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Abstract

This paper advocates the problem of estimating the population mean on the current occasion in two occasion
successive (rotation) sampling under the transformed auxiliary variable using exponential method of estimation.
Four different type estimators are suggested for estimating the current population mean in two occasion successive
(rotation) sampling. Optimum replacement policies and performance of suggested estimators have been discussed.
Outcomes are interpreted through empirical study.
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1. Introduction

The information on an auxiliary variable is usually available for all the units of a finite population in sample
surveys. In many sample survey studies, when the character under study of finite population changes over
time, one time survey carried out on a single occasion provides information about the characteristic of the
surveyed population for the given occasion and unable to give information regarding the nature of change
over different occasions and the estimates of the population parameters over all occasions or on the most
recent occasion. There are many problems of practical interest in social sciences in which various characters
opt to change over time with respect to different parameters. Hence, one is often concerned with measuring
the characteristics of a population on several occasions to estimate the trend in time of population means as a
time series or current value of population mean over several points of time. For example, an investigator, or
owner of the industry of cold drinks may be paying attention in the following type of problems:

(i) The average or total sale of cold drink for current season;

(i1) The change in average sale of cold drink for two different seasons;

(iii) Simultaneously to know the both (i) and (ii).
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Or in many countries, monthly labor-force surveys are conducted to estimate the number of employed
individuals and the rate of unemployment. Other examples are weekly or monthly surveys on prices of goods
are conducted to determine the customer price index, and political opinion surveys are conducted at regular
intervals to know the voter preference. Surveying in which the sampling is done on successive occasions
(over years , seasons, months, or weeks) according to the specified rule , with partial replacement of units is
called successive (rotation) sampling. Beginning with the work of Jessen (1942) and followed by Patterson
(1950), Eckler (1955), Rao and Graham (1964), Singh et al. (1992) and Singh (2005) among others have
developed the theory of successive sampling. Feng and Zou (1997) and Biradar and Singh (2001) used the
auxiliary information on both the occasions for estimating the current population mean in the successive
sampling. Recently Singh and Vishwakarma (2007, 2009) , Singh and Pal (2015 a, b, ¢, d) and Singh and Pal
(2016 a, b, ¢) have used the auxiliary information on both the occasion and envisaged several estimators for
the estimating the population mean on current occasion in two-occasion successive (rotation) sampling.
Motivated with the above work and utilizing the information on an auxiliary variable, readily available on the
both occasions, we have proposed transformed estimators for estimating the current population mean in two-
occasion successive (rotation) sampling. The procedure discussed in the above studies have used information

only on the population mean Z of the auxiliary variable z, while in various survey situations information on
other parameters of the auxiliary variable z such as coefficient of variation C , population standard deviation

S, population coefficients of skewness 3,(z) and kurtosis f,(z); and the correlation coefficient p,

between study variable y and auxiliary variable z; and the correlation coefficient p . between the auxiliary

variables x and z are known. The objective of the present paper is to propose a more precise estimator for
estimating the population mean at current occasion in two occasions successive (rotation) sampling in the
presence of auxiliary variable.

2. Formulation And Notation Of The Proposed Estimator

Let U= (U, U,, ..., Uy) be the finite population of size N units, which has been sampled over two
occasions. Let x (y) be the variable under study on the first (second) occasion respectively. It is assumed that
information on an auxiliary variable z (stable over occasion) is readily available for the both the occasions. It
is assumed that the population under investigation is large, and the sample size is constant on each occasion.
A simple random sample of # units is drawn without replacement (WOR) on the first occasion. A random sub
sample of m (= nA) units is retained (matched) from the sample drawn on the first occasion for its use on the
current (second) occasion, while a fresh sample of size u= (n-m) = n 1 units is drawn on the current (second)
occasion, from the entire population by simple random sampling without replacement (SRSWOR) procedure
so that the sample size on the current (second) is also n. The fractions of the matched and fresh samples are
respectively designated by A and g such that A+ 1 =1.

In what follows, we shall use the following notations throughout this paper.
X ,Y ,Z : The population means of the variables X, y and z respectively.

X,, X,,V,s YnsZ,» Z,: The sample means of the respective variables based on the sample sizes

m?o
indicated in suffices.
C)C , C o C. : The coefficients of variation of the variables x, y and z respectively,

Pyes Py.» P The correlation coefficients between the variables shown in suffices .

