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ABSTRACT

Using the known coefficient of variation of the dywcharacter, chain ratio type estimator for papah mean in
the presence of non-response have been proposetigingroperties have been studied. The conditiorder which the
proposed estimator is more efficient than the @abk\estimators have been obtained. The empiricaliet have been
given in the support of the problems in the caspasitive and negative correlation between theysant the auxiliary
characters which show the increase in the effigieafdhe proposed estimator using known coefficigfnvariation of the

study character with respect to the relevant estima
KEYWORDS: Ratio Estimator, Population Mean, Study Variableefilcient of VVariation, Non- Response
INTRODUCTION

The use of auxiliary information in sample survelysing the stage of planning, designing, seleatibanits and
devising the estimation procedure has been corid@rinly in the field of Agricultural, BiologicaMedical and Social
Sciences. The reviews of the research works retatéltese areas have been carried out by Tripa#ii £1994) and Khare
(2003).

Das and Tripathi (1980) have proposed improvedredtrs for population mean using known coefficieft
variation of auxiliary character. The use of caméfint of variation of the study character in prapgsthe estimator for
population mean of the study character has beer tp®Gearls (1964,1967) and Sen (1978). In the @gsen response
in the selected sample from the population, HarsehHurwitz (1946) have proposed the method ofsarbpling from
non respondents in the sample. Using Hansen anwitiu(1946) techniques, Khare and Srivastava (1¥8)3have
proposed two phase sampling estimators for populatiean in the presence of non response. Khar&anmr (2009)
have proposed the estimators utilizing the coeffitiof variation of the study character in thereation of population

mean using auxiliary character in the presenceonfresponse.

In the present paper, we have proposed chaintggt@mestimator for the population mean using knoaefficient
of variation of the study character in the presesfceon response. The properties of their prop@sgiiator have been

studied and comparative studies of the estimatave fbeen made with the relevant estimators. In oadixed sample

sizes N and n') and fixed costCSCo_ The empirical studies have been given in the supgfdhe proposed estimators

used in the case of positive correlation as welieggtive correlation between study and auxilidrgracters.

THE ESTIMATORS
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14 B.B. Khare & Habib Ur Rehman

Let (y,x) be the study character and auxiliary characteemiesl in the populatioti: (U;, U, ..., Uy) of the size
N having population mean, X) and coefficient of variatiorf§,, C,). (¥, ¥) denote the sample means(gfx) based on
a sample of siza drawn from the population using SRSWOR methodash@ing. In the case of non-response in the

selected sample of sizefor the study character, we observe that; units respond and, units do not respond. Further, a

sub sample of size = %(K > 1) is drawn fromn, non-responding units by making extra efforts. Hanand Hurwitz

(1946) proposed an estimator #bmwhich is given as follows:

— ny — ng _r
= = -l_—
L B

(1)

MSE(y) = Ls2 + 12D s

¥(2):

2
wherey, andy, denote the sample means based presponding and, non-responding units in the sample of
sizen such thaty = %371 +%37§ andy, denotes the sample mean based amits selected from, non-responding

units ony. S; andSyz(z) denote the population mean squares for the wimbellation and for the non-responding part of

the population for the study characger

In case, wherX is unknown, we select a large sample of siZe> n) from the population of siz& by using
SRSWOR method of sampling and we estinfatey ¥’ = %Z’;l x; and again draw a sub-sample of sizend observegt

character.

In this case conventional and alternative two phseepling ratio type estimators suggested by Kizare

Srivastava (2010). In two phase sampling regressstimator for population mea¥ using one auxiliary character in the
presence of non-response have been proposed by ldhdrSrivastava (1995) and generalized chain tgpi® estimator

for the population mean in the presence of nonaiesp have been proposed by Khare et al.(2011).vdrehgiven as

follows:
(XY
T1 = y (T,j (3)
X
T,=y +b' (X -X) (@)
XN (2"
T=y|=| |= >
3=y [XJ (Zj (5)
where

a,a;and a, are constants.
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Chain Ratio Type Estimator for Population Mean Usirg Known Coefficient of 15

Variation of the Study Character in the Presence oNon- Response
Searls (1964) proposed an estimatr = ay* for Y in the presence of non response, wheig a constant. The

value of a, for which theMSE (y**) will be minimum is given by:

5%  wuhk 1)5
Qapey = [1+ 525+ FR2T

(6)

Smce and ”2) do not differ significantly, so, we may approxnaeiact_L C; and neglecting the terms of order

1
=, we have
N

Gy = [1+ F(1+ 22K - 1) -
a(p) [ 71( n )] (7)

Now, we define an estimatgi* for ¥ by improving the estimatgr* using Searls(1964) method, which is given

as follows:

= [1+%’%(1 +22(K - 1)y

8

The mean square error (MSE)jdf is given as follows:

MSE(7™) = (1— 4)2 $ia- 2p)"2 g2 ) o

ci ci

whered = %[1 —W2(K - 1)?] andB = %[1 + Wo(K —1)].
ComparingMSE (y**) with MSE (¥*) , we see that

MSE(y™) < MSE(7")when1 <a <1+-

‘ (10)

Under this condition, the estimator may be improbgdeplacing a better estimatpt* of ¥ thany* in case of

non-response in sample survey. However the estmjdatomay also be more efficient thay* beyond the range of
a>1+—.

