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1. Introduction

Ranked set sampling (RSS) technique was first introduced by Mclntyre (1952), and
stratified ranked set sampling (S;RSS) was suggested by Samawi and Muttlak (1996) to
obtain a more efficient estimator for a population mean. Samawi (1996) proposed an
efficient estimator in stratified ranked set sampling. Using S,RSS, the performances of the
combined and separate ratio estimates were obtained by Samawi and Siam (2003). Al-
Saleh and Al-Kaddiri (2000) introduced the concept of double-ranked set sampling
(DRSS) and showed that the DRSS estimator is more efficient than the usual RSS estimator
in estimating the finite population mean. Al-Omari (2012) suggested ratio estimation of
the population mean using auxiliary information in simple random sampling (SRS) and
median ranked set sampling (MRSS). Al-Omari and Khalifa (2010) developed an estimator
for the population mean using double extreme ranked set sampling (DERSS). Syam et al.
(2014) introduced the concept of stratified double quartile ranked set sampling. Khan and
Shabbir (2016a) suggested a class of Hartely-Ross type unbiased estimators in RSS. Khan
and Shabbir (2016b) also proposed Hartely—Ross type estimators in RSS and (S:RSS). Khan
et al. (2016) proposed unbiased ratio estimators of the finite population mean in S,RSS.
Following Kadilar and Cingi (2003), Mandowara and Mehta (2014) used the idea of S,RSS
instead of stratified simple random sampling (S,SRS) and obtained more efficient ratio-
type estimators. In this article we use the idea of (S;DRSS) instead of S;RSS to improve the
precision of ratio-type estimators given by Mandowara and Mehta (2014).
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2. Stratified ranked set sampling

In stratified ranked set sampling, for the hth stratum of the population, first choose m;,
independent random samples each of size my, (h = 1,2,.. .,L). Rank the observations in each
sample and use the RSS procedure to get L independent RSS samples each of size my, to
get m; + my +...+ my = m observations. This completes one cycle of S,RSS. The whole
process is repeated r times to get the desired sample size n = mr.

To obtain bias and MSE of the estimators, we define:

Visrss) = Y(1+eo), X(srss) = X(1+ep)

such that

E(e) =0, (i=0,1) =y 1mhr< —m—hz 1mh]>
Zhlmm("_m_hz x’"”')

L VVv2 1 m
E(eoer) =Y, | m—hhr <Pyxhcyhcxh - m_hZi:hI Woyhlizmi th(i:mh))a

where

Txh(izmh
Wyh[i:mh] =2 Yy th(i:mh) == ()l*(m >)

Tah(imh) = (B(imn) — Xn)s  Tylimh) = (”yh([i:mh] — Y.

Here C,;, and C,;, are the coefficients of variations of X and Y, respectively; Hyhimi) =
Elynfi:mn)]) and Uyipmn) = E[Xn(imm); Y and X are the population means; Y, and X, are the
population means of the hth stratum of the variables Y and X, respectively; and p,,, is the
population correlation coefficient in the hth stratum.

Using S;RSS, the combined ratio estimator of population mean (Y) given by Samawi
and Siam (2003) is defined as

_ _ X
YR(S:R$S)SS = Y[s:RsS] | = ) (1)
X(S,RSS)

where yis rss) = Zﬁzl Wiynirss) and X(s,rss) = 25:1 Wi Xp(rss) are the unbiased estimators
of population means Y and X, respectively; W), = % is the known stratum weight; N}, is
the hth stratum size; N is the total population size; and L is the total number of
strata (h =1,2,...,L).

The bias and MSE of ygs,rss)ss> up to the first order of approximation are respectively
given by
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L 2
o - 1%
Bias(yr(s,rss)ss) =Y [ E —£ <C2 Pn Cxn Gy h)

=1 Mh" 2
L W2 mh
_Z—Zh Z xh(izmh) Zthzmh yhizmh]
= M\ =
and
V2 . WI% 2 2
MSE@R(&RSS)SS) =Y Zm—hr (Cyh +Co — 2pyxthhCyh>
h=1
L 2 mh 5 (3)
h
N —21’ (W}’h[i:mh] - th(i:mh)) ] .
h=1 h' =1