SI=(N=D"Y (5 = XY, S =(N =)0, -T), S = (V=) Y (5, -2

are the population mean squares of x, y and z respectively, f =n/N : Sampling fraction.
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To obtain the bias and mean square error (MSE) of suggested class of estimators we define following
quantities

v, :7(1+eoll),)7m :7(1+e0m),)?n :)?(1+eln),)?m :)?(1+elm),2u =Z(1+eZu),
z,=Z(1+ey,), S =S, (1+ey,)and St =Si(+e,,)

such that
E(e,,) = E(e,,) =E(e,)=E(e,,) = E(e,,) = E(e,,) = E(e;,) = E(e,,,) =0

1 1 1 1 1 1 1 1
E(egu)zﬂz_N]C;aE(egm) Z(E_NjciaE(elzm) Z(Z_N]C§9E(elzn) =(;__jcja

Be) = B = (= Blen) =1 € Elenen) = =12,

yx(m)

and

1 1 1 1
E(eOMeln) = _ﬁpyxcny ’E(eOLteZu) = [;_Fjpyzcycz ’E(eOueZn) = _ﬁpyzcycz

I 1 1 1 1
E(eOmelm) = (;_ijyxcycx’E(eOmeln) = (;_ﬁjpyxcycx’E(eOmeZM) = _przcycz ’

1 1 1 1 1
E(eOmeZn) = (;_Fjpyzcycz 9E(elmeln) = (;_ijyxcycx ﬂE(elme2u) = _przcxcz >

1 1 1 1 1
E(elme2n)= ;_N pszsz’E(elne2u):_przcxcz’E(elneZn)Z ;_N pszsz’

N(N —m) ﬂ_zlo
(N-1)(N -2) mXS,,
N(N—-m)  p N(N—-n) 1
(N —1)(N -2) mXs?’ (N —1)(N -2) nXs2’

Hyy = E[(x; = X)" (,=Y)*(z,= Z)'],(r,5,t) = O are integers.

N(N —n) Haio
(N-1)(N-2) mXS,,~

1
E(eZu eZn ) = _N Ci H E(elme3m) = H E(elne3m) =

E(ey,e,,) = E(ey,e,) =

3. Estimator Based On Unmatched Portion

To estimate the population mean Y on the second (current) occasion an estimator based on a sample of size u
= n p drawn, afresh on the second occasion is defined by

Y exp{m}, (3.1)

z, +72

_ oz, ~Z)
=V CXPy = >
a(z, +Z)+2b

tu

where Z' =aZ +b, zZ, =az, +band (a,b) are suitably chosen constants. The scalars (a,b) may assume
real values as well as parametric values C_ (coefficient of variation of the auxiliary variable z), o,
(correlation coefficient between x and z), f,(z) (coefficient of skewness of z), f3,(z) (coefficient of kurtosis

of z), Z (population mean of z) and S _ (standard deviation z) etc for instance see Singh and Tailor (2003),
Upadhyaya and Singh (1999) and Singh et al.(2004).
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3.1 The Bias and MSE of Estimator t, Based on Unmatched Portion

Expressing (2.1) in term of €’s we have

— 06e
t =Y(l+e, )expi——2—1t,
u ( eOu) p{l+6’e2u}

=Y(1+ e,,) exp[ote,, (1+6e,,) '], (3.2)
where
0=aZ/{2(aZ +b)}.
We assume that|6?ez”|<1, so that(1+6@e,, )" is expandable. Now expanding the right hand side of (3.2),

multiplying out and neglecting terms e’s having power greater than two we have

2 f—
t, = Y{l +e,, +06e,, —00e, e, + Weiu }

or

2u

2 f—
(t, -Y)= ?[ew +06e,, — b, e, +W€2 } (3.3)

Taking expectation on both sides of (3.3), we get the bias of proposed class of estimators £, up to first degree
of approximation as

B(t,)= (i - %J(?J{zkﬂ +6(5-2))C?, (3.4)

where k. =p, (C,/C,).
Squaring both sides of (3.3) and neglecting terms of e’s having power greater than two , we have
(t,—Y) =2Y’[e,, + 56k, ]
=Y’[e] +5°0%] +206e,6,]. (3.5)

2

Taking expectation on both sides of (3.5), we get the MSE of proposed class of estimators?, up to first degree

of approximation as

(1 1

MSE(t,) = YZ(———
u N
Remark 3.1. Since x and y denote the same study variable over two occasions and z is an auxiliary variable
correlated to x and y, therefore as mentioned in Reddy (1978), Cochran (1977) and Feng and Zou (1997), the
coefficients of variation is a stable quantity; it can be assumed that the coefficients of variation of x, y, z are

considered to be approximately equal (i.e.C, = C, = C)).

