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Abstract

In this paper, we have suggested chain ratio-type estimator, exponential chain ratio-ratio-
type estimator, improved estimator and a general class of estimators in Double sampling for
stratification for finite population mean. Different conditions were obtained under which the
proposed estimators perform better than unbiased estimator, ratio-type and product-type
estimators and ratio and product-type exponential estimators. An empirical study is carried out
to demonstrate the performance of the proposed estimators over existing estimators.
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1. Introduction and Notations

When the population is homogeneous, for selecting a representative sample from the
population, the practitioner usually uses the simple random sampling scheme. However, in
practice, heterogeneous population are also encountered. In such situation, stratification is one
of the most widely used procedures in sample survey to provide samples that are
representatives of major sub-groups of a population and improve precision of estimators, see
Holt and Smith (1979). In stratified random sampling, it is assumed that strata weights as well
as sampling frame are available in advance. But there are several situations of practical
importance where strata weights are known and the frame within strata is not available. For
example, in a household survey in a city, number of households in different colonies may be
available, but list of households may not be available, see Tailor et al. (2014). In such a
situation the technique of post stratification is effectively employed. However, in other
situations strata weights may not be known exactly as they become outdated with the passage
of time. Further the information on the stratification variable may not be readily available but
could be made available by diverting a part of the survey budget, see Tripathi and Bahl (1991,
p. 2590). Under these situations that procedure of double sampling for stratification (DSS) can
be employed.

Let U = {U LU, Uy }be a finite population of size N. let (y, x) be the (study, auxiliary)

variates respectively. It is desired to estimate the population mean Y of study variable y and
consider it desirable to stratify the population based on the values of an auxiliary character x
but the frequency distribution of x is not known. The sampling frame for different strata, the
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strata weights W, :%;hzlg,..L, (N,being the size of the 4" stratum) are unknown

although the strata may be fixed in advance, see Ige and Tripathi (1987, p. 192). In such
situations DSS scheme is used. In DSS scheme we draw a first phase sample S of size n' from
the population U using simple random sampling without replacement (SRSWOR) scheme and

o . . ) o 1
observe auxiliary variable x. let x, j = 1,2,...,n" be the x-observations and x'= —'Zx i the
n'i4
sample mean. The sample S"is then divided into L strata on the basis of information gathered

for auxiliary variable x through S. Let n',be the number of units in S @ falling into stratum

L
( =12,..,L; Znh—nj, {n’l,n'2,...,n'L} yielding the representation )?':th)_c'h,

h=1

n o x! ' N
where ¥,=> —Tand w, = n—f’such that E(w, ) =W, = Wh Subsamples of sizes
=1 n

n, =y,n',,0<v, <l(h=12,.,L), v,is known in advance for each &, are then drawn
independently, using SRSWOR within each stratum and y, the study variable is measured.

L
Let n= Znh, n= {nl,nz,...,nL }and yhj,j =1,2,...,n,;h=1,2,...,Ldenote y observations,

v, = Z J’;” It is assumed throughout the paper that ', is large enough so that Pr(n' p= 0): 0
Jj=1 "h

for all A.

Further we denote
First degree of approximation: fda,

f= % : Sampling fraction,

_ 1 M 1 N
g S Xy 2 T 3, F 35,
Jj= Jj= h 1 j=1 h 1 j=1
1 N, _ 1 N, . 1 N, _ _
Syzh = N, 14 (yhj —Yh)Z,S,fh :ﬁz(th —X,,)Z,Syxh Zﬁ;(yh, —Yh)(xhj —X,,),
5 _; L Ny ~ L Ny B 1 N, = o
S _N_lhz_]:/_l(yhj ) N 1;;(’% ) _N T14 (yhj Y)(xhj X),
1- Y 1 0,
}/:( n;f ’R:7’¢h:(u_h_lJ’k:Rygx’ y:h:1 h¢h yh’e, ZW¢hS§ha
o s ol
wo — 2P wh? P dex

We note that



2022] CHAIN RATIO TYPE IN DOUBLE SAMPLIG STRATIFICATION 195

L L
Vi = Zw,jh , Xy = ZWh)_ch are unbiased estimators of the population means Y and X
h=1 h=1

