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Abstract: In this paper, we have proposed a chain ratio-type estinfiatdne population median under double sampling designgusin
two auxiliary variables. The large sample properties of ghgposed estimator are derived up to first order of appratkémaFor
empirical study we have taken a real data sets from thetiter@f survey sampling, which shows that the proposed astinhas the
higher percent relative efficiency over thg gstimator, ratio, regressior2]f [3], [4] and [5] estimators.
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1 Introduction

The purpose of survey sampling is to gain statistical infation about the finite population by selecting a probability
sample from the finite population and measuring the requiEamation about the units in the sample and estimating
the finite population parameters such as means, medials, teé@iance, and coefficient of variation etc. And in order t
estimate the population parameters efficiently we incafmoauxiliary variables which is highly correlated with gtady
variable, availability of information on auxiliary varifs in a finite population has become easily available fronsae
data, previous surveys, administrative registers, erpmtation and remote sensing data provide a wide and growing
range of variables eligible to be employed to increase tleeigion of the estimators. Actually we have two types of
distribution one is non-skewed distribution and the second is skewed distribution and to estimate the population
parameters for a non-skewed distribution arithmetic medhed best measure of central tendency, while in estimatiag t
population parameters for a skewed distribution medianadest measure of central tendency.

In the present paper, we are considering an estimator farlptipn median under double sampling for a highly skewed
distribution like the distribution of salaries, expendé@uMany statisticians and researchers have worked on tinesgi®on
of population medianl] and [6], [7], [8,9], [10] and [11].

Let us consider a finite populatidth = {U1,Uz,Us,...,Un} of size N units, to estimate the population medidp
of the study variablgtaking valuesy; , in the existence of two auxiliary variables sayndz taking valuesg andz
respectively on thé" population unit included in the sample of size n selectediypk random sampling without
replacement. Let the population medians of the study vieriabd the auxiliary variables amy MX andM; respectively

with corresponding second phase sample medvﬂm:Mx andM,; respectively, wh|Ie!vI’ M’ and M/ are the first phase
sample medians respectively. Two phase sampling is used thibgopulation medlan of the auxnlary variable x $4y

of closely related to the study variable is unknown, butiinfation on the other economically auxiliary variable z elgs
correlated to x but compared to x remotely to y, is availableall the units in the finite population. In such a situation,
we use two phase sampling. In this probability sampling s@ha large initial sample of sizé(n’ < N) is drawn from

the population by using simple random sample without repteent sampling (SRSWOR) scheme and measure x and z
to provide a good estimate fddy . In the second phase, we draw a subsample ofrgif®m first phase sample of size
n',i.e.(n<n’) by using SRSWOR or directly from the finite population Uand@tved the study variable.
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Suppose that the sample of size n observations of the studsble can be written in ascending order say

Y1),Y(2),...,y(n). Further, suppose thabe an integer such that it satisfying the following ineqyali > My < yt1 and
let p= ‘ﬁ be the proportion of values in the sample that are less than or equal to the mediae My, an unknown
population parameter. If denote tig(t) t-quantile of y theri\ﬂy = Qy(0.5). [6] suggested the following matrices of
proportionspij (X,Y), pij (X,z) andpj (y,z) respectively, and are given by

X\Y Y<My | Y>My Total
X <My | pua(Xy) | Paa(xy) | pa(xy)
X > My | p12(Xy) | Pa(xy) | P2(Xy)
Total | p1(xy) | P2.(XY) 1

X\Z Z < Mg Z>M; Total
X < MX P11 (Xv Z) P21 (Xv Z) P.1 (Xa Z)
X > My | p12(X,2) | p22(X,2) | p2(X2)

Total p1. (X,2) | p2 (X2 1

Y\Z [ Z<M; | Z>M; | Total
Y <My | pua(y.2) | p21(¥.2) | p1(y.2)
Y>My | pr2(y,2) | p22(y,2) | p2(¥,2)

Total | pL(y.2) | p2.(Y.2) 1

Let the correlation coefficients between variables spetifiethe respective subscripts are given, as follows
Pxy = 4[P11(X,y) — 1], wherepa1(x,y)) = p(x < Mxny < My),
Pyz=4[p11(y,2) — 1], wherepy1(y,2)) = p(y < MyNz < M) and
P = 4[P11(x.2) — 1], wherepy1 (%, 2)) = p(x < MyNz < My).

