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Abstract

Some tmproved estimators are proposed Tor estimating the population mean
in stratifiecd sampling 1 the presence ol auxiliary information. Meuan
squarcd crror (MSE) of the proposed estimators have been derived under
large sample approximation. It has been shown thal under optimum
conditions proposed estimators are better than usual unbiased estimator and
Hansen ct al. (1946) estimator. Both theoretical and empirical indmgs are
cncouraging and support the soundness of the proposed procedure [or mean

estimation.
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1. Introduction

Stratified sampling has often proved useful in planning surveys for improving the
precision of other unstratified sampling strategies to estimate the finite population mean
| & N,

Y= EZthi.

h=l i=l

A ratio-product estimation of finite population mean Y can be made in two ways. One is o
make a separale ratio-product estimate of the total ol cach stratum and add these totals. An
alternative estimate is derived from a single combined ratio-product.

Consider a finite population of size N. Let v and x respectively. be the study and auxiliary
vartates on cach unit Uy (7=1,2,3..., N) ol the population U. Let the population be divided

L
into L strata with the h" -stratum contlaining N‘-l units, h=1,2.3,... L so that ZNN =N.
bl
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. o : : : I
Supposc that a sumple random samplc of sizec 1, 1s drown without replacement from h"

L
stratum such that Z n, =n
h=1

We compute the sample mean of the variates in stratified sampling method as,

v, = “2 Wy, adx = HX: W, X,
h=1

h=1
where,

— . g . th
X, 1is the sample mean of auxiliary variaies of h ™ stralum

= . th
Y, is the sample mean of study variates of h™ stratum

n

W, = — is stratum weight.
N
The variance of usual unbiased estimator Yst, us given as-
- L
V(Yst)= - SY’hwh’ Yh
h=1

When the population mean X of the auxiliary variate x is known, llansen, ct al. (1946)
suggested a “combined ratio estimator™ as:

= — X
yRc = ysl —
i (1.1)
The combined product  estimator  for Y is detfined by,
= _ [ x,
Ype = ¥Ya [_J
= (12)

To the first degree of approximation. the variances of ¥ and arc ¥, arc respeetively given

by

1
V(yﬂu ) = Z“‘Ihzﬁf‘n (Sh}'z + R_?Sh\; - ZRSHK}' )
h=l

(1.3)
L R } )
i - T - P 2 2 -
V(¥pe) = th i (Shy RIS, T +H2RS, )
[ (1.4)
where,
, 82 . 4 S ' )
c == 3, 8w p_XY , _s5,., 2w 7[L, !
X Y X i ’ Sh\Sh;.- o, NJ\/
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2 2

R 1 N, - 1 1 Ny, _
Sy =—— /i — Yu) s 9 m=——7) (x; - X,)
: N _l;(}hl .1) Nh —l;( it ,1)

2
\Ih

[ _ .
S:m = ﬁ;(xhi -X.) (Y —Yy)

h
In this study, under stratified random sampling without replacement scheme, we suggest some
improved  estimators which are more efficient than estimator proposcd by Hansen, et al.
(1946) cstimator.
1. Proposed estimators
Adapting Sahai and Ray (1980) estimator in stratified random sampling we propose an

estimator t, as:

— X, 2.1)
‘[1 =Yy 2—¢=
st
X
We propose another estimator t, as:
—_— 7 —_— P
X+a(X—-X) (22

=Y V= =
XA+ b(X —X)

To improve the clficicney of the estimators scveral authors have suggested combining ratio
estimator with difference estimator in different ways. Some important references are Ray and
Singh (1981), Singh et al. (2008), Gupta and Shabbir (2008), Grover and Kaur (2011) and
Singh and Solanki (2012). Motivated by these authors we suggest some improved estimators
combining ratio estimator with difference estimator as:

=,k (X—%))2 - %

; 2.3)
t,= [k 4lyst+ k-.u(i - XS) M 24
XA+ b(X —X)
< w (2.5)
t.=k y|2-|= +k (X-X
| 2- (=] |+ &0
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tﬁ = kﬁl)_[t th—i_ a(>_( — X) + kﬁ'} (i - i) (26)
T X4+b(X-X) a

To obtain the biases and MSE's of the proposed estimators, we use the following notations

in the rest of the article:

Vs = Zh=1 Wa¥n = Y(1 + &),

4

— —_— L - _ Fa E
X = Zh=1 WLX, & }\(1 T 917).

