yorp = Y(Elj[xrzzj (1.112)

The problem of estimating the population mean Y of y when the population means )?1 and )?2 of X, and X, respectively are
known, has been discussed by many researchers including Singh and Tailor (2005) ¥, Tailor and Tailor (2008) [*?1, Tailor et al.
(2011a) 31, Tailor (2012) ™I and many others. When information is not available on )Tl and )?2 in advance, double sampling
procedure is used. The standard double sampling procedure is described as

(i) a first phase sample S, of fixed size n' is drawn form U to observe only X, and X, to estimate )?1 and )72 respectively then

(ii) a second phase sample S, of fixed size n is drawn either from S, from first phase sample or directly from the population.
These two cases may be designated as

Case I: As a sub sample from the first phase sample and

Case I1: Drawn independently to the first phase sample.

In double sampling, the usual ratio and product estimators of population mean Y are respectively defined as

!

Na X
(d) _ gl ™1
YR =Yy Y_
v (1.12)
and
o X
) _ gl 22
%
2 ’ (1'13)
n’ 13
where ¥, X, and X, are sample means based on second phase sample of size n whereas X, = —,lei and X, = —,Z Xy,

are the first phase sample means of X, and X,, which are unbiased estimates of population means )?1 and )?2 respectively.
In double sampling, Sisodia and Dwivedi (1981) ratio type and Pandey and Dubey (1988) [l product type estimators of population
mean Y are defined as

2 X +C

V@ _ gyl 2 LI (1.14)
sorR = Y %+ Cxl

and

~ X, +C

V@ gl 22 "% | (1.15)
sop = Y X+ sz

In double sampling, Singh et al. (2004) [*°] ratio and product type estimators of population mean Y are defined as

> X+ 5,(%)

Yoo =y| 221 j (1.16)
X, + (X))

and

> [ X+ B,(X,)

i -5 Lrbilul), @i
X, + B, (X,)

Double sampling versions of Upadhyaya and Singh (1999) ratio type estimators are

F(d) _ o )Tllcx1 + (%)

YUSlR =Yoo | (1.18)
chx1 + ﬂz (Xl)

and
/|

~ X X,)+C

Y=y ———* A%)*C, | (1.19)

Xlﬁz (Xl) + Cxl

Double sampling version of Upadhyaya and Singh (1999) product type estimators are define as
-

(@) _ g X,C,, + B(X,) (1.20)

P XC, +B,(x) )
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and

2 X! X,)+C

YU(SdZ)P _v _2:82( z) X | (1.21)
XZ/QZ(XZ) +_(:&

In double sampling, Singh (1967) ©! ratio-cum-product estimator Y_RP of population mean Y is expressed as

VO _ %@j{g} (1.22)
RP Xi X2

The biases and mean squared errors Y_R(d), Y_P(d), Y_ngR), Y_S(de), Y_S(Ed,g Y_S(Edp) Y_U(Sdl)R, Y_U(SdZ)R, Y_L,gdl)P, Y_U(Sdz)P and Y_R(g) in both

case | and case Il are given below:

BY\"), =Y%,C2 1-K,), 123
B(Y,\®), =Vf,C2 (L+Ky), (1.24)
B(Y{Y), =V1, t,Cy (t, —Kpy), (1.25)
B(Y,%), =VF,t,C2 (t, + Ky,), (1.26)
B(YLS(EdR) =Y t.CF (- Kpy), (1.27)
B(\?s(éjp) =Y 1,CE (1, +Kyy), (1.28)
BOYSh), =V, t.C2 (t; — Kyy), (1.29)
Boﬁfs"fp L =Y tC0 (s + Kop), (1.30)
BV, a), =VH,t,C2 (t, —Kyy), (w3
BV, p), =TH,6,C2 (t + Kyp), w32)
B(YY), =¥£,[C? 1—Kyy) ~C2 (Kqp + Ky)] (1.33)
B(Y_AR(d))II =Yf,C; (1-Kpy), (1.34)
B(\?p(d)).. =Y C; (f, + f,Ky,), (1.35)
B(Y(S)), =1, t,C (t, — Koy), (1.36)
B(Y{9), =V1,C2 (f,t, + ,Ky,), (1.37)
BIYa®), =%, t,C2 (t, ~ Kyy), (138)
BIYA), =V8,C2 (F.t, + FKyp), (139)
BOYSh )y =V, 4,C2 (t — Koy), (1.40)
BOYSh ), =VH,,C2 (£t + F,Ko), (L.41)
BOYSe)y =V, t.C2 (t, - Kqy), (142)
BOV(e )y =V, t,C2 (Tt + F,Kyy), (1.43)
B(YD), =Y[f,C2 (1—Kqy) +C2 (F,— Ky + F,Ky)], (1.44)
MSE(Y.®), =V2[,C? + f,C2 (1-2K,,)], (1.45)
MSE(Y{®), =V?[£,C2+ f,C2 1+ 2K,,)], (1.46)
MSE(Y{D), =V ?[f,C2 + f,tC2 (t, —2K,y)], (1.47)
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MSE(Ys52), :Y_z[f1C§ +1; tzcxzz(tz +2K02)]' (1.48)
MSE(Y), =V2[£,C2+ f,t,C2 (t, - 2K,,)]. (1.49)
MSE(Y{D), =V?[f,C2 + f,t,C2 (1, +2K,,)], (1.50)
MSE(Y.D,), = V2[£.C? + £, t,C2 (1, —2K,,)] (151)
MSE(Y2), =V2[£.C? + £, t,C2 (t; + 2K,,)], (152)
MSE(YDs), =V ?[£,C2 + 1,t,C2 (¢, - 2K,)], (1.53)
MSE(Y($), =V 2[£,C2 + f,4,C7 (t, +2K,)] | (1.54)
MSE (YD), = V2[£,C? + f,C2 (1 2Ky) + f, C2 (1+ 2K, —2K,,)], (1.55)
MSE(Y(®), =V2[£,C2 +C2{(f, + £,)— 2Ky, }], (1.56)
MSE(Y{®), =V2[£,C7+CZ {(f, + f,) + 21K, }] (157)
MSE(Y{9), =V2[£,C2 +1.C2 {t,(f, + £,) ~2,K,,}] (158)
MSE(Y{D), =¥ 2[£,C2+1,C2 ft,(f, + f,)+ 2Ky, )], (159)
MSE(YS®), =V 2[£,C2 +t,C2 it,(f, + ,) —2,Ky, ], (1.60)
MSE(Y{D), =V 2[£,C2+1,C2 ft,(f, + f,)+ 2Ky, ], (1.61)
MSE(YU(Sdl)R)II =Y [f C2 +l C { (f1+ fz)_2f1K01}]’ (1.62)
MSE(Y(&h), = V2[£.C2 +t,C2 fts(f, + £,) + 21Ky, )] (163)
MSE(Y(De)y =V 2[£,C2+,C2 1t (F, + 1,) ~2f,K,, ] (1.64)
MSE(Y D, ), = V2[£.C7 +4,C2 {t,(F, + F,) + 21Ky, )] (1.65)
and
MSE (Ye)), = V2[£,C2 +C2{f,+ f, - 2f,Ko)}+C2 {(F, + f, + 2Ky, — 2,K,,)}] (1.66)
where t, = _Xl 1= _X2 :
(X1+CX1) (X2+CX2)

t, = _L, t, = _L,

(X;+ B, (%)) (X, + B,(%,))

C_ X.C, C_ X,C,,
TXC +B00)) T (XL (%)
- >TlﬁZ(XZI_) t = >T2182()(2)
T(XB)HC) T (GBI +C,)
C,

C
KOlzpyxC_y’ KOZ :pyzc_y’ Klz przC_

X Z z

1 1 1 1

2. Suggested Ratio-Cum-Product Estimators

Tailor et al. (2011 a) proposed ratio-cum-product estimators of population mean Y using information on coefficient of variations
and coefficient of kurtosis of auxiliary variates X, and X, as
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o y( XC, +ﬂz(xl)J( %C,, + B (%) J on
XCy, + (%) | X.C, + o)

and

7 - _( flﬂz(xmcxl)j( X (%)+C,, J -
%B,(%)+C,) | Xoffp(x)+C,

The estimators Y;, and Y;, require the knowledge of X, )?Z,CXl ,Cy, B,(x) and B,(X,). When X, and X, are not

known Y_Tl and Y_T2 cannot be used. Hence Y_Tl and Y_T2 in double sampling are studied as