Following Sisodia and Dwivedi (1981), Mandowara and Mehta (2014) suggested a mod-
ified ratio-type estimator for population mean (Y) using S,RSS, when the population
coeflicient of variation of the auxiliary variable for the hth stratum (C,;) is known as

S Wi(Xp + Can)
Zﬁzl Wi (Xn(rss) + Can)

The bias and MSE of yg(s,rss)sp> up to first degree of approximation, are respectively
given by

(4)

YR(S:RSS)SD = Y[S:RSS]

L W3
Bias(yr(s,rss)sp) = le i (AZCZ )\lpyxhcxhcyh>
h=1

L N (5)
Wi, mh il
_Z—z A Z h(imh) — M Z Wn(i:mh) W yn[i:mh)
=1 " i=1
and
V2 g Wﬁ 2 22
MSE(yr(s,rss)sp) = Y ;m—hr (Cyh + MG — Zklpyxhcxhc}’h)
j’ h (6)
S (W~ M Wasn)
- hli:mh] xh(i:mh) ’
h= lmir i=1 o
where

S Wi

>\1 = I3 — .
> ne1 Wi(Xn + Can)

Following Kadilar and Cingi (2003), Mandowara and Mehta (2014) proposed another
ratio-type estimator for Y using stratified ranked set sampling as follows:

7 )/ Z]ﬁ 1 Wh(Xh +/32 xh) ) (7)
R(S;RSS)KC = Y[S,RSS]
Zh 1 Wh(Xurss) + B, (xh) )
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Here, 8, is the coefficient of kurtosis of the auxiliary variable X in the hth stratum. The
bias and MSE of yp(s,rss)xc, up to first degree of approximation, are respectively given by

L

_ W}
Bias(yr(s,rss)kc) = Y Z

e mpyr

Wh 5 mh X mh
_Zm—ir <)\2 Z th(i:mh) -\ Z th(i:mh) Wyh[i:mh]
h=1 i=1

i=1

L (M€~ Xap,uCaCon)
(8)

and

L 2

) _ W

MSE(yr(srss)kc) =2 Y° [E mhhr (Cih +0C5, — 2>\2pyxhcxhcyh>
=1

2 mh
m21’ yh [i:mh] xh(i:mh)) )
h' i= 1

L
h=1
where
> et WiXi
T — .
> h=1 WX + ﬁz(xh))

)\2:

Based on Upadhyaya and Singh (1999), Mandowara and Mehta (2014) proposed two
more ratio-type estimators, using both coefficient of variation and coefficient of kurtosis of
the auxiliary variable in S,RSS, which are given as

_ - ZII;:I Wh (Xhﬁz(xh) + th) (10)
A Wi (Xn(rss)Baguy + Con)

and

? _ ZiLl 1 Wh(Xthh +ﬁ2 xh) ) (11)
R(S;RSS)US2 = Y[S,RSS]

1 Wi (Fn(rss) Cot + Baga
The bias and MSE of yr(s,rss)us1 and Yr(s,rss)us2> up to first order of approximation, are
respectively given by

. S w3
Bias(yr(s,rss)us1) =2 Y Z (>\2C2 XsPyxthhCyh)
= myr

(12)
WZ 5 mh mh
_z m r }\ ,z:: xh(izmh) )\3 ; th(i:mh) Wyh[i:mh] 5
— Wi (122
Bias(Vr(s,rssyus2) = Y Z T ()\ C, )\4pyxthhCyh)
=1 13)

mh

WZ 5 mh
_Z mr <>‘ Z h(imh) — M Z Woh(izmh) Wyh[i:mh]ﬂ ;
i=1

i=1
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L 2
_ - w;
MSE(yR(StRSS)USI) >y’ lz myr ( + AZCZ 2>\3pyxhCXhCyh)
" (14)
2
Z Z yhlizmh] th(i:mh)) ‘|
and
L Wz
Y, ~V h 2
MSE(yr(s,rssyus2) = Y? LZ T (th +XCo - 2>\4PyxthhCyh)
=1
L mh (15)
Wi )
- 2. Z yhli:mh] th(i:mh)) )
=1 M=
where A; = Doy M and Ay = 2 WikiCo

