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Abstract: In this paper we have suggested aratio type estimator for the estimation of population variance of
the study variable using quartiles and its functions as an auxiliary variable. The expression of bias and mean
squared error of the proposed estimator is derived up to first order approximation.The proposed estimator is
compared with the other existing estimators and its efficiency condition is carried out. An empirical study is
carried out with the help of four natural populations to judge the merits of the suggested estimator over other
existing estimators practically.
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1 Introduction
Consider a finite population U ={U,,U,,U,....,U, } of size N units. Let y and x be the real

valued functions defined on a finite population U.In order to estimate the unknown population
variance we take a sample of size n units from the population U by using simple random sample
with replacement. In this paper we use the knowledge of quartiles and functions of quartiles as
an variable to estimate the population variance of the study variable.

2 Notations
The different symbols and notations used in this paper are given by.

Y, X Population means of the study and auxiliary variable respectively
y, X Sample means of the study and auxiliary variable respectively

Syz, S? Population variances of the study and auxiliary variable respectively

C,, C, Population coefficient of variation of the study and auxiliary variable respectively
Jo, Coefficient correlation

Q First quartile of the auxiliary variable

Q, Third quartile of the auxiliary variable

Q, =Q;—Q, Inter quartile range
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Q,= (%j Quartiles average

N3 (X~ X)'
B = =

- Coefficient of skewness of the auxiliary variable

(N-1)(N-2)S
N
N(N+1)Y (%, - X)' 3(N -1
B, = i=1 == Coefficient of kurtosis of the auxiliary
(N-1)(N-2)(N-3)S* (N-2)(N-3)
variable.
1
V==
n

Sz The usual ratio estimator of S
§k2 Existing modified ratio type variance estimators of Sj

32 H ; ; 2
S; Proposed ratio type variance estimator of S/

The usual ratio estimator for estimating the population variance of the study variable
suggested by Isaki [4] is given by
N 5?2
2 Px

S; = Sy S_z (1)

Bias(S3) =4S} [ (B ~1)~ (A -1) |
MSE (52) - 253 (81 + (B ~1)-2( 1]

18 —\T —\S
Whereﬂz(x):%, Boy =28, 2, =2 and 'ufS:WZ(Y -Y) (X, -X)

02 20 Hoa o i=1

A large number of estimators have been suggested bystatisticians for improving the
efficiency of the ratio estimators by utilizing some known parameters or function of parameters
of the auxiliary variable, such as median, correlation coefficient, quartiles, coefficient of
variation, coefficient of kurtosis, Coefficient of skewness, etc. The problem for estimating the
unknown population variance of the study variable using knowledge of the auxiliary variable
has been discussed by various authors such as Das and Triphati [2], Srivvastava and Jhajj [10],
Upadhyaya and Singh[12], etc. Agarwal [1], Kadilar and Cingi [6]suggested various ratio type
estimators in simple random and stratified random sampling to improve the efficiency of the
estimators by utilizing the known information of the auxiliary variable.Singh et al. [9] improved
an estimator of the population mean using power transformation, Gupta and Shabbir[3]
proposed a class of hybrid variance estimators in which the efficiency of the ratio estimators is
increases as the traditional ratio and some other existing ratio estimators.
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Recently Subramani and Kumarapandiyan[11] proposed different class of modified ratio
type estimators for the estimation of finite population variance of the study variable.

A list of different modified ratio type estimators are presented in Table 1.

Table 1: Existing ratio type estimators with their biases, mean square errors and their constants

