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Abstract: Modified generalized chain ratio in regression type estmiair population mean using two phase sampling in the piEsen
of non-response has been proposed and their propertiebbhanestudied. Relative efficiency of the proposed estiniatobtained in
the case of fixed first phase sample, second phase sampletasdraple fraction. A comparison of the proposed estimatsibegn
carried out with the relevant estimators. The performant#se proposed estimator in comparison to the relevannestirs have been
made with the help of an empirical study.
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1 Introduction

The information on the auxiliary character provides a venpartant contribution in the field of sample surveys. In the
case when the population mean of the auxiliary charageknown, Cocharng], Rao [3,4,5] and Khare and Srivastava
[6,7] have proposed ratio, product and regression type estmatdhe presence of non-response. In the case when the
population mean of an auxiliary character is not known, the phase sampling ratio, product and regression type
estimators have suggested by Khare and Srivast®® [Khare et al. 10,Khare and Kumar 11] and Khare and
Srivastava2).

In such case, Chand 3] proposed chain ratio type estimator for the populationm#ahe study character. Kiregyra
[14,15] proposed chain ratio to regression, ratio in regressi@hragression in regression estimators for the population
mean of the study character. Further, some class of estim&io population mean of the study character have been
proposed by Srivastava et alg, Sahoo et al.17], Singh et al. 18 and Dash & Mishral9].

In the case when the population mean of the main auxiliaryagtter is not known but the population mean of an
additional auxiliary character is known, which is cheageant the main auxiliary character but less correlated to the
study character than the main auxiliary character,Khark kimmar R0} and Khare et alZ1] have proposed chain
regression type estimators and generalized chain estisfatothe population mean in the presence of non-response.

In the present paper, we have proposed modified generalizal i@tio in regression type estimator for the population
mean using two phase sampling in the presence of non-respieshave obtained the expressions for mean square error
of the proposed estimator for the fixed first phase sampleonsephase sample and the optimum value of constants. A
comparative study of the variance of the proposed estinmtoade with the relevant estimators. An empirical study has
been given to show the performance of the proposed estirfaatfixed sample sizes.
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2 The Estimators

LetY, X andZ denote the population mean of study charagtesuxiliary charactex and additional auxiliary character
havingjth valueYj, Xj andZ;; j = 1,2,...,N. Population of sizé\ is supposed to be divided Ky responding units anil,
non respondents units. According to Hansen and Hurdjtzal sample of size n is drawn from the population of size N
by using simple random sampling without replacement (SR®M@ethod of sampling and it has been observedrihat
units respond and, units do not respond. Again by making extra effort, a subgaraf sizer (= nk~?1) is drawn from

ny non-responding units by using SRSWOR method of samplingcalielct information orr units for study charactst.
Hence the estimator fof based om; + r observations oy is given by Hansen and Hurwiti[as follow:

N — No &
V=it Yo 1)

wherey; andy1 are the sample means of study charagtbased om; andr units respectively. Using the values xf
corresponding to the incomplete informationygrthe estimator for population meanof auxiliary charactex is defined
as follow:

n
X = —X1 + —X 2
n At )

Using the values daf corresponding to the incomplete informationygthe estimator for population medrof additional
auxiliary character is defined as follow:

Ny

Z = F21+ —2 3)
Variance of the estimatosg, x* andz* are given by

f Wo(k—1

V(') = 5334' %Sﬁ(z) (4)
o f o Wek—1

V(X ):ﬁsf+ %Sf(z) ()
f o Wa(k—1)

= n5§+ . 53(2) (6)

wheref =1—- g, W = Sy S2) ) and (S, S,2)) are population mean squaresyof x andz for entire

population and non- respondlng part of populatlon
In the case when population meldris not known, a first phase sample of sizg< N) is taken from the populatlon of size

N by using SRSWOR scheme of sampling and the population idarestimated by first phase sample meahased

onn units. In this case, the conventional / alternative geimgdltwo phase sampling estimatofs,(T2) for population
meanY in the presence of non-response have been proposed by Kith8rigastaval?], which are given as follows:

)z* a
T=y (?) W)
s\ B
X
-7 (%) ®
. n/ _ n
wherex = % 3 x,X= 1 3 xj and(a,B) are constants.
%1 i1

