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Abstract: This manuscript deals with the estimation of population méa stratified random sampling where the units are
non-homogeneous for the characteristics under study ysduct cum dual to product estimator utilizing the negagivcorrelated
auxiliary variable. The expressions for the bias and meaarsgerror (MSE) of proposed estimator have been obtained the first
degree of approximation. The optimum value of the constaimvolved in the estimator that minimizes the mean squarer efrthe
proposed estimator has been obtained. The minimum valdeohean square error of proposed estimator for this optimaloevof

a has also been obtained. An efficiency comparison has also leele of the proposed estimator with other existing meation
estimators of population mean under stratified random sampFinally an empirical study is also carried out to juddne t
performance of the proposed estimator along with the exjststimators under stratified random sampling.
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1 Introduction

Stratification is a technique of dividing the whole popuwatinto different relatively homogeneous groups known as
strata. The technique of stratification is applied when thputation units for the characteristics under study are-non
homogeneous. It is well established that the use of the ptipalinformation of auxiliary variabléz) improves the
precision of the estimate(s) of the parameter(s) undeydtrdthe main characteristigy) and it is in use since the use
of the sampling itself. The auxiliary information is usedbath the stages of designing and estimation. In the present
investigation, it has been used at estimation stage forgtimation of population mean in stratified random sampling.
The auxiliary variable is highly correlated (positively megatively) with the main variable under study and the pecodu
method of estimation giving product and dual to type estirgais used whey andz are highly negatively correlated

to each other. While on the other hand, ratio and dual to tggie estimators are used when main variable and auxiliary
variables are highly positively correlated to each othethle present study we have considered the negatively atecel
case only.

Laplace (1820) was the first to use the auxiliary informafimmthe estimation of the total number of inhabitants of
the study variable in France. Robson (1956) proposed tldéitmaal product estimator for the estimation of populatio
mean of the study variable utilizing highly negatively aated auxiliary variable. Simple random sampling techaiq
is the most appropriate technique of sampling when the @oipul units are homogeneous for the characteristic under
study. But when the units of the population are heteroges&muhe characteristic under study, then the simple random
sampling scheme is not appropriate. In this situation the@iate sampling technique is stratified random sampling
where the whole population is divided into different grokp®wn as strata or stratum in which the units are relatively
homogeneousto each other. From these stratums the reqairgde is drawn either by proportional or optimal allocatio
method.

Let the finite population = (uy, Uy, ..., uyn) consists oN distinct and identifiable units which are heterogeneouster
characteristic under study. Let the whole population igddig intoL stratums of sizebl, (h= 1,2, 3....,L), in which units
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are relatively homogeneous to each other. Let the studgahiay and the auxiliary variable under consideration takes
the valuesyy andz, (h=1,2,3....,L,i = 1,2,3...,Ny) respectively for thé!" unit of theh'" strata. Let the sub-samples
of sizesny(h=1,2,3....,L) are drawn from each stratum using proportional allocatiethmd, constituting the required

L
sample of sizev= 5 ny.

Following notations have been used throughout the mamidori stratified random sampling which have been used
by many authors in the literature,

_ Nh
Y = Nih _zlyhi : Theht" stratum mean for the study varialyle
i=

_ Nn
Zn = Nih S 7y : Theh™™ stratum mean for the study varialde

i=1
_ L Ny L _ L _
Y=2%735 SVi=# 3 NiYa= T WhYs: The population mean of study varialyle
h=1i=1 h=1 h=1
_ L Np L _ L _
Z=3%5 5 zi=4 Y MiZa= Y WhZ, : The population mean of study variatze
h=1i=1 h=1 <

_ Mh . .
Vh = n—lh S Yhi : The sample mean of the auxiliary varigtéor the ht" stratum,
=

Zh
W = T : Weight for theht" stratum.
The combined product estimator of population mean in $igdtrandom sampling is defined as,

oo =72 (%) &

Nh
n—lh _zlzhi : The sample mean of the auxiliary variattor theht" stratum,
1=

_ L _ _ L _
whereyy = h;whyh andzg = h;thh.