W,

Now, using known coefficient of variation of theudy character, we propose chain ratio type estimfmio

population mean in the presence of non-responsehvidgiven as follows:

X* p 2! q
Tq =37”(;J (fj (11)

where y** = ay* , p and qare constants.
In order to derive the expressions for the meamsgearror of the estimators:
Let y" =Y +¢€), 5 =X(1+ep),x =X(1+e),x=X(1+¢) and z = Z(1+¢,) such that E(ef) =

E(e)) = E(e;) = E(e) = E(€1) = 0,|€5l, I, [eq] |ez], len] < 1
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By using simple random sampling without replacemnmethod of sampling, we get,

TN Sy

- o )5 S

L1111 Wy (K — 1)
B(e®) = V() = ’_{(E_N) R sj:(z)}

i{(l 1)Syx+W2(K7 1)

1
E(eq €)= ﬁCGV(?*zf*) T Rla TN - yx(z)}

1 /1

1
E(ED El)f XCOV(y X):?X_(__N)Syx

1 1,1 1
E(EO E2) - ?ZCOV(JJ ) - ?_Z(; _ﬁ)syz

1 1 /1 1
Blef.e)) = ==COV(E"2) = =(=— =) S

E(e;,e)) = )?12 cov(x',x) = %V(E') :ﬁ(;’ﬁ)&?

. 1 L 101 1
E(ElrE2):X_ZCOV(x:Z) :E(;—E)sz

The contribution of the terms involving the powerse;, €], €;, &; ande, of order higher than two in mean square
errors are assumed to be negligible. So, the esipresfor the MSE of the proposed estimator anelvealt estimators up

to the terms of order™! are given as follows:

MEAN SQUARE ERROR OF THE PROPOSED ESTIMATOR

MSE(T,) =aV (v )+ Y2[(a-1)? + A{a’p(2p-1)C? +2ap(2a-1)C,} - Afaq(2aq-q-a+1)C?

+2ag(2a-1)C,,} + A{a’p(2p-1)CJ,, +2ap(2a-1)C,,,}] 12)
where  agpe) = [1 + +w5¥(j)] ,
o, = Alti-2alC, +a-2)ci} + AfAL-20)C, , +(a-3)CE}
2A (2a-1)c? +2A,(2a-1)C2,
amti@iaset.us
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Variation of the Study Character in the Presence oNon- Response

_1-2a)c,, +(a-1)C;
) A2a-1)C?

q

Mean square errors of the estimafhrsl,andT, are given as follows:

MSE(T,) =V(Y') +Y? [Al(azcxz + 20'ny)+ As(azcxza) +2aC, )J (13)

! X

W\ =51 1 W, (k-1
MSE(T) :V(y )_YZKH_FJIOZ Cj _¥{812C3(2) _ZBlcyx(z)}}

(14)
MSHET,) =V[y ) +Y?|Ala (20, -1)C2 +20,C, § - AlaiC? ++2a,C, | + Al (20, -1)C2, +20,C 0]
(15)
f 2+VV2(k_l) __ACVX+ASCV><(2) — Cyz

Where, V(y*):\?z{—c cz} Aoy = Wiy = L Qg = —E,
n y(2) | (opt) — “1(opt) ALCXZ + Ascf(z) 2(opt.) C Zg

_YPCy (1 1), (1 1 _Wy(k-1)
B XC, A (n n'j'Az (n’ NjandAs n

y n

Syx(2)
Sy@)Sx(2)

Pyx(2) = and (Syx(2), Pyx(2)) denote the covariance and correlation betweemdx characters for the

non response group of the population.

DETERMINATION OF n’,nandk FOR THE FIXED COST C<C,

Let us assume thaﬁl0 be the total cost (fixed) of the survey apart fromerhead cost. The expected total cost of

the survey apart from overhead cost is given dsvist

I I U W
C=(g;+gy)n +n(gl+gzvvl+gsfj. (16)

where

g, : the cost per unit of obtaining information orxéiary characteix at the first phase.

r

g, : the cost per unit of obtaining information ordawnal auxiliary characteZ at the first phase.

g, : the cost per unit of mailing questionnaire/wsitthe unit at the second phase.
g, : the cost per unit of collecting, processing dsitained from N, responding units.