. _ 1 ny, _ 1 ny
respectively, where y, = —Z yy and X, = —thj .

hoj=l 1y, =

Now, to obtain the biases and mean squared errors (MSEs) of various estimators of
population mean Y, we write

yds :Y(l-l—gO)’)_Cds :y(l-l_gl)’i':y(l-l_g'l)

such that E(g, )= E(e, )= E(¢',)=0and

Hei)= 5 751+ 0, |
E(sf)=%{yS§+;9x}
Ee?)=Elg, g‘l)—%y 2,
E(gogl):%[ysﬂgeyx}
E(gog'l)z%ySyx.

1.1. Reviewing some existing estimators

The conventional unbiased estimator for population mean Y [which does not utilize the
entire information gathered on the first-phase (preliminary large) sample and the stratified sub
samples] is defined by

L
ydvzzwh.)—}h (1)
=l
with mean squared error /variance
_ _ 1
V(yds):MSE(yds):yS}zf-i_;ey’ (2)

is well known [see Rao (1973); Cochran (1977)].

Based on DSS, utilizing the auxiliary information obtained on the first phase sample both
at the designing as well as at estimation stages, Ige and Tripathi (1987) proposed the ratio-type

(RT) and product-type (PT) estimators for Y respectively as

S _ X'
YR(dss) = Vs (?_C_j ) (3)

ds
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A

2 X
5 ds
YP(dss) = yds(

j 4

To the fda, the MSEs of _R( 4ss) and _P( 4ss) are respectively given by
©)

MSE(i(m))z ys2+Llo, + R0, (1-26),
n
(6)

MSE(?P(dSS) ): yS:+ nl [0, + R20,(1+2k)]

Further, motivated by Bahl and Tuteja (1991), Tailor et al. (2014) suggested RT and PT

exponential estimators respectively as

- _ X%,
Y, Re(dss) — Vs exp{_'—_d} 5 (7
X +de
~ X, - X
Y, . =9, expl el (8)
Pe(dss) yds p{ )_C'+)_Cds }

The MSEs of RT and PT exponential estimators to the fda are respectively given by
)

A 2
MSE(YRe(dm ): 7S: +l‘[9y X ff (1- 4k)}
n

R0, (1+4k)}.

MSE(I%PQ([,SS)): 7S5 +l{¢9y + Z (10)
n

From (2), (5), (6), (9) and (10), it is observed that the RT estimator I7R( iss)» the PT estimator
_Re( 4ss) and the PT exponential estimator Y, pe(dss) AT€ better

A

YP( iss)» the RT exponential estimator
than y , if the conditions k& > 1 k< —%,k > %and k < —Zrespectively hold good.

2.  Proposed Chain-Type Estimators in DSS

2.1. Chain RT estimator
On replacing y , by _R( 4510 (3), we get chain RT estimator in DSS for population mean

Y as

2
o S x' _ x'
YR?dss) = YR(dss) [__j =Vas [f_J . (1)
ds

ds

Putting 3, =Y (1+¢,),%, = X(1+¢,) andx¥'= X(1+¢',) in (11) we have
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=Y(+g N1+, ) (1+&)°. (12)

We assume that |51| < 1so that the term (1 + & )_2 is expandable. Now, expanding the right

hand side (RHS) of (12) multiplying out and neglecting terms of & ’s having power greater than
two, we have

(715 o —Y )E Yle, —2¢ +2&' 43¢ + £ 2¢,6, +2¢,6',~4e,&, ]

(13)

To obtain the bias of I%Rfdss) to the fda, we take the expectation of both sides of (13) and
thus

2 RO
B(YRfm)=n,—);;(3—k>- (14)

which is negligible if sample size n'is sufficiently large.