If N — oo, the distribution of the trivariate variables approachesatinuous distribution with marginal densities
fy(y), fx(x) and f,(2) of y , x and z respectively. And let the probability densitynétions of y, x and z bdy (My) ,
fx (My) and f; (M) respectively.

To obtain the large sample properties of the suggested astirwe use the following relative errors up to first order
of approximation,and their expectation are given below
& = My,\;My, % _ MyM—yMy, e = MX'\;XMx, eg- _ MX'\A_XMX! e = MZ’\;XMZ ande(l _ MZM_ZMZ'
Such tha€ (ep)= E (€))=E (e1)=E (&;)=E (e2)=E (e!z) =0.
E(e) = e[Myfy<My>r2 E () = 6 [Mxh (M| 7, E (%) 0 M, (My)] 2,

E (eff) = E (eogp) = 8 [Myfy (My)] ™%, E (€F) = = 0 [Mxfx (My)]™ -E( 7) = E(e26h) = 8[Mzfz(Mg)] ?
E (eo€1) = Bpyx [Mnyfy(My) fx(Mx)] : E (ev&2) = GPyZ[Myszy(My) f2(Mg)]
E (€162) = 0 [MxMz fiy (My) f2(M7)] 1
E (eo€)) = B1.0yx [MyMx fy, (My) fx (M )] ™, E (e0€)) = 610yz [MyM fy (My) f (Mz)]
E (@165) = 01 MMy i (M) fz (M)
Wheref =1 — &, 6, = n_l L and6, = ——n—ll

The variance of the usual simple estlmaMyfor populationMy median defined byl] is given as
V (Mg) = 8[2f, (My)] 2 )
The linear regression-type estimatdy; , for population mediaMy , in two phase sampling scheme using information
on two auxiliary variables is, given by

Mir = My + o (M, — M) + B (M}, — M) 1)

wherea andf are unknown constants. .
the minimum mean square error (MSE) up to first order appration of the estimato¥, is

MSE (Mir) = 6 [2fy (My)] % [0 — 62055 — 6157] 2)
and the optimum value af andf3 area = pff(xh(/l )X andp = pfzz,f/l )Z)
y\vly

[2], defined a chain-ratio type estimator, the suggested attins, given by

s ) ()
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The MSE of the suggested estimator up to order first are, diyen

MSE (V) — {2f, (My)} 6+92Myfy(My) (Myfy(My) —Zpyx> +61Myfy(My) (Myfy(My) —Zpyz)] @)

My fx (M) \ My Ty (M) M., (My) \ M., (M)

[3], recommended the following power-chain ratio type estona

R R |V| m M.\ 12
Mg =M ( ) (—Z> (5)
My M,
wheren; andn, are unknown constant, the minimusE of the estimatoMg is given by

MSE (M) = {2f, (My)} *[6 — 0205 — 8103 (6)

fx(M

My fy(My)

s () ()" ()"

where ,a1, a, andas are the unknown constants,the first order minimum MSE andplienum values of the constants
are, given by

and the optimum value af; andn, aren; = pyXMX ) and N2 = %(Z(M)Z) respectively. 4], recommended a chain

ratio estimator

- -2
MSE (Ms) = {2fy(My)} [0 — 817, — 6:R,,] (8)
Mx fx(Mx) (PzPyz—Pyx) Mz f2(Mz) pxe( OxzPyz—Pyx) Mz T2(Mz) (PP —Pyz) ;
o = , Oy = and a3 = ———~—>——=~% respectively, also
: W) (e1) My y(My) (03-1) : My (M) (3 1) pectively
_— W is the partial correlation coefficient among x, y and z. Udimg known knowledge of range of
the known variable z in addition with its population medigl, recommended the following estimator for population
median 5
M} Mz +R M;+R
i (5) () (R g
My M. + R, Mz + R,

wheredy, & anddz are the unknown constants, the minimum MSE of the estimgaist given by

MSE (Mgs) = {2y (My)} [0 — 6102 — B,R2,] (10)

Mx fx(Mx) (Pxeyz—Pyx)
(pap-pr) o)
(Mz+Ry) f2(Mz) pxz ( PxzPyz—Pyx (Mz+Ry) f2(Mz) ( PxzPxy —Pyz
— andd =
% = W) (% 1) % = T () (05 1)

where the optimum values @4, &, anddz ared; =

respectively.