7 (@) _ g X1Cy + B (%) |[ %G, + B,(X,)
Yr1 - - , (2.3)
XC, + B (x) | X2 C,, + By(X,)
and
Y;T(Zd) _v )Tlﬂz (%) + Cxl) zzﬁz(xz) + sz 2.4)
X5, (%) +C,) | X,B8,(%,)+C,,

To obtain the bias and mean squared error of YiT(ld) we write

V=Y (1+e,),Xx=X(1+e), X, = X,(L+e])and X, = X (1+€}) such that
E(&,) = E(e,) = E(e,) = E(e;) = E(e,) =0,

E(e?)=f,CZ,
E(ef) = f,CZ,
E(e;) =1, CJ,
E(eiz) =f, Cfl '
E(e;') = f,C5,
E(ee) = f, 0, C,C, .
E(e8,) = f, 0, C,C, .
E(ee) = f, 0,,C,C,
E(e8;) = f, 0, C,C

E(ee]) = f,C2,

E(e,e;) = f, szz '

E(ee,) = f, 1, C.C,,.

and E(eje,) =E(ee;) =E(ee;) = f, p,, C, C, .
It is important to notice that CX1 ,CX2 B,(%) and f,(X,) also may not be available due to lack of information on population
mean of auxiliary variates. In this type of situation, estimators of CX1 ’sz S,(%) and f3,(X,)can be used. Expressing (2.2.2)

in terms of €,'S we have
Y;T(ld) = Y_(1+ &) [(1+t5 e+t el)_1(1+t6 e,) 1+t e;)_l]: (2.5)

Now, using the standard technique, the bias and mean squared error of the suggested estimator Y_T(ld) upto the first degree of
approximation under cases | and Il are respectively obtained as
v (d 7 [+ 2 2 2
B(YT(l ))I = Y [tS (fl Cx1 + f2C><2 )_ t5 f3 pyxlcycx1 +t6 f3 pyxzcycx2
2 2
_tStG(fZ IOXIXZCXICXZ - fZsz )+t5 fZ pyxlcycxl]'

or
B(YT&d))| = Y[técfl(ts f1 - f3K01 + fztsKm )+ Cx22 {( fzts (ts —t KlZ) + te( fzts + szoz)}] (2.6)
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B(Y_T(ld))ll = Y_I:t;(fl Cfl + fzci )_ t5 fl pyxleCx1 + t6 f2 10y><2CyC>(2
- t5t6 flp>(1>(zcxlcx2 + t; f2 sz ] '

or
B(YT(ld) no Y [t52Cx2 (ts f1 - ts f1K01 )+ szz (2t52 1:2 + te fz Koz - tets flKIZ )] 2.7)
MSE(Y,)), =Y2[f,CZ + f£2C? —2t,f,p C,C, +t2f,C?

+ 2t6 f3 (pyxzcycx2 _t5 pxleCxle2 )]’
or

MSE(Y,)), =V ?[£,.C7 + £, C2ty(ts — 2Ky) + F, C2t (t + 2Ky, —26K,,)], 29)
MSE(Y,), =V 2[f,C2 +(f, + £, {2C? +12C2 )-2t,£.C? (Ko, +1,K,,)

+2t,p,.C,C, |,

or

MSE(Y_T(ld))II = Y_Z[flci + szlts {ts( fl + fz) -2 flKOl}+szt6{t6( f1 + fz) +2 flKOZ} -2t f1K12] : (2.9)
Similarly the biases and mean squared errors of the suggested estimator (YiT(zd)) are obtained as

B(Y_T(Zd))l = Y_[t72(fl Cfl + fZCi )_ t7 f3 pyxlcycx1 +t8 f3 pyxzcycxz

_t7t8(f2 pxlxzcxlcx2 - fZCEZ )+t72 f2 pyxlcycxl]'
or

B(Y:(zd) P V[’[fCi (t7 fl - f3K01 + 1:21:7 K01 )+ C><22 {( f2t7 (t7 - ts K12) + ts ( f2t7 + szoz)}]’ (2.10)
B(Yi'l'(zd))ll = Y_[t72<f1 Cfl + fchz )_ t7 fl pyxlcycx1 +t8 f2 py><2CyC>(2