][Cj +80C7 (60 + 2k )] (3.6)

Thus putting C )R C. in (3.4) and (3.6) we get the bias and MSE of ¢, to the first degree of approximation,

respectively, as

1 1) Ysec:
B(fu)=(;—ﬁj 2 2p,. +0(6-2)} (3.7

and

MSEG,) - [l —%}Si {1+8050+2p.)}
u
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_ (l_%jgiay (3.8)

u
where

a, = {1+50(50+2p,,)} .

4. Estimator Based On Matched Portion

Three chain-type estimators based on the sample of size m (= n4) common to both the occasions are defined

by
_ 8(z -7Z7)
t ., = — |ex % ,
ml ym i p Z +2n
__ (%, ad(z, - Z)
=y, — |exp — “4.1)
X, a(Z +z,)+2b
_ (xn_xm) {5(2,’; —Z*)J
th = ym eXp — — eXp —x % s
X, +Xx Z +z
_ X, - X, ad(z, —7)
— n m __ n 4‘2
m exp()_c +X JeXp(a(Z +En)+2bJ (42)

_ _ 8z -7Z")
tm3 = [ym +byx(m) (‘xn _xm )]exp Z*—_* 5

il Ral

=

+z

n

ad(z, - Z) j 43

a(Z +Z,)+2b

yis the sample regression coefficient of y on x based on matched portion and (a, b) are same as

= [.)_;m + byx(m) (fn - xm )] exp(

where b,

defined earlier.

4.1 The Bias and MSE of Estimators Based on Matched Portion

4.1.1  Derivation of the bias and MSE of the class of estimators ,,

Expressing (4.1) in term of €’s we have

t =Y(+e, Y1+e, )1+e, )" eXp{m} ’

=Y+ €)1 +e,)1+e, )" exp(te,, )(1+ be,, )", (4.4)
We assume that|elm | <1 and|0€2n|<1, so that(1+e¢,, ) 'and(1+@e,,)”" are expandable. Now, expanding the
right hand side of (4.4), multiplying out and neglecting terms of ¢’s having power greater than two, we have
L = Y1+ € — (€, —€,) —(ey,e, —€e,)+ (elzm —e,e,)
+60e,, + 56, e,, —00(e,, e, —e, e, )+{0°5(5-2)/ 2}ezn 1,
or

TN -~ T 2
(1, —Y)=Y[e,, — (e, —e,)—(e,e, —€e,)+ (e]m —e,,€,)
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+86e,, +56e,, e,, —00(e, e, —e,e,,)+{0°5(5-2)/ 2}e§n ]. (4.5)

Taking expectation on both sides of (4.5), we get the bias of the proposed class of estimators ¢ , up to first

ml

degree of approximation as
(1 1 1 1) ds6ec:
Bt )=Y||——|C}Q-k )+|——— (5 +2k,_ —2)]. 4.6
(ml) |:(m nj x( yx) [}’l Nj( 2 j( vz ):| ( )

Squaring both sides of (4.5) and neglecting terms of e’s having power greater than two, we have
(tml - Y)2 = Yz[eOm - (elm - eln)+ 5962;1]2
~v2r.2 2 202 2
=Y'[e, +(e,—e,) +6°0%
- 2(60'nelm - eOmeln) + 2598 eZn - 259(@1”[62” - elneZn )] . (47)
Taking expectation on both sides of (4.7), we get the MSE of the proposed class of estimators 7, up to first

Om

degree of approximation as

MSE(t,,) = YZK L 1

m n

j{cj FC2(1- 2k, )+ (1 _ %j{cj + 50C2 (50 + 2k, )}} . (4.8)
n

Under the assumptionC,, = C, = C_, the expressions of bias and MSE of 7, in (4.6) and (4.8) respectively

reduce to:
— 1 1 1 1Y 660
Bt )=YC?|—-=1|1- +|——— | —(5+2 -2 49
5 1 1 1
MSE(t,,) = Sy [—al +—a, ——0@}, (4.10)
m n N
where

a;=2(1-p,), a, =[-1+2p , +660(660+2p  )]anda, = (a, + a,) =[1+0(660 +2p,.)].

