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ABSTRACT

This paper addresses the role of two auxiliary variables on both the occasions
to improve the precision of estimates at current (second) occasion in two occasion
successive sampling .Utilizing the readily available information on two auxiliary
variables on both the occasions and information on the study variable from the
previous occasion, an efficient estimation procedure of population mean on current
(second) occasion has been envisaged. It is to be mentioned that out of the two
auxiliary variables one auxiliary variable is positively correlated with the study
variable while other is negatively correlated. Behavior of the proposed estimator
has been studied and compared with the sample mean estimator, when there is no
matching from the previous occasion and traditional successive sampling estimator,
which is a linear combination of the means of the matched and unmatched
portions of the sample at the current (second) occasion. Optimal replacement
policy is also discussed. In addition, we support the theoretical results with the aid
of numerical examples.

Keywords: Successive sampling, Auxiliary variables, Bias, Mean squared error.
1. Introduction

It is well recognized fact that the use of auxiliary information in estimating the
parameters such as population mean or total improve the precision of estimates. If
the survey is repetitive in nature, past values may also be used as auxiliary
information to improve the precision of the current estimates. Jessen (1942) was
the first who introduced the procedure of utilizing the information obtained on first
occasion in improving the estimates of the current occasion. Estimation on more
than two occasions is due to Patterson (1950). The theory of Patterson (1950) has
been extended by Eckler (1955), Rao and Graham (1964), Cochran (1977), Sen
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(1971, 1973), Sukhatme et al. (1984) and Singh et al. (1992), Singh et al. (2014)
among others. In many situations of practical importance, information on an
auxiliary variable may be readily available on the first as well as on the second
occasion, for instance, see Singh and Vishwakarma (2007a, b, 2009), Singh and
Kumar (2010), Kumar (2012) and Singh et al. (2013) .The aim of this paper is to
develop a procedure of utilizing the information on two auxiliary variables readily
available on both the occasions. We have assumed a situation, where one auxiliary
variable is positively correlated and the other auxiliary variable is negatively
correlated with the study variable on the first and second occasions. In this situation,
we have made an effort to propose an estimator of the population mean on current
occasion using information on two auxiliary variates on both occasions in two
occasion successive sampling besides the information on the study variable on the
previous occasion. Theoretical properties of the suggested estimator have been
discussed and numerical illustrations are given. Numerical results show the
dominance of the suggested estimator over the sample mean estimator and the
natural successive sampling estimator when no auxiliary information is used.
Suitable recommendations have been made on the basis of numerical findings.

2. Development of the Estimator

Let U= (Uy, U,,..., Uy) be the finite population of N units, which has been
sampled over two occasions. The variable under study is designated as x(y) on the
first (second) occasion respectively. It is assumed that information on two auxiliary

variables z, and z, (where population means Zl and 22 are known) readily

available on the first as well as on the second occasion. It is assumed that the
information on two auxiliary variable z_ is positively correlated with x and y while

the auxiliary variable z, is negatively correlated with x and y .For instance, in

estimating the mean yield (y) of rice per plant on current (second) occasion, the
two auxiliary variables may be number of tillers (z, ) and percentage of sterility

(z,) such that y is correlated positively with number of tillers ( z, ) and negatively
with percentage sterility (z,); see Sahoo and Swain (1980). For more examples the
reader is referred to Singh (1967). A simple random sample of n units is drawn
without replacement on the first occasion. A random sub-sample of m=n A units is
retained (matched) for its use on the second occasion, while a fresh sample of size
of u= (n-m) = Nx units is drawn without replacement on the second occasion from
the population of (N-n) units. So that the sample size on the second occasion is n as
well. The fractions of matched and fresh sample respectively are denoted by 4 and |1
such thati +p=1.

In what follows, we shall use the following notations:
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X, V,Zl, 22: The population means of the variables x , y, z, and z,
respectively,

X, % Yoo Voo Loy Doy, Ly, Zy : The sample means of the respective variables
of the sample size shown in suffices,

Pyx: Pyz +Pyz + Pxzy Pz, - The population correlation coefficients between the
variables shown in suffices,

S2 =(N —1)’1Z:i'\='1(xi — X)?: The population mean square of the variable x,

82 Sfl, Siz : The population mean squares of the variables y, z, and z,
respectively.

C ,C,,C,,,C,,: The population coefficients of variation of the variables y, X,
z,and zzrespectlvely.