Squaring both sides of (13), neglecting terms of & ’s having power greater than two, we
have

=Y’ [g(f +4gl +4e"—de e, + 4,8, -8, ] (15)
Taking expectation of both sides of (15) we get the MSE of Eefdss)to the fda as
MSE(Z?C,SS) ): y S’ +l'[9y +4R%0,(1-k)] (16)
n

From (2), (5), (9) and (16) it can be shown that

MSE(?RdeS) )< MSE(3,, )itk>1, (17)
MSE(?RdeS) )< MSE(?WSS)) if k> % (18)

and
MSE(}ifdss) )< MSE(?Re(dm) if & > %. (19)

Thus, the proposed chain RT estimator Zim) is more efficient than the estimators y , ,

A A

Ypias and e 1f the conditions (17), (18) and (19) are satisfied respectively. It is also

observed from (17), (18) and (19) that the condition £ >%is sufficient for the proposed

A

estimator Zefdss) to be more efficient than the estimators y,, , Yz, and )_’Re( dss) -



198 HOUSILA P. SINGH AND PRAGATI NIGAM [Vol. 20, No. 1

2.2. Chain PT estimator

A

On replacing y, by Yy, in (4), we get a chain PT estimator in DSS for population mean

_ _ 2
2 X _ ([ x,
Ypfdu) P(dss)[ )_:,S j = ya’s[ )_:, J . (20)

Inserting y, = )7(1 + &, ), X, = )?(1 + & )and X'= )_((1 +&' )in (20) we have

Y as

Sc X(1+€1) 2_— 2 ' \-2
Vo =Y (1+ 80%—)((1”1)} =Y(+eg, N1+g)(1+e,)>. (1)

We assume that |g'1| < 1so that the term (l+8'1 )_2 is expandable. Now, expanding the

RHS of (21), multiplying out, neglecting terms of & ’s having power greater than two and then
subtracting Y from both sides of (21), we have

(Ypfdm ) Y [<90+2(91 26\ 43" +el + 26,8, — 26,8 —4e,E, ] (22)

Taking expectation of both sides of (22) we get the bias of Y pass) t0 the fda as

B(ch(dss)) R‘gx (1 2k). (23)

which is negligible if sample size n'is large enough.

Now, squaring both sides of (22) and neglecting terms of & ’s having power greater than
two we have

=Y’ [50 +4gl +4e"T +he g, —de,8' 8¢, ] (24)
Taking expectation of both sides of (24) we get the MSE of Zfdm to the fda as
2 1
MSE(YPdeS) ): ySiee 0, +4R%0,(1+ k)] (25)

It can be easily observed from (2), (6), (10) and (25) that the suggested chain PT estimator

~

Yy p(ass) 18 more efficient than the estimators y Y, pass) and Y, po(assyTespectively if the conditions

k<-1, k< —%and k < —%holds good. It is further observed that the condition k& < -1 is

sufficient for the proposed chain PT estimator Efm) to be more efficient than the estimators

A

Vasr ¥, P(dss) and Y, PExp(dss)*
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2.3. Chain RT exponential estimator

A

Inserting YRE( 410 place of y, - in (7), we obtain the chain RT exponential estimator in

DSS for population mean?Y as

~ ~ = 3 €Wx'—x
Y, Ri(dss) =Y, Re(dss) eXp{ g,_’_)ﬁd‘v ;} = Vs CXP{((_X,—_XdS))} (26)

X s X +X

Expressing (26) in terms of &’s we have
Ve v v (8'1 +51) B
YRe(d”) = Y(l + &, )exp (8 =& ) 1+ T . 27

Expanding the RHS of (27), multiplying out, neglecting terms of ¢’s having power
greater than two and then subtracting ¥ from both sides, we have

TC 7| 2 '
(YRe(dss) —Y)— Y[go —& &'\ +e +E,€'\—6,6 — €& 1]. (28)

Taking expectation of both sides of (28) we get bias of YRCG( ass) L0 the fda as

A

ES RO
B(YRi(dss) ): n'_)_;(l k) . (29)

For sufficiently large »', the bias of ?Rce( a0t (29) 1s negligible.