4.1.2  Derivation of the bias and MSE of the class of estimators t,,

Expressing (4.2) in terms of e’s we have

1
t,=Y(l+e,, ){— CE ; ) (1 + (e, ;' e, )j }exp{é‘@ezn (1+8e,,)" }

_ 2
00 =20 . } (4.11)

' dm Amn
= Y(l+60m)[l— ) +T—...j|:1+5062” +# . +
where d, =(e,, —e,,) and 4, = (3612m —-2e,,€, —elzn).

Expanding the right hand side of (4.19), multiplying out and neglecting terms of e’s having power greater
than two we have

= d d, A —-2)9?
th = Y 1 + eOm - e()m—m + — + 5062;1 + 5960n1€2n - (ﬁjdmeh + 6(5 2)0 62
2 2 8 2 2 2n
or
_ 2
(t,-7)= Y{ew - d? —% + AT + 50, +050e, e, - (%jdmeh + @e; } . (4.12)
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Taking expectation on both sides of (4.12), we get the bias of the proposed class of estimators?,, to the first
degree of approximation, as

B(t,,) = YKL —lj c: (B—4k, )+ (1 _ij(csecj j{e(a —2)+2k,, }} : (4.13)
n N 2

m n) 8
Squaring both sides of (4.12) and neglecting terms of e’s having power greater than two, we have
(th - Y)2 = YZ[eOm - (dm /2) + 508211]2
= Yz[e(z)m + (di /4)+ 520265}1 —-d, e,, +206e,,e, —o0t e, |. (4.14)
Taking expectation on both sides of (4.14), we get the MSE of the proposed class of estimators #,, up to first

Om

degree of approximation as

MSE(t,,) = ?ZKL—ijci +(i—lj C (1-4k ) +(1—ijsecj (00 + 2k Z)}}
N) g n N g

m m n) 4

2

_ C? C
:Y{i{ci + 4)‘ (1—4kyx)}+%{5.%3(5%2@2)— x (1—4kyx)}

m 4
- % (e + 56250+ 2k, )}} . (4.15)
Under the assumptionC, = C | = C_, the bias and MSE of ¢,,in (4.3) and (4.15) respectively reduce to
= I 1)1 I 1)6
B(t,,)=YC}|| ——=|=@B-4p ) +| ——— | = {05 —2)+2 4.16
(t,2) Hm n]8< P ( Nj(zj{( ) pyz}} (4.16)
RPN R S | 417
MSE(tm)—Sy ;0{1 +;a2 —WOQ 5 ( )

where

al* :[1+(l/4)(1—4,0yx)],a: =[60(60+2p,.)-(1/4)(1-4p,)]
and a, =(a: +a;)=[1+59(56?+2pyz)].

4.1.3  Derivation of the bias and MSE of the class of estimators t,,

Expressing (4.3) in terms of e’s we have

tyy =[Y(I+e,,) - B, X(1+e;,)e, —€, )(Hqﬁ‘]exp{ﬂ}, (4.18)
(1+6e,,)

where ﬂyx is the population regression coefficient of y on x.

Expanding the right hand side of (4.18), multiplying out and neglecting terms of e’s having power greater
than two, we have

tm3 = Y[l + €om — kyx (dm + eSmdm - e4mdm)
+ 8be,, + 5,e,, — 50(e,,e,, —e,e,,)+{0°5(5 -2)/2e; 1,

or

(tm3 - }7) = ?[eOm - kyx (dm + e3mdm - e4mdm)
+ 06, +Obe, e, —00(e, e, —e e, )+i0°6(5—-2)/ 2}e§n ]. (4.19)
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Taking expectation on both sides of (4.19), we get the bias of the proposed class of estimators #, ;up to first
degree of approximation as
_ k, 2
B(t,,)=—-Y l—lj N_ B | Moo _ Hsw —(l—ij o, lo(s-2)+2k_}|- (4.20)
m n)N—=2 Xty Hay n N 2 g
Squaring both sides of (4.19) and neglecting terms of ¢’s having power greater than two, we have

(t,,—Y) =Y’[e,, —k, d, +056e,]

