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ABSTRACT

In this research, modification of separate ratio type exponential estimator introduced in an earlier study is
proposed. Expressions for the bias and mean square error (MSE) of the proposed estimator up to first degree
of approximation are derived. The optimum value of the constant which minimize the MSE of the suggested
estimator is also obtained. In the same vein, efficiency comparisons between the proposed estimator and
some related existing ones under the case of post-stratification is conducted. Empirical studies have been
conducted to demonstrate the efficiencies of the suggested estimators over other considered estimators.
The proposed MSE and Percentage Relative Efficiency (PRE) were used to evaluate the achievement of

the modified estimator.
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INTRODUCTION

In sampling scheme, the auxiliary information is used to
improve the precision of estimators of the population of the
main quantity under study. Ratio type and product type
estimators have been extensively used when auxiliary
information is obtainable. In estimating population means
Tailor et al (2016); we use sample mean X which is unbiased
and has a large amount of variation. We now, seek an estimator
with minimal variance or may be biased but with a minimum
MSE as compared to sample mean. Classical Ratio estimator is
considered mostly in practices when the correlation between
interested variable Y and supplementary variable X is positive
as suggested by Lone and Tailor (2014). The product type is
adopted when the relationship between the interesting variable
and the additional variable is negative as suggested by Lone
and Tailor (2015). The post-stratification problem was first
discussed by Hansel et al. (1953) and Cochran (1940) and
Robson (1957) visualized classical ratio and product estimators
which were studied in the case of post-stratification by Ige and
Tripathi (1989). Chouhan (2012) the proposed class of ratio

Materials and Methods

type estimators using various known parameters of auxiliary
variate in case of post-stratification. Lone et al. (2016)
proposed a ratio-cum-product type estimator in the case of
post-stratification. Singh (1967) used the information on the
population mean of two auxiliary variates and the proposed
ratio-cum-product type estimator for population means in
simple random sampling. The research conducted by Singh
(1967) and Chouhan (2012) motivated us to propose the class
of ratio-cum-product type estimators in case of post-
stratification. Lone and Taylor (2014) as well as Lone and
Taylor (2015) proposed dual to separation ratio type
exponential estimator and dual to separation product type
exponential estimator respectively in case of post-stratification.
Many Researchers including Holt and Smith (1979), Jagers et
al. (1985),Jagers et al. (1985) Jagers (1986), Ige and Tripathi
(1989),Agrawal and Panda (1993), Singh & Espejo
(2003),Vishwakarma and Singh (2011), Tailor et al.
(2011),Lone and Tailor (2015) contributed significantly to this
area of research.

Consider a finite population Z = (Z;, Z,, ..., Zy) of size N. Let the population be divided to L strata with ht" stratum

L
containing Nn unit, h=1,2,...,L, so that Z N b= N andWh = %
h=1

is the stratum weight. Suppose a sample of

size n is draw from population Z using simple random sampling without replacement. After selecting the sample it is observed
that which units belong to h**stratum. Let n;be the size of the sample falling in h*"stratum such that Y% _, n;,. Here it is
assumed that n is so large that possibility of being zero is very small .Let x,;be the observation of it*observation or unit that
falls ht"stratum for auxiliary variate x and yj,; be the it*observation or unit that falls h*"stratum for study variate y then,

— 1Ny
- - . th o :
X S Z X;;  hstratum mean for auxiliary variate x
i=1
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; ht" stratum mean for study variate y

— 1 N
h_ﬁzll

N,

‘ -

>
h=1 i=1

N,

L L L .
Z yh Z N Y= ZW +Y |, : Population mean of the study variate y
h=1 ! h=1 h=1

><I

1< y
X = WZ N, X, : Population mean of the auxiliary variate x
h=1

Z‘I—\ =z

In the case post-stratification, usual unbiased estimator of Y is describe as:
Ny,

th
Y s ZW yh and yh n Z y is sample mean of n;, sample unit that unit fall in the At"stratum.
=

Using the Stephen (1945), the variance of ypsto the first degree of approximation is obtained as

Var(yps): (%‘%)Z.Wh Sit s Z( S, @

2

1 N

"N, 1; V.Y,

Lone and Taylor (2014) defined some classes of modified dual exponential estimators of finite Y in case of post-stratification
as:

Where S

vV @
ypps ZW yh )—(

h

The MSE of the estimator provided in equation (2) is obtained as follows:

wse(§ )3k | WL S5 WL RIS -2 SWLRS .| ©

pps

Ko @
X
Where Y; = Nhlil(h__r?hXh

h h

bias and MSE of (4) are obtained as follows respectively:

B(YL*pS) = ‘G - a; a.Y .0,,CuC, (5)

§, - W.9,

p

and
wsely )2 3w, Sk 2w RIS -2 SWanR S, o
Where
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U]

MSE of the estimator in equatlon (7) is obtained as:

*

/\* L —
Y_ps pe= ZWh yhexp —h—

h=1 +

X

*

XX

A *pse L 1 2
MSE(Y . j:[%_% 2Wh S§h+4R%Ssh_RhS yxh ©
J ©9)
Nh)?h_nhxh
Nh_nh

bias and MSE of (9) is obtained as follows respectively:

B(YLLEJZ(_‘_);H _;Rhaﬁsih—ZahS yxh (10)

Where Yh =

A *Re L 1 L L
ey )=( ) LW it , ZWnanRSin— LW nanRnSxyn | 09

Modified separate ratio exponential type estimator

Following Srivenkatarama(1980) and Bandyonpadhyay(1980) transformation we suggested
modification of separate ratio type exponential estimator for population mean ¥ in case of post
stratification.

* [04
A X
Y = ZW A expl =" X, (12)
ps X + x
X h h
Where )_(h is as defined earlier and a is an unknown constant

A R
To obtain the bias and MSE of the proposed estimatorY_ , We have

yh :Y_h(1+eoh)’ )_(h = )?h(l_i_em)’ Y = ZWh yh: X = hZ:Wh )?h such that
E( Oh): E( 1h):O

E( (ZJh): {nvjvh _NLJC;
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E(eohelh)z( : _Ni]pyxhcyh Cu

n

Where
Cyh = Tyh : Coefficient of variation of the study variate,

h
C = %h : Coefficient of variation of the auxiliary variate and

xh X

h

pxh = S : Coefficient of correlation between study variate and auxiliary variate.
S yh xh
— a _ _
AT* L - X - Y - X
Y_ R=ZWh7h N_hXh NhXh exp [NhXh nhXh_)—(hJ/(NhXh nhXh+YhJ
s ha Xh(N h—nh) Nh_nh Nh_nh
-1
APR L _ a.e adh€i1nh
Y s = hZ:;W Y h(1+60h)(l_ahe1h)a exp _( h2 1hJ(1 2 j (13)
2.2 3.3
ala— ala-1\a—2
(1_ahelh)a =l-aanen+ ( )ahelh - ( X )ahelh tras
2 6
-1 2 2

( _ahzelhj —1+ ah261h n ahjlh T )

Substitute (14) and (15) into (13) and retaining terms up to the second power of e;

2 2
a(a _l)ahelh exp| — dh€ih 1+ i € 4 aﬁ elzh
2 2 2 4

Hok

AR L —
Y_ps =hZ:1WhY h(1+60h 1_aahelh+

2.2 2 2
AR L ala—L)anen |, a.e, ae
Y, ‘EWth(“eoh{l—“ anemn+ ( 2) S T e | Y

Expanding the right hand side of equation (16) and retaining terms up to the second power of e;we have

i 2 2 2 2 2.2 ]
an€th anCin oan€n & (0‘ - )ah €1n an€onin
T g anemt + teon—
YA**R _Y— _ Y— 2 8 2 2 2
s h T 2 2
p ah€oh®1h 2 0‘(05 _1)ah €oh€1h
— g ¢ an€oneiht&aneoneint 5
To obtain bia_s we take expectation of both side of equation a7 then
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2=y 2
anen anE(ey) canE (elh)
— — —aanE +
2 3 dh (elh) 5
0!(0[ _1)3-% E (elzh) an E (e()h 91h)

ELY, -V.]=2W.Y,

2
B aﬁ E (eOh elh)

+E(eqn)— 5

04 (05 —1)ah E(eonemn)

2 |

242 242 2 a2
_athh+aathh+a(a_1)ahYthh

—ahS
g h 9 yxh

2X 2 Xh

Therefore the bias of the proposed estimator (

—2a an S yxh+0£(a —1)ah S yxh

YpaR) is:

dn Rhsfh _q?