Squaring both sides of (28), neglecting terms of & ’s having power higher than two and

taking expectation of both sides, we get the MSE of )_’Rce( 4oy 10 the fda as

MSE(ii(m) ): yS7+ nl b, +R0.(1-2k)}. (30)

A

From (5) and (30), it is observed that to the fda, the MSE of RT estimator Yy, and the

MSE of chain RT exponential estimator YRCe( 4ss) 2r€ same i.e., MSE (?Re( dss) ): MSE (17 Ridss) J

2.4. Chain PT exponential estimator

On replacing y, by Y, pe(dss) I (8), we obtain the chain PT exponential estimator in DSS

for population mean?Y as

= 2 Y —x' 2Ax, =X
Y, Pi(dss) = 1 pogss) exp{(x_a:s—X)} =V eXP{M} . (1)

(x'+x,) (x'+x,,)
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Substituting y, = }7(1 +&, ), X, = )?(1 +¢& )and X'= )7(1 +&', )in (31) we have

' -1
Ve = Y142, )exp{(g1 — )(1 + (‘gl%"l)j } (32)

Expanding the RHS of (32) neglecting terms of & ’s having power greater than two and
subtracting Y from both sides, we have

(Y o) — ): Y [50 e —& e eE — €8 —EE, ] (33)

Taking expectation of both sides of (33) we get the bias of Ye po(ass) 10 the fda as

A 0
B(YPi(dss) ): ﬁ (34)

Squaring both sides of (33), retaining terms of & ’s up to second degree and then taking

expectation of both sides we get the MSE of Y, Pf( ass) L0 the fda as
2 1
MSE(YPS(M ): rSiee [0, + R0, 1+ 26)). (35)

which equals to the MSE of pass) -6 MSEVY, ( Pe( dm) MSE(? P dss>) .

2.5. Chain Ratio-RT exponential estimator

Chain ratio-RT exponential estimator in DSS for population mean Y is obtained on

replacing y, by Y reass) I (7) given by

YRCRe(dw) yds( o jexp(x x‘lsj (36)
Xy X'+X,
Proceeding as earlier the bias and MSE of YRCRe( ass) L0 the fda, are respectively given by
RO (15
C X
B (Y RRe(dss) ) P [? -3k j (37)

MSE(YRCWSS)) {7S2 1{9 +3R*0 (é—kJH (38)

It is observed from (2), (5), (9), (16), (30) and (38) it is observed that the estimator

Y RCRe( dss) is more efficient than the estimators y , , Y Rdss)? YRi( dss)) )_’Re( dss) and Y R( dm)respectlvely if
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the conditions k& > %,k > %,k >landk < %are satisfied. We also conclude that if & is lies

57 . . . . &
between [Z,Zj, then chain ratio-RT exponential estimator Y, RCRC( 4 Derforms better than the

A

) _ = Sc C
estimators y,, Y, R(dss)? Y, Re(dss) ? Y R(dss) and Y} Re(dss) *

2.6. Chain product-PT exponential estimator

Inserting YP( s 0 place of y, in (8), we define a chain product-PT exponential

estimator for population mean Y in DSS as

2 X, —X' _ [ x, Xy — X'
YPCI;e(dw) YP(dss) exp[ )_:I'+)_C J: yds( < ]e p(m] . (39)
ds ds

Using the procedure adopted in preceding sections, we get the bias and MSE of the

46
Y PPel

(dss) 1O the fda, respectively as

B(ﬁiem) g O 1+ 4k), (40)
7 ;
MSE YPPe(m)) [75 +—{ +3R%0 (4 +ij. (41)

It is observed from (2), (6), (10), (25), (35) and (41) that the proposed estimator YPPQ( dss)

1s better than:

(1) the unbiased estimator y , if k < —% ,

. . > . . ) > ) 5
(1) the PT estimator Y, ,  and the chain PT exponential estimator Y5 . if k <—=,
P(dss) Pe(dss) 4

(ii1)  the PT exponential estimator YPE( aslf kK <—1;and
(iv)  the chain PT estimator z,fdm) if k> —%‘

It is further observed from (i) to (iv) that the proposed estimator Y pro(ass) 1S alwWays better