- t7t8 flpxlxzcxlcx2 + t72 f2 sz ]’

or

B(,S"), =V[E2C2 (t, f,—t, f,Kq, )+ C2 (267, +t,f, Ky, —tit, £.K,, )] 2.11)
MSE(Y,), =V2[f,C2 + f2C? ~2t,f,p,.C,C, +¥f,C’

+ 2t8 f3 (pyXZCny2 _t7px1xzcxlcx2 )]’

or

MSE(Y,)), =V?[£,.C2 + £,C2t, (t, - 2Ky) + F, C2ty (t + 2Ky, — 2,K,,)], (2.12)
MSE(Y), =¥ [f,C]+(f,+ £, JGC2 +5C2 )2t 10 (Kyy +1,K,.)

+2t,f,0,,.C,C, |

or

MSE(Y_T(ld))II :Y_Z[f1C5 + Cflt7 {t7( f1 + fz) -2 f1K01}

+C2 ity (f, + F,) + 2Ky, — 24, £,K,, ] (2.13)

3. Efficiency Comparisons
3.1 Efficiency Comparisons of Y_T(ld) in Case |

It is well known that under simple random sampling without replacement (SRSWOR) variance of unbiased estimator Y is
defined as

V(y)=Y?*fC;. (3.1.1)

It is observed from (1.6) and (3.3.1), that the suggested estimator Y_T(ld) would be more efficient than the usual unbiased estimator

y if
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2
CXz < t5(2K01_t5) .
szl te (te + 2K02 _ts Klz)

(3.12)

It is noted from (1.45) and (2.6) that the suggested estimator Y_T(ld) is more efficient than usual double sampling ratio estimator
Y if
2
& < (1_t5)(1+t5 _2K01)
> .
Cx1 te (te + ZKoz _ts Klz)

(3.1.3)

Comparison of (2.1.46) and (2.2.6) shows that the suggested estimator Y_T(ld) would be more efficient than usual double sampling
product estimator Y_P(d) if
2

sz < 1:5(2K01 _ts) .
C (te - 1){(1 + t6 +2 Koz ) - 2t5t6 K12 }

> (3.1.49)

%

Comparison of (1.66) and (2.6) shows that the suggested estimator Y_T(ld) would be more efficient than double sampling version of

Sisodia and Diwedi (1981) ratio type estimator i.e. Y_S(E‘,’FZ
2

& < {tl(tl — 2K01) _ts (ts — 2K01)} .

(o8 t, (t; + 2Ky, — 2t.K,,)

(3.1.5)

Comparison of (1.48) and (2.6) shows that the suggested estimator Y_T(ld) would be more efficient than double sampling version of

Sisodia and Diwedi (1981) product type estimator i.e. Y_S(Ddg
2

Co __ £ (ts —2Ky) . (3.1.6)
C {te(te +2K02 _2t5K12)_t2(t2 +2K02)}

2
X
Comparing (1.49) and (2.6) reveals that the suggested estimator Y_T(ld) is more efficient than the double sampling version of Singh
et al. (2004) 129 ratio type estimator Y_S(EdR) if

C_Xzz < {ts(ta — 2K01) —t5 (ts — 2K01)}_
o t, (t; + 2K, — 2t.K,,)

(3.1.7)

From (1.50) and (2.6) it is observed that the suggested estimator \7T(1d) is more efficient than the double sampling version of Singh
et al. (2004) 1% product type estimator Y_S(Edp) if

_Xzz<_ 1:5('[5_2K01) .
CX21 {te(te +2K02 _2t5K12)_t4(t4 +2K02)}

(3.1.8)

Comparison of (1.51) and (2.6) shows that the suggested estimator Y:T(ld) would be more efficient than double sampling version of
Upadhyaya and Singh (1999) ratio estimator Y;U(;I)R if

ts + 2Ky, —2t.K, <0. (3.1.9)
Comparison of (1.52) and (2.6) shows that the suggested estimator YiT(ld) would be more efficient than double sampling version
Upadhyaya and Singh (1999) product estimator \i(sdl)P if

C_xzz (ts —2 K01)

-0l 3.1.10
Cfl 2t:K,, ( )

Comparison of (1.55) and (3.2.6) that the suggested estimator Y_T(ld) is more efficient than the double sampling version of Singh

(1967) B ratio-cum-product type estimator Y_R(S) if
2

&< (1_t5)(1+t5 _2K01)
Cfl te(te+2K02_tsKlz)_(l"'ZKoz_2K12) .

