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ABSTRAQCT ) In the present paper, an improved class of ratio and product- type estimators under stratified random sampling has been

proposed for estimating the population mean of characteristic under study. The proposed estimator includes number of

estimators that utilizes the known value of population parameters as coefficient of variation, correlation coefficient etc. of auxiliary variable. The

bias and mean square error of proposed estimator have been derived up to first order approximation. The optimum mean square error of proposed

estimator has also been obtained which is equal to the mean square error of classical separate linear regression that is considered to be least in
literature. Numerical illustration has been carried out.
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1. Introduction

Several sampling strategies heavily depend on the use of auxiliary information. Cochran (1942) suggested method of utilizing the auxiliary
information for the estimation of population mean in order to increase the precision of the estimate. Contrary to the situation of ratio estimator,
the product estimator was proposed by Murthy (1964). Later on, in literature, many authors suggested modified ratio-type estimators which are
generally developed either by using one or more unknown constants or by introducing a convex linear combination of sample and population
means of auxiliary variable with unknown weights. In both the cases, optimum choices of unknown parameters are made by minimizing the mean
square error of modified estimators so that they become superior to the conventional one. Walsh (1970), Ray et al (1979), Srivenkataramana and
Tracy (1979), Vos (1980), Srivenkataramana, (1980), Singh et-al (2015) and Singh (2015) considered a ratio —type estimators
with the use of weighted mean of X and ¥ in place of X in classical ratio and product estimators. Singh and Singh (2007), Singh and Agnihortie
(2008) did some other remarkable works in this direction.

The works of above mentioned authors assume homogeneity of population units based on simple random sampling. If population units are
heterogeneous in nature stratified random sampling scheme is available in literature. Kadilar and Cingi (2003) modified the estimator suggested by
Sisodiya and Dwivedi (1981), Singh and Kakran (1993) and Upadhyaya and Singh (1999) into stratified sampling. Again Kadilar and Cingi (2005)
suggested a new ratio-type estimator in stratified sampling and found it more efficient than the combined ratio estimator in all conditions.

2. Existing Estimators
2.1 Separate ratio estimator and product estimators are defined as

Vsr = Zho1 Wi 2" Xp 0]
h
}_Isp = Zh:l Wh % 2)

The MSE of ¥, and ¥, up to first order of approximation are given by

MSE(sr) = They WEYE 04[C2, + CZ, — puCanCyn] ©)

MSE(Ysp) = Eiies WhYi 8[CEh + Coh + pnCxnCyn] @)
2.2 The combined ratio and product estimator are defined as:

Vor = 52X ®)
ycp — J/Sr;st (6)
The MSE of y, and ¥, up to first order of approximation are given by

MSE(Yer) = Ziieq Wh 04 [S3, + RZSgh — R Sxynl @)
MSE(Tep) = Ehict Wh On[S%h + R?S5h + R Sxyn] ®)

Kadilar and Cingi (2003) Estimator
2.3 Cem Kadilar and Hulya Cingi (2003) suggested ratio estimator under stratified random sampling which is as follows:

Sisodia and Dwivedi (1981) proposed a ratio estimator under simple random sampling using coefficient of variation. Later on Kadilar and Cingi
(2003) modified it under stratified random sampling as

I INDIAN JOURNAL OF APPLIED RESEARCH | 13




Volume-8 | Issue-8 | August-2018 | PRINT ISSN No 2249-555X

_ o Yo WhRn+Cxn)
Ystsp = Yst Eh:lwh(ih’rcxh) (9)

The MSE is obtained as;
_ S WY hoown ¥\
MSEG o) “Zheswith | S~ 2 (2R S + (i) s (19

2.3.2 Singh and Kakran (1993) developed a ratio estimator by using coefficient of kurtosis of auxiliary variable X. Later on Kadilar and Cingi
(2003) modified it under stratified sampling as

_ — ZEo i Wn(Knt+Ban ()
o Zhet WaGatBan ) 11
Ystsk = Vst $L- Wy G Ban 0D (b

Now the MSE is obtained as

- < 2
— YS YS
MSE () =Zher wE0W [ S5~ 2 (i) oo + (o) 5] 02

Sk wh(Xn+B2n (X)) Sk wh(Xn+B2n (X))

2.3.3 Upadhyaya and Singh (1999) suggested two ratio estimator using coefficient of variation and Kurtosis. Kadilar and Cingi (2003) modified
both the estimator under stratified random Sampling as

Zhio1 Wh (RnBzn (0+Cxn) 13)

Ystus1 = st SL- Wy Gnbon GO +Cxn)

S —  Zhe1Wn(Xh Cxn+Bzn ()
= Vst S Wi (Rn Cxnt Ban () 14
Yatusz Yat z:Ili=1Wh(ih Cxn+Bzh (X)) ( )

The MSE’s are given as

= - 2
_ s s
MSE@sws1)=Zher WE0n [ 530~ 2 (e S + (i res) S| (1s)

Th=1 WhXn B2h ()+Cxn)) Thi=1 Wh(Xn Bz (X)+Cxn)

