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ABSTRACT
Following Tailor & Tailor (2012) and Panda & Sahoo (2020), we propose a

il-SSI;I:é.St#;-OSVSOI :
= product-type exponential estimator in post-stratified sampling using variable
" transformation. The proposed estimator, under certain conditions are
shown to be more efficient than the usual unbiased estimator in case of

post-stratification and some existing estimators. The efficiency of the newly

SR proposed estimator has shown through numerical illustration and graphical

representation.
Keywords — Auxiliary Information, Variable Transformation, Post-Stratified
sampling, Bias, Mean Square Error and Bar Diagram.

1. INTRODUCTION

Stratification is a commonly used techniques in sample survey. Stratified sampling presumes
the knowledge that the strata size and sampling frame for each stratum are known. But in many
situations, it happens that the overall population size and also the percentage of unit that falls in the
strata are known but the sampling frame for the stratum are may not be available or it quit time-
consumable for preparing. In such situations we can not be supposed to use stratified random
sampling. So, to overcome from this kind of problem we use post-stratification technique in which
sample of size ‘n’ is drawn by simple random sampling without replacement, these sample is
stratified in different strata and used as stratified samples.

Let us consider the population size N that stratified into L strata of size N;, N5, Ns ... ... ... N,
such that Y'%k_, N, = N. Let n,, be the sample size falling in the ht" stratum such that Yk_,n, =n.

Now consider x as the auxiliary variable which is negatively correlated with the study variable
y. Let yp; be the observation on it unit of ht" stratum for the study variable y and x;; be the
observation on it" unit of ht" stratum for the auxiliary variable x, then
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Y, = NihZﬁil Yni Y= %22:1 St Yhi = Ther Wadn » Xn= Nihz’lzl Xhi
= Z 121;\1121 Xhi = Lh=1 Wnip
The usual unbiased estimator of population mean Y in Post-stratification is defined as
Yps = D=1 Wnin (1.1)
where W), = % , and y,is the mean of n;, sample units.
Then
V(ps) = %Zh:l WhSin (1.2)

Ige and Tripathy (1989) have proposed a product-type estimator by using the information on
population mean X of auxiliary variate x for population mean in post-stratification as,

Ypps = Yps (st) (1.3)

where yps = Yk_ W,¥, and Xps = Yk_, W,X, are unbiased estimators of population mean
Y =Yk _ W,V, and X = ¥k_, W, X, in post-stratified random sampling, and &, is the mean of the
sample size n, that falls in A" stratum.

The bias and mean-square error of the Ige and Tripathy (1989) estimator is,

_ 1 1\1
B(Ypps) = (; - ﬁ) 3 o1 WhSyxn (1.4)
_ 1 1
MSE (¥pps) = (; - ﬁ) Yhe1 Wa(S3n + R2SZ, — 2RSyxn) (1.5)
Y 1 = 1 _ _
where = -, S2, = mzlivzhl(xhi — Xp)? and Sy =~ iy ni — ¥n) g — Xn).-

R. Tailor, R. Tailor and S. Chouhan (2017) suggested a new product-type exponential estimator for
population mean in post-stratification as,

Zps—Xn The1 Wh(Xp—Xn)
Xps+Xn ) Ypsexp [Z 1 Wh(En+Xp) (1.6)

555 = Fosexp (

Bias and mean-square error of the R. Tailor etal. (2017) estimator is expressed as,

B(F: —( N)R(4K 1)2}1 1 Wh Sin (1.7)
MSE(FES) = (5 = %) [Zhon Wi SZ0 +3 (1 + 4K)OR? By Wy SZ, | (1.8)

L
Zh:1 WhSyxh

where = .
Rzﬁ:1 th;h

Following the R. Tailor etal. (2017), Tailor & Tailor (2012) and Panda & Sahoo (2020) a new
estimator is proposed in case of post-stratification.

