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ABSTRACT

The paper deals with the problem of estimating the general parameter
P( D { \70/\_([) s 71 z0, D being a scalar which takes values -1, 0 and 1; and \71 is the

population mean of the study variate y;, ] 0,1} using double sampling for stratification

(DSS) based on auxiliary information (i) when there is total response on the auxiliary
variable X used in estimating the stratum weight W, { N, /N , N, and N being the

size of the h stratum and the population size N respectively} and on the study variates
Yo- Y ; and (ii) when there is total response on the auxiliary variable X and incomplete

response on the study variables Y, Y, ,see Okafor (1996). Classes of estimators for the
general parameter B 5 in both the situations have been proposed and their properties are

studied. Asymptotic optimum estimators (AOEs) in the classes are investigated alongwith
their approximate variance formulae. The present study also generalizes the work of
Okafor (1996) and Singh and Vishwakarma (2007).
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1. INTRODUCTION

A stratified sampling design, in which a finite population is divided into non-
overlapping strata and samples are drawn from each stratum, is a common and effective
procedure for reducing sampling error. It is also well known that the use of auxiliary
information in stratifying the population improve the precision of an estimate. In some
practical situations the information on the auxiliary variable required for stratification of
units, e.g. age, sex, household size, etc. is not available. In such a situation we use the
technique of double sampling for stratification (DSS) in which the information required
for stratification is gathered at the first phase of sampling. Rao (1973) suggested a
technique of double sampling for stratification (DSS) which consists of the following
steps:
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i) We select a preliminary large sample §;, of size n (rather inexpensively using

simple random sampling without replacement (SRSWOR) and observe the
auxiliary character X alone.

ii) The sample §;) is stratified into L strata on the basis of the observed X. Let Ny

L, .
denote the number of units in S(l) falling into stratum h §h L2,.,L; 1 ny nc
© h1 )

and nC n,n,...n_denote the resulting configuration of Sy -

iii) Sub-samples of sizes i,  *Qn; W Q@ Lh L2..L, Q being predetermined

for each h, are selected from strata, independently from each other, using
SRSWOR and the main characters Y,, Y, ofinterest are observed.

L _ My _ M
Let n h:1nh;n Moo 5Yon | Yoni/Mh and Vi _:lylhi/nh. Note that
i1 i

W, nh/ NC is an unbiased estimate of strata weight W, N, /N . Throughout we

assume that n (is large enough so that Pr nh 0 Oforall h.

The conventional unbiased estimator for the population mean \?l | 0,1 in DSSis

given as

L
Yids h:IWthh;' 0,1. (1.1)

The variance of V4, due to Rao (1973) is given by

, L
var Vs g—fCS§ 1581 1

WS, 101, 12
one N neh og Wh Sy (1.2)

> N G 2 2 N.“ 7 2
where f6 nEN LS Ly Y /N R TR /Nh 1
I 1

_ N
and Y}, ,:l)’lh/Nh-
1

The result in (1.1) assumes total response. This may not be true in practice especially
in human surveys where information is usually not obtained from all the simple units
even after call backs. Hansen and Hurwitz (1946) envisaged a sample procedure of
subsampling the nonrespondents in order to adjust for the nonresponse in a mail survey.
Later this procedure has been used by various authors including Cochran (1977), Rao
(1986, 1987, 1990), Khare (1987), Tripathi and Khare (1997), Khare and Srivastava
(2000, 2008), Okafor and Lee (2000), Okafor (2001, 2005), Shukla and Dubey (2001,
2007a, 2007b), Tabasum and Khan (2004, 2006) and Singh and Kumar (2008a,
2008b,2008c, 2009a, 2009b).



Singh and Kumar 205

Let Ny, units respond at the first call from the n,, units selected in stratum h and n,,
do not respond.

Following Hansen and Hurwitz (1946) select a sub-sample of m,;,  n,;,/k, units

(ky 'l a known constant) from the non-respondents. Interview these units with

improved procedure. The usual unbiased estimator for the population mean V, | 0,1 is
given by
—* L %
Yids h: Wh Vin » (1.3)
1
where
s Y OYSY
. MhYingy  Men |m2h’ | 01 .
My

Yihy = sample mean for respondents based on Ny, units,

Yim,, = sample mean for the non-respondents based on M, units.

Following Okafor (1996) it can easily be shown that

$ -

var Vg, Var Vi —q S | 01, (14)

]
N 2h
NG

where
W,;,  N,,/N , the population proportion of the non-respondents in stratum h,

S>2’| h(2) = the population variance of the non-respondents group in stratum h, | 0,1 .
It is desired to estimate the general parameter
Po %/¥°.¥ 2.
C is a scalar which takes values 0, 1 and -1. We note that
i) for D 0,Rg 70 , population mean of the main character Y,
ii) for D LR Vo / 71 R (say), the ratio of the two population means,

i) for D LRy \?0\4 P (say), the product of the two population means.
The conventional DSS estimator of F  when there is total response, is defined by
Fo yOds/ylc?s . (1.5)

To the first degree of approximation, the bias and variance of ﬁ%D are respectively

given by
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R 8 .o . L . Y
BRy, 0 @b L paxc Liw e b 1
©2 i=@C N=z"” ng 1 o 7 3
(1.6)
a
2 > 81 1 2 2 '
Var o Fo e waow Ly D€
L . .0
1 ;Wh-§i 1 %2, ol D2c, » (1.7)
nq;ll w i 0 1 1}2

where C, S, /Y . Cyp Su/¥ .1 01, C E/R. E S,,/S .
- — N _ _
R %/¥ .G En/R.En Syoylh/S;h s Sy Ain b Vi Y /N L,

il
Nh/\ _ —
Sy,yh ‘:1 Yoni Yon Yini Yin /Nh L.
I

In the case of some non-response, the sub-sampling procedure advocated by Hansen
and Hurwitz (1946) will be used and thus the estimator for R is given by

%D

Py Yous/ Vias - (1.8)

To the first degree of approximation, the bias and variance of FA}*D are respectively

given by
2k a §m L 1-
BPF, BRy "2 1w, ¥o 1 Clhayy D 2Cyn 1. (19)
©2nc ih 1 © Q i
A 5 l:)(2 L & I po 2 '
Var Ry Var Ry —— | Wy, —— Clno ypg D 2G|

NChi h©Qi

(1.10)
where

2 2 v 2 2 2 v 2
Cn  Sin/% Conn Sina /%
Choy  Syyno/Sina W/%  Eime/R .

2 2 . .
B Syyno / Sih2) 5 Syne) and Sy y o) are the population variance of the study
variate y; and the population covariance between the study variate Yy, and Y,

respectively of the non-respondent group in stratum h, and W,, N,,/N s the

population proportion of the non-respondents in h™" stratum.

In this paper we have suggested:
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i) the class of DSS strategy for the general parameter R when there is total
response on the study variate Y,,Y, and the auxiliary variate X,
i) the class of DSS strategy for the general parameter F  when there is non-response

present on study variates Y,,Y; and total response on auxiliary variate X;
and their properties are studied.

2. A CLASS OF COMBINED DSS STRATEGY IN PRESENCE
OF TOTAL RESPONSE

Following Ige and Tripathi (1987) one may define the following combined estimators
for the general parameter R as

d, If’( p XfXys (ratio-type estimator),
d, FA} p OXgs XC (difference-type estimator),
dy Rp'l w wXf¥s ,

where Cand w are suitably chosen weights.