»m

= }72[ezm +kixdi +5292€;n =2k e,,d, +206,,¢e,, -2k, ot e,,]. (4.21)

0

Taking expectation on both sides of (4.21), we get the MSE of the proposed class of estimators £, ;up to first
degree of approximation as

MSE(t g:?{(i—ijcz —(i—ljczkz +(l—i]5«9C2(5¢9+2k )}
m y x 7 yx N z yz

m N m n n

v 2 1 2 2 1 2 2 2 1 2 2
_7 b CHa-p} )+ {pyx C2 +66C2 (50 + 2k )}~ = {c2 +s0c2 50+ 2k, )}}
(4.22)
Under the assumptionC, = C | = C_, the MSE of ¢,;in (4.22) reduce to:
MSE(tm):Sy[;al +oa _W%}’ (4.23)

where

af* :(l—pix),az* =[pf,x +00(60+2p,.)],
and o, = (a:* +a;*) =[1+66(66+2p,.)].

4.2 The Covariance between The Estimators of Matched Portion and Unmatched Portion
The covariance between the estimator 7, and the estimator ¢, is defined by
Cov(t,,t,,) = E[(t, = E(t,))t,, = E(,,))]
=E(t,-Y)t, -Y).
Expressing #, and ¢,, in terms of €’s and neglecting terms of €’s having power greater than two, we have
Cov(t,.t,,) = 72E[(eou +0be,, e, —e,, +e, +0be,,)].

_y?2 22
- Y E[eOueOm _e()uelm + eOueln + 50601162n + 596 e2u - 5082uelm + 5&91n€2u + 5 9 e2ue2n]

Om

=—(Y*/N)[C; +56(50 + 2k, )C?]. (4.24)
Similarly, we can find the covariance between (7, and?,,) and (, and?, ;) as
Cov(t,,t,,)=—(Y* I N)[C: +56(56 + 2k ,)C ] (4.25)
and
Cov(t,,t,;) =—(Y* I N)[C; +66(560 + 2k, )C?]. (4.26)
Under the assumptionC, = C, = C_, the expressions in (4.24), (4.25) and (4.26) respectively reduce to:
Cov(t,,t,,)=—(S; / N)a, (4.27)
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Cov(t,.t,,) =—(S; / N)a;,
(4.28) Cow(t,,t,,)=—(S; / N)a;, (4.29)
where a; =[1+80(60 +2p ,)].

ud

5. The Combined Estimator

Combining the estimators ¢, and?,,, (i=1, 2, 3) we have the ultimate estimator of the population mean Y as
(=1,2,3); (5.1)

where @,'s (i =1,2,3) are unknown constants to be determined under certain criterion. We note that for

t=owt, +(1-w),,
estimating the population mean on each occasion the estimator ¢, is suitable, which implies that more belief
on ¢, could be observed by selecting @, (i =1, 2, 3) as 1(or near to 1), while for estimating the change over
the occasion, the estimators ¢,,(i =1, 2, 3) could be more suitable and hence @, might be selected as 0 (or
near to 0). For asserting both the problems simultaneously, the appropriate (optimum) choices of ,are
needed.

6. Minimum MSEs of the Estimators ¢, (i=1, 2, 3).

The mean squared errors of the estimators 7, (i =1, 2, 3) to the first degree of approximation are given by
MSE(t,) =[@’ MSE(t,) + (1- w,)’ MSE (%) + 2,(1- &,)Cov(t,,1,,)] (6.1)
where MSE(t,),MSE(t,,),Cov(t,,t,,;) (i =1, 2, 3) respectively given by (3.8) , {(4.10), (4.17), (4.23)} and
{(4.27), (4.28), (4.29)}. Since the mean squared error of the estimators ¢, (i =1, 2, 3) in (6.1) are the functions
of unknown constants @, (i =1, 2, 3), therefore , we minimize MSE(¢,) (i =1, 2, 3)with respect to o, (i =1, 2,
3). Thus minimizing MSE(¢;) with respect w,, we get the optimum values of @, as
o - [MSE(t,,)— Cov(t,,t,,)]

