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SUMMARY

In this paper, we propose a class of estimators for variance of separate regression estimator of mean in stratified sampling
and derive its properties under large sample approximation. The proposed class of estimators performs better than the traditional
regression estimator and the Wu (1985) estimator. Mean square errors of different estimators are compared numerically also

using three different data sets from the literature.
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1. INTRODUCTION

Let U be a finite population of size N. The study
variable and the auxiliary variable are denoted by y and
x respectively and the population is partitioned into L
non-overlapping strata accordlng to some
characteristics. The size of the 2" stratum is . W(h=1,

., L) such that 2 N, = N. A stratified sample of

h=1
size n is drawn from this population and let n, be
b L
sample size from 4™ stratum such that 2 n, =n. The
h=1

observations on y and x corresponding to i™ unit of 4"
stratum (7 = 1,2,..., L) are y, . and x, . respectively. Let

¥, and X, be sample means and Y, and X, be

population means of y and x respectively in 7™ stratum.

L L
Suppose Y, = ZWth and X = ZWth are
h=1 h=1
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L
stratified sample means and VzZWth and
h=1

L

X = EW Xh are population means of y and x
h=1

respectively, where W, = N, /N is known stratum

. 2 1 th —\2
weight. Let Sih T — E(yhi -Y,)" and
i=1

M
2 1
h = Z(Xhu xh) be sample variances and
My~ | =1

2 v \2 2 _
Syh - N -Y) and §, =
N - )zh)2 be population variances of y

-

and x respectively in A" stratum. Finally, let Sy =



256 |
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1 & - -
nh—lg_(yhi_yh)(xhi_xh) and Syxh = N -1

Ny
Z(yhi —\7h)(xhi —Xh) be sample and population
i=1

covariances respectively in 7™ stratum. We assume that
all parameters corresponding to auxiliary variable x are
known. In subsequent presentation, we ignore finite
population correction term (1 - n,/N,) for
computational ease.

A well-known estimator of Y is separate

L
regression estimator Ygq = ZWh {yh + bh()?h - Yh)}’
h=1

where b, is sample regression coefficient. Variance of

Vg is given by
S 22 2
V(VS) = th Syh(l_ph)/nh (D
h=1
where p = Syxh / (syhsxh) is population correlation
coefficient between y and x in A" stratum.

The primary objective of this paper is to present

an estimator of V(Yg) and compare it with some of the

known estimators. An obvious estimator of V(Yg) is

given by
L
v, = O W2sE (1- 1), 2)

where rh:Syxh/(Sthxh) is sample correlation

coefficient between y and x in A" stratum. Properties
of v_can be derived easily once we define the following
error terms:

2 2 _ =
e = Syh ~ Sin e = %~ X
0h 2 > “1h Vi
S X
yh h
2 Q2 [S -S
e = Sth ~ >h and £ = yh  Tyxh
2h 2 3h S
th

It can be verified that E(g,) =0 (i =0, 1, 2, 3).
Also up to first order of approximation, we have the

following expectations that can be derived easily on the
lines of Sukhatme et al. (1997):

1 1
E(eg,) = —( —
h h

2y _ 2
aon— D Elegp) = —C

2, _ 1 2y _ 1 Aon
E(en) = n_h(’104h_1)° Elezn) = ”_h 7_1
h

1 1
E(&gy, &) = n_h Ay 11 Cop E(Egp,Ey) = a (Ayp =1

1 Aan 1
E(eonéan) = 1 o, _1)’ E(€1nan) = n_h)“oshcxh

1
E(enésn) = o

lethh ]

hl  Ph
1( Az,
Eleanean) = |5 1
Ml Pn
where
_ HMpon
lpqh_ pl2, ql2
300 Mogn

N
1 Q& _ -

and g, = N—_12(yhi =Y P (% = X))
h~tia

Now writing v_in term of £5, we have

L S2. (1+€4.)2
1 3h
= YW SR ) -S| ()
h=1"h th 1+ £2h)
From (3), the bias and MSE of v_ are given by
- 2c2 2 2
B(V,) = - hzl W Sion A/ (4)
where
A A
_ 22h 3h
4, =Ly, — D+ —2—1 —2(——1)
o Pn
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and

MSE(v)) = 2W4S4

[( 10h 1)+,0hBh+2p C }/ ©))

where

B, = (Aggn =D+ 4(’122h/pr21 _1)
_4(213h/ph _1)

and €= g =0 - 2(’13111/ Ph _1)

Many authors have presented estimators that
exploit a variety of information available from the
auxiliary variable. These include Das and Tripathi
(1981), Srivastava and Jhajj (1980, 1983), Wu (1985),
Prasad and Singh (1990, 1992). In particular, Wu (1985)

has presented an estimator of V(Yg) which is given by

L
%Wh yh(1 M (Xh/ih)gh/”h (6)

where g, is an appropriately chosen constant. Properties
of this estimator will be discussed in the next section.