Further one may define the following estimators for the general parameter R, as

d, F} b Xds/X € (product-type estimator),
A . ‘ ~ L
dS F?D de/xc’dé P(D i)?/f I w Xds WXCl/’

A _ _ A _ _ G'
d, P(Diids/‘l W X WXChdg Rp'w 1w X/XCo,
etc., where C, Cand w are suitably chosen constants.

Motivated by Naik and Gupta (1991), Diana (1993) and Koyuncu and Kadilar (2009)
one may also define the following classes of estimators of the general parameter P

respectively as

R _ o _ K

dy Pp'XCPXs XC/XC Q¥ XC
[Naik and Gupta (1991-type estimator)

~  _ ,_ Ga — o HOK

do Rp X/XC W 1 W X/XC'

[Diana(1993)-type estimator]
and
A AY K
— A — —
d, Rp2axch/Max, b 1 Daxchb §

[Khoshnevisan et al. (2007) and Koyuncu and Kadilar (2009)-type estimator],



208 A general class of DSS Estimators of Population Ratio, Product.....

where B @V, G ,Blb and Kare suitably chosen constants. Many more estimators can be
defined on the lines of estimators of the population mean available in the literature.

It is observed from the form of the estimators dj, j 1toll that these are the
functions of I5(D, Xgs and Xt Keeping this in view we suggest below a class of

combined estimators of FA’(D on the lines of Srivastava (1980) and Singh and

Vishwakarma (2007) and studied its properties under large sample approximation.

We suggest a family of combined estimators for R in DSS as
T F Pp.XeXC F g, 2.1)
where F g is a function of ¢ |5( D> Xgs» X C such that
FG Ry YR G landF, G F G,

_ = W g
G RpX.X.FG —
W o

, B G
G

The function F g satisfies the following conditions:

1. Whatever be the sample chosen, g If’(D,YdS,YC assumes values in a bounded

closed convex subset S of the three dimensional real space containing the point
G.

2. In S, the function F g is continuous and bounded.

3. The first and second partial derivatives of F g exist and are continuous and
boundin S.

To obtain the bias of the class of estimators Téc) , we assume that the third order

partial derivative of F g also exists and is continuous and bounded. The bias and

variance of the class of combined estimators TF(C) to the first degree of approximation are
respectively given by

A 128 fceps
BT® B PR, 5%—“1")( F, G 2F; G Fy; G

2dyRy Ry G Ry G XC;

81 °

& -y 1 C3 Xk, G 2P,d, oF, G 2.2)
A h 22 (DY(D" 12 % .
R 5

@_1C1|~.'1 h
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. X - L . _
Var T  Vvar Ry = ! h--§i 1 Ci XF, G 2dypRp F, G,
dch1 e i
(2.3)
where B I?D and Var I?D are respectively given by (1.6) and (1.7);
d([) Kox I:le ’ Kox L%x Cyo/cx ’ le L3’/lx Cyl /Cx ’ Cx SS(/)_( ’
) ’\Il —_2 — Nlh —_ 2
S _|1Xi X /N 1,Ch  Sa/X , Sa _|1Xhi Xh /Nh L,
| |
dh(D KOxh I::leh > leh L!/lxh Cylh/th > KO><h L!/Oxh Cyoh/th >
wF g
'~<}0xh Syoxh/syohsxh ’ l'!/lxh Sylxh/Sylhsxh ’ I:22 G —_2 ’
S e
wWF wF g wF g
F3 G 2 , P G — . Fpb G ——— .,
W s WG Vs o |
WF
FaG 91
W CRYp |
The variance of Téc) at (2.3) is minimized for
F, G C say, (2.4)
L 81 ‘o
W, — 1 C,d
. §3 o h i xh™~h( D
where C* 0 ’h lL ©’é
o | W 2L Cin
hi 1
Substitution of (2.4) in (2.3) yields the minimum variance of T? as
oL §l . &2
, O W T 1 Chdyp %
- (© ~ Fo m1 Rt ‘
minVar T Var Ry = . —— 5 , (2.5)
n .
i Wh 2L Cin

where Var I?D is given by (1.7).

Thus we state the following theorem:
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Theorem 2.1:To the first degree of approximation,

oL 81 By 1)%2
2 g‘?: W, = 1 thdh(q Y
~ s 1 (:Q ;
Var T tvar Ry (—C T 8 <
n .
PW, =~ 1 Gy
hi e 1

with equality holding if

*

FFG C.

2.1 Comparison of the Suggested Class of Combined EstimatoFs® with the
Conventional Estimator P, , Ratio-Type Estimator d, P X£%,s and

Product-Type Estimator d F}D Xgs/X C.

To compare Téc) with If}D , d; and d, we write the approximate variances of d,

and d, respectively as

var d  Var P i%W--§i 1 C3 1 2d (2.6)
r (D nCh'1 h Q ixh h(D - .

s P(2 % .§1 ‘~2
Vard, Var Ry - W o 1 G 1 2ty 2.7)

From (1.7), (2.3), (2.6) and (2.7) we note that the proposed class of estimators Téc) is
more efficient than:

i) the conventional estimator If}D if
min. 0, 2C’ F, G max. 0, plol ,
ii) the ratio-type estimator d, F}D X %y if
min.' Rp/X , Rp/X 2¢ 1 R G
max. N By /X, Rg/X 260 1
iii) the product-type estimator dp F}D Xgs/X C if
min.' R /X , Rp/X 2C I F G

max. "Ry /X, Ro/X 2¢ 1
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where C/ )?/P b c.
We also note from (2.6) and (2.7) that

iv) the ratio-type estimator d, is more efficient than conventional estimator FA} p if

L §1 )
'W, — 1 Cy, 1 2d 0
h|1 h@ﬁ iXh h(D

ie if C 112, (2.8)
v) the product-type estimator dp is better than usual estimator FA}D if

L .
:Wh-’$l 1 Cy 1 2dyp O
o e i

ie if C/ 12 (2.9)

When the value of the scalar involved in the estimator exactly coincides with the
optimum value, then from (1.7), (2.5), (2.6) and (2.7) we have

. PLC” L :
Var Ry minvar T© 27 1w 3L C2, 10, (2.10)
nc n w i
1 C L g
Var d. minVar T ————— W, ~— 1 C} t0, 2.11)
nc h 1 (& i

2 x 2
Fo 1 C L §

Var d, minVar T FW, o 1%c§h t0. (2.12)

nc h'1

It follows from (2.10), (2.11) and (2.12) that the suggested class of estimators Téc) is:

(a) uniformly better than the usual estimator ﬁ%D except when C° 0, the case
where both the estimators If} p and Téc) are equally better.

(b) more precised than the ratio-type estimator d, provided C" z1. WhenC" 1,
both the estimators d, and T,gc) are equally precised.

(c) more efficient than the product-type estimator d,, except C" z 1, the case where

both the estimators d, and T,gc) are equally efficient.