Utilizing information on two auxiliary variables, two different estimators of the

population mean Y on the current (second) occasion may be considered. One
estimator is based on the fresh sample of size u (= ny) drawn on the second

occasion defined by
Z -z Z,, —Z
d e ~1  "lu e Z2u T2 1
y“Xp(Z+ZJXp(Z +ZJ M
The motivation in defining the estimator du is taken from Bahl and Tuteja (1991).
The second estimator is based on the sample of size m(= n)common to both the
occasions given by

dy =Y, (f Jexp @—i} exp (%j )

The estimator du may be used to estimate the population mean on each occasion,

NI NI

while the estimator d_ is suitable to estimate the change over occasions. To device
suitable estimation procedures for both the problems simultaneously, a convex

linear combination of du and d_ has been taken as a final estimator of the
population mean Y and is given by
d=gd,+(1-¢)d,, 3)

where (0 <@ <1) is a scalar to be determined such that the mean square error
(MSE) of d is minimum.
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3. Properties of the Proposed Estimator

To obtain the bias (B (.)) and mean square error (MSE (.)) of the estimator d,
we write

such that
E(eYU) = E(evm) = E(exn) = E(eiu) = E(ein) = 0, V=X, i=1,2.

e Relative Variances
E(e® )=(W/u)-@/N))Cy
Ee?,)=(@m)-@/N)C v=xy;
E(e},) =(W/u)-@/N))Cs,
E(e? )= (@n)-@/N))C? =12
E(e )=(/n)-UN))CE.

e Relative Covariances

E(e,,8.m) =~/ N)C?,
( yu Xm) E(eyu xn) (1/ N)pyXCyCX’
E(eyu |u) ((1/U)—(1/ N))pyz,CyCzI

E(eym |n) ((1/ n)_(ll N))pyz,CyCz|

E(eyu m) E(eym |n) —(1/ N)pyz,CyCz,'
E(eunei) = E(Eeu) =~(/N)p,, C,C, e
E(exm |n) E(exn |n) ((1/“)—(1/ N))pxziCszi'

E(elu |n) _(1/ N)Cz
E(eneym) = (@m)-@N )pyx ,Cy.
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E(e,ne,) =((/n)-(L/N))p,,C,C,,
Ee,e,)=(/u)-@/N))p,,,C,.C,,
Eene,) =(@/n)-@/N))p,,,C,.C,,
E(e,e,,) =E(e,e,)=—/ N)pZMCZlCZ2

u n

3.1 The Bias and MSE of the Estimator du

Expressing du in terms of e’s we have

— —e e
d =Yll+e, Jexp| —X | exp| —24—
! ( y”) Xp(2+elu] Xp(2+e2uj

-1 -1
_7(1+eyu)exp{—e;“( e;j }exp{e; (1+e§“j } (4)

Expanding the right hand side of (4), multiplying out and neglecting terms of e’s
having power greater than two, we have

u = 7I:l-i_eyu + (1/ 2)(e2u e1u) + (1/ 2)(e oy ~ yuelu)
+(1/8) (3¢l —e3, —2e,,8,,)]

or
(du _7) = v[eyu + (1/ 2)(e2u elu)+ (1/ 2)(e W€ — yuelu)

+(1/8)(3e;, —€3, —28,,8,,)]. (5)

Taking expectation of both sides of (5) we get the bias of du to the first degree of
approximation as
B(d,) = Y((@/u) - W/ N))[1/ 2)(p,,,C,C., =P, C,C

y -

+(1/8)(3C;, -C;, -20,,,C,.C,, )] (6)

Remark - 3.1 Since x and y denote the same study variable over two occasions, z,
and z, are the stable auxiliary variables correlated the study variable x(y) , therefore

, looking on the stability nature of the coefficients of variation [Murthy (1967,
p.325)] and following Cochran (1977) and Feng and Zou (1977), the coefficients of
variation of the variables X, y, z,and z, are considered to be approximately equal

(.e. C, =C, =C,, =C, ).Thus under the Remark 3.1 the expression (6) reduces
to:
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B(d,) =Y[(L/ 20){0+(1/2)(A- p,,, )} -1/ 2N}{O +(L/ 21~ p,, )}ICy
=(Y 1[I {0+ DA-p,, B-AUN){O+QI2)1-p, NC), @)
where 0= (py22 _pyzl) .

Squaring both sides of (7) and neglecting terms of e’s having power greater than
two we have

(du _V)Z = Vz[eiu + (1/4)(e22u +eiu - zelue2u)+ (eyueZu _eyuelu )]v (8)

Taking expectation of both sides of (8) we get the MSE of du to the first degree of
approximation as
MSE (d,) =((1/u) -1/ N))Y?[C] +(L/ 4)(C +C% -2p,, C,C, )
+ (py22 CyC22 pyzlcy ] )] (9)
Under the Remark 3.1 the MSE (du) in (9) reduces to:
MSE (d,) =((/u) -1/ N))SZ[(3/2)+6-(1/ 2)p,, ]
=((L/u)-/N))S23, (10)
where 85 =[(3/2)+0-(1/2)p,,,].

Thus we have established the following theorem.