L - T — .
> ey WXy +Ca) D s WX CartBoay)

3. Stratified double-ranked set sampling procedure

In stratified double-ranked set sampling, for the hth stratum of the population, first choose
mi independent random samples (h = 1,2,...,L). Arrange these selected units randomly
into my, sets, each of size m7. The procedure of RSS is then applied on each of the sets to
obtain the my, sets of ranked set samples each of size m;. These ranked set samples are
collected together to form my, sets of observations each of size m,,. The RSS procedure is
then applied again on this set to obtain L independent DRSS samples each of size my, to
get my +my + --- + my = m observations. This completes one cycle of S,DRSS. The
whole process is repeated r times to get the desired sample size n = mr.

To estimate population mean (Y) in S;DRSS using ratio estimator, the procedure can be
summarized as follows:

e Step 1: Select m; bivariate sample units randomly from the hth stratum of the
population.

e Step 2: Arrange these selected units randomly into my, sets, each of size mj.

e Step 3: The procedure of RSS is then applied on each of the sets to obtain the my, sets
of ranked set samples each of size my;. Here, ranking is done with respect to the
auxiliary variable X. These ranked set samples are collected together to form my, sets
each of size my, units.

o Step 4: The RSS procedure is then applied again on this set to obtain L independent
DRSS samples, each of size my, to get m; + m, + - - - + my = m observations.

e Step 5: Repeat the preceding steps r times to get the desired sample size n = mr.

We use the following notations for the S,DRSS when ranking is done with respect to the
auxiliary variable X. For the jth cycle and the hth stratum, the S,DRSS is denoted by

1 2 5@ k] sl Y _
(Vi Xty )» (Vi X5 ) (Vi Xt ) = 120 or and i = 1,2, .., L. Here
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Y;[j[]ilj is the ith rank unit in the ith ranked set sample at the jth cycle of the hth stratum. To
find the bias and MSE, we define the following terms:
y -Y X
8o = )’[S,DRSE] and 8, — X(S,DRSS) — 7
Y X

such that

=1 mpr

B =S ﬂ(

1 My 2[imh]
Zh Uiy, r < N m_hzz'=1 Wihfimh )

- 2(i:mh)
mhz : xhzmh

L W} 1 mn  limh] o (imh)
E((SO(Sl) = Zh:l m—hr (Pyxhcyhcxh - m_h Z Wyh[z mh] th (i:mh)

where
[izmh] [lhTh] h]
i:mh )/ iim
Wyh[z mh] y °’

(izmh) ( (i:mh) _Xh)

Txh(i:mh) - Hxh(i:mh)

Hyh lizmh] — hlizmh]

limk] g [y[i:mh]} and p(’ smh)

4. Proposed estimators in S;DRSS

T(i:mh)
(i:mh) xh(i:mh)
xh(i: mh) X )
[i:mh] i:mh] S
Tohlizmb] = (”yh([z :mh] — Y

o (izmh)
xh(izmh) — E |:xh(i:mh)i| :

Following Samawi and Siam (2003), we propose combined ratio-type estimator of popula-

tion mean (Y) using S,DRSS and is defined as

YR(S,DRSS)SS = Y[$,DRSS] <

where y[s, prss|

In terms of &'s, we have

YR(S,DRSS)SS =

(r(s,prss)ss — Y) = Y (8

Taking expectations, we get

= Zﬁzl Wiyhiprss) and X(s,prss)

— 8 +8 —

X ) (16)

X(S;DRSS)

= Zizl WhXn(Drss)-

Y(1+8)(1+8)"

8081 +...).
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L 2
" rY, ~V h 2
BlaSO/R(StDRSS)SS) =Y Lzlm—hr (th - pyxhcxhcyh>
(17)
h (i:mh) (i:mh) (i:mh)
_Z 21’ <Z xh(i:mh) — — th(z :mh) Wyh[i:mh])] )
Squaring and then taking expectation, the MSE of yg(s,prss) is given by
o | WP
MSE(V(s,prss)ss) = ¥* lz iyt (Czh +Co ZPyxthhCyh>
" (18)
ok [1 mh] (1 mh) 2
Z Z ( yhli: mh] xh(z mh)) :
h=1

Following Mandowara and Mehta (2014), we propose a ratio-type estimator for Y using
S:DRSS, when the population coeflicient of variation of the auxiliary variable for the hth
stratum (Cyy) is known as

Sy Wa(Xy + Can)
Zﬁ:l Wi (Xn(prss) + Cxn)

YR(S;DRSS)SD = Y[S,DRSS] (19)

In terms of &'s, we have

Yresorssysp = Y (14 80) (14 A8y) 7,

(Fres,prssysp — Y) =2 Y (89 — 81 + AT — Midody + .. ).