Now expressing estimators in the terms of ¢, 's (i=0,1), we have

2

- e
t, =Y l-we —w(w—-1)—+e¢, —wege,
2 (2.7)
t, =Y[l+{, +eD}+eC+epe ] 2.8)
< < - Ww-]) 7S < g
t, =k, Ye, +k,, —wlglcﬂclY—wlglc]Y—Tko] Y-k e X+wke'X
(2.9)
(, =Yk [I+¢, —pe(1-b)+pe(l-a)]+k, Y PO +pg:" ko]
+k, Ye e p(b—a) -k, e X+k, pXe (1-b)—k _pX(l-a) (2.10)
to =k, Y[1+e, —we,e, —we, —w(w —1) I?] —k;, Xe, (2.11)
t, =k, Y[l +(E, +p(b—a)e,]+e,, °C—Aeye, —k,,Xe, 1)

Taking expectations and than substracting Y, we get the biases of the above estimators,
respectively as:
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B(L,)- V[W(l -w) v(X,) VVCOV(}?H,EH):|
2 X YX

(2.13)
O
XY (2.14)
B(t)=Y(k, —1)—k 7l —VX,) | weoviX.3.) | & K A Ea
1 J X (2.15)
B(t,)=Vik, ~)+k, 7] ¥ 04 pr@CEuTI] g 5 VE)
' | X XYy | X (2.16)
B(t)=Y(k, 1)+ kY{w —w(w—1) LX)}
, XY 2X5 (2.17)
B(t,) = V(k, - )+ k7] Y& ¢ g SVE3)]|
[ XY | 218)
where,
A=p(l-a)
B=p(1-b)
. p (a—b) +p[b’ —a’ +2(a—b)]
2
D'=p(a—b).
The MSE expressions of the above estimator’s are respectively given by
MSE(t, )= v(¥4)+ VVZR:V(Kst) - 2\VRCOV(§st,ist ) (2.19
MSE(L,) = v(y )+ D" R 2\:‘(ist) +2D'Rcov(y_ X ) (2.20)
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MSE(t,) =Y (K, 1) + K, #(F) + w ROv(x,) -~ dwR oy, X, ) |

¥ &1

kg ok eree gl WO EDRIVED|
2 \(x“)-o-_K“‘-lw}{t.(w(y“,x“}+ = 2K, wRv(x,)

+2K,, K, PwWRV(X ) — cov(¥, %)} 221)

MSHt,)=Y*(K,, -1’ +K, A, +K,,°B, —2K,C, +2K D, —2K, K ,E, 222

MSHt)=Y (K, ~1) +K My )+ WRWE, ) —dwReovl . X )~ ww—DRWX )}

+KfV(i)+2K{chov(g(,g ) M- DRVE))

2
~2K K_fovi..X,)-wR¥ )} (2.23)
MSEt) =Y (K, —1) +K M)+ D RWX ) +4DRcovy . X )+2R*V(X )C}
+K (X)) - 2K, RV, )C+RDcovy,, % )}
~2K K feovl, . X )+DRUX )} (2.24)
Where,
A, =72 (W) e YD gy COVY X)) e YY),
Y? X’ 84 .
B,-%*YZa)
X,
C, =7 (Y& | p oK)y
X? XY
D, - X &)y
e
E, = XT(D' &) | SV Xa),

X XY
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Partially differentiating equation (2.21) with respect to K, and K, we get the optimum
values as:
D.E,-B,(" -C, E, (Y -C)-D,[¥’ +4A,

LB ) opy= 2 R TR s

Ei\z 7B‘:(‘7{2 +A‘\.) E:\z 781(?2 +A‘:)

K, (oph)=
Where,

A= ¥+ w ROV(E, ) —4wR cov(y,.X,) }

B3 = V(isl)

. w(w — I)R‘?V(ig )}
2

GO {\VR cov(y,,X,)