Theorem 3.1 To the first degree of approximation, under Remark 3.1, the bias and

MSE of du are respectively given by
B(d,) = (YCZ/2)((1/u) - W/ N))[6+ 1/ 2)(1-p,,,)] (11)

and

MSE (d,) = ((1/u)—(1/ N))S25,. (12)
3.2 The Bias and MSE of the Estimator d_

Expressingd, in terms of e’s we have

d, =Y({+e, +e,) i |exp| S
L =Vlre, Jive,) (+exn>em[2+emjexp( j

“Yli+e,, fire,, ) A+e, )exp{——[1+ 2) }exp{%"[ 7]1}, (13)
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Expanding the right hand side of (13) multiplying out and neglecting terms of e’s
having power greater than two we have
d,=Y[l+e,  —e, +e,+1/2) (e, —¢,)-¢ +e,.e

ymexm ym~ xn

Xm=Xxn

—€m€ +eim +(1/ 2)(eymeZn +exne2n _emeZn)_(]-/S)e;n

— (11 2) (€1 +€n€1n —CymCin +€11E20) +(3/8)e7, ]

or
(A= Y) = Ye,, —m + €y + 1/ 2) (€5 —€10) —€ynrm + €ymirn
—€,,8,, +€° +(1/2)(e,,€,, +€,,85 —€,ns) — (1/8)e3,
- (1/ 2)(eymeln +exneln _exmeln +eln62n) + (3/8)elzn] ' (14)

Taking expectation of both sides of (14) we get the bias of d_ to the first degree of
approximation as

B(d,,) = Y[(@/m)-(/n)XC? -p,,C,C,) +({L/n)—(1/N))
x{1/2)(p,,,C,C,, ~p,,C,C,, )+ LIB(@ECE -C2 ~4p,, C,C M, (15)

Yy 17
Under the Remark 3.1 the bias of dm in (15) reduces to:
B(d,,) = YC? [((1/m) - (W/n)}L-p,,)

+((W/n) -/ N)K(L/2)0+ 1/ 4)1-2p,,,,)}]
=YC? [/ m)A-p,,) + AU/ n){-(3/4) +p, +(1/2)0-(1/2p,,,}

~ (U NY{W/2)0+ (L 4)L-2p,, )}]. (16)

Squaring both sides of (14) and neglecting terms of e’s having power greater than
two, we have

(dm _7)2 = Vz[eim +(exm _exn)2 +(1/4)(e2n _eln)z _2(e €yme )

ymexm ~ Cym®xm
+ (eymeZn - eymeln) - (emeZn - exmeln) + (EZnexn - e1nexn)] . (17)

Taking expectation of both sides of (17) we get the MSE of dm to the first degree
of approximation as

MSE (d,,) =Y[((1/m)—(L/ N))CZ +((@/ m) - (L/ n))(CZ -2p,,C,C,)
+((@/n) - W/ N)K@/4)(CE +CE, -2p,,,C,.C,,)
+ (py22 Cysz _pyzlcyczl )}] . (18)
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Under the Remark 3.1 the MSE(d,,) in (18) reduces to:
MSE(d,) = Syz[((ll m)—(@/ N))+(@/ m)—(/ n))(1—2pyx)

+((W/n) - @/ N) KL/ 2)A-p,,) +6}]

= S;[(l/ m)(2-2p,,)+ @/ n{-1/2)+6-(1/2)p,,, +2p,,}
—(A/NK@/2)+0-(1/2)p,,,}]
= Si[(l/ m)a, + (1/n)a, — (1/ N)a,], (19)
where o, ={2-2p,,} , a,={-Q1/2)+0-Q1/2p,,, +2p,} and
={@/2)+0-(1/2)p,,,}

Now we state the following theorem.

Theorem 3.2 Under Remark 3.1, the bias and MSE of d  to the first degree of
approximation, are respectively given by
B(d,) = YC! [M/m)A-p,,) + @/ n{~(3/4) +p,, +(1/2)6-(1/2)p,,,}

—(1/NK{(@A/4)+172)6-Q1/2)p,,)}] (20)
and
MSE (d,,) = SZ[(L/ m)a, +(L/ n)a, — 1/ N)as]. (21)
Now, we derive the expression for covariance between the two estimatorsdu and
d,as
Cov (du ) dm) = E[(du _Y_)(dm _Y_)] (22)

= vzE[{eyu - (1/ 2)(e1u —€y )}{eym - (e _exn) - (1/ 2)(e1n —€ )}]
- Y E[eyu ym (eyu xm yu xn) (1/ 2)(eyueln eyUGZn)

— (L 2)(8y1y —€yn2u) + L/ 2)(E1, 85 — €180 —€20Exm T €21E1r)
+(1/4) (e, —€1800 —€5,810 +€5,800)]
=—~(Y*IN)(C;, +(p,,C,C,, —p,4C,C,))
+(1/ 4)(C2 +C? , —2p,,;,C,,.C, )}, (23)
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Improved Estimation of Current Population Mean Over Two Occasions

Under the Remark 3.1, the expression (23) reduces to:
Cov(d,.d,)=~(S2/N){(3/2)+0-(1/2)p,,}

= —(Sf, INHo, +a,}. (24)

3.3. The Bias and MSE of the Combined Estimator “d°
Under the Remark 3.1, we state the following theorems.

Theorem 3.3 Bias of the estimator “d” to the first degree of approximation, is given
by
B(d)=¢B(d,)+(1-¢)B(d,), (25)

where B (du) and B (dm) are respectively given by (7) and (16).
For proof see Appendix-1.