Taking expectations, we get

L 2

s - W,

Bias(yr(s,prss)sp) = Y Z—h ()\ZCZ - AlexthhCyh)
=1 Mh"

Wh 2 (i:mh) izmh) (izmh)
_Z I’Yl r <)\ / th 1mh - Al th(z :mh) Wyh[i:mh] :

i=1 i=1

(20)

Squaring and then taking expectation, the MSE of yr(s,prss)sp is given by

L 2

) _ W
MSE(¥r(s,prss)sp) = Y’ lz m—hhr <C)2/h +ACl = 2\ip,y, thcyh>
=1

Z i:( ylhgl};nh] Wi%{?';ih)) 2] :

Following Mandowara and Mehta (2014), we propose another ratio-type estimator for
Y using S;DRSS as follows:

(21)

) . Zi:l Wi(Xp + ﬁZ(xh)) (22)
YR($:DRSS)KC = J[S,DRSS| Zi:l Wi (Fch(DRss) + ﬁz(xh)) .
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The bias and MSE of yg(s,prss)kc are given by

e W2
BlaS()/R(StDRss)Kc) Y lz i (}\ZCZ }\2 pyxhCXhC)’h>
h=1

(23)
2(izmh) (izmh) (izmh)
_Z <)\ th (i:zmh) — >\2 thzlmh) Wyhﬂfmh]>‘| ’
i=1 i=1
and
I W2 5
MSE(r(s,prss)kc) = Y? Zm_hhr (C;h + NG — szpyxhcxhcyh)
= (24)

W2 ul [i:mh] (i:mh) 2
7th Z( yhlizmh] —A xhzmh)) :

Based on Mandowara and Mehta (2014), we propose two more ratio-type estimators,
using both the coeflicient of variation and coeflicient of kurtosis in S,DRSS as follows:

_ o et Wi (XnByy + Con) (25)
YR(S;DRSS)US1 = Y[S,DRSS] Zi=1 W, (-’_Ch(DRSS) ﬁZ(xh) + Ca)

and

St W (Xthh + /5’2<xh>)
Zi:l Wi (xh(DRSS) th) + ﬁz(xh) .

The bias and MSE of yr(s,prssyus: and Yr(s,prssyusz> up to first order of approximation, are
respectively given by

YR(s.DRSS)US2 = Y[5,DRSS) (26)

)
. - w
Bias(yr(sprssyust) = Y lz —mhhr (X§Cih - }\3Pyxhcxhcyh)
=1

L e (27)
h 2 (i:mh) (i:mh) izmh)
_Zm—%lr<)\ Zthzmh _}\3Zthzmh yhtmh])]
h=1
SN Wi (2
Bias(yr(sprssyus2) = Y Zm—hr (Mth - }\4PyxthhCyh)
h=1
N (28)
h 2 (izmh) (i:mh) i:mh)
_Zm—ir<)\ wahzmh _}\42thzmh yhtmh])}’
h=1 i=1
V2 L Wl/zl 2 22
MSE (yr(sprssyus1) = Y ;m—hr (Cyh + A5G — 2?\3PyxthhCyh)
. (29)

Z Z (Wi~ xaw;’t";h))ﬂ,

and
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L

_ - W2
MSE(yg(s,prssyusz) = Y° lz ot (Czh +N;C, 2}\4pyxhCXhCyh>
[

S (i X;T’;nh))Z].

(30)

5. Efficiency comparison

We obtain the conditions under which the proposed ratio-type estimators under S;DRSS
are more efficient than the corresponding ratio estimators in S,RSS.