7 5
than the estimators y ,, YP(dW), Y potass) Ypfdw) and Ypf(d“)lf ke (—Z _Zj

~ ~

3. A Class of Chain Ratio-RT Exponential Estimators in DSS

We have suggested a class of chain ratio-R7 exponential estimators for population mean
Y in DSS as
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2 Exy w&(¥-%,)
YCR(dW) de ( é: ds + l/jJ exp{ g(i'+xds ) + 2{// } ’ (42)

where {é"(;t O),l//}are real constants or known parameters such as standard deviation S,
coefficient of variation C_, coefficient of skewness [ (x), coefficient of kurtosis /3, (x)and
A:(,Bz (x)- ﬁl(x)—l) associated with auxiliary variable x or coefficient of variation C, of
study variable y or p, , the coefficient of correlation between y and x; (/1, a))are suitably

chosen design parameters. In particular (/I,a))are to be determined such that MSE of the class

of chain ratio-RT exponential estimators Y, 1S minimum.

We note that for different values of scalars ((f, v, A, a))a large number of estimators can

be generated from the suggested class of estimators )75;( dss) -

To the fda, the bias and the MSE of the estimator YCR( 45 are respectively given by

2 nRe. |t
B(YC‘;(dss)): ' X {Z - k} (43)
MSE(YC’;MM)) {7 S?+ —{9 + mli O: (e - 4k)H. (44)

- G
where 7 = §Y+l//,77—(a)+2/1).

We note from (43) that the bias of ?c};e( 45 18 negligible if the sample size ' is sufficiently
large. The proof of the results in (43) and (44) are simple so omitted.

The MSE of YC};( 4ss) 1S Minimum when

2k
n= 7 = opr) SAY- 45)

Thus, the resulting minimum MSE of YCR( dss) 18 given by

s, (72 - {wz i; (l—pz)}- (46)

w

00

yox

where p =

Now we state the following theorem:
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Theorem 1: Up to first order of approximation,
P ) 0, ( 2
MSEV i J2| 787+~ (1=p )
. . o 2k
with equality holding if n =—.
T

3.1. Efficiency comparison

From (2) and (44), we have that

MSE(?Ci(dm) )< MSE(3, )if

cither k> %,m >0, (47)

or k<%,m<0, (48)

If we set (/1, a)) = (ﬂ*,O) then the class of estimators YC};( a5 Teduces to

p

> _ | Sx'ty

chl(dss) = Vs [ EX, +y (49)
ds

where A’ is a constant.

Putting (1, )= (1',0)in (43) and (44) we get the bias and MSE of Y.%\. to the fda, are

respectively given by

2 RO, [ (X +1
B(YCi)?l(dss)): X { ( > )—k}, (50)
o Pl _ 2 1 2 *
MSE(YCR([,”))_P S?+—{o, +R*2'0,(cA —2k)}}. (51)
n

Now from (44) and (51), we have

ES ES R*0, (.. ’ :
MSE(YC‘;’;W) )— MSE(YC‘;(C,W) )z TT (2/1 - U{T(MTH]) — k} >0, if

either k<—— n<21, (52)

or k> > 24 (53)
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If we set (/1, a)) = (0, a)*), then the class of estimators YCI;( 45 Teduces to

ES _ o E(x'-Xx,
Y CIIJ?%dss) = Vas exp{M}, (54)

where @"is a constant.

Putting (1, )= (0, a)*)in (43) and (44) we get bias and MSE of the estimator ¥,

respectively as

ES ‘RO z'(a)*+2)
B(Y” ): 'O 1O, — kY, 55
R o' X 4 (53)
S R>w 0 \
MSE(YC‘;’éd_“)):{ySy2+l'{0y+—T Z’ * (r —4k)H. (56)
n

From (44) and (56), we have that

MSE()LIC};(dSS) )< MSE(YAC[;%ds‘s) J’ lf

either k< T<G)T+77),77 <o, (57)

or k>1-(a)*#),n>w*. (58)

Thus we conclude that ?C};( 4 18 better thany YCZI( 4ssy @and YC}E ass) 1f the conditions given
in equations (47) or (48), (52) or (53) and (57) or (58) respectively are satisfied.