P [MSE(t,) + MSE(t,,) — 2Cov(t, . t,,)]
Substitution of (6.2) in (6.1) yields the minimum MSE of ¢, as
[MSE(t, )MSE(t,,,) — {Cov(t,,t,.)}" ]
[MSE(t,)+ MSE(t,,)—2Cov(t,,t,,)]
Further putting the values from equations (3.8), (4.10), (4.17), (4.23), (4.27), (4.28) and (4.29) in (6.2) and
(6.3), the simplified values of ®,,,, and Min. MSE(t,)are obtained as

iopt

_H (a3 _lulaz) (64)

,((=1,2,3). (6.2)

Min.MSE(t,) = (i=1, 2, 3). (6.3)

a)at_ ’
T (- i)
a.[(1- Ha, — weo, + 1’ fa,1S?
Min. MSE(t,) = s[A= e — 22 u fa, ] v 6.5)
n(a, —u;a,)
B 1, (e _ﬂza:) 6.6
20opt 2 > ( . )
(a3_/’12a2)
a[(1- a, — wa. + 1 fa' 152
Min.MSE(t,) = s[(A=Nas —wa, +u; fa, ] v 6.7)

e, - i)
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(e _/130‘?)
Wy =2, (6.8)
(- ia))
a;[(1- e, _lu3a;* +ﬂ32fa;*]Sy2
n(a, _/Jia:*)

where p,'s (i =1, 2, 3)are the fractions of fresh samples to be drawn afresh on the current (second) occasion.

Min.MSE(t,) =

: (6.9)

6.1 Optimum Replacement Policy

To obtain the optimum values of x,'s (i =1, 2, 3) so that the population mean Y may be estimated with
maximum precision, we minimize the minimum MSEs of the estimator ¢, (i =1, 2, 3) given by (6.5), (6.7) and
(6.9) respectively with respect to z,'s (i =1, 2, 3) which result in quadratic equation in g, say f, (i =1, 2, 3)
are given below:

pia, =2mas +a; =0, (6.10)
+
= BENA% 6.11)
a,
pr0, =20 + 0y =0, (6.12)
a i,la*a
fp =V (6.13)
az
pra —2umas +a; =0, (6.14)
a0 o
ﬂ3=%. (6.15)

2
From equations (6.11), (6.13) and (6.15), it is obvious that the real values of £ (i =1, 2, 3) exist. If, the

quantities under square roots are greater than or equal to zero (i.e.,a; 20, ara3 >0 and ar*a3 >0). For any
combination of correlations p, and p,., and the scalarsé,a,b (and hence fand ) , which satisfy the
condition of real situation, two real values of i, (i =1, 2, 3) are possible. Hence, while selecting the values of
£, it should be observed that0 < 4, <1. Putting the admissible values of 4 say 4'*, from equations (6.11),

(6.13) and (6.15) into equations (6.5), (6.7) and (6.9) respectively, we have the following optimum values of
minimum mean squared error of the estimators ¢, (i =I, 2, 3):

. a[(1- fay — i1, + 27 fa, 5]
MinMSE(t,),,, =— s (6.16)
n(a; — 1, a,)

_ as[(1= Nay - @la + 47 fa) 1S
MinMSE(t,),,, = e (6.17)
n(a; -, a,)

and

A O 3k A O 2 sk 2
a[(1- Nay - 4a; + (" fa 1S,
~ (0)2 :

Min.MSE(ty) U
3T 2

(6.18)

opt —
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7. Efficiency Comparisons

The percent relative efficiencies of the proposed estimators “7,° (i =1, 2, 3) with respect to (i) usual unbiased

estimator y,, when there is no matching and (ii) traditional successive sampling estimator
Y = @, +(1—9)y,, whenno auxiliary information is used at any occasion, where y,,, = ,, + B,,(X, —x,,)

have been computed for different choices of p,,, p,.andd=-1 . Since, y, and Y are unbiased estimators

of population mean Y , therefore, following Sukhatme et al. (1984), the variance of usual unbiased estimator
», and optimum variance of ¥,, are respectively given by
2
Var(.)_}n) = (l_f)_

Y
)
n

Var(Y),, = [(1 L a- pjx))— 2 f];ii, (7.2)

We have computed the percent relative efficiencies of EV and E Ez) (i=1, 2, 3) of the proposed estimator ‘¢’

(7.1)

and

(i =1, 2, 3) with respect to the usual unbiased estimator ), and Y by using the following formulae:

EO = V) 00 (7.3)
Min.MSE(t,),,,
and
E? = ,V(Y)‘”” —x100. (7.4)
min.MSE(,),,,

Findings are shown in Table 7.1.