In the situation when population meat of the auxiliary charactex is unknown, butZ , the population mean of
additional auxiliary character (closely related to< ) is known, which may be cheaper and less correlated to thiy stu
charactel in comparison to main auxiliary charactera first phase sample of sire< N is taken from the population
of sizeN by using SRSWOR scheme of sampling and the information oiﬂiaqxcharacterx and additional auxiliary
charactez based om' units is collected. Using the sample meanandz based om units and the known additional
populatlon mearZ , the population meaX is estimated b))(r =XZIZ. The es'umatob(r is more precise than sample
meanx_if Pxz > C,/2C,, whereC;,Cyx and py; are the coefficients of variation afandx and the correlation coefficient
betweerx andz. B

In this situation, the conventional{) and alternative Ty) generalized chain estimators f¥rusing information on
auxiliary charactex and the additional auxiliary characteiin the presence of non-response have been proposed by
Khare et al. L2], which are given as follows:
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w5 5)" ()
B B2
T=§ <?) <Z> (10)

whereas, az, 81 and, are constants.

In the case, when both population meXrandZ are unknown, complete information on the auxiliary varéatis collected

for all the units in the first-phase sample. The collectednmiation becomes available for sub sampling phases. We
proposed modified generalized chain ratio in regressioa ggtimator for population mean using two phase sampling in
the presence of non-response, which is given as follow:

T5:>7*+bw{>?<;>pl<§)p2—>?} (11)

wherep; and p, are constants artgy is regression coefficient.

3 Mean Square Error of the Proposed Estimator

In order to derive the expressions for mean square erroecgéstimators- B
Let ¥ = Y(1+&) X = X(1+&) X =X(1+&) 7 =Z(1+&) Z = Z(1+&) andZ= Z(1+&) , such
thatt () =0andg <1,1=0, 1, 2, 3, 4,5. Now, using SRSWOR scheme of sampling,we have

E (&) = %C% WZ(IE_ 1)Cy2<2>’ E(a®) = —Cx +—— (k ) Cly: E(&%)= ,:_Cf
B (&) = C7 * (k Ml Dez,, e - ;_sz E (&%) = %Qz
E(g081) = ny+ (k 1)ny(2)’ E (e0&2) = %ny, E (g8&3) = %Cyz-'- V\#Cﬂ(z),

f’ f f’ f
E(eogs) = -Cp  E(&08s)=1Cp  E(a&)= WC’%’ E(e183) = ~Ce +

f’ f f’ f
E(&184) = chz, E(&185) = ECXZ, E(g8) = FCXZ’ E(&&) = WCxz7

f f f f
E (8285) = ECXZ, E (8384) = WCZZ, E (8385) = ECZZ, E (8485) = FCZZ

The contribution of the terms involving the powersen, &1 ,& ,&3 ,&4 andgs of order higher than two in mean square
error are assumed to be negligible. Hence, the expressiongan square error of the estimalgmupto the terms of order
(1/n) is given by
MSE(Ts) = V (V') +AbX [bXCZ + p3bXC2 — 2Yny 2p1YCyz+ 2p1bXCy + 2p1p2YCyZ 2p2bXCy

+p2bXCZ — 2p1p2bXCZ] + 6bX [bXCZZ(Z + pleC 2Yny 2p1YCyz<2) + 2p1bXCXZ<2)

+2P1P2YCyyz) — 2P2bXCrgp) + PROXCZ ) 2p1p2bxcz(2)] (12)
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wherep; andp, are optimum values and b is regression coefficient.

A (YCy— bXCyg — p2bXC2+ poYCyz) + 0 (YCypz) — bXCppp))

P1(opt) = = 5 (13)
- bX (rcz+6c2,)
bXCx — YCyz + MbXC?2
_ Y
where, )\:<}_1,)7 9:M7 b:M (15)
B B n N B n XCX(2)
M — A (YCyZ —bXCy) + e(YCyz(Z) — bXCXZ(2>) 0- /\CZ2 (16)
bX(ACZ+ GCZZ(Z)) ’ (ACZ+ GCZZ(Z))
Mean square error of the estimatdisT,, Tz andT4 upto the terms of order (h ) is given by
MSE(T) =V (V') — Y2 [ApACi + 695 2| (17)
MSE(T2) =V (V') = Y* [ApCY] (18)
MSE(Ts) =V (7) Y2 [AB5C) + 0002 Clz) + 105G | 19)
MSE (Ta) =V(V') = Y? [Ap5Cy + NpiCy] (20)
where,

Cx=mmGCe G =PGS0  Ge=mLC i
G=S/, G=S/X, C=%/Z, Cp=@r/Y, Cp=S@/%
N —

N
Co)=S2/Z, §= (Nil) J;(YJ —Y)?, _ (Nil) J:1(XJ —X)?,
1 X 2 1 2 ~2
S = (N—1) le(zl -2y, S = 1) le(Yj —Y2)",
1 N — 1 Ny _, f,
S£<2) - (N2 — 1) le(xl =X2)%, %2) = (Na— 1) J:l(ZJ —2)°, n= o