4. Improved Class of Estimators

Motivated by Searls (1964) we consider an improved class of chain RT estimators in DSS
for population meanY as

P(ilss) = CZZ ?Cfl)i(dss)
vy ) (3%,
S -t [N (59)
g'xds +l// g(x'+xds)+2l//

where ¢,1s a constant to be determined such that MSE of P(gss)is minimum.

To the fda, the bias and MSE of P’

as5) AT€ TEspectively given by

B(P(ilss)): Y(azes - 1)’ (60)
MSE(P!, )=T>[1+a26, —20,6;]. (61)
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where

1 1 R*A
0, :|:1+?{7Sj +;(6’y + o [1(77+1)—4k]}:|,

™me
0, = {1 + 85)_;2 {e(n+ 2)—4k}} .

The MSE(P,, )at (61) is minimized for

05
o=—= aZ(opt) , Say.
02

Thus, the resulting minimum MSE of P’

Lass) 1S glven by

MSEmin (E;SS)): Y2|:1 - Z_Szi|

2

Now we arrived at the following theorem.

Theorem 2: Up to terms of order O(n_1 ),

_ 67>
MSE(PL,,,)> 7 {1 - —5}
2
with equality holding if
0;
o, =—.
0,

For comparing YCI;( dss) With P’ ., we express (44) in terms of &, and 0; as

(dss)?
MSE(YCQ(dSS) ): 72[1+6,-26,]
Now from (63) and (64), we have

7 R
st st (5, )= 7 @00 o,
2

which follows that
MSEmin (})(i’ss) ) < MSE(YCI}JQ(dss) )

Thus from (65) we conclude that the improved estimator P(Idss)

205

(62)

(63)

(64)

(65)

1s more efficient than the

suggested estimator YCZ( 4ss) Under the optimum condition (62). Also, the estimators belonging
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to the improved family of estimators P’  are more efficient as compared to the estimators

(dss)

belonging to suggested class of estimators ?C‘;( dss) -

5. A General Class of Estimators

Following the procedure adopted by Upadhyaya et al. (1985), we define a generalized
class of estimators in DSS for population mean Y as

— A Y'—x
P —ay tay| S| expl @S E) | °
(dss) = %1 as zydb(é)_cds +y P E(x+x,, )+ 2w 0

where (al,az)are constants to be determined such that the MSE of P¢

1s minimum; and the
(dss) 2

scalars (é‘, v, a),ﬂ,)are same as defined earlier.

To the fda, the bias and MSE of the generalized class of estimators P

Lass) AL respectively

given by
B(BS,, )= Y],6, + .6, 1], (67)

MSE(P(ZS)): Y? [1 +al0 + a0, +2a,a,0, —2a,0, — 2a,0, J, (68)

1 1
6, :{1+?[;/Sy2 +;9yﬂ,

1 1 6
0, ={1+?(ysj+—'9yj+ 7 {(77+2)1—8k}},

n 8n' X?
0,=1.

where

0, and 6, are same as defined previously.

Minimization of (68) with respect to (e, ,, ) gives

. (6)

After simplification of (69), we get the optimum values of (0{1 N0 )respectively as
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A1
Qi opr) :A_
0
A 9
aZ(opt) :A_2
0
where
0, 0,
A =(0,0,-62)
0 63 92 1¥2 3
9, 0
A=l = (0,0, -0,0,)
5 2
0
A, = 9; 954 = (0,6, -0,06,)

Thus the resulting minimum MSE of P(gss) is given by

[ .62 -20,6,6,+ 06,63}
G \_v2|q1_ Y% 243 =
MSE,,(PS, )= {1 (6.6,-67) |

Theorem 3: Up to terms of order O(rf1 ),

~ {'9 0> -20.0.6 +6’92}
G IR 1 37475 _ 7175
MSE(PS,,)> ¥ {1 (6.6, -62)

with equality if
A1 A 2

6xl(opt) = A 9a2(0pt) :A_'
0 0

Now from (63) and (71), we have

MSE,, (P, )- MSE,, (PS, )=T7? (0.6, -66:)

d. d. -
. A

which follows that
MSE,, (PS,, )< MSE(P,,, ).
Combining the inequalities (65) and (72) we have

MSEmin (})(ivs) ) < MSE(P(fJW) )S MSE(?CI;(dss) J
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(70)

(71)

(72)

(73)
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From (73), we infer that the generalized estimator P(g ,is more efficient than the suggested

improved estimator P oand the estimator YCR( dss) -

6. Numerical Hlustration

To demonstrate the performance of the various estimators of the population meanY of y,
we have taken two data sets. Description of the population data sets are given below.