2.2 The Class of Combined Estimators based on Estimated Optimum Values

It is observed from (2.4) that the asymptotically optimum estimator (AOE) can only
be used in practice, if value of C” is known. In practice, the value of C* is rarely known
which limits the practical utility of the AOE. In such a situation one has to use a guessed
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value of C* which can be obtained from either past data or experience. If the guessed
value of C" is not available, then it is worth advisable to use the sample data to estimate

C". The consistent estimate of C” is given by

bw 3L e g
W Poon Te@ 1 MNP
¢ :WTC,“‘L ; , 2.13)
X " A
©" "t :Wh"—l 1 C},
TG O I

where

A

Cin  Sa/*n 2Ohip Ko DKy s Koxn 1{foxh Cyoh/th >

leh ulxh Cylh/th ’

Cy,h syoh/%h Cyn Sylh/ylh s Yxn ‘Syoxh/ Sy,hSxh >

Y xh ‘Sylxh/ SyhSxh >

5 “Ih _ 2 5 ”Ih _ 2

Sy,h 3 Yonj  Yon /”h L,syn i Yini  Yin /nh 1,
j

My 2 M

Shoo1 X % M 1,8y _:lAyOhj Yon X *h /nh L,
i

Sy, xh _:lAylhj Yin %o % n, 1.
j

Following the same procedure as adopted by Singh and Vishwakarma (2007) we
define “a class of combined estimators based on estimated optimum value” as

9 F Bp.XeXeC | (2.14)
such that
F Pp. X XC Ry or F* G Py

Y
3 (2.15)
FFG LF G C.F, G C,F G o°

[4

where G P(D,X,X,C ,

F G ,F, G

G

W p
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It can be shown to the first degree of approximation that

. 5, PLC” L .
var I©  ®ar P, 21w, 3L Cin % minVar T9 . (2.16)
o @2 1 o

é

nc ni

The following estimators, all depending on an estimated value C of C:

A o _ ¢ Ay & A oa /- Ak — _ o
TO B X © T Ro2 XexE TO Ry e C R xC )
10 Bof 1 KR 1 C xgfxo
etc., are members of the proposed class of estimators 'I:F(C) given by (2.14). It can be
easily shown to the first degree of approximation that the estimators 'I:]-(c), j 1to4
attain the same variance given by (2.16).
From (1.7), (2.6), (2.7) and (2.16) {or (2.5)} it can be easily shown that the proposed
class of estimators 'I:F(C) (based on an estimated optimum value of C" of C*) is more

efficient than the estimators FA}D, d, and d.

Remark 2.1: It is difficult to define the separate estimators for ratio R and product P
and hence for R, so we have not considered separate class of estimators for the

parameter Rp, .

3. COMPARISON WITH ESTIMATORS BASED ON UNSTRATIFIED
DOUBLE SAMPLING (USDS)

Suppose a first phase sample §;) is taken as before, and a second-phase sample §,,

of size N is a sub-sample of §;, drawn according to simple random sampling without

replacement (SRSWOR), instead of being chosen as stratified sub-samples. It is known as
un stratified double sampling (USDS) method see Ige and Tripathi (1987) and Singh and
Vishwakarma (2007). We denote
_ . 1nec
XC — A
ng' .
is a sample mean of the auxiliary variate X based on first phase sample of size n ¢,

I
X —!x:
ni'y .
is a sample mean of the auxiliary variate X based on the second-phase sample of
size n,
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10 .
Yj Hillyji’J 0,1

is a sample mean of the j™ study variate Yj> | 0,1 based on the second-phase

sample of size n,

is the conventional estimator of the parameter R, .
Now, we define a class of estimators for the population mean Y in USDS:

T H R¥.x.Xc,, (3.1)

where H I%(BS),Y,Y C is a function of z I%(BS) , X, XC, such that

W oz Y
HZ PpH Z — 1, °
(D> 1 o > o
Wo |, o

H,Z H;Z 3 (3.2)
w z w z| o
H, Z —— ,H; Z — o
W WC| .
z z%

where Z P(D,X,X .

The function H FA}(BS),Y,T(C satisfies certain conditions similar to those given for
T at (2.1).

To the first degree of approximation, the variance of T,_(|”S> is given by

a C. \
var T 3 % 2 2 pooc

$nc 1 (D Yo Y2
8 1., o 2
“@]_ FCl‘P(D CYo II:yl D 2C

X?CIH} Z 2R XdgCiH, Z (3.3)

=y o

where dip Koo K Ky Y, Cy/Cou 1 01

The variance of T,\"® at (3.3) is minimized for
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H, Z Rp/X dp  Csay), (3.4)
where G RD/X dop-

Thus the resulting minimum variance of T\"® is given by

. 5 A 8 1.5 o 0¥
minVar T  @ar P = — PLd}CE 3 (3.5)
= (D (D¥(D>x 7
@ na& ¢
where
s 8 F a2 p2 e ‘o
Var RS = Bk, @ pac l (3.6)

Thus we state the following theorem.

Theorem 3.1:To the first degree of approximation,

g 1

(o]
— P d*,C? ,,
nee (D(D>x 2

7

a A
Var T¢® t yar P

with equality holding if
H, Z Ro/X dp-

It is to be noted that the class of estimators T,f,us) attains its minimum variance only

when the optimum value Cof H, Z is known. If the optimum value H, Z Cis

not known, one may replace H, Z C by its estimate I-AI2 Z C obtained from the

sample data, where

P

(D 4 il Vs Vs Vs A A Vs A A
G ?d(tp d(D KOx Ele > KOx léx CyO/Cx > le liJX Cyl/cx >

Yo S/ s o Y% S/ s G 8 /% 56 s /T

/nl’sil ,?lyli ylz/nl,

A _ noa _ _
C. S/X. sy« G R %X
I
s ?xi iz/nl.
il

Now we suggest a class of estimators for R, based on the estimate of the optimum

value I-A|2 Y4 Cin USDS as

Ty H PE.XXG H' 7, 3.7)
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where H* Z° is the function of Z© PU“% X, X¢G such that

(D>

WI* Z* i./

H'Z RoH 2 | L :

(D 7 :

L, Wz S
H, Z E— G % (3.8)

¥ o

z o

. ) Wl* Z* ) ) Wl* Z* ‘:

HI 22 ——|  GHz ; 0.

c wG o

z z é

where Z° F%D,)z,)_(,G.
It can be easily examined to the first degree of approximation that

. - 1 -
Var T,filzse)st) minVar T{"®  @ar FZ(BS) ;l\_ —

1
2 2 ~27
Rp9nCx 2 (3.9)
¢
We suppose that in the case of DSS estimators, allocation of second-phase sample to
different strata is proportional to the random strata ny,, that is n, vn, so that for each

h 12,...L,X%X n/nc.
It is easy to see that
S, x #hl:-IWhSMXh hTIWh Y, Y X, X, 01, (3.10)
see Ige and Tripathi (1987) and Singh and Vishwakarma (2007).
Substitution of (3.10) in (3.3) provides

a C. \
Var T «-§—fc RL L cl1ac
fonc :
§ 1.t

@ FcahIIWhAP(ZD Cin Cyn(l 2Cy)  SuHy Z

— \ |I /\3 " — _ 2 0
2R 5 XGy o pH, Z W otho Xn X Hy Z 0, (GD)

. & Y - & Y ¥
where dh(D ® oh__0 —ih_
oY% i oY% i
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For H, Z F, G in(3.11), Var T{"® reduces to:

a C. .
Var T «-§_ fC F%ZD /bio Cfll 1 2C
©nc 1
L >, C2 2 2 2
@ FClh:IWh‘P(D Cyn Cun 2C,) Sk G

_ \ L _ _ \2 0
> *
Mo XCitioF, G W Rodip Xy X Rz 0612

The variance of Téc) in (2.3) under the proportional allocation ny vn'h {i.e.
X n/nc} reduces to
ag f

© ; Cro2 M2 2 )
var ¥ &Ry e: ci1oac
g 1.t 152 2 2
"@]— F@,h:lwh F:D Cyoh Cylh(l 2Ch

2 _ ‘o
Sh F, G © 2R XGudpF G (3.13)

7

From (3.12) and (3.13) we have

L — — 2
Var T  var T % iah; W eodp X, XK G t0, 3.14)
n

which clearly indicates that the strategy DSS ]ﬁc) is more efficient than the strategy

usDs 1 .