(Pyx; Pyx(2)) are the correlation coefficients between (y,x) for wholeylapion and non-responding part of the population,
(Pyz: Pyz(2)) is the correlation coefficient between (y,z) for whole paigin and(Y, Xz) are the means of the study
character y and auxiliary character x and auxiliary chararfor the non-responding part of the population.
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4 Comparison of the Proposed EstimatofTs with Respect to the Relevant Estimators

and

where,
A1 =DbX(AC +6CE,),

Ag
B1
B2
Bs

Ay =Ag+ ebic§(2>,
=Az+A b)ZCfQ),
= Ag+ bXCZy) (A +6) + NPy,
= Ag+AbXCE ) +NPGCE,

_ A(YCyz—bXCy) + 6(YCyy(2) — bXCy2)
bX(ACZ+ 6C

~ bXCyz —YCyz + MbXC?2

As

Ag
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M
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Ag = A(—2YCyz + 20XCxz — 2POXCS) + 6(—2YCypy() + 20XCyy2) ).
= A (bXCF — 2YCyx+ 2PbY Cyz + 2PHXCip — BXPCZ) + B(bXCF ) — 2YCix2));

= AbXCZ(1-Q)*+6Q°bXCZ ),
= A(20QMXCZ — 2QYCy; + 2QPbXCxz — 2bXCip — 20XMCZ) + QB(MDXCZ ) — 2YCyyz) + 20XCr2)),

= A (bXCf — 2YCyx — 2MYCy + 2MbXCyp + BMZXCE) + B (DXCE 5 — 2YCyy3) — 2YMCyy(z) + 2MbXCryp) + BMPXCE 5 ),
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5 An empirical study

To study the performance of the proposed estimator, we ussrguirical studie given by Khare and Sinh22]. The
description of the population is given below: The data ongitsl growth of upper socio-economic group of 95 school
children of Varanasi under an ICMR study, Department of &edss, B.H.U., during 1983-84 has been taken under
study. The first 25% (i. e. 24 children) units have been carsidlas non-responding units. Here we have taken the study
character (y) , auxiliary character (x) and the additionadikary character (z) are taken as follows:

y: weight (in kg.) of the children.

x: skull circumference (in cm) of the children.

z: chest circumference (in cm) of the children.

The values of the parameters of the characters for the gizenade given as follows:

Y =194968 X =511726 Z=558611 C,=0.15613

C=0.03006 C,=0.05711 Cy =0.12075 Cy,) =0.032479
Cy =0.05403 py=0328 p,=0868 p=0.305

WX(Z) = 04777 pyZ(Z) = 07297 pXZ(Z) = 05077 W, = 025,
N=95  n=35

Table 1, Relative efficiency (in %) of the estimators with repect to y* for the fixed values ofn’, n and different
values ofk(N=95n'=70 andn=35).

1/k
Estimators 1/4 1/3 1/2
y* | 100(0.28597%* | 100(0.24638) 100(0.20679)
Ty 116(0.24569) 115(0.21490) 112(0.18403)
T 105(0.27172) 106(0.23213)| 107(0.19255)
T3 130(0.21847) 131(0.18789) 132(0.15730)
Ty 117(0.24546) 120(0.20588) 124(0.16629)
Ts 185(0.15489) 186(0.13268) 188(0.10980)

*Figures in parenthesis given the MSE(.).

6 Conclusion

From Table 1, we observed that the proposed estinTgtisrmore efficient thay*, Ty, T,, T3 and T, for the different values
of k. The MSE of all estimators decrease the value of k decre&serelative efficency of, Tz, T4 andTs with respect to

y* increase ak decrease but relative efficency Bf with respect to/* decrease asdecrease. This is due to the fact that
with the decrease in the valuekfthe varience of* decrease with the faster rate in comparisomtdinally we observe
that the proposed estimator is more effective than the eaelszstimators for the different valueslofHence we prefer the
use ofTs in practice.

References

[1] Hansen, M. H. and Hurwitz, W. N.(1946). The problem of response in sample surveys. J. Amer. Statist. Assoc., 141539.

[2] Cohran, W. G. (1977). Sampling Techniques, 3rd edn. YWhkew York.