Theorem 3.4 The mean squared error of ‘d” to the first degree of approximation is
given by

MSE (d) = ¢°MSE (d, )+ (1-¢)*MSE (d_)+2¢(1-¢)Cov(d,,d ), (26)

)
where MSE (du), MSE (dm) and COV(du,dm) are respectively given by (10),

(18) and (24).
For proof see Appendix-I.

3.4. Minimum Mean Square Error of the Estimator d’
Since the mean square error of the estimator‘d” in (26) is a function of unknown
scalar ¢ , therefore, it is minimized with respect to ¢ and subsequently the

optimum value of @ , say @, is obtained as
[MSE(,)-Cov(d,,d,)]

[MSE(,)+MSE(,)-2Cov(d,,d )]

Substitution of the optimum value of  in (26) yields the optimum mean squared

Popt = (27)

error of the estimator “d’ as
_ [MSE(,)MSE(,,) —{Cov(d, .d,)¥]
" [MSE(d, ) +MSE(,,)—2Cov(d,,d )]

M SE(d) (28)

IASSL ISSN 2424-6271 9
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Further, putting the values of MSE (du) , MSE (dm) and COV(du,dm) from the
equations (10), (18) and (24) in (27) and (28) we get the simplified value of @
and MSE (d),; respectively as

_ [“’(al + OL2) _Hzaz]
(Popt - 2
(0g +po; +po)

(29)

and

_ (o4 +pog + Mzae) i
opt —

, (30)

M SE(d) 5
(otg +po, +pog) N

where 03 = (o, +0,) =[(3/2)+0-(1/2)p,,,], o, = (0,05 + 01,0, —fas),

o = (~o,0f — a0, —o,0,f +fal) | o = a,a,f | o, =(0, +a, —ay)

ag =—0C2andf =n/N.

3.5. Optimum Replacement Policy
To obtain the optimum value of p (fraction of sample to be drawn a fresh on second

occasion) so that the population mean Y may be estimated with maximum
precision, we minimize the equation (30) with respect tol, which yields a quadratic

equation inl:

A’ +2Au+A, =0, (31)
where A; = (007 +0,05) , A, = (01305 + 0,01 ) and Ag = (01305 — 0t4017).
Solving equation (31) forli, we get

_Az t (Ag _A1A3)

(1= 32
t A, (32)

It is obvious from equation (32) that the real values of 1 exist if (A2 —A,A,) > 0.

For any combination of correlations Pyy , Py, , Py, andp,,, which satisfy the

condition of real solution, two real values of [iare possible . Hence, while selecting
the values of i, it is to be mentioned that0<p <1, all other values of jiare
inadmissible. If both the values of [i are admissible, lowest one is the best choice.

Substituting the admissible values of [i, saylly, from equation (32) into equation

(30), we get the minimum value of MSE (d)_ in (30),as

10 ISSN 2424-6271 IASSL
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(0y + 10 ‘H'lf)ae) Sf,

min .M SE(d) (33)

t = .
* (a3 + o0, +H%a’8) n

4. Efficiency Comparisons

The percent relative efficiency of the proposed estimator ‘d” with respect to (i))_/n ,
when there is no matching; (i) Y = ay, +(1—-a)y,, ., when no auxiliary
information is used at any occasion , where Y, = Y, + By, (X, =X,), [ Byx is the

population regression coefficient of y on x is known] for various choices of Py,

Pyz + Pyz, andp,,, . Since Vn and Y are unbiased estimators of the population
mean Y , following Sukhatme et al. (1984), the variance of Vn and optimum

variance ofV are respectively given by
Var (y,) = (- f)(S? /n) (34)

and

Var (Y),,, :[(1/2)(1+ (1- pjx))— f1(S2/n) . (35)

For numerical illustration, we have assumed that N=2000, n=200 and various
choices of correlations. Table 1 - 4 depict the optimum values of [land percent

A

relative efficienciesg, and g, of the proposed estimator dwith respect to Vn and Y
respectively, where

Varya) 100

'™ min MSE(d),,,
Ao, + poo, + i)
= P P00, (36)
(0t + Hg0Ls + o 0)
Var ?
, = — ( )Opt x100
min .M SE(d),,

N ) e R R

(00 + g0l + M%as)