Remark 3.1: Estimators like d;,j 1toll can be formed say t;,j 1toll just

replacing FA}D , X435 and X by F}gs , Xand X (as defined in section 2) respectively in
unstratified double sampling (USDS) case. It can be easily shown that the estimators

tj,j 1toll are members of the proposed class of estimators THUS .

4. A CLASS OF COMBINED DSS STRATEGY IN PRESENCE
OF NON-RESPONSE
The class of combined estimators T,gc) at (2.1) for the general parameter R assume

total response. In the case of some refusals, the sub sampling procedure used in section 1
will be used and the class of combined estimators become
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7@ F P, XgeXC

Fg ., .1
where F g° s a function of g° F}*Djds,i C such that

FG PR, YRG landF, G F G,

*

_ W g W g W g
G PRp.X,X,FG ——oI,F G

U Wy
s * o G

The function F g* also satisfies certain conditions similar to those given for F g
at (2.1).

To the first degree of approximation the bias and variance of the class of combined
estimators T,:(c) are respectively given by
S8Rp -t K, 1 po '

x 2
P Won —— Cynay BCynay D 2Gyo) 1,

BT.® BTY
©2NC idn ©Q i

4.2)
P2 L §( 1 - \
*(©) (© ( Th 2 2
Var 1O var T R T, Tt i’byoh(z) DCZ1, D 2Cyn 1 .
4.3)

where Var I?D ,B Is(*D , Var Is(*D , B Téc) and Var Téc) are respectively given
by (1.7), (1.9), (1.10), (2.2) and (2.3).

. * . e e s
The variance of Te'® is minimized for

*

F, G Cc. 4.4)
Thus the resulting minimum variance of T,:(c) is given by
oL §1 . 2
g2 g;): IWh Q 1 idhmcfh Ya
minVar ¢  var Ry =2, < (4.5)
oNCs b 81 ‘~2
W, — 1 G
oot

Now we state the following theorem:
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Theorem 4.1:To the first degree of approximation,

»=|I §1 . ) 2
) 2. e(';)l 1Wh @ﬁ 1 idh(DCXh 2/4
var T tvar By -2, &
o"C: W, St 1 .Cih
CORE

L

I

I
h'l

with equality holding if F, G C*, where Cis same as defined in (2.4).

Remark 4.1: The following estimators of the general parameter R :

Py Xf%s . d; Pp O X XC,dy P(*D‘l woow X%

A _ _ % Ak _ — C *
d; Rp Xs/XC.ds Rp Xgs/XC, dg

@ Rog—— o & RpW 1w /R
I w Xs WXC
* 2k 'K
dy, P, I'xc P Xy XC/ XC Q X;s XC  [Gupta and Naik (1991-type estimator)

* Ax o, Ga * * HOK . .
do Rp Xqs/X C w 1 w Xg/XC v, [Diana(1993)-type estimator]
and
Ak * * *__ * *_ * oK .
d, By saXch /‘ Da'%s b’ 1 D aXcb | [Khoshnevisan etal. (2007)
A
and Koyuncu and Kadilar (2009) - type estimator],

etc. may be identified as particular members of the suggested class of estimators Fp,

where 6, W*, Ifs, *Qa*,b*, Cand Kare suitably chosen constants. The biases and
variances of the estimators d}ﬁ, j 1toll to the first degree of approximation can be

casily obtained from (4.2) and (4.3) respectively.

4.1 Comparison of the Suggested Class of Combined Estimatofs® with the
Usual Estimator B, , Ratio Type Estimator d; P’y X£% and the Product

Type Estimator d; P’y Xys/XC.
To compare T-© with FA}*D, d; and d:,, we write the approximate variances of d;

and d; , respectively as
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var df  var B, — 2 I'w, 3 I;thl 2dn p (4.6)

* b ‘2
Var d, Var Ry — W, ©5 licxhl 2dpp - 4.7

It follows from (1.10), (4.3), (4.6) and (4.7) that the proposed class of estimators
T;(c) is more efficient than:

i) the usual estimator Is(*D if

min. 0, 2C’ F, G  max. 0, 2c” ,
i) the ratio type estimator d, FA}*D X Xy if
. | va V2 * '
min.' Ry/X, Rp/X 2¢/ 1 F, G

max. N By /X, Rg/X 200 1
iii) the product type estimator d:, If}*D Xgs/X C if
min.' R /X , Rp/X 2C I F G
max. "Ry /X, Rg/X 2¢ 1

It is also observed from (4.6) and (4.7) that the ratio-type estimator d: and the

product type estimator d; are more efficient than the conventional estimator FA’(*D

respectively if the conditions C; ! 1/2 and C/ 1/2 hold good.

From (4.5), (4.6) and (4.7) it can easily be proved that the proposed class of
estimators T,f(c) is more efficient than FA’(*D , d: and d; at the optimum conditions .

Remark 4.2: Following the procedure adopted in Singh and Vishwakarma (2007) one
can obtain the estimator 'I:;(c) (say) based on the ‘estimated optimum values’ and can

show that the variance of the estimator 'I:,:(c) to the first degree of approximation is same
as the minimum variance of T, 'ie. Var T2©  minVar T-©
Remark 4.3: It may happen that not all strata experience non-response. In other words in

some strata all the units may respond while in other some units may fail to respond, see
Okafor (1996, p. 109).
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In this case we set in (1.3), (1.8), (4.1), d]—k; j 1toll, d: and d:, :

Y Vi | 0,1 if complete response occurs in stratum h
Yin |
For the bias and variance set in (1.4), (1.9), (1.10), (4.2), (4.3), (4.5), (4.6) and (4.7),

0,1 ifthere is sub sampling of non-respondents in stratum h

%zyh 0 if complete response occurs in stratum h

Szzyh if there is sub sampling of non-respondents in stratum h.

5. COMPARISON OF THE PROPOSED ESTIMATORS

It is observed from (1.7) and (1.10) that FA}*D has a higher variance than FA}D owing

to the sub sampling of the non-respondents.