The Mean Square Error of the estima%t up to the first degree of approximation is,

N L
MSE(Yec) = 5 WEA [Sf + RPSh, + 2RSm) , )
h=1

M Ny Z 7 Zg
study,Sfh is the population variance of the auxiliary variable &g is the population covariance between study and
auxiliary variables in stratum.

whereAp = (i 1 ) R=Y— X% jsthe population ratiogfh is the population variance of the main varialglander

Kushwaha et.al (1990), using the estimat‘?jxc proposed the following dual to product estimator using
Srivenkataramana (1980) transformation as,

- /7
Vi =7 (3 ©)
wherezy = E WhZ, andZ] = ZeNh-zi

=t — Np—mp

The Mean Square Error C?EC , up to the first order of approximation is,

~ L
MSE(Yec) = 5 WiAn [Sh + RPGRSS, + 2R0nSyan] 4)
h=1

N,
wheregy = Nhfnh'

Singh et.al (2008) suggested the following exponentiatipod type estimators in stratified random sampling by
adapting the Bahl and Tuteja (1991) estimator of populatiean under simple random sampling as,

L _
P AR
Yge:yStEXF)(m):ﬁt@(p - | (5)
5 Wi+ )
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The Mean Square Error 6%‘9 , up to the first order of approximation is,

a L RZ
MSE(R) = 5 Wehn S+ S+ RS ©
h=1
Tailor et.al (2013) proposed the following dual to prodygtd estimator using Singh et.al (2008) estimators as,
L _
— > Wh(Zn—7%)
- _ Z- _ -

Yoe' = Yaexp (%) = Y €Xp hzl—__ . (7

2 Wh(Zn+7)

The Mean Square Err&ﬁeﬂ, up to the first order of approximation is,

- L 2
MSE() = 3 Wi |+ RS+ RSy @
h=1

2 Proposed Estimator

We propose the following product cum dual to product estimaf population mean in stratified random sampling by
combining the product and dual to product estimators as,

t = aygexp (Z}—_Z_) +(1—a)ysexp (Z__ %>

Zg + Z+7Z4
5 Wh(Zh — Zn) 5 Wh(Zn— %)
= ays&xp hfl—_ +(1—a)ysexp hfl—_ 9)
hzlv\/h(z‘wzh) hglvvn(zwi‘i)

wherea is some suitable constant to be determined such that the stgeame error of the proposed estimatas
minimum.
It is worth notable that foa = 0, the proposed estimator becomes the exponential duabttupt estimator inq) and for
o =1, it reduces to exponential product type estimatob)n (

To study the large sample properties of the proposed estithatet us define,
Yh = Yn(1+ eon) andz, = Z,(1+ eyp) such that
E (eon) = E(e1n), E(€5,) = AnC4,E(€]y,) = AnC5, andE (eonein) = AnpyznCynCan.
Expressing the proposed estimattam (9) in terms ofen(i = 0,1,2), we have

L o L _
S PALCEA S PALCES D
t=ay Wynexp | | +(1—a) 5 Wynexp | ~
h=1 > Wh(zn+2Zn) h=1 Y Wa(Zn+7)
h=1 h=1
L _ L _
L hleVhZhelh L thVthhZhelh
=a ) Wah(l+emexp | ——————— | +(1-a) ) Wa¥h(1+em)exp | ——— -
= 23 Whzn+ 3 WhZnern = 2 3 WhZn — Sii1 WhnZnern
— oY & et _ ) (;_ G\t
=aY(1l+ey)exp {( 2) (1+ 2) ] +(1-a)exp {( > ) (1 > ) (10)
E WhYheon E WhZnern E WhZngnern
Where,gp = = o—, &1 = =5 ande;g = =L ——— such that

L L L
E(es) = E(er) = E(eig) = 0 and E(€)) = g 5 Whnh, E(&D) = 2 5 Wiknh, E(ehy) = & 3 WEMGESh,
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L
E(eer) = v7 3 WiAnSan E(eoeng) = %%hg WEAnghSizn, E(ere1) = 3 2 WA,
On simplifying the expressions after expansion on rightthside of (L0), up to the first order of approximation, we

have 2
3
trera(2028 %) a0 <@+%+ﬂ)]