2 The Proposed Estimator

Under the given sampling design scheme, wesuggesta chartyjpe estimator for the population median using two
auxiliary variables, the suggested estimator is givergbmis

-~ (N M, k2 S
Vi = N, (M> (M) ks (N, — Ny (11)

wherek; , ko andks are the unknown constants, whose values are to be foundisatdhmakes the MSE of the suggested
estimator minimum,using first order approximation tecleigthe MSE of the proposed estimator is minimum for the
values ofk; , ko andks, that is ,

k —20gMix(My) - PreMafeMz) oy pxy respectively, and the minimum MSE is, given b
1= (1-p3 )My fy(My) 2= My fy (My) ks = P 4 g y

02{1+4p5 (1-pg)}
(1-p3)°

MSE (M) = {2y (My)} 2 [e— 6102 — (12)
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3 Comparison

The proposed estimator will performed better than the afisaussed existing estimators if the following conditiane
fulfilled. From equation (1.1) and (2.2), we haVsE (M), < MSE (M) , if

1+44p2 (1—p2
[91p2+92{ Py ( pry)}1>0.
(2-p3)
From equation (1.3) and (2.2), we haViSE (M), < MSE (M) , if

[1+p5 (1= pg) (3+P3)] >0
From equation (1.5) and (2.2), we haViSE (M) < MSE (M) , if
My fy(M My fy (M, 1+4 1-p; My f, My fy (M
ou{ o+ e () —2se) o+ o0 { AR08 R () — 20 ] >0

From equation (1.7) and (2.2), we haViSE (M) < MSE (Mg ) , if

[1+ 65 (1-p5) (3+p5)] >0
From equation (1.9) and (2.2), we haViSE (M), < MSE (Ms) , if

[1+4p2 (1— p2 1
+4p5 ( pxy)_Rgxz S0

| (1-p3)° .

From equation (1.11) and (2.2), we haM&E (M), < MSE (I\7Igs) ,if

> 0.

1+4pxy(1 pXy R§
L (21— pxy ”

4 Empirical Study and Results

To show the performance of the proposed estimator numbficaé have considered two real data sets from the
literature of survey sampling. The first population is talkeym [12], while the second population is taken from MFA
[13]. The description and the necessary data statistidsegbopulations are, given by

Population-I. [12].

y: the number of fish caught by marine recreational fishermd®95,

x: the number of fish caught by marine recreational fishermdr9d4,

z: the number of fish caught by marine recreational fisherma®93,

z: the number of fish caught by marine recreational fisherma®93.

N =69,n =24,n=17,My = 2068 My = 2011 M, = 2307, fy (My) = 0.00014 f, (My) = 0.00014

f;(Mz) = 0.00013 pyx = 0.1505 py, = 0.3166 py, = 0.01431.

Population-11. [13].
y: District-wise production of tomato (tons) in Pakistarygar 2003,
x: District-wise production of tomato (tons) in Pakistarnygar 2002,
z: District-wise production of tomato (tons) in Pakistaryear 2001.
N =97,n = 46,n= 33 My = 1242 M, = 1233 M, = 1207, f, (My) = 0.00021, f, (M) = 0.00022
fz(Mz) = 0.00023 pyx = 0.2096 py, = 0.1233 py, = 0.01496.
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The Percent relative efficiencies (PRE) of the proposed h@existing estimators with respectl‘ﬁg are shown in
Tablel.

Table 1: Percent relative efficiency

Edimator | Population—1 | Population—1I
Mg 10000 10000
My 107.50 1028
Mc 67.29 62.68
Mg 10755 10283
Ms 10584 1037
Mgs 10584 1037
Mm 20136 227.27

5 Results and Conclusion

The results based on the above real data sets are given mITattich clearly indicates that the proposed estimMgr
has the higher percent relative efficiency than tfjesftimator, ratio, regressiorg][ [3],[4] and [5] estimators.
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