(3.1.11)
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Expressions (2.3.2) to (2.3.11) are conditions for case | under which the suggested estimator Y_T(ld) has less mean squared error

than usual unbiased estimator Y, Y(d) Y(d) YSDR stjdg YS(EdR) YSSP) Yugle Yu(gjl)P,and VR(S).

3.2 Efficiency Comparisons of Y_T(ld) in Case Il
From (1.56), (1.57), (1.58), (1.59), (1.60), (1.61), (1.62) and (2.6) it is observed that the suggested estimator Y_T(d) under case Il (

(Y),,), would be more efficient than
(i) Usual unbiased estimator Y if

2

& < t5{2 f1K01 _t5(f1 + fz)}
Cfl te{te(fl + f2)+2 1:1K02 -2 f1t5K12}’

(3.2.1)

(ii) Double sampling ratio estimator Y_(d) i

(1 t{(L+t)(f, + f,)—2F,K,,}
c2 to{ts (f,+ f,) +2F,Ky, —2f 6K, |

(3.2.2)

(i) Double sampling product estimator Y A

2

CXz < 5{2f1K01_t5(f1+ fz)}
C2 [t —DI(F, + f )t +D + 2K, |- 2 fitt Ko,

(3.2.3)

(iv) Sisodia and Dwivedi (1981) double sampling ratio type estimator YS(S’FE if

C_xzz < (ts _tl){z f1K01 - ( f1 + fz)(ts +t1)}
CX21 te{( f1+ f2)4'2f1K02 _2t5 flKlz}

(3.2.4)

(v) Pandey and Dubey (1988) ™ product estimator in double sampling Y_S,(Ddg if
2

C < toi—ts (f+ f,)+ 2Ky ]
Cfl [(te _tz){(te +t2)( f1 + fz) +2 f1K01 - 2t5 f1K12 }]

(3.2.5)

(vi) Singh et al. (2004) [ ratio type estimator in double sampling Y_S(EdR) if

C_xzz < (ts —'[3){2 f1K01 — ( 1E1 + fz)(ts +t3)}
Cfl te {( f1 + fz)ts +2 f1K02 - 2'[5 f1K12}

(3.2.6)

(vii) Singh et al (2004) 2% product type estimator in double sampling YSEP
Xzz < t5{—t5(f1+ f2)+2f1K01}
szl [(te _t4){(t6 +t4)( f1 + fz) +2 f1K01 - 2t5 f1K12 }]

(3.2.7)

(viii) Upadhyaya and Singh (1999) double sampling ratio type estimator YUSlR
t(f,+f,)+2f,K, -2t f,K, <0, (3.2.8)

(ix) Upadhyaya and Singh (1999) double sampling ratio type estimator Y_U(Sdl)R
2

& > ts{ts( f1 + fz) -2 f1K01}
o 2t.t, f,K,,

: (3.2.9)
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(X) Singh (1967) B double sampling ratio-cum-product estimator Y_ngp)
2

CXz < (t5 _1){2 f1K01 _(fl + fz)(ts +1)} .
Cfl (te _1){( f1 + fz)(te +1) +2 flKOZ}_ (ts _1)2 flKlz

(3.2.10)

Expression (3.2.1) and (3.2.10) are the conditions under which the suggested estimators \7T(1d) would be more efficient than Y,

7)) v v v v v v v 7 ()
Yo' Yo', Yeor Yspp o Yeer o Ysep o Yusir Yusipand Yep' incase ll.