(1) Comparison: By Egs. (3) and (18),

MSE (¥g(s,prss)) < MSE (Vr(s,zss))

£ Lowe [0l fimh) (mh) \2 T 2] o
1 Z mir ;(Wyh[i:mh] B th(i:mh)) o ;(Wyh[i:mh] - th(i:mh)) 0.
(2) Comparison: By Egs. (6) and (21),

MSE (yr(s,prss)sp) < MSE (¥r(s,rss)sp)»

mh

z mh 2
[1 mh] (i:mh) 2
if Z |::Z;( yhlizmh] — )\1 xh(i: mh)) B ;(Wyh[i:mh] B )\1 th(i:mh)) :| > 0.

(3) Comparison: By Egs. (9) and (24),

MSE ()_’R(StDRSS)KC) < MSE ()_/R(StRSS)KC)y

L 5 [mh , 2  mh
. i:mh (izmh 2
if Z_hr |:Z(W)[/h[i:rr]1h — AWy, ,ﬁh)) _;(Wyh[i:mh — AW, lmh)) ] > 0.
(4) Comparison: By Egs. (14) and (29),

MSE (¥r(s,prss)us1) < MSE (Vr(s,rss)ust)

mh
i:mh (izmh) 2
if Z |:Z:1( )[/h[l ﬂ]lh )\3 xh(i:mh ) E( yhli:mh] )\3 xh zmh)) :| > 0.
(5) Comparison: By Egs. (15) and (30),

MSE (Yr(s,prss)us2) < MSE (yr(s,rss)us2) s

L 146 mh [1 mh] Y (i:mh) 2 uh W Y >
Z miﬁr Z( yhlizmh] W xh 1mh)) B E( yhlizmh] — 4 Xh zmh)) 0.

i=1 i=1

Note: When the preceding conditions 1-5 are satisfied, the proposed ratio-type estimators
in S;DRSS are more efficient than in the corresponding ratio-type estimators in S;RSS. All
conditional values are positive, given in Table 1.
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Table 1. Conditional values.

Comparison (1) Comparison (2) Comparison (3) Comparison (4) Comparison (5)
0.029238 0.024378 0.024384 0.024377 0.024374
0.007699 0.007700 0.007700 0.007701 0.007700
0.036153 0.036148 0.036136 0.036153 0.036143
0.005643 0.005643 0.005641 0.005643 0.005630
0.019705 0.019705 0.019702 0.019705 0.019704

6. Simulation study

To compare the performances of the estimators, a simulation study is conducted where
ranking is performed on the auxiliary variable X. Bivariate random observations
(X(i>hv Y[i]h), i=1,2,...,my, and h =1,2,..., L, are generated from a bivarjate normal

population having parameters (uxh, My, Oxhs Oy, pyxh> and from a bivariate gamma popu-

lation with correlation parameter p,,;. Using 10,000 simulations, estimates of MSEs for
ratio-type estimators are computed under S,RSS and S,DRSS. Estimators are compared in
terms of percent relative efficiencies (PRE;) and percentage relative bias (PRB). The
simulation results are presented in Tables 2, 3, and 4, respectively. We used the following
expressions to obtain the simulated MSE,, PRE, and PRB.

~ 1 10000 ~ )
MSE()’R(S,DRSS);:) = 10000 ()/R(S,DRSS)pi — Y) , p=3SS,8D,KC, US1, US2.
i=1
1 10000 )
MSE (Jr(s,rss)p) = 10000 (Fresirssypi — ),
i=1

Table 2. PRE; and (PRB) of various estimators obtained through bivariate normal distribution when m,
= (3, 4, 5).