(37)
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Table 1: Optimum values Ly and PREs of d with respectto y_ and Y.
Py 03 04 05 06 07
pyx py21 py22 uo E1 E2 MO E1 Ez MO El E2 MO El E2 MO E1 E2

03 | NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
04 | NA NA NA NA NA NA NA NA NA 0.9083 | 23245 | 226,50 | 0.7953 | 240.64 | 234.49
04 05 | NA NA NA 09083 | 23245 | 226.50 | 0.7953 | 240.64 | 23449 | 0.6882 | 252.62 | 246.16 | 0.5863 | 270.22 | 263.31
' 0.6 | 0.7953 | 240.64 | 234.49 | 0.6882 | 252.62 | 246.16 | 0.5863 | 270.22 | 263.31 | 0.4890 | 296.86 | 289.27 | 0.3947 | 339.71 | 331.01
0.7 | 05863 | 270.22 | 26331 | 0.4890 | 296.86 | 289.27 | 0.3947 | 339.71 | 33L.01 | 0.3008 | 417.38 | 406.70 | 0.1994 | 604.26 | 588.80

0.8 | 0.3947 | 339.71 | 331.01 | 0.3008 | 417.38 | 406.70 | 0.1994 | 604.26 | 588.80 | NA NA NA NA NA NA
03 | NA NA NA NA NA NA NA NA NA 0.9083 | 23245 | 226,50 | 0.7953 | 240.64 | 234.49
04 | NA NA NA 0.9083 | 23245 | 22650 | 0.7953 | 240.64 | 234.49 | 0.6882 | 252.62 | 246.16 | 0.5863 | 270.22 | 26331
05 0.5 | 0.7953 | 240.64 | 234.49 | 0.6882 | 252.62 | 246.16 | 0.5863 | 270.22 | 263.31 | 0.4890 | 296.86 | 289.27 | 0.3947 | 339.71 | 331.01
0.6 | 05863 | 270.22 | 26331 | 0.4890 | 296.86 | 289.27 | 0.3947 | 339.71 | 331.01 | 0.3008 | 417.38 | 406.70 | 0.1994 | 604.26 | 588.80

0.7 | 03947 | 339.71 | 331.01 | 0.3008 | 417.38 | 406.70 | 0.1994 | 604.26 | 588.80 | NA NA NA NA NA NA

03 0.8 | 0.1994 | 604.26 | 588.80 | NA NA NA NA NA NA NA NA NA NA NA NA
03 | NA NA NA 09083 | 232.45 | 226.50 | 0.7953 | 240.64 | 234.49 | 0.6882 | 252.62 | 246.16 | 0.5863 | 270.22 | 263.31
0.4 | 0.7953 | 240.64 | 234.49 | 0.6882 | 252.62 | 246.16 | 0.5863 | 270.22 | 263.31 | 0.4890 | 296.86 | 289.27 | 0.3947 | 339.71 | 331.01
06 0.5 | 05863 | 270.22 | 26331 | 0.4890 | 296.86 | 289.27 | 0.3947 | 339.71 | 331.01 | 0.3008 | 417.38 | 406.70 | 0.1994 | 604.26 | 588.80

0.6 | 03947 | 339.71 | 331.01 | 0.3008 | 417.38 | 406.70 | 0.1994 | 604.26 | 588.80 | NA NA NA NA NA NA

0.7 | 0.1994 | 604.26 | 588.80 | NA NA NA NA NA NA NA NA NA NA NA NA

08 | NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.3 | 0.7953 | 240.64 | 234.49 | 0.6882 | 252.62 | 246.16 | 0.5863 | 270.22 | 263.31 | 0.4890 | 296.86 | 289.27 | 0.3947 | 339.71 | 331.01
04 | 05863 | 270.22 | 26331 | 0.4890 | 296.86 | 289.27 | 0.3947 | 339.71 | 33L.01 | 0.3008 | 417.38 | 406.70 | 0.1994 | 604.26 | 588.80

07 0.5 | 03947 | 339.71 | 331.01 | 0.3008 | 417.38 | 406.70 | 0.1994 | 604.26 | 588.80 | NA NA NA NA NA NA

0.6 | 0.1994 | 604.26 | 588.80 | NA NA NA NA NA NA NA NA NA NA NA NA

07 | NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

08 | NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Note: ‘NA’ stands for ‘not applicable’.
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Table 2: Optimum values [l and PREs of d with respect to y_ and Y.
Pay 03 04 05 0.6 0.7

pyx py21 py22 “0 E, E, “0 E, E, MO E, E, MO E, E, MO E, E,

03 | NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
04 | NA NA NA NA NA NA NA NA NA 0.9940 | 248.90 | 237.35 | 0.8666 | 257.28 | 245.35
04 05 | NA NA NA 0.9940 | 248.90 | 237.35 | 0.8666 | 257.28 | 245.35 | 0.7477 | 269.92 | 257.40 | 0.6359 | 288.73 | 275.34
' 0.6 | 0.8666 | 257.28 | 24535 | 0.7477 | 269.92 | 257.40 | 0.6359 | 288.73 | 275.34 | 0.5299 | 317.32 | 302.60 | 0.4277 | 363.34 | 346.49
0.7 | 0.6359 | 288.73 | 27534 | 05299 | 317.32 | 302.60 | 0.4277 | 363.34 | 346.49 | 0.3259 | 446.77 | 426.05 | 0.2159 | 647.68 | 617.64