3.3 Efficiency Comparisons of Y_T(zd) in Case |
Comparison of (1.45), (1.46), (1.47), (1.48), (1.49), (1.50), (1.53), (1.54), (1.55), (2.12) and (3.3.1) shows that the suggested

estimator Y_T(Zd) would more efficient than
(i) y if

sz < t7(2K01 _t7)

szl ts(ts + 2K02 _t7K12) l

(3.3.1)

(ii) \?R(‘“ if
C_fz< (1_t7)(1+t7 _2K01)
szl ty(ty + 2K, —t,K},)

(3.3.2)

(iii) ﬁ,(‘” if
2

&< t7(2K01_t7)
szl (ts _1){(1+t8 + 2K02)_ 2t7t8 Klz} ,

(33.3)
() Y it

C_X22< {tl(tl _2K01)_t7 (t7 _2K01)}
c: ty (g + 2K, — 2t,K),)

, (3.3.4)

) Y
C? _

x22 <— t, (t; —2Ky,) . (3.3.5)
Cx1 {ts(ts +2Koz _2t7K12)_t2 (tz +ZKoz)}

~

(vi) Y& if

C_fz < {ta (ta - 2K01) _t7 (t7 — 2K01)}
o ty(t, + 2K, —2t,K,)

(3.3.6)

(vii) Y if
2

% t7(t7 _2K01)
szl {ts(ts + 2K, —2t,K,) -, (t, +2K02)}

(3.3.7)

wiii) YOy if
t, +2K,, - 2t K, <0, (3.38)

(ix) Yoo if
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C? -

C_xzz<_%, (33.9)
X g2

u)ﬁﬁ)ﬁ

_XZZ (1_t7)(1+t7 _2K01)

Cfl ts(ts"'ZKoz_J[7K12)_(]-"'2K02_2K12)

(3.3.10)

Expressions (3.3.1) and (3.3.10) are the conditions under which suggested estimator \7T(2d) would be more efficient than \7R(d) ,

V(@ y@) YO v v ye) v V@
Yo', Yeor+ Yop Yser o+ Ysep » Yusor Yuszp o and Yep' incasell

3.4 Efficiency Comparisons of Y_T(zd) in Case
From (1.56), (1.57), (1.58), (1.59), (1.60), (1.61), (1.64), (1.65), (2.13) and (3.1.1), it is observed that the suggested estimator

ﬂ(g) under case Il would be more efficient than
(i) usual unbiased estimator Yy if

sz < t7{2 f1K01_t7(f1+ fz)}

Cfl ts{ts( f1 + fz) +2 f1K02 -2 f1t7K12} ,

(3.4.1)

(ii) double sampling ratio estimator YiR(d) if
Ch _ At + 1) -2£K,
szl ts{ts( fi+1f,)+21Ky, -2 f1t7K12} ’

(3.4.2)

(iii) double sampling product estimator Y_P(d) if
2

sz < t7{2 f1K01_t7(f1+ fz)}

C2 [t —DA(f, + £,)(t +D) + 2K, J]- 2 it t Ky,

(3.4.3)

(iv) ) Sisodia and Dwivedi (1981) ratio type estimator in double sampling Y_S,(Dng if

C_fz < (t7 _tl){z f1K01 _(fl + fz)(t7 +t1)}
szl ts{( f1+ f2)+2f1Koz _2t7 flKlZ}

(3.4.4)

(v) Pandey and Dubey (1988) ™ product type estimator in double sampling Y_ngp) if
2

CXz < t7{_t7(f1+ fz)+2f1K01}
Co [t —t){(ts +,)(f, + T,) + 21,Ky —2t, F,K, ]

(3.4.5)

(vi) Singh et al (2004) ' ratio type estimator in double sampling Y_S(EdR)

C_fz < (t7 _t3){2 f1K01 _(fl + fz)(t7 +t3)}
szl ts {( f1 + fz)ts +2 flKOZ - 2t7 f1K12}

(3.4.6)

(vii) Singh et al (2004) 1% product type estimator in double sampling Y_S(Edp)
2
t7 {_t7(f1 + fz) +2 f1K01}

X2

sz1 [(ts _t4){(t8 +t4)( f1 + fz) +2 1:1K01 - 2'[7 flKlz }] l

(3.4.7)

(viii) Upadhyaya and Singh (1999) double sampling ratio type estimator Y_U(sdl)R
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t,(f, + f,)+2f,K, -2t f,K, <0, (3.4.8)

. . . . . = d
(xi) Upadhyaya and Singh (1999) double sampling ratio type estimator YU(Sl)R
2
1:7 {t7( fl + fz) -2 f1K01}

