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Abstract-- In this paper, we consider an estimator of the
population mean based on successive sampling. In this study,
we use auxiliary information on both occasions to improve the
efficiency of the proposed estimators. The expressions of bias
and mean square error of the proposed estimator are derived,
and it is seen that they are more efficient than other existing
estimators for the optimum choice of constants. Finally,
numerical illustrations were made to support the numerical
results.
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I. INTRODUCTION

In sample surveys, it is well known that the auxiliary
information is used to improve the efficiency of estimators.
In the case of successive sampling, it has been seen that the
information collected on previous occasions is used to
improve the current estimates. Jessen (1942) was the first
who use the information collected on previous occasions to
estimate the population mean due to a matched portion of
the sample over current occasions. Sukhatme et al. (1984)
considered a regression-type estimator where the
information on previous occasion was used as an auxiliary
variable.

Let U=Uq,Usp........ Jn be a finite population
consisting of N identifiable units and let study variable be
denoted by y; and yo on the first and the second

occasions respectively, assume two auxiliary variables x
and z, positively related to y . Let a simple random sample

of size n be selected on the first occasion from population
N and assume that a random sub-sample of m =np units

are retained (matched) on second occasion and remaining
(unmatched) u=n—-m=qgn , (q=1-p) units are drawn

afresh on the second occasion from N —n units.

Sukhatme et al. (1984) suggested fallowing estimator of
Y, based on common units

38

Vizem) = Yom + B21(%1n — Xim) (1.1)

which is unbiased and has variance
_ 1 1 2 )52 1 1).2
V(y|2(m))= (E_Hj(l_ﬂyx 2y '{H_NJSZy

From combining Yp,, with unmatched portion of
samples on second occasion, further he proposed weighed
estimator of Y5 .

T = #1Y2u +(0—¢1)¥12(m)
Where,

(1.2)

(1.3)

Y; (i=12)be the population mean of yand Xjbe the
population mean of X .

Yin, X1y - Sample mean of y and X based on nunits
observed on the first occasion.

Yom - Sample mean of y based on m units observed on

the second occasion, which is common to both the
occasions.

Xim,» Zim - Sample mean of x based on m units

observed on first occasion, which is common to both the
occasions.

You- Sample mean of y based newly draw u units
observed on second occasion, which are unmatched units.

Po1- Regression coefficient of second occasion values on
first occasions values.

Vigam)=(2-1sF, vian)=(2-s3,

N u N
Vi) =[5 J5E VGu)=(3 -5 )sF
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In many survey situations, information on auxiliary
variables may be readily available on the first as well as on
the second occasions. Assume that the auxiliary variable Z

is available at the second occasion, for estimating Y, Singh

and Singh (2001), Proposed two independent estimators
first based on sample of size uand second based on the
sample of size m. Biradar and Singh (2001) suggested
estimator using auxiliary information on both occasions.

Further, Dubey and Shukla (2020) proposed modified
estimator on two occasions. They consider the following
estimator due to matched portion of sample

A

Y =WiYom +WoXym +[L—Wy —W5 )Xn (1.4)

Where Wyand W are suitable constants.

Combining estimator Yo, with the above estimator, he
proposed combine estimator as

D = ¢3¥ou + (-3 )V~ (1.5)

Il. PROPOSED ESTIMATOR OF Y,

For estimating Y, here we proposed two estimators.

Assuming that the auxiliary variable z is available at the
second occasion we suggest an estimator for unmatched
portion based on sample of size u

YLlu =VYou + Py (Z__ZZU) (2.1)

To estimate the population mean Y, based on matched

m units, we proposed estimator a modified regression type
estimator using two auxiliary variables

T = 1om +62 (Xim — X1 )+ 03(Zam — Zn )+ (-1 Jxan
(2.2)

where 61 ,d7 and d3are suitable constant.

Z - Population mean of variable Z

Zjy - Sample means of z based on u units observed on
second occasion,

Zoy - Sample means of z based on m units observed on
second occasion, which is common to both the occasions.
Byz - Regression coefficient of Y and zat the second
occasion.
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I11. PROPERTIES OF PROPOSED ESTIMATOR

Proposed estimator Y, is an unbiased estimator and
variance is given by

z 11 (1 2 |2
V(Ylu) (a—ﬁj ~PyzPay
Bias and MSE of the proposed estimator are given as

Bias(Tr) = Y2(61 ~1)1-Po)

and

3.1

3.2)

MSE(Tm) = +512V (372m )+ 522V()_(1m —Xin )+5§V(71m —IIn )
+(1-61)V (%1n )+26152Cov(Y2m . Kam — %an)
+268163COV(V2m , Zim — Z1n )+ 261 (1 81 )CoV(Y2m , %1 )
+ 25253(:0V((>_(1m —X1n )v (Zlm — 1 ))
+2655 (1- 51 )Cov(X1n, (Ram — Xan ))

+283(1- 81 )CoV(%an , (Zum — 710 )+ V5 (61 ~1)* @~ Pp )?
(3.3)

Following Sukhatme et al. (1984), we have

_ _ 1 1
V(le _Xln): [E_Ejsg

_ _ 1 1
V(Zlm —Zln)z(a__jszz

n

_ _ 1 1
Cov(Yom., %in ) = (H - N]Syx

_ _ _ 1 1
Cov(Yam., (Xam — %1n )) = [E - EJS yX

_ _ _ 1 1
Cov(Yom. (Zam —Z1n ) = (E _HJS yz

_ _ _ _ 1 1
Cov((X1m — %1n ) (Zim — Z1n)) = (E - HJSXZ

Cov(%1n, (Xim — %1 )) =0

COV(>_(1n ; (Zlm —Z1p )) =0
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T LB R N
MSE(Ty)=¢ = Sy =635y +835; + 201428y + 18173557 + 286,535