0.8 | 04277 | 363.34 | 346.49 | 0.3259 | 446.77 | 426.05 | 0.2159 | 647.68 | 617.64 | NA NA NA NA NA NA
203 | NA NA NA NA NA NA NA NA NA 0.9940 | 248.90 | 237.35 | 0.8666 | 257.28 | 245.35
04 | NA NA NA 0.9940 | 248.90 | 237.35 | 0.8666 | 257.28 | 245.35 | 0.7477 | 269.92 | 257.40 | 0.6359 | 288.73 | 275.34
05 0.5 | 0.8666 | 257.28 | 24535 | 0.7477 | 269.92 | 257.40 | 0.6359 | 288.73 | 275.34 | 0.5299 | 317.32 | 302.60 | 0.4277 | 363.34 | 346.49
' 0.6 | 0.6359 | 288.73 | 275.34 | 05299 | 317.32 | 302.60 | 0.4277 | 363.34 | 346.49 | 0.3259 | 446.77 | 426.05 | 0.2159 | 647.68 | 617.64

0.7 | 04277 | 363.34 | 346.49 | 0.3250 | 446.77 | 426.05 | 0.2159 | 647.68 | 617.64 | NA NA NA NA NA NA

0 0.8 | 0.2159 | 647.68 | 617.64 | NA NA NA NA NA NA NA NA NA NA NA NA
4 203 | NA NA NA 0.9940 | 248.90 | 237.35 | 0.8666 | 257.28 | 245.35 | 0.7477 | 269.92 | 257.40 | 0.6359 | 288.73 | 275.34
0.4 | 0.8666 | 257.28 | 24535 | 0.7477 | 269.92 | 257.40 | 0.6359 | 288.73 | 275.34 | 0.5299 | 317.32 | 302.60 | 0.4277 | 363.34 | 346.49
06 0.5 | 0.6359 | 288.73 | 27534 | 0.5299 | 317.32 | 302.60 | 0.4277 | 363.34 | 346.49 | 0.3259 | 446.77 | 426.05 | 0.2159 | 647.68 | 617.64

-0.6 | 04277 | 363.34 | 346.49 | 0.3259 | 446.77 | 426.05 | 0.2159 | 647.68 | 617.64 | NA NA NA NA NA NA

0.7 | 0.2159 | 647.68 | 617.64 | NA NA NA NA NA NA NA NA NA NA NA NA

08 | NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.3 | 0.8666 | 257.28 | 24535 | 0.7477 | 269.92 | 257.40 | 0.6359 | 288.73 | 275.34 | 0.5299 | 317.32 | 302.60 | 0.4277 | 363.34 | 346.49
0.4 | 06359 | 288.73 | 27534 | 0.5299 | 317.32 | 302.60 | 0.4277 | 363.34 | 346.49 | 0.3259 | 446.77 | 426.05 | 0.2159 | 647.68 | 617.64

07 0.5 | 04277 | 363.34 | 346.49 | 0.3259 | 446.77 | 426.05 | 0.2159 | 647.68 | 617.64 | NA NA NA NA NA NA

0.6 | 0.2159 | 647.68 | 617.64 | NA NA NA NA NA NA NA NA NA NA NA NA

07 | NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

08 | NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Note: ‘NA’ stands for ‘not applicable’.