Table7.1. The PREs of ¢,(i =1, 2, 3) with respect to y, and Y for different values of@ , Peand p, .

0 1 2 0 1 2 0 1 2
A R R R U U

0.2 0.55 0.50 0.4914 116.77 106.08 0.5228 125.10 113.65 0.5232 125.22 113.76
0.55 0.4884 118.81 107.93 0.5198 127.33 115.67 0.5202 127.45 115.78

0.60 0.4853 120.92 109.85 0.5167 129.65 117.78 0.5171 129.78 117.89

0.65 0.4821 123.13 111.86 0.5135 132.07 119.98 0.5140 132.20 120.09

0.70 0.4789 125.43 113.95 0.5103 134.59 122.27 0.5107 134.72 122.39

0.60 0.50 0.5061 120.66 107.26 0.5320 127.58 113.40 0.5339 128.09 113.86
0.55 0.5031 122.79 109.15 0.5290 129.86 115.43 0.5309 130.39 11591

0.60 * - - 0.5259 132.24 117.55 0.5279 132.79 118.03

0.65 0.4968 127.30 113.16 0.5228 134.73 119.76 0.5247 135.28 120.25

0.70 0.4936 129.71 115.30 0.5195 137.32 122.06 0.5215 137.89 122.57

0.65 0.50 0.5228 125.10 108.42 0.5420 130.25 112.88 0.5467 131.53 113.99
0.55 0.5198 127.33 110.35 0.5390 132.60 114.92 0.5437 133.91 116.05

0.60 0.5167 129.65 112.36 0.5359 135.05 117.04 0.5406 136.39 118.20

0.65 0.5135 132.07 114.46 0.5327 137.60 119.25 0.5375 138.98 120.44

0.70 0.5103 134.59 116.64 0.5295 140.27 121.56 0.5343 141.68 122.78

0.3 0.55 0.50 0.4837 122.02 110.84 0.5151 130.85 118.87 0.5156 130.97 118.98
0.55 0.4789 125.43 113.95 0.5103 134.59 122.27 0.5107 134.72 122.39
0.60 0.4739 129.07 117.25 0.5052 138.58 125.89 0.5057 138.72 126.02
0.65 0.4686 132.97 120.79 * - - 0.5004 143.00 129.90
0.70 0.4632 137.14 124.58 0.4945 147.44 133.94 0.4950 147.59 134.07
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0 1 2 0 1 2 0 1 2
A I O A O O U

0.60 0.50 0.4984 126.14 112.12 0.5244 133.47 118.64 0.5263 134.02 119.13
0.55 0.4936 129.71 115.30 0.5195 137.32 122.06 0.5215 137.89 122.57
0.60 0.4886 133.51 118.68 0.5145 141.42 125.70 0.5164 142.01 126.23
0.65 0.4833 137.58 122.29 0.5093 145.80 129.60 0.5112 146.42 130.15
0.70 0.4778 141.94 126.17 0.5038 150.51 133.79 0.5057 151.16 134.36
0.65 0.50 0.5151 130.85 113.40 0.5343 136.31 118.13 0.5391 137.67 119.31
0.55 0.5103 134.59 116.64 0.5295 140.27 121.56 0.5343 141.68 122.78
0.60 0.5052 138.58 120.10 0.5245 144.48 125.21 0.5293 145.95 126.49
0.65 * - - 0.5193 149.00 129.13 0.5240 150.53 130.45
0.70 0.4945 147.44 127.78 0.5138 153.84 133.32 0.5186 155.44 134.71