Data 1 [Source: Chouhan (2012)]
y: Productivity (MT/Hectare), x: Production in ‘000 Tons

N=20,n=8, n, =4,n, =4,n',=7,n",=7,N, =10,N, =10,Y, =1.70,Y, =3.67,Y = 2.685,
X, =10.41,.X, =289.14, X =149.705,S,, =3.53,S,, =111.61,5 , =0.50,5 , =1.41,S ,, =1.60,
S, =144.87,57 =2.20,R =0.018.

Data 2 [Source: Murthy (1967), p228]

y: Output, x: Fixed capital,

N=10,n=4,n, =2,n, =2,n",=4,n',=4,N, =5,N, =5,Y, =1925.8,Y, =3115.6,Y =1260.35
X,=2144,X, =333.8,X =137.05,5,, = 74.87,5,, =66.35,5 , =615.92,5 , =340.38,

2
S 1 =39360.68,S ,, =22356.50,S; = 668351.00,R =9.196.

A

We have computed the percent relative efficiencies (PRESs) of estimators Y, Rdss)» YRe(dss) »

ZQCRC([]SS) with respect to usual unbiased estimator y, by using the following

Gal) I

y S+ j +R%0.(1- 2k)}}

Bt
(i)
(el a-w]

X 0
7Sy + %
n

*100, (76)

{Q/SZ (:J{e +4R%0,(1- k)}}

YC YC

R(dss) > * Re(dss) ®
formulae:

PRE(?R(dSS) 2 .)_/ds ) PRE(Y Re(dss) ° yds

%100, (75)

PRE (YRe(dss) ’ yds ):

PRE(YRfdss) s .)_)ds )_
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*100,

0
2 n
PRE (Y RCRe(dss) s Vs ): 1
[}/ S2+ (J{ey +3R%6,(0.75 - k)}}
n
and findings are displayed in Table 1.

A

The PREs of proposed class of estimators YCZ( dss)» Improved class of estimators

and generalized class of estimators P
formulae:

7S:

V

il
i n'
PRE( C??(dss)’yds = *100

Y*1+6, -26,]

0, {ySy2 +[9y'j}
n
PRE(P(]dSS)’de): *100’

Y%(6, -62)

&t
PRE(PS,. 5., )=

- Y2 {1 _ (926’42 —20,0,0; + 0,05 )}
(6.6,-62)

b

*100

for different values of (f, W, A, a)) Results are shown in Table 2.

Table 1: PRE of Different estimators with respect to y
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(77)

1
})(dss)

L5y With respect to v, have been computed by using the

(78)

(79)

(80)

Estimators D;;:;El D]?It;;E 2
Vas 100 100
AN A 145.18 138.96
?Re(dm 168.40 152.82
Y 41.98 48.01
?RCRe(m) 77.83

83.62
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Table 2: PREs of YC};( dss) P(fm) and P(gm)with respect to y, for different values of scalars
(&, A,)
Values of scalars Data 1 Data 2
vl g PRE PRE PRE PRE PRE PRE PO
1) 2 i G 7 1 ss
YC};(dSS) })(dss) })(dss) YCI;(dSS) })(dss) (d )
10 1 -1 168.4 170.13 177.37 152.82 155.05 160.94
110 1(0.75]-0.75 154.23 155.77 177.14 142.40 144 .46 160.70
1101 05| -0.5 136.19 137.64 176.92 128.90 130.87 160.49
10 1]025|-0.25 117.44 118.89 176.73 114.28 116.25 160.28
10 1 0 145.18 148.54 178.45 138.96 142.81 161.99
110 1(025] 0.25 154.23 155.77 177.14 142.40 144 .46 160.70
1101 0.5 0.5 172.81 175.27 177.88 157.32 160.24 161.44
110 1(075] 0.75 126.45 130.17 178.76 124.98 129.27 162.29
10 1]0.75 1 121.21 112.2 179.09 110.33 115.00 162.60
PREs GLOPUMUM | 17554 | 17766 | 17771 | 15862 | 16126 | 161.27