[3] Rao, P. S. R. S. (1986). Ratio estimation with subsangpiie nonrespondents. Survey Methodology 12(2): 217-230.

[4] Rao, P. S. R. S. (1987). Ratio and regression Estimatéis suibsampling the non-respondents, Paper presented a&cilsp
contributed session of the International Statistical Ag&stton Meeting, September, 2-16, Tokyo, Japan.

[5] Rao, P. S. R. S. (1990). Regression estimators with suipkiag of nonrespondents. In Data quality control theorgt Bmagmatics
(eds.) Gumer E. Liepins and V. R. R. Uppuluri, Marcel Dekikézw York, 191-208.

[6] Khare, B. B. and Srivastava, S. (1996). Transformed pcbdype estimators for population mean in presence of etc
observations. Proc. Math. Soc. B. H.U., 12, 29-34.

(@© 2015 NSP
Natural Sciences Publishing Cor.



J. Stat. Appl. Pro4, No. 2, 289-295 (2015)www.naturalspublishing.com/Journals.asp %N =) 295

[7] Khare, B. B. and Srivastava, S. (1997). Transformeargpe estimators for population mean in presence. ComntatisS Theory
Meth., 26(7), 1779-1791.

[8] Khare, B. B. and Srivastava, S.(1993). Estimation ofydafion mean using auxiliary character in presence of m@mpaonse. Nat.
Acad. Sci. Letters, India, 16(3), 111-114.

[9] Khare, B. B. and Srivastava, S.(1995). Study of conwerel and alternative two phase sampling ratio, product agdession
estimators in presence of non-response. Proc. Nat. Acadlr@ta, Sect. A 65(a) Il, 195-203.

[10] Khare, B.B., Kumar, A., Sinha, R.R. and Pandey, S.KO@0Two phase sampling estimators for population meargusixiliary
character in presence of non-response in sample survaysod&ci. Res., 52,271-281.

[11] Khare, B.B. and Kumar, S.(2009). Transformed two phsesapling ratio and product type estimators for populati@amin the
presence of non response. Aligarh J. Stats., 29, 91-106.

[12] Khare, B. B. and Srivastava, S.(2010). Generalized vase sampling estimators for the population mean in theepoe of
nonresponse. Aligarh J. Stats., 30, 39-54.

[13] Chand, L. (1975). Some ratio-type estimators basedaandr more auxiliary variables. Ph.D. Thesis submitted tedState
University, Ames, IOWA.

[14] Kiregyera, B. (1980). A chain ratio type estimator inténpopulation double sampling using two auxiliary vareblMetrika, 27,
217-223.

[15] Kiregyera, B. (1984). Regression - type estimators)gigwo auxiliary variables and model of double sampling fréinite
populations. Metrika, 31, 215-226.

[16] Srivastava, S. Rani, Khare, B.B. and Srivastava, SIB9(@). A generalized chain ratio estimator for mean of fipidpulation.
Jour. Ind. Soc. Agri. Statist., 42(1), 108-117.

[17] Sahoo, J., Sahoo, L.N. and Mohanty, S. (1993). A regpasapproach to estimation in two-phase sampling using twdliary
variables. Curr. Sci.,65(1), 73-75.

[18] Singh, A.K., Singh, H.P. and Upadhyaya, L.N. (2001). éngralized chain estimator for finite population mean in phase
sampling. Jour. Ind. Soc. Ag. Statist., 54(3), 370-375.

[19] Das, P.R. and Mishra, G. (2011): An improved class afestors in two phase sampling using two auxiliary variab@smmun.
Stats.-Theo. Meth., 40(24), 4347-4352.

[20] Khare, B. B. and Kumar, S. (2010). Chain regression ggténators using additional auxiliary variable in two phaampling in
the presence of non-response. Nat. Acad. Sci. Lett. India13312): 369-375.

[21] Khare, B.B., Srivastava, U. and Kumar, Kamlesh (20Ggneralized chain estimators for the population mean iptasence of
non response, Proc. Nat. Acad. Sci., India, 81A(lll), 238-2

[22] Khare, B.B. and Sinha, R.R. (2007). Estimation of thioraf the two population means using multi-auxiliary cheeas in the
presence of non-response. In Statistical Technique in Téfgting, Reliability, Sampling Theory and Quality ContrBdited by
B.N. Pandey, Narosa publishing house, New Delhi, 163-171.

(@© 2015 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

	Introduction
	The Estimators
	Mean Square Error of the Proposed Estimator
	Comparison of the Proposed Estimator T5 with Respect to the Relevant Estimators
	An empirical study
	Conclusion