Comparing FA’(D and T-© we deduce that To® will be better than FA}D in spite of

sub sampling the non-respondents if

a_ L . _ \
& Tw, 3L e e 6 2Rgd, F G
«ht R 1 °
L &, 1 - VO
LW, - el DCipy D 2Chs 1 » 0 5.1
e L I CRY

At the optimum condition (i.e. F, G c T;(c) is better than |5( o if

L "§1 . )
A &2 ,h:lWh@_ lidh(E)th )
Var P, 2 h Var P
(D ncl . s . (D
© "h w1 Gy,
ht  &h 1
ie. if
L §1 .
rwW “— 1 d, 5C2
a, _ o W I 0Cxn
AW, T ez e Do, 10, MG
1 0% 17 l v w3l e
h|1 h@th ixh

(5.2)
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6. PARTICULAR CASE- ESTIMATION OF POPULATION MEAN

6.1 When there is total response on both the variables:
Putting D 0 in (2.1) and (2.3), we get a class of combined estimators for the

population mean Y, alongwith its variance to the first degree of approximation,
respectively, as

T 0dY G Yyye Xy XC G t (6.1)

Var T o Var d¥

angg; Ly 3 1 sjezTgT251‘0 (6.2)
« — — PR .
onc h ngh ey, 10t T 3

which is same as obtained by Singh and Vishwakarma (2007) (see eq. 6, p. 228); G, T

is the first order partial derivative of the function G t with respect to Xy, about the

point T Vo: X, X .

The variance of déc) is minimized for

G T E,
L L § :
where E ! Qﬁ/:q,q oy ws, and B M
hi hi &h i Sk
Thus the resulting minimum variance of d((f) is given by
- 1
5 fc 1 U . 81 . e
minVar d° @ v PW, — 1 S, 3 6.3
G §© nc 13}’0 nc h|l h @h iSyoh OT ( )
[4

Singh and Vishwakarma (2007) suggested a separate class of estimators for the
population mean 70 as

L
de hglwheh & . (6.4)

where t,  Yon. %, % and G, t, isa function of t,, such that

6 T Y, Ve T Gnh 1
h Ih oh b Ih — ,
Won T,
VB, t, VB, t,
Ghz Th — ’Gh3 Th Wh and Gh2 Th Gh3 Th .
Th Th
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where T, Yon, Xp» Xpy s Gy, Th is the partial derivative of the function G, t, with

respect to X, about the point Ty,. The function G, t, also satisfies certain conditions

given in Singh and Vishwakarma (2007).

To the first degree of approximation, the variance of dés) is given by

o 8§ fco 1t 81 |2 2
var dG ©enc 183’0 F(E:lv\/h @_h liSYOh 2SYOXhGhz Th SXh Ghz Th
(6.5)
The variance of dés) is minimum when G, T, E and thus the resulting
minimum variance of dg> is given by
. (s) °g fc 5 1L §1 ' V) Y
min Var d$ i S, F@;I h L Goxn Spn 3; (6.6)

Remark 6.1: The following estimators of the population mean 70 :
Tl yods XFT( ds >
T, Yoos OXgs XC,
T3 yods il W w 7F:T(ds (13’
T4 yods X ds/Y c,
T5 yods X ds./y CC7
T YousX£' 1 W Xgs WXC,
T7 yodsyds/‘ I w 7ds WYC,

— a — — Go
T Vo 3 1 W Xe/x%

K

N ay v N v N v~ O

Ty Yods _xc P Xy xc/ XC QX4 XC v
oK

_ — — — — H
T10 yOds de/xcl 1w de/xc %and

\K
T Yoos 2@Xcb /MDaxg b 1 D axcb §,

etc. may be identified a members of the class of estimators dGC defined by (6.1).
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In a similar fashion separate estimators le ,] 1toll , say, like T ,] 1toll

can be formulated. It can be shown easily that the estimators le ,j 1toll are

members of the class of estimators given by (6.4).

6.2 When there is total response on the auxiliary variablex and

incomplete response on the study variablg,

Putting D 0 in (4.1) and (4.3), we get a class of combined estimators in DSS in
presence of non-response and its variance to the first degree of approximation,
respectively, as

779 0 4% G Ygo X XC G g (6.7)
* * ° 1 L §< 1 %

Var T:© o Var d© ar d© — ry, Th 2 3, 6.8
F ds @ S g, oV isyoh(Z) 2/ (6.8)

c

where g7 Yj4e X4 X € and Var d s given by (6.2).

The variance of dé(c) at (6.8) is minimized for G, T E and thus the resulting
minimum variance of dgm is given by

. * ° . 1L &, 1- Yy
minVar d-® inVar d©® —tw, —h _ g 3, 6.9
s @ ds ne 2 o 1Sy0h(z)(é (6.9)

where minVar d is given by (6.3).

Following Okafor (1996) and Singh and Vishwakarma (2007), we define a class of
separate estimators of the population mean \70 in DSS in the presence of non-response
and its variance to the first degree of approximation, respectively, as

*, L *
dg® h:IWhGh &, (6.10)
Var d® war d© L b, ol Ky ] (6.11)
< % ng Mgy 108 '

where tr Yo, %%, and Var d is given by (6.5).

The variance of dgs) is minimized for Gy T, E and thus the resulting

.« . * . .
minimum variance of dG(S) is given by
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* e 1 L §< 1 §
minVar d.® inVar d® — 1w, Th 23, 6.12
G @n S g, oV isyoh(Z) 2/ (6.12)

where minVar d is given by (6.6).

Remark 6.2: The following estimators of the population mean 70 in the presence of non-

response:

x
Tio

*

T

%k [ —

Yods prds °

%k — —

Yods Oxds XC,

v a ¥ o
Yods —|1 wow prds L
—% — —

Yods de/X c,

% — — C

Yods de/xc >

y(’)ﬁdsifé‘ I w )_(ds WX¢C,

—* — — 0
Yods ?ds/‘ 1w Xds WXCl/’

o
%

_x a —_ — G
y()ds‘¥V 1w de/XC ¥

V... 2%Xc PX,.. Xc/ Xc OX zc o
Yods X Xgs XC/ XC QXgs XC o,

oA Ko
Yods «Xds/XC'lT 1 w Xg/XC fand
= 7

_x _ _ _ K
Vous 28XC b ["Daxy b 1 D axchb 9,

.
etc, are members of the class of estimators dGC given by (6.7). The variances of the

estimators T]-*, j 1toll can be easily obtained from (6.8) just by putting values of the

derivatives of the function G 4e, X4s, X C.

It can be easily shown that the estimators:

* ] L

—% — __
T h:lwhyoh th/xh ,

L

* ] * _ _ o
!

T, hllWh "f%h Q X X, 1

* ] L

1 —k a * L — — (o]
T h|1WhyOh owow %9, v
L
* 1 % — —
T, h:lwhyOh Xh/XhC ,
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* ] L —k — — (ﬁ
h:lwhyOh Xn/%C
*1 L % a_ % * ‘o
Ts | Wh Yon éh‘}/‘l W Wh XC .
h1
*1 L % a_ * * ‘o
T; | Wh Yon ‘2<h/‘1 Who Wy X%C 5
h1

*1 L —% a = * _ j— @0

Too 1 Vh%n b 1 vh X/XCT

! VWY A%c P X XC/XC % xc o
9 h|1WhYOh XCOR X X XC Q X X 1, >
*1 L —x g — G a=x * _— ,— _Ho

To 1 WhYon X%/%CT b 1 Wh X/%CT

h1
and
Tu WY Zan%e by /"B &% by 1 D oaxe b 5
etc. are members of the suggested class of estimators d;s given by (6.8), where

Q.Wh, G K P h-&.h, and K are suitably chosen constants. The variances of the
estimators Tj* : ,] 1toll can be easily obtained from (6.11) just by putting the values

of the derivatives of the function G Vg, Xye» X C.