2. PROPOSED ESTIMATOR

Motivated from Tailor & Tailor (2012) and Panda & Sahoo (2020), We proposed a product- type
exponential estimator in case of post-stratification sampling for population mean Y:

—**P — X—xr X @
N )
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. . _ NX-nx
where « is a scalar quantity and  X*pg = S
N-n

To find the bias and mean square error of the proposed estimator ypi’¢ we have defined the
following quantities:

Vps = Y(1 +ey), Xps = X(1 +e;),suchthat E(ey) = E(e;) =0,

1 1} 1 1 1} 1
E(eo?) = (5 - ﬁ)ﬁ h=1 WhSyn, E(er?) = (— - ﬁ)ﬁfﬁﬂ WhStn

n

1 1} 1
E(eger) = (; - ﬁ) =% Li=1 WhSyxn -

By expressing the (2.1) in terms of e’s we find,

7o = [1+ e+ (a+1) ot (a4 1) 2oy (Fetoas) (;2_6;;] (2.2)

From (2.2) we rise to,

B(75) = 7 (3= 3) (2 +3) s 77 Do WaSyn + {(“552) s} 3 Do WaSTa| (23)

MSE( ¥557¢) =

1 1 1 n
(i 3) [Bhes W + (+3) G B Shea WaSin + 2 (w + ) 2 R Thoa Wiy (20
Above expression of mean square error is the first order approximation i.e. to 0(n™1).
3. OPTIMUM VALUE OF x

Differentiating (2.4) with respect to a and equating it to zero, we get the optimum value of « as,

(3.1)

N-n 2;{:1 WhSyxn 1
aopt N .2 )T 5

nR \ ¥E_ wpsZ, 2

By using (3.1) we can find that, the value of MSE(¥557¢ ) to the first order approximation will be,

2
wse(rie), = (2-2) [Zhﬂwhgﬁh_w_ (32)

opt. She1WnSin

4. EFFICIENCY COMPARISION

By comparing (3.2) with (1.2), (1.5) and (1.8) , we found that the proposed estimator yp5 ¢ would be
more efficient if,

() MSE(Fe), , < MSE(ps)

L 2
(Zh=1WhSyxn)
I 2
Xh=1WhSin

(i) MSE(7),,, <MSE@res)

>0 (4.2)

L 2
(Zh=1 WhSyxn)
2%1:1 WhS)%h

(i) MSE(yp5¢),, < MSE(¥F?)

> 2R Yhicy Wi Syxn — R X ko1 Wi SEy (4.2)

2
(Zlezl thyxh)

=
T 2
Xh=1WhSxn

1
> R ¥h=1 WhSyxn — 7 R? Lz WaSin (4.3)
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5. NUMERICAL ILLUSTRATION

The proposed estimator is more efficient than the existing estimators i.e. ypg, ¥pps and y5b5
with respect to the numerical data. In this section we have computed the percent relative

efficiencies (PRE) of ¥ps, ¥pps » ¥bs and ¥ps ¢ with respect to yps using the respective formulae
given below,
_ MSE(¥ps)
PRE(Yps, yps) = sz) X100 (5.1)
- MSE(Fps)
PRE (Jpps, ps) = W)‘/::s) x 100 (5.2)
~ps — MSE(Fps)
PRE( ygeS;YPs) = W;’g;) x 100 (5.3)
— k% — MSE (yps)
PRE(557¢, ¥ps) = W}’/Ee) X100 (5.4)

To examine the performance of the proposed estimator with respect to the other estimator, one
population data set is considered. The details of the population are given below:

Population [Source: Japan metrological society]

Constants np Ny, X Yy SZ, Son Syxh
Stratum| | 4 10 149.7 1629.99 181.41 10439.63 | -1072.8
Stratum Il | 4 10 102.6 2035.96 158.84 10663.53 | -655.25

Table: Percent relative efficiencies of Jpg, Ypps, Vb5 and j5s € with respect to ypg
Estimator Yps Yrps §P8PS yos €
Population 100 49.3 151.24 171.19

6. GRAPHICAL STUDY

The percent relative efficiencies of the estimator y5i ¢ is more efficient than the existing estimators

have shown through the given bar diagram.
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7. CONCLUSION

From above Table and graphical study, we conclude that the proposed estimator

yrePe is more efficient than the existing estimators i.e., Vpg, Vpps » Vis.
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