X3

o 2t K, ’ (349)
(x) Singh (1967) B double sampling ratio-cum-product estimator Y:S(de)

szz < (t7 _1){2 f1K01_(f1 + fz)(t7 +1)}

Cfl (ts _1){( fl + fz)(ts +1)+2f1K02}_(t7 _1)2 1:1K12 (3.4.10)

Expressions (3.4.1) to (3.4.10) are the conditions under which the suggested estimator Y_T(f) in case Il would be more efficient

_ - 1 & >
than simple mean estimator Y, usual double sampling ratio and product estimators X, :—Z X,; and Yp(d), double
h il
sampling versions of estimators suggested by Sisodia and Dwivedi (1981), Pandey and Dubey (1988) [, Singh et al. (2004) [2°],
Upadhyaya and Singh (1999) and Singh (1967) B,

4. Empirical Study

To analyze the performance of the suggested estimator VT(ld) of population mean Y in double sampling in comparison to other
considered estimators, a natural population data set is being considered. We have computed Percent relative efficiencies (PREs) of
V() v v V) v v v v v vy pth ) v _—
Yo Yo, Yoor o Yeop s Yeir s Ysir o Yusiro Yuste Yusor: Yusaps Yee s N and Y, with respect to Y. The description
of the population is given below.

Population: [Source: Steel and Torrie (1960, p.282)]
y = Log of leaf burn in seconds,

X, = Potassium percentage,

h™ Chlorine percentage,
N=30, n=6, n’=14,

Y =06860, C,=0.4803, f,(x)=156, py =0.1794,
X,= 46537, C, =0.2295, 8,(X,) =140, py,=-0.4996,

~ X
X ,=0.8077, C, =0.7493, and Ypc = Y, [_—J = 0.4074.
X

st

A~ ~

Table 4.1: Percent relative efficiencies of Y_R(d) , Y_P(d) VY (@ Y_(d) Y_(d) Y_(d) Y_(d) Y_(d) Y_(d) Y_(d)

(d) v (@)
sorR 'spp: Tser: Tsep» Tusir: Tusip Tus2r: USZP'YRP » Z and YTZ
(Under case-1) with respectto Y

Estimator PRE
y 100.00

?R (@ 96.10
\?P (@) 61.54
\?sgg 96.95
\?SS‘P) 112.33
\?Sg‘R) 100.02
\?S(Edp) 121.16
ﬁj(sde 102.34
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ﬁgl)P 121.61
\?U <Sd2>P 104.25
YAS 81.18
YLT (1d) 134.00
?T @ 134.99

el 2 - - - ) = - = el l l
Table 4.2: Percent relative efficiencies of Yo%, Y, Y@ v v @) st(zp)' Y Y, YU(SZ)R YO, YD Y and

Y_T(zd) or (Under case-11) with respect to Y

Estimator PRE
y 100
¥ 89.12
¥ 38.91
\?Sgg 90.64
\?sgfg 96.76
\?S(EdR) 96.50
\?S(E"P) 117.85
\?U <Sdl>R 102.17
\?U gdl)P 122.76
Yk
\?R (S) 39.70
z 139.11
\?T (;) 105.27

5. Conclusion
Sections 3.1,3.2, 3.3, and 3.4 provide the conditions under which suggested estimators Y_T(ld) and Y_T(zd) would have less mean

@ v@) v v v v v v v
sor Yspp o Yser o Ysep o Yusiro Yusip Yuszr: Yusaps Yee - Tables 2.7.1 clearly

~

squared error as compared to Y_R(d), Y_P(d), Y

shows that suggested estimator VT(ld) has highest percent relative efficiency as compared to other considered estimators. Thus

larger gain in efficiency is observed by using suggested estimator Y_T(ld) over other estimators.
Table 4.2 exhibits that in case Il i.e. when sample is taken as a sub sample from the first sample,

Y_T(ld) has highest percent relative efficiency but Y_T(g) has lower percent relative efficiency as compared to other estimators. It
may be due to not satisfying conditions obtained in section 2.6. Hence there is need to explore another data set where conditions

obtained in section 2.6 are satisfied. Finally, it can be concluded that suggested estimators can be used for the estimation of
population mean when conditions obtained in sections 3.1, 3.2, 3.4 and 3.5 are satisfied.
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