6.3 Theoretical Comparison
We shall now compare the suggested estimators with the DSS estimator V4 -

From (1.2) and (6.8), we have

a
— * 1 L §1 ) N
var Yy, Var di® — "W, — 1 S4G6 Th T 2
ds G nah 2h o issm(% ) &
1L &K, 1- ©
— 1 W " b
NG oV 17 g
which is positive if
Lo 81 - oL 8, 1 °
W= 1S36 TB T 25 [W, = — §,5» 0
@1 &h 1 hi 1"y,

ie. if
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max.! EJEC", EJEC" (6.13)

L & 1-

W, = h 2

hI1 2h ©Vh isyoh(Z)
L .
1 Wh Ly Sin
ht  &h 1

*k
where C

To the first degree of approximation, the variance of the combined ratio estimator
d/® Vo4 X% and the combined product estimator d©  Vy4s Xys/X C in DSS in

presence of non-response are respectively given by

var d© zkyar g L iw Sf, : (6.14)
d < T ne Moy, 1002 '
* ° 1 L §( 1 * b

Var d© ar d© —orw, Th g2 s 6.15
p g p n(ﬁll 2h oV isyoh(Z) 2/ ( )

where the variance of the combined ratio estimator dr(c) Yoas XfX4s and the combined
product estimator déc) Yogs Xds/X C in DSS (with total response on both the variables

¥, and X) to the first degree of approximation are respectively given by

°g fc 1L 81 : Y
Var d© 3 o —w— 1 8 R 2R 3, (6.16
r % 1Sy0 n ¢||1 h & i Syoh th %/Oxh OC/ ( )
var i @ Liwil "9 RS, RS, 3 617
p s©NC ¢ o n(ﬁll h @h i oh h o Xh é- .

Comparing Vy4s with d® and d(¥, we deduce that d;® and d® are

respectively better than Yy, if

1 .

L §1 b 2 L §<h 2
'w — 1 2R R Frw, 4 6.18
A - S, xn St 1 e o isyoh(Z) (6.18)
and
L §1 b 2 L §<h 1 b 2
'w — 1 2R R W, . 6.19
AR 0 §,xn S 1 e o 1Sy0h(z) (6.19)

The condition (6.18) is same as in Okafor (1996).
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From (1.4), (6.8), (6.14) and (6.15), it is observed that the suggested class of
estimators dgc) is more efficient than:

i) the usual estimator Y g, if
min. 0, 2E G, T max. 0, 2E, (6.20)

ii) the combined ratio estimator d*(c) if

n.°RR1 2R §, G T max.2RR1 28R } (6.21)

iii) the combined product estimator d*(c) ,if

min. R Rl 2BR $,G T max. R R1 2HR § (6.22)

From (1.2) and (6.11), we have

var Vi Var di® i? W, 3L 1 8, 28G, T, G, T,
a1 &h 1
L . 0
h:1W2h §(hv—hl isf/oh(z) ;;4
which is positive if
i' Wh 1 gh% T, %, T, 2§ W, ¥ 1 'sﬁhi 0.
&1 @h Wt eV 1y,

To the first degree of approximation, the variance of the separate ratio estimator
L ' —_— . L — — — .
d/® 1wV % /% and the separate product estimator d® T wy, X, /%, in
hi hi

DSS in the presence of non-response are respectively given by

* a C. L
Var d,©® 3 feg il §i 1 /\Syh 2R, §, xn R’lsih

1L &, 1- ©
W, —h ~ g2 :, 6.23
n (Ell 2h oV iSYOh(z) ;’ ( )
a
* fc 1 L 81 v
Var d.® 8 VA — 22 2
27 e S mehth o 1S RS RIS
1 L §<h 1 " 2 °
— W, — 5 6.24
NGl 2 o 1Syoh(2) ; (6.24)

where R, %h/)zh .
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Comparing Vy4s with d® and d¥, we deduce that d;® and d® are

respectively better than Yy, , if

L 81 . ) L §<h 1- )

W, — 1 2 YW, —— 6.25

AL RiS,n RS KR evy iSyOh(Z) (6.25)
and

L §1 b 2 L §<h 1 b 2

W — 1 2 W, —— . 6.26

XA h©h ; Ri§,xn Ry St o 2h©Vh 1Sy0h(z) (6.26)

From (1.4), (6.11), (6.23) and (6.24), it follows that the proposed class of estimators
dé(s) in DSS in presence of non-response is better than:

i) the usual estimator Y4, if
min. 0, 2E Ghz T, max.0, 2F , (6.27)

i) the combined ratio estimator d;® , if

min. 2R, Rl 2E/R, §, G, T, max.2R,R'l 2E/R,
(6.28)
iii) the combined product estimator d;(s) ,if

min. R, Rl 2E/R, §, G, T, max. R, Rl 2E/R, §
(6.29)

7. ILLUSTRATION

To illustrate the general results for estimating the population mean in DSS in the
presence of non-response, we consider a ratio-type estimator, details of which are given
below:

The ratio-type estimator for the population mean is unbiased to the first degree of
approximation, if the regression of the study variable Y, on the auxiliary variable X
passes through the origin. But, in practice it is hard to obtain such an auxiliary variable
for which the regression of Y, on X goes through the origin. Keeping this in view and

motivated by Mohanty and Das (1971) and Khare and Srivastava (1997), we define the
following:

i) The combined ratio-type estimator for population mean \70 as

+ _» 8XCL

¢ Yods = .0 (71)
s L1

where L !0 is a suitably chosen constant.

t

The variance of the estimator to the first degree of approximation is given by



230 A general class of DSS Estimators of Population Ratio, Product.....

a (o]
* " el L §l ) 1)/2
Var t. ¥ar Yogs @& W, — 1 SR TR T 2 E», (7.2)
« NG " ¢h 173 ¥
where R,  Y,/X and T §—
0 @ X1

The variance of t: can also be obtained easily from (6.2) just by putting
G T R T

The variance of t: at (7.2) is minimized for T R, Tpt (say) and thus the

. o« . . * .
resulting minimum variance of t. is given by

* * ° L . %
minVar t  Var Vg nglIWh iyi 1is§h efé (7.3)
h ¢

ii) The separate ratio-type estimator for population mean 70 as

. & L,
t
S | Whyoh — Lh 1

(7.4)
where L, !0 is a suitably chosen constant for h™ stratum.