2. PROPOSED ESTIMATOR

Our proposed estimator of V(Yg) is an extension
of the Wu (1985) estimator where we exploit
information on both X h and S)%h . The new estimator

is given by

L X Kin SZ Kon
Vp: ZiWZZ(l rh) h+ak )2(h+bk
h=1"h X, + 3y S By

(7

where k, (i = 1, 2) are constants whose values are to
be determined and a, and b , are some known unit free

constants, such as the coefficient of variation (C_,),
coefficient of kurtosis (4,,) or coefficient of
correlation (p,). Note that

(i) Fork;, =0and k,, =0, we have v

PZVS.

(ii) Fork , =g, a,=0andk, =0, wehavev,=v,.

Now we derive the properties of v, under large
sample approximation. Writing v, in term of £’s, we

have
L S2, (1+¢&4.)°
v, = Eiwhz 82 (d+eg,) - y’;h—gh
h=1"h S A+éey,)
| @ Oy) " W ) | ®)
h€1n 2hE2h

where
Pin= Xh/(xh +ak)
and Doy = th/ (th + bk)

From (8), the bias of v, is given by

L
B(v,) = Z%W s; [(1 P2 {klhk2h¢:u'1¢2h
h=1"%

1N

Vo) + 5 kil +D03CE,

1
+kon (K + Dy —1)}
C
+pﬁ {2k1h¢1h ( jﬂ; 0 J+ 2o Pn ( A;)Sh J
h h

klh¢1h 03h xh - k2h (}“04h
+ 2(@—1}— (Aogn =D -

P

Aoon _1
I

~ ki amnCon * Koo Aoz _1)}} ©)
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Substituting k,, = g,, k,, =0and a, =0 =15, i.e. Substituting optimum values of £, (i = 1, 2) in
(@), = &5, = 1) in (9), we can get the bias expression  (11), we get minimum MSE of v, as
for the Wu (1985) estimator as

L
. MSE(vp), . = MSE(v) - Zn—lz;W454
— 2c2 2 =
B(vw) 2 ZWh Syh [(l_ph)agh(gh +1) C)%h =L
h=1",
2
< Ch c2li —a2 1
+/0ﬁ {Zgh j'].2h xh _ghj’03hcxh + 2( j'].3h 1] xh th{ 04h ~ 7*03h }
P P
Note that substituting k;, = g,. k,, =0and a, =0
; =fbk, Le. (9, = @,, = 1) in (11), we can get the MSE
722h of v, as
~(gan D | 21 9,4 Cyr | (10) w
h L 1
MSE(vy,) = MSE(v) + > — LAY (L p2)?
Also from (8), the MSE of v, is given by h=11N h
NV 2y2 D
MSE(vp) = MSE(v) + Y, —Wi'S;, (1- p7) g2C2 —2g ——h (13)
=n hh ™' 2
A-pp)
2
|:{k1h¢1hc><h +K h¢2h(j'04h D From (13), the optimum value of g, is on =
+2Ky, Koy Pon OSthh} Dh/[th(l— pﬁ)} Putting optimum value of g, in
(13), we can get the minimum MSE of v, as
{k]h¢m Dy + Koo En | (11)
(1 o) MSE(v,) . = MSE(v) - 2 wAs? p2 /(n3C2)
#min S h “yh h~xh
where h=1
(14)
j12h Note that the optimum values of k,, (i = 1, 2)
= A,,C C 2—==2- 4 : "
21h~xh ~ Ph 0 03h involve unknown parameters. Wu (1985) pointed out
h

that, if computational ease is not an issue and sample
size is such that the asymptotic results become

_ 2 Ai3n al 3 effective, then estimators based on estimated optimal
and £, = (oo =D =14 {2( 0 1) (Aoan 1)} values of k, (i =1, 2) can be used.

From (11), optimum values of k;, (i =1, 2) are 3. COMPARISON OF ESTIMATORS
given by
We now compare the proposed estimator with two

. ( }“04h - 1) Dy, — g Con B other estimators discussed above. It is easy to verify that
1 i) MSE(v,)min < MSE(v.) if
P1nCx (1 Ph )(’104h 03h ~ ) ® p) g)
L D (Cy\E, —AoznD
and k. = CXhE lO3hCXhDh 2 i WZS4 h ( 03h ) >0

03,2 (1= 2 ) oap — 2 1) =T Kot th{ﬂ ~Jan -1}
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(i) MSE(v,) . < MSE(v

P)min W)min if
03h Dh) >0
—1-12

03h }

Conditions (i) and (ii) always hold true because

(Aoan =4 03h 1) >0 (see Jhajj et al. 2005). We use the

following expression for obtaining the percent relative
efficiencies with respect to v:

RE = (S)XIOO i=S, W, P
MSE(V;)

3 h ~yh 2
h=1" Con {’104h

The results reported in Table 1 are based on three
data sets given in the Appendix.

Table 1. Percent relative efficiency of different estimators
with respect to v

Estimator | Data 1 Data 2 Data 3
Vg 100.000 100.000 100.000
Vi 128.460 142.713 111.970
Vp 164.431 156.052 136.557

Results in Table 1 show that the performance of
proposed estimator is better than the other competing
estimators. This was clearly expected based on
Conditions (i) and (ii) above which always hold true.
Thus utilizing the information on population variance
in addition to the population mean of x can further
improve efficiency of the Wu (1985) estimator.
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