IASSL ISSN 2424-6271 13




Housila P. Singh and Surya K. Pal

Table 3: Optimum values [y and PREs of d with respectto y_ and V

Paz, 03 0.4 05 0.6 0.7
Pyx pyzl py22 Mo E, E, Lo E, E, Lo E, E, Ko E, E, o E, E,
-0.3 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
-0.4 NA NA NA NA NA NA NA NA NA NA NA NA 0.9898 | 283.62 | 262.51
04 -0.5 NA NA NA NA NA NA 0.9898 | 283.62 | 262.51 | 0.8455 | 295.78 | 273.76 | 0.7135 | 315.07 | 291.62
' -0.6 0.9898 | 283.62 | 262.51 | 0.8455 | 295.78 | 273.76 | 0.7135 | 315.07 | 291.62 | 0.5910 | 345.27 | 319.57 | 0.4748 | 394.61 | 365.24
-0.7 0.7135 | 315.07 | 291.62 | 0.5910 | 345.27 | 319.57 | 0.4748 | 394.61 | 365.24 | 0.3604 | 484.77 | 448.69 | 0.2378 | 703.06 | 650.73
-0.8 0.4748 | 394.61 | 365.24 | 0.3604 | 484.77 | 448.69 | 0.2378 | 703.06 | 650.73 | NA NA NA NA NA NA
-0.3 NA NA NA NA NA NA NA NA NA NA NA NA 0.9898 | 283.62 | 262.51
-0.4 NA NA NA NA NA NA 0.9898 | 283.62 | 262.51 | 0.8455 | 295.78 | 273.76 | 0.7135 | 315.07 | 291.62
05 -0.5 0.9898 | 283.62 | 262.51 | 0.8455 | 295.78 | 273.76 | 0.7135 | 315.07 | 291.62 | 0.5910 | 345.27 | 319.57 | 0.4748 | 394.61 | 365.24
-0.6 0.7135 | 315.07 | 291.62 | 0.5910 | 345.27 | 319.57 | 0.4748 | 394.61 | 365.24 | 0.3604 | 484.77 | 448.69 | 0.2378 | 703.06 | 650.73
-0.7 0.4748 | 394.61 | 365.24 | 0.3604 | 484.77 | 448.69 | 0.2378 | 703.06 | 650.73 | NA NA NA NA NA NA
05 -0.8 0.2378 | 703.06 | 650.73 | NA NA NA NA NA NA NA NA NA NA NA NA
-0.3 NA NA NA NA NA NA 0.9898 | 283.62 | 262.51 | 0.8455 | 295.78 | 273.76 | 0.7135 | 315.07 | 291.62
-0.4 0.9898 | 283.62 | 262.51 | 0.8455 | 295.78 | 273.76 | 0.7135 | 315.07 | 291.62 | 0.5910 | 345.27 | 319.57 | 0.4748 | 394.61 | 365.24
06 -0.5 0.7135 | 315.07 | 291.62 | 0.5910 | 345.27 | 319.57 | 0.4748 | 394.61 | 365.24 | 0.3604 | 484.77 | 448.69 | 0.2378 | 703.06 | 650.73
-0.6 0.4748 | 394.61 | 365.24 | 0.3604 | 484.77 | 448.69 | 0.2378 | 703.06 | 650.73 | NA NA NA NA NA NA
-0.7 0.2378 | 703.06 | 650.73 | NA NA NA NA NA NA NA NA NA NA NA NA
-0.8 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
-0.3 0.9898 | 283.62 | 262.51 | 0.8455 | 295.78 | 273.76 | 0.7135 | 315.07 | 291.62 | 0.5910 | 345.27 | 319.57 | 0.4748 | 394.61 | 365.24
-0.4 0.7135 | 315.07 | 291.62 | 0.5910 | 345.27 | 319.57 | 0.4748 | 394.61 | 365.24 | 0.3604 | 484.77 | 448.69 | 0.2378 | 703.06 | 650.73
0.7 -0.5 0.4748 | 394.61 | 365.24 | 0.3604 | 484.77 | 448.69 | 0.2378 | 703.06 | 650.73 | NA NA NA NA NA NA
-0.6 0.2378 | 703.06 | 650.73 | NA NA NA NA NA NA NA NA NA NA NA NA
-0.7 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
-0.8 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Note: ‘NA’ stands for ‘not applicable’.
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A

Table 4: Optimum values [y and PREs of d with respect to y_ and Y.