= . 2
_ Ys Ys
SEGuws) Zhea i [ S~ 2 (s ) S+ (o) 9] (1)

Zhi=1 Wh (X Cxn+B2h () Th=1 Wh(Xn Cxn+Ban ()
Kadilar and Cingi (2005) Estimator
2.4 CemKadilar and Hulya Cingi (2005) suggested improved combined ratio estimator which is given as

Fstp = K Frc =k'2X (17

Xst
where Kk* is a constant
The MSE of yp is:
MSE (Fsp) =k Thoy WE0,(S5h — RSyxn + R2SZE) + (k" — 1?2 Y2 (18)

2.5H.P. Singh and N. Agnihotrie (2008) proposed ratio-product estimators under simple random sampling to estimate the population mean as:

T=73 [(x (@X+b) A -a) (aX+b)] (19)

(ax+b) aX+b
Where 0 < a < 1 is an unknown weight.
a(# 0) and b are known auxiliary information.
The MSE of estimator T up to first order of approximation is given by:

MSE(T) = Y2 6[CZ + P?(1 - 2a)*C? + 2P(1 — 2a)pC,C, ] (20)

ax
Where P = = (21)

Estimator T exhibit a number of estimators as its particular cases for different value of and . All these estimators are useful to estimate the
population mean under simple random sampling. We know that separate ratio estimator is better than the combined ratio estimator unless  is same
from stratum to stratum which is not often possible. In present paper, Singh and Agnihotrie (2008) estimator has been modified for stratified

sampling scheme.

3.The proposed Estimator

The proposed estimator is given by

b Shorwy [ () 1 1 — g (222200 @)

apXp+ by apXp+ by
Where 0 < a < 1is known weight within strata,
ap # 0and by, are known auxiliary information within strata like kurtosis, skewness, etc.,

X,, is Population mean of auxiliary variable of h" strataum and assumed to be known,
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3.1Bias and Mean square error of proposed Estimator ¢,
To obtain the bias and mean square error of the estimator t up to first order of approximation, let us define

Let 7= Y, (1 + eqp), Xn=Xn (1 + eqp),

E(eon) = E(eqn) = 0,E(edy) = ehcfzh. E(e}) =0,C%, E(ege;) = OnpnCynCyn where 6=
1 1 _ Sxyy
(E - N_h) and ph_sxhsyh

The bias and Mean square error of proposed Estimator have been derived up to first order of approximation and is given as

Bias(tpt) = Sy w, Y0 [aB2C2, + (1 — 20) Py Cyn Cyn] (23)
_yL 272 2 201 _ 9022 _

and, MSE(tp) = Y5-, Wi Yf Gh[Cyh + P2 (1 - 200)%Cg, + 2P, (1 Zoc)phcxhcyh] (24)

Where P, = ah;;‘h’_‘:bh 25)

3.20ptimum Mean square Error of the proposed estimator ¢,
The optimum MSE of the proposed estimator can be obtained by getting the first order partial derivatives of MSE (tp) with respect to o gives,

o= 1 PnCyn
2 2PhCxn _
Thus, MSE(tp)min = Xki=1 Wh Y2 s (1 = PR)CJn (26)

That is the MSE of linear regression estimator under stratified random sampling.

3.3 Biasand Mean Square Error oparticular cases of tp
Ratio Type Estimators
3.3.1 Bias and mean square error of separate ratio type estimators which are particular cases of 7, giveninTable 1, are :

Bias(t,) = Yk_; Wy Y0n[CZ, — pnCanCyn] i=1 27
MSE(t;) = Zhoy Wi Y20n[C2, + C2, — 2pnCinCyp ] i=1 (28)
Bias(t;) = Yk_, wy, Y05 [P(i%f c% - P¥ prCxnCyn [1=3,5,...13 (29)
MSE(t) = Yk_, w2 Y26, [c;h + P@Z c% - ZP@ PnCenCyn [ 1=3.5,...13 (30)

Product Type Estimators
3.3.2 Bias and mean square Error of separate product type estimators which are particular cases of #, givenin TableI1, are:

Bias(t,) = Yh—; Wh Yn6npnCxnCyn j=2 (31)
MSE(t;) = ¥i=y Wi Y28 [CJn + Con + 20nCnCyn]  J=2 (32)
Bias(t;) = Zh; wh Yn0h [ P%_lz C2, + 13%_1phc,(hcyh J=4,6, .., 14 (33)
MSE(t;) = Xk_, wi Y260, [c;h +P; 2CH+2P  pnCunCyn| J=46, ., 14 (34
2 2
Where,
P, = Xn . P, = Xn . _ _CaXn _ PxyhXh _ _SwXn P, — SxnXn
h ™ RptCen 2R Kp+Pxyh 3h CxhXn+Pxyh 4h PxyhXn+Cxh 5P S Rn+Cxn ’ eh SxhXn+Pxyh
S/No. ESTIMATORS o ap by
SEPARATE RATIO -TYPE ESTIMATORS
1 L Fn 1 1 0
t =V = zwh)—(_xh
b= h
2 ) Z %+ Gy 1 1 Cxn
3= Wh¥hT T~
hL=1 Xh =+ CXh
3 ¢ Z _ Xu+ Pxyh 1 1 Pxyh
5 = Wh¥ho—F
= Xp + Pxyh
L —
4 ¢ Z _ CunXn + pxyn 1 Cxn Pxyh
= Wh h~ = ., _
7 e CxnZn + Pxyh
L
> ¢ PxyhXn + Cxn 1 Pxyh Cxn
= w
° Ve PxyhXn + Cxn
L
6 ¢ z SxnXn + Cyn ! Sxh Cxn
11 = £ Wh¥h Sen%n + Con
7 t i — thih + pxyh 1 SXh pxyh
= Whyhe = 1 -
13 o1 thxh + pxyh
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SEPARATE PRODUST-TYPE ESTIMATORS
1 L 2 0 1 0
— h
t; (YSp) = Z Wh¥h K_
h=1
L
2 . Z %+ Cyp 0 1 Cyn
4 = WhYh
Xp + Cxn
h=1
3 L 0 1 Pxyh
t. = — Xn + pxyh Xy
6 i hYh Xn + Pxyh
L
4 t = Z Wi T th)_(h + pxyh 0 CXh prh
8 h=1 hYh thxh + pxyh
L
5 o = Z WhY pxyh)_(h + th 0 pxyh CXh
- hWh_ v |, ~
10 =1 pxyhXh + th
L
6 6 = Z - Sxn¥n + Cin 0 Ssh Cxn
12 £ h¥h thxh +Cy
L
7 t, = Z w }_, thih + pxyh 0 SXh prh
- hWhs v , -
14 =1 thxh + pxyh

4. NUMERICAL ILLUSTRATION
In this section, Theoretical findings have been supported by numerical illustration. For this purpose the data of Kadilar and Cingi (2003) have been
used. Apple production amount as a variable of interest and number of apple trees as auxiliary variable in 854 villages of Turkey in 1999. Samples
from each stratum have been randomly selected by using the Neyman allocation

no=n NSy
=N ——
Yh=1 NSn
Table 2 Data Statistics
N=854 N,=106 N,= 106 N;=94 N,=171 N; = 204 Ng =173
N=140 n,;=9 n,=17 n;=38 n,=67 ns=7 ng=2
X=37600 X,=24375 X,=27421 X3=72409 X,=74365 X =26441 X=9844
¥=2930 Y,=1536 Y,=2212 Y,=9384 Y,=5588 Y;=967 Y,=404
Sx=144794 Sx1=49189 Sxp,=57461 Sx3=160757 Sx4=285603 Sxs= 45403 Sxs=18794
Sy=17106 Sy, =6425 Sy,=11552 Sy5=29907 Sy4=28643 Sys=2390 Sys=946
Cx=3.8509 Cx,=2.0810 Cx,=2.0955 Cx3=2.2201 Cx4=3.8405 Cxs=1.7171 Cx6=1.9091
Cy=5.8382 Cy;=4.1829 Cy,=5.2224 Cy3=3.1870 Cy,=5.1258 Cys=2.4716 Cys=2.3416
N p,=0.82 p,=0.86 p3=0.90 p4=0.99 ps=0.71 Ps=0.89
On 6,=0.102 6,=0.049 0,=0.016 6,=0.009 05=0.138 0,=0.006
W2 W2=0.015 W2=0.015 W2=0.012 WZ=0.04 W2 = 0.057 W2 =0.041
Table 3: MSE of particular cases of tp and Vsisp, Ystsk» Ystust» Vstuszs Vstp
Estimators t1(Vsr) t3 ts t, ty ti, ti3
MSE 164244.6 164256.8 164248.7 164246 164257.9 164244.6 164244.6
Estimators ty Fsp) ty te tg tio ti2 tia
MSE 1860501 1860419 1860473 1860490 1860411 1860501 1860501
Estimators Yer Vstsp Vstsk Ystus1 Vstusz Vstp
MSE 215710.4 215717.6 215841.6 665347.7 4295272 210423.6

From table 3, it is seen that all the ratio and product-type estimators that are particular cases of proposed estimator

efficient.including separate ratio and product estimator.

are almost equally

Again table 3 revealed that all particular cases of proposed estimator whether ratio or product-type are much more efficient than the estimators
suggested by Kadilar and Cingi (2003) Vssp, Vstsk» Vstusi»> and Vswuso Kadilar and Cingi (2005) y¢p including combined ratio estimator y,,.. Hence,
we may conclude that to get the precise estimate of population mean of variable of interest under stratified random sampling, it is advisable to use
proposed ratio and product-type estimators including separate ratio and product estimators.

5 CONCLUSION
In the present study, proposed estimators performed better than the classical combined ratio estimator and the estimators proposed by Kadilar and
Cingi (2003) as well as Kadilar and Cingi (2005). Also all particular cases of proposed estimator including separate ratio and product estimator are

equally efficient.
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