L=3; U = (2, 3, 4); Uyn = (3, 4, 6); o =1(1,1,1);
W, = (.30, .30, .40) mp=(3,4,5) r=3 n,=1(9, 12, 15) O =(1,1,1)
pyxh PRE (SS) PRE (SD) PRE (KC) PRE (US1) PRE (US2)
0.99, 0.99, 0.99 118.2746 121.2747 126.2752 121.7503 130.2754
(1.22) (1.21) (1.19) (1.03) (-0.97)
0.90, 0.90, 0.90 116.9044 118.9045 121.9049 118.9589 126.7650
(1.25) (-1.22) (1.20) (1.05) (-0.99)
0.70, 0.70, 0.70 109.0934 110.0907 118.0804 110.5179 122.9386
(1.28) (1.24) (1.22) (1.08) (-=1.01)
0.50, 0.50, .50 105.0934 105.0907 104.0804 105.5179 109.9386
(-1.29) (1.27) (1.23) (1.11) (-1.02)
0.30, 0.30, 0.30 102.4654 102.0476 101.5508 102.9776 102.3118
(1.32) (1.29) (1.26) (1.13) (-1.09)
0.99, 0.90, 0.70 108.0087 108.2894 110.9562 108.7988 113.6345
(1.05) (1.03) (1.03) (1.01) (~0.94)
0.90, 0.70, 0.50 107.9294 107.6328 107.9408 108.6698 1121773
(1.09) (—1.04) (1.06) (1.03) (—1.00)

0.70, 0.50, 0.30 101.2879 101.5856 103.2235 102.2010 105.1147
(1.17) (1.14) (-1.10) (1.03) (-1.02)
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Table 3. PREs and (PRB) of various estimators obtained through bivariate normal distribution when mj,
= (6, 7, 8).

L=3; U = (2, 3, 4); Hyn = (3, 4, 6); Oy = (1,1, 1);
Wy, = (.30,.30, .40) my, = (6,7, 8) r=>5 ny = (30, 35, 40) on=1(1,11)
oyxh PRE (S5) PRE (SD) PRE (KC) PRE (US1) PRE (US2)
0.99, 0.99, 0.99 127.1027 130.2247 134.2752 131.7500 140.2951
(1.12) (-1.11) (1.09) (0.93) (-0.91)
0.90, 0.90, 0.90 125.1344 1284511 131.9049 127.0189 136.7015
(1.15) (1.12) (1.10) (0.95) (-0.93)
0.70, 0.70, 0.70 117.0434 119.6909 129.0804 120.5107 131.2938
(1.18) (1.14) (1.12) (0.98) (-0.94)
0.50, 0.50, .50 114.0966 116.1807 118.1080 116.8179 119.1380
(1.21) (-1.17) (1.14) (1.01) (-1.00)
0.30, 0.30, 0.30 112.6514 112.7600 111.5508 112.7603 1125118
(1.22) (1.21) (117) (-1.03) (1.01)
0.99, 0.90, 0.70 119.2900 118.7128 120.6695 126.0079 133.9063
(1.02) (1.09) (1.03) (0.83) (0.77)
0.90, 0.70, 0.50 117.1192 117.6300 117.9400 118.6603 122.1707
(1.03) (1.11) (-1.09) (0.91) (0.82)
0.70, 0.50, 0.30 111.2807 111.0158 113.2239 112.2091 115.1014
(1.07) (-1.13) (1.10) (0.95) (0.89)
MSE (yr(s,rss
PRE(p) = (_y—(”’) x 100, p = SS,SD,KC, USL, US2.
MSE (yR(StDRSS)p)
1 1 10000
PRB(p) - 7 m Z ()_/R(StDRSS)pi - Y) X 100, p = SS, SD, KC, USI, US2

i=1

The PRE; of various stratified double ranked set estimators in comparison with different
stratified ranked set estimators are shown in Tables 2, 3, and 4, respectively.

The simulation results showed that with decrease of the correlation coeflicients p,,,,
PRE; deceases which are expected results. The numerical values given in the first five rows
are obtained by assuming equal correlations across the strata, whereas the last three rows

Table 4. The values of PREs and (PRB) for the simulated data, obtained through bivariate gamma
distribution.