=Y 2" 2 8 2 "2 T8

3¢
eo+a<el+%—§>+al<@+%+ﬂ>] (11)

=Y =Y 2 2 8 2 2 8

wherea; =1—a.
Taking expectation on both sides dflj and putting the values of different expectations, we hhedias ot , up to
the first order of approximation as,

Bt)=Y

L
{ 11 z \Nh hSyeh — 822 z \th)\hsfh} +01{2Y > Z V\/hz)\hghSyzh—i— 822 Z V\/hz)\hg }‘| (12)

From (11), up to the first order of approximation, the MSEta$,

MSE(t) ~ E [V{eoJr a v al%}r

2
_ a? a? 1
=Y%E He%Jr Ze"{+ Zle§g+ el + 1&g+ Eaalelelg}
2 1
= [eeh) + el + Lelely) + aE@E(en) + (@Bl + JomE@EE)| (9
Which is minimum for,
o _ E(ely) — 2E(ever) + 2E (eerg) — E(ererg) _ A 14
E(e]) +E(€y) — 2E(ereq) B
Where,
A=E(€, - 2E(eoe1) -+ 2E(ege1g) — E(er€1g)
L L L
= 212 2 WZ)\hghszh— c= 2 Wz)\hSyzh—i— g% Z WZ)\hghSyzh— 1 Z th)\hghSEh,
L
= E(e}) +E(efy) — 2E(ereng) = 7 z WA+ 22 z WAGESS — 72 3 WG,
The minimum MSE of is, -
— 1 A2
MSEqin(t) = Y* | | E(&5) + 7E(€lg) + E(eoerg) — 72
A2
MSEin(t) z W2An [gh += Rzgh% + Rghs,zh} (15)
3 Efficiency Comparison
The proposed estimator if)(is better than the traditional combined product estimitdt) if,
MSE (Yoc) — MSEnin(t) > 0
L A2
OrZth)‘hK )Rzﬁﬂt 2—gn)RSzn | + —>o (16)
h=1
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From (15) and @), we have
MSE (Vo) — MSEin(t) > O, if

= 2 Sg% —2A2
> WeAn =PRSS + ghRSym | + Y2 — >0 (17)
=1 4 4B
From (15) and ©), we have
MSE (YS) — MSEmin(t) > 0, if
L ) ) RZ _2A2
Z\A/r]/\hli(l_gh)jgh+(l_gh)RSyZh:|+Y 4—B>0 (18)
h=1
From (15) and @), we have
MSE (Yis!) — MSEnin(t) > 0, if
_ A2
YZ% >0 (19)

4 Empirical Study

To examine the efficiency of the proposed estimator, we hamsidered the data set given in Table 1. The MSE and
percent relative efficiency (PRE) values of different estions are given in Table 2. It can be seen that the proposed
estimator is quite efficient than the other estimators fergiven population.

Population (Source: Japan Meteorological Society)
Y: Rainy days, Z: Total annual sunshine hours

Table 1: Statistics of Population
M | Nn Yh Zn Sh Sh Szh
Stratum| | 4 | 10 | 142.80| 1630 | 6.09 | 102.17 | -239.30
Stratum Il | 4 | 10 | 102.60 | 2036 | 12.61 | 103.26 | -655.30

Table 2: MSE and PRE Values of Product Estimators for Population
Yec Yic Y3, Y t
MSE | 6.4081| 5.9354 5.9945 6.5206 5.7923
PRE 100 107.9648| 106.9003| 102.5206| 110.6325

5 Conclusion

In this study, we have proposed the product cum dual to prtaghtanator of population mean under stratified random
sampling scheme utilizing negatively correlated auxjlieariable. The expressions for the bias and mean squareserro
have been obtained for the proposed estimator as well aseliff product and dual to product estimators of population
mean up to the first order of approximation. By MSE equatitims,MSE values and the percentage relative efficiency
(PRE) are obtained for different estimators. From the tacal findings given in Section-3 and from the numericalliss
given in Table 2, we conclude that the proposed estimatoragerefficient than the mentioned estimators in Section
1 under the stratified random sampling scheme as the promssiadator have lesser MSE value. Thus, the proposed
estimator should be preferred for the estimation of the faijmn mean under stratified random sampling.
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