Estimator Bias( §f) MSE( §f) Constant R,
g2 _ g2 Sf +C, lSZRi R, (ﬁz(x) _1) 2154 (ﬁZ(y) _1)+ R12 (ﬁZ(x) _1) g2
- LsieG ]| L —2R (- "5
Kadilar and Cingi[5] .
g2 _g2 S, +Bow 1SR R, (Ba 1) Py (Boyy =2)+R: (Boy —1) __ S5
2 , =
Y i Sf +182(x) e | —(/122 —1)_ / | -2R, (2.22 —l) | Sf +ﬂ2(x)
Kadilar and Cingi[5]
§2 — S2 Sfﬂz(x) +Cx ﬂSZR R3 (ﬂz(x) _1) 184 (ﬁZ(y) _1)+ Rg'z (ﬁz(x) _1) _ Sfﬂz(x)
’ ’ i Sfﬁz(x) +C, ] e i —(ﬂzz —1)_ g | - 2R, (/122 —l) | ; SfﬁZ(x) +C
Kadilar and Cingi[5]
32 _g2 szcx +ﬁ2<x) 1S2R R4('32<x) _1) 254 (ﬂz(y) _1)+ Rf (ﬁz(x) _1) _ SXZCX
= —_— 4 4
CUSCH B || T ()| 2R (A -0) | SHOR
Kadilar and Cingi[5]
2 [s2+ i T i b
852 = S)z’ )Z(—Ql:| ﬂSZR R5 (ﬁz(x) _l) 284 (ﬁz()’) _1)+ R52 (ﬂz(x) _l) SZ
LS+ Q4 U~ | —2R (A, -) Ro=g7
Subramani and 2 P\ . FQ
Kumarapandiyan[11]
2 S2+ i T i T
SZ = S;{ : QS} 1SR R (ﬁz(x) _1) Py (ﬂz(y) _1)+ Re (ﬁzm _1) 52
SX+Q3 y 6 _(2’2 —l) y —2R (2’2 _1) RS:S2 X
Subramani and 2 672 = Qs
Kumarapandiyan[11]
2 S+
S T ]| T Ry R
Subramani and 2 AT S +Q
Kumarapandiyan[11]
2 [s2+Q, ] i T i b
_Sx+Qd_ yg _(12 —l) y _2R (12 —l) R8:sZ X
Subramani and 2 8722 = «+Q
Kumarapandiyan[11]
2 [S2+Q. | i T i T
392 :Si Z—Qa 2 Rg(ﬂz(x) _1) 4 (ﬁZ(y) _1)+R92('32(x) _1) 2
ASZR AS S
_SX+Qa_ y' 9 _(/12 _1) y —2R (/,LZ —l) 9:82 X
Subramani and L 2 L SNz : Qs

Kumarapandiyan[11]




322 NS e M. Khan, J. Shabbir: A Ratio Type Estimator for the Estimation of Population...

3 Proposed Ratio TypeEstimator

In this section, we have proposed a ratio type estimator for the estimation of population
variance. The expression for bias and MSE is derived up to first order of approximation. The
bias, MSE and the constant of the proposed estimator is given by.

Table 2: The Proposed Estimator

Estimator Bias( §§ ) MSE( §5 ) ConstantR |
2
22| SeptQ on | R ('Bz(x)_l) AS! (ﬁZ(Y)_l)+Rp (’BZ(X)_]') R =- i
So=51 7o | | SR ' “2R (4,-1) || " SIp+Q
S.p+Q; — (s -1) p /22 x 3

4 Efficiency Comparison
In this section, we compare the proposed estimator with the other existing estimators and
some efficiency comparison condition is carry out under which the proposed ratio type

estimator is better than S? (k=12,3,.....,9).

The biases and MSE’s of these existing ratio type estimators up to first order of
approximation are given by.

Bias($? )= AS]R. [ R (B ~1)~ (£ -1) |
MSE (S7) =48} [ (Bayy ~1)+ R (B ~1) 2R, (A, 1)

k=123,...,9 )
2 2 SZ 2 2
where R = 2SX v Ry = 2 > Ry = 2 XIBZ(X) , R = 2 25 , Ry = 2SX '
Sx +Cx Sx +ﬂ2(x) Sxﬁz(x) +Cx SxCx +ﬂ2(x) Sx +Ql
2 2 2 2
R, = 5 R, = S R = S and Ry = Sy

SZ+Q," T SI+Q. 1 ° SI+Q $2+Q,

Now the bias, MSE’s and constant of the proposed estimator is given by.
Bias(S2)=AS]R, [ R, (B ~1) (4 -1) |
MSE(§S) = AS;" |:(ﬂ2(Y) _1)+ Rs (ﬁZ(x) _1)_ 2Rp (222 _1):|

__Sip @)
P SEP+Q3

From equation (2) and (3) we have, derived the efficiency comparison condition under which
the proposed estimatorperform better than the other existing estimators as given by.

Ry + Re)(Bon =)

MSE ($?) < MSE (S?)if 4,, >1+( >

(4)
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5 Numerical Study
To illustrate the performance of the proposed ratio type and the modified ratio type

estimators of population variance S* we have considered four natural populations.

Population-1: Italian bureau for the environment protection-APATWaste 2004 [13]
Y=Total amount (tons)of recyclable-waste collection in Italy in 2003 and
X=amount (tons)of recyclable-waste collection in Italy in 2002

N=103, n=40, Y =626.2123, X =557.1909, p=0.9936, S, =913.5498, C,=1.4588,
S, =818.1117, C, =14683, B, =37.3216, B, =37.1279, A, =37.2055 4, =37.2055,
Q,=142.9950, Q,=665.6250, Q =522.6300, Q, =261.3150, Q, =404.3100.