B(YL**R)_(]- 1)“ dn OlathSiﬁOt athth(a—l)—T Syxh (18)
ps

n N h:lZXh

By squaring both side of (17), taking expectat

-2anRn St Ryal@-1)S,,

ion and retaining terms up to the second power of eg , we get the mean square error

of the proposed estimator (?;;‘R) up to the first degree of approximation by saying :

as

(1 vie| %

**R —

E[ YAps Y h] 2 :Yﬁ

2

e
® = O @, t o

2 (.2
- | & =€) i(eh)+ CZZ hath(ezlh)"' E(EZOh)+ Oy ai E(E12h) ~dndh E(eohelh)

- 2 aa, E (eOh elh)

The MSE of the proposed estimator (?;;‘R) is

n

MSE(Y_pS

h=1

A“R)_(l jZW th+0£ athth+a athS

ah h Xh
_ahR Syxh (19)

-2 a a.R.S,.

We obtain the optimum value (@) to minimize MSE( pSR) by differentiating MSE(?;;R) with respect to @ and equating the

derivative to zero we have:
2
2 Sy~ an Rh S
ot ~ 2
2 ah Rh th

By substituting the value of aopt into (19) we get the minimum value of MSE(?;;R) as
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2
Syxh

2
th

MSE.(V . J-(3-+ ] 2W.S5 2w, -

ps

2.2 Efficiency comparison
Theoretical comparison of the proposed estimators has been made with the competing estimators of the population meanY.

Therefore, comparison of (1), (6), (8) and (11) shows that the recommended estimators 17,;‘;"* under ratio type exponential
estimators would be more efficient than

- ﬁ>-§vvh8§h

o 11 ﬂ>hi_lWhah Rh (23 yxh_sihj
e it > ZWh Rh(swh ‘% R: Si“j
Tt > gwhah Rh(Syxh‘% RhSi“j

2
L ESym
Where [ = Z >
h-1 th

1. Empirical study
To study the merits of the proposed estimators we are going to consider two natural population data sets. The descriptions of the

populations are given below:

Table 1: Population |

Constants Stratum | | Stratum Il
4 4
np
10 10
Np
o 149.7 91
Xn
Yh 142.8 102.6
g2 181.17 43.16
xh
37.08 158.76
SZ
yh
Pyxh 0.22 0.28
2 18.44 23.3
Syxh

Source: Johnston et al. (1972), p.171
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Table 2: Population 11

Constants Stratum | Stratum 11
2 2
np
5 5
Ny
Xh 37.60 46.40
7h 45.60 58.40
S fh 5.04 10.24
2 21.0 15.84
Son
Pyxh 0.39 0.27
2 4.04 3.44
Syxh

Source: Johnston et al. (1972)

Population |
Table 3: MSE and PRE of proposed and some conventional related estimators over sample mean
Table 3
Estimators MSE PRE

Yps 2.2128 100

s 2.10365 105.19
vyRe 2.01365 109.89

?Re
ps 2.0012 110.59

?**R
ps 1.9492 113.53

Population 11

Table 4: MSE and PRE of proposed and some conventional related estimators over sample mean
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Yoie 6.2074 94.65
?Re
ps 5.7304 102.53
Q>s<>s<R
ps 5.4415 107.97
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CONCLUSION

In table 4.3 and 4.4 above the proposed and conventional
estimators considered over the population mean are
presented. The MSE and Percentage Relative Efficiency
(PRE) are also presented in the table. For modified separation
ratio type exponential estimator using population | and
population 11 the PRE values 113.53and107.97 respectively for
the proposed estimator as compared to the other conventional
estimators shows, that the suggested estimator ?;;‘R
perform better than the existing estimators with minimum
MSE of 1.949158) and 5.441537 respectively for datasets |
and I1. Thus the proposed estimator is recommended for use in
practice if the conditions obtained in section (2.2) are satisfied
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