05 : the cost per unit of obtaining and processing @after extra efforts) for the sub sampling units

The expression forMSE(Tg) can be expressed in terms@f), G, G, and G; which are the coefficientéﬁ, ni
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18 B.B. Khare & Habib Ur Rehman

, £ andﬁ respectively. The expression MSE(Tg) is given as follows:

MSE(TR) i = Gy +%, +KG G (17)

n n n N

For obtaining the optimum values of , n, K for the fixed cosC < Cy, we define a functior which is given

as:
¢ =MSE(Tg) iy +A(C-Cp), (18)
where Ais the Lagrange’s multiplier.

We differentiatingg with respect ton', n, K and equating zero, we get optimum valuesl'lt'),f n anc K which

are given as follows:

G
Nopt =4 =5 < » (19)
"V A (g + 9))

s \

G,+k G

Mo = Co ) (20)

W.
\//1(91"'92\/\/1"'932}

Kopt

and

G0V,
(= | Cogd (21)
"\ Gy(g, + M)
where

1 i I W
\/_:C— \/G1(91+92)+\/(G0 +kopth)(gl+92V\4+93K2] (22)
pt

0

The minimum value oMSE(T) for the optimum values &', n anc Kin the expressioMSE(TR) , we get:

2

1 — W, G
MSE(TR) = VGi(G + ) + \/ (G, + kopth)[gl +g W, + gngZJ —ﬁ : (23)

0 pt

Now neglecting the term of ON_l), we have

2

1 W.
MSE(TR)min = o VGi(g +95) + \/ (Gy + kopth)(gl +g W, + ggkaj (24)
0 pt
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Variation of the Study Character in the Presence oNon- Response
AN EMPIRICAL STUDY

To illustrate the results we considered the datkee@onsider by Khare and Sinha (2009).The desion of the
population is given below:

96 village wise population of rural area under &atation — Singur, District -Hooghly, West Benbak been
taken under the study from the District Census Hao#é 1981. The 25% villages (i.e. 24 villages) whasea is greater
than 160 hectares have been considered as nomeesgooup of the population. The number of agrizaltlaboures in
the village is taken as study character (y) whike area (in hectares) of the village, the numbeutifvators in the village

and the total population of the village are takemaxiliary characters x and z respectively.

The values of the parameters of the population ustiely are as follows:

Y =1379271 X =1448720, X =1852188 S, =1825012, C,=.8115 S

y(2)

=287.4202,
C, =.9408, C,=10529, C,, =14876,p,, = 0773, p,, = 0724, p, = 0786, p,,, = 0787,
P, = 0819, p,, = 0724, W, = 025,N =96, n=24, n' =60.

Table 1: Relative Efficiency (In %) of the Estimatas With Respect to 7 for the Fixed Values of n’, Nand
Different Values of k( N =96, N' =60and n =24)

Estimators o 1{ /l; e

y 100 (34.59) | 100 (29.99) 100 (25.40)

T 140(24.65) | 150(20.05) 164 (15.45)
T, 131 (26.47)| 141 (21.26) 158 (16.0p)
T, 178 (19.39)| 176 (17.08) 173(14.70)
Tx 197 (17.58)| 194 (15.46) 191 (13.2]7)

*Figures inrpathesis give the MSE (.).
From table 1, we obtained that for fixed sampl@sien', N), the proposed estimatork, is more efficient in

comparison to the efficiency of the estimatirs T,,T,and T;.

Table 2: Relative Efficiency (In %) of the Estimatas with Respect to 7* (for the Fixed Cost C < C;=Rs.220, ¢
=Rs. 0.90, C,=Rs. 0.10, ¢;=Rs. 2, C,=Rs. 4, C;=Rs. 25).

Estimators k(,pt n;pt N,, | Efficiency

y 249 | - | 27| 100 (0.5372
T 2.70| 56| 21| 120 (0.4480
T 1.77| 76 | 16| 151 (0.3555
T 152| 72| 14| 158(0.3240
T, 1.01| 74| 13| 182(0.2948

*Figuresparenthesis give the MSE (.).
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From table 2, we obtained that for the fixed cést< C, the proposed estimatorf;is more efficient in

comparison to the estimatays, T,, T, and T;.

CONCLUSIONS

By making use of coefficient of variation the prepd estimator is more efficient then relevant estiors in case

of fixed sample sizesI{ and n’) and also in case of fixed co&SCO .
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