The variance of t: to the first degree of approximation is given by

a
* —_x 1 §l
Var tg ¥ar s — : — 1 th Rnh Rnh 2 f-.:- » (1.5
3 G Ccyh
v /X § Xy -
where Ry,  Y,/X, and T, = sforh TtolL.
&Kn Lyt

The variance of t; can also be obtained easily from (6.2) just by putting

Gy, Th RnT. The variance of t; at (7.5 is minimized for

T E/ R Th(opy) (say) and thus the resulting minimum variance of t; is given by

minVar t;  Var Vg niqil ;i 1 thlf1 (7.6)

It follows from (1.2), (1.4), (6.14) and (7.2) that the proposed estimator tz is better
than:

i) the usual DSS estimator Yy if
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EVES TE«/ES an
Ry R '
or equivalently,
X1 b X1 a
L , (7.8)
b a
&, 1
W, —h S;
EJES EJES Mo 1
where a , b and S h! ©
i i I:-Wh oL 2h
h1 h i
i) the usual DSS estimator V4 in the presence of non-response, if
0 T 2HR, (7.9)
or equivalently,
2EX
R 2EX (7.10)
2E

iii) the combined ratio estimator d;® V4 XX, in DSS in the presence of non-

response
e % e b
min. @& §E 1 3, T max. ®“§2—E 1 3, (7.11)
o j_z o @?0 j_z
or equivalently,
. ° 2R EX% e 2R EXY%
min. @, —— 3, L max. ®,—— 3. (7.12)
= 2ER, g = 2ER, ¢

Further it follows from (1.2), (1.4), (6.23) and (7.5) that the proposed estimator t: is
better than:

i) the usual DSS estimator Y, if

Lo 81 - L &, 1- 0
«f Wy — 1 ,Sih Rnh Rnh 2F | W —— ,5§0h(2> » 0,
41 Sh 1 h'1 ©W 1 v,

ieif £ 200, S/R% O forh ItoL

or equivalently

T b, B 4 b [0 (113)
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ie. if
o g % N " Ko
« bn hﬂ h h QW QW h h >
Ly , , (7.14)
< b B d, b, (B d
Wy, ky 1 S)z/h(z)
where b, E/Ryp ,dy  S/Rj, and S, =
W, 1 Q Sq
i) the usual DSS estimator V4 in presence of non-response, if
0 T 2E/Ry ;forh ltolL (7.15)
or equivalently
2 X
R‘”‘z—hj“ L, f;forh ItolL. (7.16)

*, L '
iii) the separate estimator d,® | WY % /)_<h in DSS in presence of non-
h1

response, if

° .Y ° .y
min. @& % 1 3, T, max.@ Q—ﬁ 1 3;forh 1tolL (7.17)
AT 5] = o 1
or equivalently,
o X, ¥ ° X, %
min. @,@ 3, L, max. @,M 3 for h 1toL. (7.18)
< 2k Ry ¢ < 2k Ry b

8. EMPIRICAL STUDY

To judge the relative merits of the suggested estimators over Y,ys we make use of
census data in Murthy (1967) {p. 127, Table 4.12}, which was earlier considered by
Okafor (1996). For the purpose of the analysis both the area of each village and the area
cultivated in the village are converted to hectares and grouped into three strata with area
of the village as the stratifying variable, X. The idea is to use DSS to estimate the mean
area under cultivation. Within each strata, the population was subdivided into respondent
and non-respondent groups. Villages with larger area are considered to belong to the non-
respondent group.

Table 8.1 demonstrate the parameters obtained from the census data after stratification,
and used for the calculation of the relative efficiency for sample sizes n,nc.
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Table 8.1
Population Parameter

233

Stratum

Wh

Wan

S)z/o h S%h

2
S)/oh(2)

SS’oXh

X

Yon

0-930

0.336

0.148

39974.81 | 54624.49

14549.99

35507.36

581.3826

397.1425

931-1700

0325

0.133

6145548 | 54862.44

17386.54

17473.07

1336.893

7774563

1701-4300

0313

0.125

172425.05]428164.23

71175.11

137254.78

2539.509

1234.618

R,=0.54299, Y, = 786.4839, X = 1448.462, S, =201382.3406

For the calculation of the efficiencies shown in Tables 8.4 to 8.6 we assumed that

N = 10,000 and that k;,

k=2 in all strata.

Table 8.2

Ranges of T (or L) for the proposed estimatorté to be more

efficient than different estimators of population meany,

Estimator Range of T | Range of L Range of T | Range of L

nc 5000, n 1500 nc 2000, n 300

Voas | (0.43,0.88) | (203.01, 1891.10) | (0.31,0.10) | (5.25,3158.36)

Vogs | (0.00,1.31) | (-343.44, v) | (0.00,1.31) | (-343.44, v)

d;® | (0.31,1.00) | (0.00,3211.94) | (0.31,1.00) | (0.00,3211.94)
nc 5000, n 1000 nc 1000, n 300

Vous | (0.34,0.97) | (50.44,2756.68) | (0.43,0.88) | (203.01, 1891.10)

Vogs | (0.00,1.31) | (-343.44, v) | (0.00,1.31) | (-343.44, v)

d;® | (0.31,1.00) | (0.00,3211.94) | (0.31,1.00) | (0.00,3211.94)
nc 5000, n 800 nc 1000, n 200

Vous | (0.32,0.10) | (13.34,3078.10) | (0.34,0.97) | (50.44, 2756.68)

Vogs | (0.00,1.31) | (-343.44, v) | (0.00,1.31) | (-343.44, v)

d;® | (0.31,1.00) | (0.00,3211.94) | (0.31,1.00) | (0.00,3211.94)
nc 2000, n 700 nc 1000, n 150

Voas | (0.51,0.80) | (370.34, 1367.27) | (0.31,0.10) | (5.25,3158.36)

Vogs | (0.00,1.31) | (-343.44, v) | (0.00,1.31) | (-343.44, v)

d;® | (0.31,1.00) | (0.00,3211.94) | (0.31,1.00) | (0.00,3211.94)
nc 2000, n 400

Voas | (0.34,0.97) | (50.44,2756.68)

Vogs | (0.00,1.31) | (-343.44, v)

d;© | (0.31,1.00) | (0.00,3211.94)
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Table 8.3
Ranges of T, (or L) for the proposed estimatort; to be more

efficient than different estimators of population meany,

Est Range of T, | Range of L,
nc 5000, n 1500
_ T=(0.21, 1.69); T,=(0.55)%; L, = (-237.51, 2155.15); L, = (1079.65)*;
Yods T,=(0.48, 0.84) L, = (474.84,2792.45)
» T=1(0.00, 1.90); T,=(0.00, 1.10); L, =(-275.91, v); L,=(-113.77, v);
Yods T=(0.00, 1.32) L, = (-613.82, v)
4O T=1(0.90, 1.00); T,=(0.10, 1.00); L, = (0, 62.33); L,= (0, 12687.03);
r T,=(0.32, 1.00) L, = (0, 5427.44)
nc 5000, n 1000
_ T=(0.18, 1.72); T=(0.55)%; | L, =(-243.47,2601.16); L, = (1079.65)*;
Yods T=(0.37,0.95) L, = (137.45,4322.17)
» T=1(0.00, 1.90); T,=(0.00, 1.10); L, =(-275.91, v); L,=(-113.77, v);
Yods T=(0.00, 1.32) L, = (-613.82, v)
4O T=1(0.90, 1.00); T,=(0.10, 1.00); L, = (0, 62.33); L,= (0, 12687.03);
r T,=(0.32, 1.00) L, = (0, 5427.44)
nc 5000, n 800
_ T=(0.17, 1.73); T,=(0.55)*; | L =(-245.35,2779.07); L, = (1079.65)*;
Yods T=(0.34, 0.98) L, = (61.81, 4874.7)
» T=1(0.00, 1.90); T,=(0.00, 1.10 L, =(-275.91, v); L,=(-113.77, v);
Yods T=(0.00, 1.32) L, = (-613.82, v)
4O T=1(0.90, 1.00); T,=(0.10, 1.00); L, = (0, 62.33); L,= (0, 12687.03);
r T,=(0.32, 1.00) L, = (0, 5427.44)
nc 2000, n 700
_ T=(0.23,1.67); T,=(0.55)*; | L =(-233.62,1931.23); L, =(1079.65)*;
Yods T=(0.61,0.71) L, = (1032.52, 1638.60)
» T=1(0.00, 1.90); T,=(0.00, 1.10); L, =(-275.91, v); L,=(-113.77, v);
Yods T=(0.00, 1.32) L, = (-613.82, V)
4O T=1(0.90, 1.00); T,=(0.10, 1.00); L, = (0, 62.33); L,= (0, 12687.03);
r T,=(0.32, 1.00) L, = (0, 5427.44)
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Table 8.3 (continued)