It is observed from Table 1 that the estimators YR( dssy and YRC( ass) are equally efficient. The
estimators YRfdss) , }_’Rce( dssy and )7RCRC( 4ss) are more efficient than the conventional unbiased estimator

v, with considerable gain in efficiency. The chain estimators YRfdss) andY, RCRe(dSS) are even

inferior to the unbiased estimator y , .

Table 2 shows that the proposed estimators Y, Cl;( dss) > 1)(£lss) and P(gss) are more efficient than

the usual unbiased estimator y, for selected values of (gg,l//,ﬂ,a))‘ The proposed chain

ol A

estimator Y, C];( 4ss) (@t optimum value of 77) is more efficient than the estimators y,, 7R( dss) >

A

v, yc y¢

A8
Re(dss) > L R(dss) > LRe(dss) and YRRe(dss)'

Table 2 also exhibits that the generalized estimator P

a5, 18 the best (in the sense of having

A A

. - vc o ye 7 C P I
least MSE) among all the estimators ¥, , Yz o) > Yaerass) » Yr(dss) » YRetdss) » L Re(dss) » L Credss) @04 By

discussed here. Thus there is enough scope of selecting the scalars (5, v, A, a))involved in the

proposed class of estimators YCI;( ass)» Peyand P,

\dss) lass) ODtaining better than the estimators y,,,

A A

Y, R(dss) > Y, Re(dss) ? Y, R(dss)? Y, Re(dss) and Yy Re(dss) *

So the proposed estimators Yoy 4, Py and B are recommended for their use in

practice.



2022] CHAIN RATIO TYPE IN DOUBLE SAMPLIG STRATIFICATION 211

Acknowledgement

Authors are grateful to Professor Vinod Gupta, Chair Editor, Statistics and Applications
and the learned referee for their valuable suggestions regarding improvement of the paper.

References

Bahl, S. and Tuteja, R. K. (1991). Ratio and product-type exponential estimator. Journal of
Information and Optimization Sciences, 12(1), 159-164.

Chouhan, S. (2012). Improved estimation of parameters using auxiliary information in sample
surveys. Unpublished Ph.D. Thesis, Vikram University, Ujjain, M.P. India.

Cochran, W. G. (1977). Sampling Techniques. John Wiley and Sons, New Y ork.

Holt, D. and Smith, T. M. F. (1979). Post Stratification. Journal of Royal Statistical Society,
A142, 33-46.

Ige, A. F. and Tripathi, T. P. (1987). On doubling for stratification and use of auxiliary
information. Journal of the Indian Society of Agricultural Statistics, 39, 191-201.
Murthy, M. N. (1967). Sampling Theory and Method. Statistical Publishing Society, Calcutta,

India, 228.

Rao, J. N. K. (1973). On double sampling for stratification and analytical surveys. Biometrika,
6(1), 125-133.

Searls, D. T. (1964). The utilization of known coefficient of variation in the estimation
procedure. Journal of the American Statistical Association, 59, 1225-1226.

Tailor, R., Chouhan, S. and Kim, J. M. (2014). Ratio and product type exponential estimators
of population mean in double sampling for stratification. Communications for Statistical
Applications and Methods, 21(1), 1-9.

Tripathi, T. P. and Bahl, S. (1991). Estimation of mean using double sampling for stratification
and multivariate auxiliary information. Communications in Statistics-Theory and
Methods, 20(9), 2589-2602.

Upadhyaya, L. N., Singh, H. P. and Vos, J. W. E. (1985). On the estimation of population
means and ratio using supplementary information. Statistica Neerlandica, 39(3), 309-
318.