L=3 W, = (.30, .30, .40) mp = (3, 4,5) r=3 ny = (9, 12, 15)
pyxh PRE (SS) PRE (SD) PRE (KC) PRE (US1) PRE (US2)
0.99, 0.99, 0.99 113.2706 111.2077 112.0452 111.7003 116.9754
(1.22) (-1.31) (1.29) (1.03) (0.87)
0.90, 0.90, 0.90 111.9140 109.2904 110.9910 108.9109 112.6750
(1.32) (1.21) (1.30) (1.06) (0.91)
0.70, 0.70, 0.70 110.8904 108.1927 109.6081 106.5339 111.0386
(1.37) (1.31) (1.29) (-1.07) (0.92)
0.50, 0.50, .50 107.0981 106.0971 107.3802 105.5009 108.1293
(1.38) (1.33) (=1.30) (1.10) (0.97)
0.30, 0.30, 0.30 105.7746 101.1047 102.9055 102.9007 106.1310
(1.40) (1.37) (1.30) (1.13) (1.07)
0.99, 0.90, 0.70 106.1008 109.2809 112.9506 111.7900 114.2263
(1.32) (1.29) (1.10) (0.93) (-0.75)
0.90, 0.70, 0.50 103.9024 107.6302 110.1940 109.1066 110.1037
(1.33) (1.27) (1.17) (1.01) (0.91)
0.70, 0.50, 0.30 100.2800 102.9580 104.2203 103.2910 106.1014

(=1.42) (1.31) (1.21) (1.02) (1.00)
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Table 5. Summary statistics.

Stratum 1 Stratum 2 Stratum 3

Ny =12 N, = 30 N3 =17

n =9 n,=9 ny =12

W, = 0.0234 W, = 0.5085 W; = 0.02881

X, = 5987.83 X, = 11682.73 X5 = 68662.29

Y, = 11788 Y, = 16862.27 Y; = 227371.53

R =197 R, =1.44 R, =3.31

3 =27842810.5 S3, = 760238523 S2, = 12187889050
Sjl = 1538545883 s;z = 2049296094 s§3 = 372428238550
Syx, = 62846173.1 Sy, = 1190767859 Syix, = 27342963562
Cy, = 0.8812 Cy, = 2.3601 Cy, = 1.6079
B,(x1) = 14.6079 B,(x2) = 10.7527 B,(x3) = 8.935

Py = 0.9602 Pyx2 = 0.9540 Pyxs = 0.4058

assume unequal correlations across the strata. Tables 2, 3, and 4 indicate that the proposed
estimators have reasonable biases, since the values of PRB are all less than 2% in absolute
terms. Also, for a given sample size, PRB increases with decrease in correlation coefficient.
It is very easy to conclude from the results given in Tables 2, 3, and 4 that our proposed
estimators performed better than their competitors.

7. Numerical illustration

To observe performances of the estimators, we used a real data set given by Singh (2003).
The study variable y is the tobacco production in metric tons and the auxiliary variable x
is the area for tobacco in specified countries during 1998. The summary statistics are given
in Table 5.

From this population, we took five double-ranked set samples of sizes m; = 3, m, = 5,
and ms = 4 from strata 1, 2, and 3, respectively. Further, each double-ranked set sample
from each stratum is repeated with number of cycles r = 3. Hence sample sizes of stratified
double-ranked set samples are equivalent to the stratified ranked set sample of sizes
ny = myr. The estimated percentage relative efficiencies based upon MSEs values
of various stratified double-ranked set estimators in comparison with different stratified
ranked set estimators are shown in Table 6. This indicates that our proposed ratio-type
estimators under S,DRSS are more efficient than their competitors in S;RSS.

8. Conclusion

In this study, we proposed different ratio-type estimators in S;DRSS to estimate the finite
population mean following by Mandowara and Mehta (2014). The biases and MSEs of
these proposed estimators are derived up to the first order of approximation. A simulation

Table 6. Percentage relative efficiencies for the given population.

Samples PRE (SS) PRE (SD) PRE (KC) PRE (US1) PRE (US2)
Sample 1 108.0069 108.0165 108.5050 108.0268 108.9458
Sample 2 102.3903 102.4900 102.9024 102.6900 103.0389
Sample 3 113.0154 113.0437 113.2079 113.5152 113.8109
Sample 4 136.3735 136.3922 136.7719 136.5073 136.97639

Sample 5 106.2402 106.2799 106.5391 106.3101 106.8395
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study and a real data set are utilized to observe the performances of estimators. The
efficiency conditions for the proposed estimators are obtained both theoretically and
numerically. It is shown that all conditions are true for the given data set. On the basis
of numerical and simulation studies, our proposed ratio-type estimators under S,DRSS
perform much better as compared to respective competitive estimators in S;RSS.
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