0.4 0.55 0.50 0.4789 125.43 113.95 0.5103 134.59 122.27 0.5107 134.72 122.39
0.55 0.4721 130.34 118.41 0.5035 139.98 127.16 0.5040 140.11 127.28
0.60 0.4650 135.72 123.29 0.4964 145.88 132.52 0.4968 146.02 132.65
0.65 0.4575 141.63 128.66 0.4888 152.37 138.42 0.4892 152.53 138.56
0.70 0.4495 148.17 134.60 0.4807 159.56 144.95 0.4812 159.73 145.10
0.60 0.50 0.4936 129.71 115.30 0.5195 137.32 122.06 0.5215 137.89 122.57
0.55 0.4868 134.84 119.85 0.5128 142.85 126.97 0.5147 143.45 127.51
0.60 0.4797 140.45 124.85 0.5056 148.90 132.36 0.5076 149.54 132.92
0.65 0.4721 146.63 130.34 0.4981 155.58 138.29 * - -
0.70 0.4641 153.48 136.42 0.4900 162.97 144.86 0.4919 163.68 145.50
0.65 0.50 0.5103 134.59 116.64 0.5295 140.27 121.56 0.5343 141.68 122.78
0.55 0.5035 139.98 121.31 0.5228 145.95 126.49 0.5275 147.44 127.78
0.60 0.4964 145.88 126.42 0.5156 152.19 131.89 0.5204 153.76 133.25
0.65 0.4888 152.37 132.05 0.5081 159.06 137.84 0.5128 160.72 139.29
0.70 0.4807 159.56 138.28 * 0.5048 168.44 145.97

0.5 0.55 0.50 0.4772 126.62 115.02 0.5086 135.89 123.45 0.5091 136.03 123.57
0.55 0.4686 132.97 120.79 * - - 0.5004 143.00 129.90

0.60 0.4594 140.09 127.26 0.4907 150.69 136.89 0.4912 150.84 137.03

0.65 0.4495 148.17 134.60 0.4807 159.56 144.95 0.4812 159.73 145.10

0.70 0.4387 157.40 142.99 0.4699 169.73 154.19 0.4703 169.91 154.35

0.60 0.50 0.4919 130.95 116.40 0.5179 138.65 123.25 0.5198 139.23 123.76
0.55 0.4833 137.58 122.29 0.5093 145.80 129.60 0.5112 146.42 130.15

0.60 0.4741 145.03 128.92 * - - 0.5019 154.51 137.34

0.65 0.4641 153.48 136.42 0.4900 162.97 144.86 0.4919 163.68 145.50

0.70 0.4533 163.14 145.02 0.4791 173.42 154.16 0.4811 174.20 154.84

0.65 0.50 0.5086 135.89 117.77 0.5279 141.64 122.75 0.5326 143.07 123.99

0.55 * - - 0.5193 149.00 129.13 0.5240 150.53 130.45
0.60 0.4907 150.69 130.59 0.5100 157.27 136.30 0.5148 158.92 137.72
0.65 0.4807 159.56 138.28 * 0.5048 168.44 145.97

0.70 0.4699 169.73 147.10 0.4891 177.43 153.77 0.4939 179.36 155.44

o 0 .
Note: “*” indicates that /ll-( ) does not exist.

8. Discussions & Conclusions

Table 7.1 exhibits that:

(i) for fixed values of (0, p,,) , the values of ,ufo) decreases, while the values of £ j” and Ei(z) (i=1,2,3)
increase for increasing value of o .. This implies that if information on highly correlated auxiliary variable

is available, increment in the precision of proposed estimators is obtained which reduce the cost of survey.
Thus this type of situation is appreciable. Similar trends are obtained for fixed value of (p,,,p,,) with

varying the values of 4.
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(i) for fixed values of (&, p,,) , the values of ,ul-(o) , E fl) and Ei(z) (i =1, 2, 3) increase as the value of p .

increase. This behavior is in agreement with Sukhatme at al. (1984), results which explained that more the
value of p ., more the fractions of fresh sample is needed at the current (second) occasion.

(iii) minimum values of 2" =0.4387 (20.44), 1{” =0.4699 (20.47) and u'” =0.4703 (=0.47) which
show that the fraction of fresh sample to be replaced is as low as about 44% (in case of estimator #,) and

47%(in case of estimators ¢, and ¢, ) of the total sample size .
(iv) El(j ) <E éj ) < E3(j ) (7 =1, 2) which shows the superiority of the estimator ¢, over the estimators ¢, and ¢, .

In general the values of £ lg )75 (i=1, 2, 3; j=1, 2) are greater than 100.Thus the proposed classes of estimators

t,, t,and t, are to be preferred over the usual unbiased estimator 3, and the natural estimator Y in practice.

We conclude from the above discussions that the use of auxiliary information is extremely satisfying in terms
of proposed estimators. It is also intelligible that if highly correlated auxiliary variable are used, moderately
only a small fraction of sample on current occasion is preferred to be replaced by a fresh sample which reduce
the cost of the survey.
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