nc 2000, n 400

T=(0.1827, 1.72); T,=(0.55)%;

L, = (-243.47, 2601.16); L,=(1079.65)*;

Vods T=(0.3701, 0.95) L, = (137.44,4322.17)
. | T=(0.00,1.90); T=(0.00, 1.10); | L =(-275.91, v); L,=(-113.77, v;
Yods T=(0.00, 1.32) L, =(-613.82, V)
o | 17 (0:90,1.00); T=(0.10,1.00); L, = (0, 62.33); L,= (0, 12687.03);
r T=(0.32, 1.00) L, = (0, 5427.44)

nc 2000, n 300
_ T=(0.17, 1.73); T=(0.55)%; | L, =(-245.79, 2823.52); L, = (1079.65)*;
Vods T=(0.34, 0.98) L, = (45.53, 5010.24)
. | T=(0.00,1.90); T=(0.00,1.10); | L =(-275.91, v); Ly=(-113.77, v);
Yods T=(0.00, 1.32) L, =(-613.82, V)
o | 1= (090, 1,00 T=(0.10,1.00); L, = (0, 62.33); L,=(0, 12687.03);
r T=(0.32, 1.00) L, = (0, 5427.44)

nc 1000, n 300
_ T=(0.2125, 1.69); T,=(0.55)%; | L, =(-237.51,2155.15); L, = (1079.65)*;
Yods T=(0.48, 0.84) L, = (474.83,2792.45)
. | T=(0.00,1.90); T=(0.00,1.10); | L =(275.91, v); L,=(-113.77, v);
Yods T=(0.00, 1.32) L, =(-613.82, V)
o | 1= (090, 1.00;; T=(0.10,1.00); L, = (0, 62.33); L,=(0, 12687.03);
r T=(0.32, 1.00) L, = (0, 5427.44)

nc 1000, n 200
_ T=(0.1827, 1.72); T,=(0.55)%; | L, =(-243.47,2601.16); L, = (1079.65)*;
Vods T=(0.37, 0.9487) L, = (137.45,4322.17)
. | T=(0.00,1.90); T=(0.00,1.10); | L =(275.91, v); L,=(-113.77, v;
Yods T=(0.00, 1.32) L, =(-613.82, V)
o | 1= (090, 1,00 T=(0.10,1.00); L, = (0, 62.33); L,=(0, 12687.03);
r T=(0.32, 1.00) L, = (0, 5427.44)

nc 1000, n 150
_ T=(0.17, 1.73); T=(0.55)% | L =(-245.79,2823.52); L,=(1079.65)*;
Vods T=(0.34, 0.98) L, = (45.53, 5010.25)
.| T=(0.00,1.90); T=(0.00,1.10); | L =(275.91, v); L,=(-113.77, v);
Yods T=(0.00, 1.32) L, =(-613.82, V)
o | 1= (090, 1.00;; T=(0.10, 1.00); L, = (0, 62.33); L,=(0, 12687.03);
r T=(0.32, 1.00) L, = (0, 5427.44)

* Interval for T, is not obtained owing to complex number. Values of T,
have been obtained after omitting the complex number.
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Table 8.4
PRE of t; with respect to Y, for different values of T, whennc 5000 and n 800 .
T 0.00 0.25 0.50 Tp=0.66 | 0.75
PRE {,V4 | 100.00 | 112.19 | 119.92 121.36 120.83
T 1.00 1.25 1.30 1.35
PRE {, Vus 114.60 | 103.22 | 100.58 97.88
Table 8.5
PRE of t with respect to 4 for different values of T, when nc 5000 and n 800.
T T, (0.00, 0.00, | (0.25, 0.25, | (0.50, 0.35, {(0.75, 0.50,| Topy =(0.95,
P2t 0.00) 0.25) 0.40) 0.60) 0.55, 0.66)
PRE {, Ygs 100.00 112.16 118.62 122.95 123.54
T T, (1.25,0.75,((1.50, 0.90, | (1.75, 1.00, [(1.90, 1.09,| (2.00, 1.15,
b 273 0.75) 1.00) 1.25) 1.31) 1.35)
PRE , Vg | 121.98 115.39 104.79 100.37 97.32
Table 8.6
Relative Efficiency of the proposed estimators ovewy, .
Sample sizes n,ncC
Estimators [ (5000, [(5000, [ (5000, [ (2000, [ (2000, [ (2000, [ (1000, [ (1000, [ (1000,
1500) | 1000) | 800) | 700) | 400) | 300) | 300) | 200) | 150)
Vods 0.87240.8708[0.8701 [0.8944 |0.8843 |0.8805|0.8963 |0.88820.8836
d;© 0.97390.9903 [0.9971[0.9723]0.9914{0.9989{0.9793|0.99170.9990
t, T Ju  [1.0193]1.0451(1.0559|1.0058|1.0395|1.0531|1.0152(1.0380(1.0514
to T oy |1.0336/1.0626(1.0749(1.0162|1.0548|1.0704|1.0264|1.0526|1.0681

From Tables 8.2 and 8.3, we perceive that there is enough scope of choosing TorL
and T, orl,

values of ntand n. From Tables 8.4 and 8.5, it is observed that for nC 5000 and
n 800, when T ¢(0.0000,1.3108) {or L  (-343.4425, v)} and T <(0.0000, 1.9032);
T, +(0.0000, 1.0953); T, *(0.0000, 1.3188) {or L, » (31.1668, V); L, * (6343.5174,
V); Ly e (2713.7218, v)}, the proposed modified combined and separate ratio-type

to obtain better estimators from t. and t respectively for different

estimators t, and t¢ are always more efficient than the usual DSS estimator 4 in the
presence of non-response.
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Table 8.6 exhibits that under different sample sizes the combined ratio-type estimator

tz and the separate ratio-type estimator t; in presence of non-response has improvement

over Yyq4s- It is also observed that the relative efficiency of the separate ratio-type

estimator t; is more than the usual DSS estimator Ve, the usual DSS estimator Yy in

. . . *, . .
presence of non-response, the combined ratio estimator d,(c) in DSS in presence of non-

response and the combined ratio-type estimator t: .

Remark 8.1: The problem of optimum allocation can be carried out on the lines of
Okafor (1996, p. 112-113).
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