Przy 03 0.4 05 06 07
pyx pyzl pyZZ “0 E1 Ez HO E1 Ez MO E1 Ez “0 E1 Ez HO E1 Ez
-0.3 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.4 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
04 0.5 NA NA NA NA NA NA NA NA NA NA NA NA 0.8475 | 356.36 | 316.77
0.6 NA NA NA NA NA NA 0.8475 | 356.36 | 316.77 | 0.6907 | 386.72 | 343.75 | 0.5476 | 438.95 | 390.18
-0.7 0.8475 | 356.36 | 316.77 | 0.6907 | 386.72 | 343.75 | 0.5476 | 438.95 | 390.18 | 0.4111 | 536.88 | 477.23 | 0.2685 | 777.41 | 691.03
-0.8 05476 | 438.95 | 390.18 | 0.4111 | 536.88 | 477.23 | 0.2685 | 777.41 | 691.03 | NA NA NA NA NA NA
-0.3 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.4 NA NA NA NA NA NA NA NA NA NA NA NA 0.8475 | 356.36 | 316.77
05 0.5 NA NA NA NA NA NA 0.8475 | 356.36 | 316.77 | 0.6907 | 386.72 | 343.75 | 0.5476 | 438.95 | 390.18
-0.6 0.8475 | 356.36 | 316.77 | 0.6907 | 386.72 | 343.75 | 0.5476 | 438.95 | 390.18 | 0.4111 | 536.88 | 477.23 | 0.2685 | 777.41 | 691.03
-0.7 05476 | 438.95 | 390.18 | 0.4111 | 536.88 | 477.23 | 0.2685 | 777.41 | 691.03 | NA NA NA NA NA NA
06 -0.8 0.2685 | 777.41 | 691.03 | NA NA NA NA NA NA NA NA NA NA NA NA
0.3 NA NA NA NA NA NA NA NA NA NA NA NA 0.8475 | 356.36 | 316.77
0.4 NA NA NA NA NA NA 0.8475 | 356.36 | 316.77 | 0.6907 | 386.72 | 343.75 | 0.5476 | 438.95 | 390.18
06 -0.5 0.8475 | 356.36 | 316.77 | 0.6907 | 386.72 | 343.75 | 0.5476 | 438.95 | 390.18 | 0.4111 | 536.88 | 477.23 | 0.2685 | 777.41 | 691.03
-0.6 05476 | 438.95 | 390.18 | 0.4111 | 536.88 | 477.23 | 0.2685 | 777.41 | 691.03 | NA NA NA NA NA NA
0.7 0.2685 | 777.41 | 691.03 | NA NA NA NA NA NA NA NA NA NA NA NA
-0.8 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.3 NA NA NA NA NA NA 0.8475 | 356.36 | 316.77 | 0.6907 | 386.72 | 343.75 | 0.5476 | 438.95 | 390.18
-0.4 0.8475 | 356.36 | 316.77 | 0.6907 | 386.72 | 343.75 | 0.5476 | 438.95 | 390.18 | 0.4111 | 536.88 | 477.23 | 0.2685 | 777.41 | 691.03
07 05 05476 | 438.95 | 390.18 | 0.4111 | 536.88 | 477.23 | 0.2685 | 777.41 | 691.03 | NA NA NA NA NA NA
' 0.6 0.2685 | 777.41 | 691.03 | NA NA NA NA NA NA NA NA NA NA NA NA
0.7 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.8 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Note: ‘NA’ stands for ‘not applicable’.
IASSL ISSN 2424-6271 15




Housila P. Singh and Surya K. Pal
From Table 1 to 4, it is observed that

(1 For fixed values of (Pyx,Pyz , P4z, ) sthe values of [, decrease as
value of py,, decreases while the values of E; andEg, increase .
Similar trends for (Ky, E,, E,) are observed for fixed values of
(PyxsPyz Py, ) With increasing value of Py, and also for fixed
values of (Pyx, Py , P4z, ) With increasing value of P, ,, .

(i) For fixed values of (Py; ,Pyz, 1Py, ), the values of Uy, E; andE,

are increasing with increasing values of P, . This behavior is in
agreement with Sukhatme et al. (1984), results which explained that
more the value of Py, more the fractions of fresh sample required
at the current occasion.

(iii) Minimum value of W is 0.1994 (= 0.20) , which shows that the

fraction to be replaced at the current occasion is as low as about 20
percent of the total sample size leading to a reduction of
considerable amount in the cost of the survey.

It is further observed from Table 1 to 4 that there is appreciable gain in
efficiency by using the proposed estimator ‘d’ over usual unbiased estimator

y. and the estimator Y . Thus we conclude that the use of auxiliary
information at the estimation stage is highly rewarding in terms of the
proposed estimator‘d .

5. Conclusion

In this article, we extend the current literature in two-occasion successive
sampling using two auxiliary variables on both of the occasions and the
information on study variable from the previous occasions one of which is
positively correlated with the study variable while the other is negatively
correlated. An efficient estimation procedure has been developed. Optimum
replacement policy and the efficiency of the suggested estimator have been
discussed. From the numerical study, it may be concluded that the proposed
estimator is more beneficial in estimation of the population mean of the
study variable at the current occasion in two occasion successive sampling.
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Finally, looking on the nice performance of the envisaged estimator, our
recommendation is to use the proposed estimator by the survey practitioners
in practice.
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APPENDIX-I
e Proof of the theorem 3.3:

We have
d=¢d,+{1-4)d, (1)
Subtracting Y from both sides of (1.1) we have
d-Y =¢d, +(1-g)d_-Y
or
d-Y =¢(d,-Y)+@1-¢)(d,-Y) (12)
Taking expectation of both sides of (1.2) we get the bias of d as
B(d)=¢B(d,)+(1-¢)B(d,)
This proves the Theorem 3.3.
e Proof of the theorem 3.4:
Squaring both sides of (1.2) we have
(d-Y)' =¢"(d,-Y) +({L-¢)' (d, V) +20(L-9)(d, V)0, -Y) (3)

Taking expectation of both sides of (1.3) we get the mean squared error
of das

MSE (d) = ¢* MSE (d,) + (1—¢)* MSE (d_) +2¢(1—¢) Cov(d,,d )

This proves the Theorem 3.4.
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