Population-2: Italian bureau for the environment protection-APAT Waste 2004[13]
Y=Total amount (tons)of recyclable-waste collection in Italy in 2003 and
X=Number of inhabitants in 2003

N =103, n=40, Y =62.6212, X =556.5541, p=0.7298, S, =91.3549, C, =1.4588,
S,=610.1643, C,=10963, B,, =17.8738, B, =37.1279, 4, =17.2220, A, =17.2220,
Q =259.3830, Q,=628.0235 Q, =368.6405 Q,=184.3293, Q,=443.7033.

Population-3: Murthy [7]
X=Fixed Capital and Y=Output for 80 factories in a region

N=80, n=20, Y =518264, X =112646, p=09413 S =18.3569, C, =0.3542,
S, =84563, C,=07507, B,, =28664, B, =22667, A,=22209, Q =5.1500,
Q,=16.975, Q =11.825 Q,=5.9125 Q,=11.0625.

Population-4: Singh and Chaudhary[8]

N=70, n=25 Y =96.7000, X =175.2671, p=.7293, S,=60.7140, C, =0.6254,
S,=140.8572, C,=08037, B,, =7.0952, B,  =4.759, 4,=4.6038 Q =80.1500,
Q,=225.0250, Q, =144.8750, Q, =72.4375, Q,=152.5875.

Table 3: The constants of the competing and proposed ratio estimators

Estimator Constants R,
Population 1 | Population 2 | Population 3 Population 4
§12 Kadilar and Cingi[5] 0.9999 0.9999 0.9896 0.9999
§22 Kadilar and Cingi[5] 0.9999 0.9999 0.9615 0.9996
§32 Kadilar and Cingi[5] 0.9999 0.9999 0.9964 0.9999
§f Kadilar and Cingi[5] 0.9999 0.9999 0.9493 0.9996

Estimator Constants R,
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Population 1 | Population 2 | Population3 | Population 4
Y )
S: Subramani and 0.9997 0.9994 0.9328 0.9960
Kumarapandiyan[11]
Y )
Sg Subramani and 0.99901 0.9983 0.8082 0.9888
Kumarapandiyan[11]
e )
SJ Subramani and 0.9992 0.9990 0.8581 0.9928
Kumarapandiyan[11]
Y )
Sg Subramani and 0.9996 0.9995 0.9236 0.9964
Kumarapandiyan[11]
Y )
Sy Subramani and 0.9996 0.9988 0.8660 0.9924
Kumarapandiyan[11]
X
S} (Proposed 0.9990 0.9977 0.7986 0.9847
estimator)

Table 4: The biases of the competing and the proposed ratio type estimator

Estimator Bias ()
Population 1 | Population 2 Population 3 | Population 4

§12 2420.6810 135.9827 10.4399 364.3702
§22 2379.9609 135.8179 9.2918 363.9722
SZ | 24223041 | 135.9929 10.7222 364.4139
S? | 23934791 | 135.8334 8.8117 363.8627

Existing SZ | 2250.9938 | 133.4494 8.1749 359.3822
SZ | 1667.7818 | 129.8456 3.9142 350.4482
S? | 18206315 | 132.3799 5.5038 355.3634
SZ | 21257591 | 134.1848 7.8275 359.8641
SZ | 1963.6570 | 131.6458 5.7705 354.8875

Proposed é,f 1663.3086 127.6040 3.6276 348.1975

Table 5: The MSE’s of the competing and the proposedratio type estimator

) MSE ()
Estimator - - - -
Population 1 Population 2 Population 3 Population 4

§12 67038384403 35796605 3850.1552 1415839
22

Existing S5 670169790 35796503 3658.4051 1414994
§§ 670393032 35796611 3898.5560 1415931
S f 670240637 35796512 3580.8342 1414762
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§52 669558483 35795045 3480.5516 1427990
§§ 667000531 35792955 2908.6518 1408858
§72 667623576 35794395 3098.4067 1419946
ég 668911625 35795495 3427.1850 1429077
§§ 668182833 35793951 3133.3256 1418424
Proposed SAFZ) 666910707 35791562 2878.5603 1398150

Table 4 and Table 5 clearly indicates that the bias and the mean squared error of the
proposedratio type estimator is less than the biases and mean squared errors of the

existing §k2 (k:1, 2,3,...... ,9) ratio estimators. Thus the use of proposed ratio type estimator
performed better than other competing estimators discussed in the literature.

6 Conclusions

In this paper,we have proposed a ratio type estimator for estimating the population
variance, which is found to be more efficient than the usual estimator and the other existing
ratio type estimators. The proposed estimator has been compared with other competing
estimators discussed in the literature. We have also derived the condition under which the
proposed estimator performs better than the other existing modified ratio estimators. Empirical
investigations are carried out by using four natural populations which shows that the efficiency
of the proposed estimatoris more than the usual ratio and the other existing ratio type estimators.
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