-5{3-51 Ps?-l6-52 by [+ e -1P (- B Y
3.4

The optimum values of 61,02 and J3are

(1- po )2 +0(p3C2 - poCyy)

01 =
(1_ po)2 + ‘9(ng)% -2 pOny)+ C§2,|2(m) - ‘9”022y
(3.5)
where
V(Fizmy) (1 1 11
2 m 2 2 2
Cl2(m) = —e2 [; —gjﬁ—Pyx)CZy +(; _WJCZy
Po :& b (Pyx ~ PyzPxz )2
Y2 (1—/’)%2)
ﬂyx PyzPxz — Pyx
Pyx ‘J—sz)
Byz Py2P% — PyxPxa
03 =001 Pyz + Y 2yx (3.7)
Pyz ~ Pxz

From equation (3.4), (3.5), (3.6) and (3.7), we have
minimum MSE

|- 202 + @2C2 [ Gragmy )-0575) - 6225202,
(- poP +6lp2C3 - 200Cpa )+ €L,y — 672 5
(3.8)

MSE (Tyy ) in =

12(m)

3.1 EFFICIENCY COMPRESSION
From comparing efficiency, we have
v (F120m - P0)? + RECE |- 07CFsE o
v(c )+ 1-Py)? + a(Poch —2P0c:yx)
(3.9)

MSE (Y ™) =

2
y12(m)

From (3.9) and (1.2)

40

MSE(Y ) min <V (Ji(m)) if (3.10)
& 2
— yX
YV2m) ——= >0
{ m ,/YIZ(m)}
From comparing (3.8) and (3.9)
MSE (T )rin < MSECY )iy if (3.11)

{(1— P)? + aDOZC)%}> 0

which condition holds always.
So it is conclude that proposed estimator is more
efficient than others existing estimator.
IV. COMBINED ESTIMATOR

Now we proposed combine estimator for Yo

T =My + Q- ¢)Ty (4.1)
The proposed estimator has bias
Bias(T ) = #¥2(y —1)1-Py) (4.2)

and MSE
MSE(T*)= Y [ﬁu) +@2- ¢)2 M (T )+ 2¢(1— ¢X:°\/(\ﬁUrTm)

(4.3

Differentiate equation with respect to ¢, for obtaining
optimum value of ¢, for which the above MSE will be
minimum

M (Tm)—COV(\?Iu:ij

v(?,uj+ M(Tm)—zcov(ﬁu,ij

¢=

Minimum MSE is given by

st )l

M(Tm)+v(\ﬁuJ—2Cov(ﬁu,Tm)

MSE(T*)Opt =
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Following Sukhatme et al. (1984), we have

Cov(ﬁu,Tm) = Cov[+ (15

(Vzu + ﬂyz (Z_ -y ))
= COV{é'l)_IZm ; (VZU +Pyz (Z —Zyy »}

= Cov{é'l()_/Zm  Vou )+ 01ByzY2m (Z —Zy )}

= 51CoW(T2m, Y2u )+ 618y; COV(Y/zm Z -7y )

2 2

S S

2y 2z
=512 4 51 By,| - 222
17N LByz[ N J

51( 2 2 )
TN S2y + PyzSy;

M (Tm )‘/(?Iuj _{5Nl (Szzy + 'Byzsgz )}2

M (Tm)+v(\?|uj+ 2%(522y +ﬁy28222)
(4.4)

MSE(T*)Opt -

4.1 Efficiency Comparison
For comparing efficiency, we have

5 N2
S5y
V(VlZ(m))"(VZu)_ N
V(%) - . (45)
opt 3 B S5y
V(YIZ(m))+V(YZu)+ ZT
s2 1°
_ 2y
M(Tp N (You ) - le
MSE(TB )opt = 52 (4.6
_ 2
M(TD)“LV(YZU)JFZ\vay

31Y2m + 82 (%am — Xin )+ 33(Zim — Zan )J
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It is difficult to compare the minimum MSE’s of the

estimator with proposed estimator. If that N is large, so
Szzy 52

that termsT and %can be ignore, in this case

equation (4.4), (4.5) and (4.6) reduces as

- V(712 V (T2u)
V|Y = 4.7
( 2)opt V(7|2(m))+V(72u) )
. M(Y "V (520)
MSE(TD)Opt: E* )V - (4.8)
MY )4V (520)
a o MEV ()
MSE(T )opt:—i (4.9)
M(Tm)+V(Y|uj
From comparing (4.7) and (4.8)
MSE(TH)opt <V (Y2)optif (4.10)
MSE(\?*j<v(y|2(m))
From comparing (4.8) and (4.9)
MSE (T ")opt < MSE(Tp )opt if (4.11)

MSE (T min < MSE(Y ) prin
ie. {(1— Py )? +5POZCX2}> 0

V. NUMERICAL COMPRESSION

Data is considered from Sukhatme et al. (1984) which
relates to the total cultivate area and also the area under
wheat for a sample of 34 villages from a population of 170
villages. We have

N=34,Nn=16, m=u=38
Yo =201.412 , Xq =218.412 , Z; =765.353
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S§=23154.856 , S —28123.219, Syx =23730.128
pyx =0.9299 , py, =0.899 , py, =0.831

The relative efficiency of estimators is given in

Table5.1. Relative efficiency with respect to Y is define

(%)
by %100
MSE(.)
Table 1
Estimator Relative Efficiency
Y, 100.00
™ 103.91
T 241,677
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From the above table 1, it is clear that the proposed

estimator is more efficient than existing estimators.
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