D, = wRv(X,)

E3 = &\\’R\’(im )7 COV(?;I -’isl )}

Similarly, partially differentiating equation (2.22) with respect to K, and K.,, we get the

optimum values as:

B (Y'+C)-DE, _EXN+C)-D (Y +A)

k., (opt) = — k. (opt — -
AR B,(Y'+A)-E, «(oP) B,(Y'+A,)-E, (2.26)
where,
A4 _ TZ(V(_?T ) +D|2 V(E:I ) e 4D'CUV(E}I_1§M) + 20 Vg:l ))
Y- X XY X
B,=x ¥y
e
C.=Y*(C vggt) +D Cov(zi’i".})
X XY
D, = X X&),
X

B, = XT (D o) O Xa),
X XY
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Now, partially differentiating equation (2.23) with respect to K;; and K., we get the optimum
values as:
B =€, D.(Y'-C,
oC) g opty =2 =€) 227
B.(Y'+A)D' ° B.(Y'+A,)D,

k., (opt) =

Where,

A= P+ wRWE,) - 4wR cov(¥,, X, ) — w(w —DRV(Z) }

Bs = V(is. )
| S (w— DR v(X
Cj—'—‘ = {“’RCOV(Y“ E Xs[ ) + b (“ )’) \(Xst )}

D, = {cov(?st Xy )—WRv(X )}

Finally, partially differentiating equation (2.24) with respect to Ks, and Ks,, we get the

optumum values as:

(E; +C,)B, I (E +C D, i (2.28)
B(‘('Y" +AN-D, B(‘('Y" +A)-D,"

k. (opt) =

Where,
A, = }FH+DPROV(E, )+ 4D Reov(y, . X, )+ 2R (%) C }
B, = V(X,)
C, = RV, )C+RD'con(y, . %) }
D, = tov(y,.X, )+ DRv(X )}

3. Empirical Study
To see the performance of various estimators of population mean Y , with respect to
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Usual unbiased estimator ¥, , we have considered two data sets. Summaries of the

Data are given below:
Data set 1: Source Singh and Mangat:

Yo Juice quantity ,  X,: Weight of cane.

Total Stratum 1 2 3

N=25 N, 6 12 7

n=10 n, 3 4 3

X =326 X 366.666 310.883 317.143
Y -102.6 Y 135 99.166 80.714
S 72700 S 2706.666 1881.06 2890.476
S, -558.583 S 80 226515 120238
p-T7314955  p, 0.9455626 0.948196 0.7523324
R=0314723 v, 01666667 0.1666667 0.1904762
p.=0.8676778 W 0.0576 0.2304 0.0784

DATA SET 2: Source Singh and Chaudhary (1986, pg.162)

The data were collected in a pilot survey for estimating the extent of cultivation and
production of fresh fruits in three districts of ULP .

X, :arca under orchards in hect.

¥u: total no of trees

Stratum 1 2 3

N, 985 2196 1020
n, 6 8 11
X, 11253 25115 18870
5 15.97 132.66 38.44
S, 74775.47 2591137 65885.6
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S ,
w¥h 1007.75 5709.16 1404.71
Y, 0.16598 0.12454 0.08902
and
R=49.03, ¢ ot =().9422
Table-3.1: MSE’s and PRE’s of estimators
Data-1 Data-2
ESTIMATORS MSE PRE MSE PRE
1 T 701 546 1403.31% 2.782946 04,6695
2 t, 701.54 1403.31% 2.782946 04,6695
3 t3 629.0631 1565013 2.77094 404.9483
£l ‘[4 8745025 1125.774 1051538 369.0511
3 L, 601 846 1635.804 2.77668 405.5826
6 t 0 524.6948 1876314 2.77092 406.4257
i ?R{. 85737974 1148.2567 3.47243 324.3185
8 Y e 21953.129 44.84 47.0589 23.93111
9 Ve 98449203 100.00 1126173 100.00
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Conclusion

From Table 3.1, we see that all the proposed estimators perform better than usual
mean estimator and combined ratio estimator. For data set 1 estimator t, is best followed by
the estimators ts and t;. For data set 2 t, is the best estimator followed by the estimator ts.
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