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Abstract

In recent times, it is common to the make use of auxiliary information to increase the precision of
estimators in sample surveys. In this study, we propose some new modified linear regression type ratio
estimators for estimating population mean by some non-conventional dispersion measures such as: Gini’s
mean difference, Downton’s method and probability weighted moments with linear combination of
population correlation coefficient and population coefficient of variation. Expressions for the bias and the
mean squared error are derived and are compared with those of the usual ratio estimator and the existing
ratio type estimators in literature. Conditions are determined for which the proposed estimators perform
better than the existing estimators. Both theoretical and empirical findings show the soundness of the
proposed procedure for estimation of population mean.

Keywords: Auxiliary variable, Downton’s technique, Gini’s mean difference, Probability
weighted moments.

1. Introduction

In survey research, there are situations when the information, on every unit in the
population, is available. If a variable, that is known for every unit of the population and is
not a variable of direct interest but instead employed to improve the sampling plan or to
enhance the estimation of the variables of interest, is called an auxiliary variable. The
auxiliary information is commonly associated with the use of ratio type estimation
methods and to improve the efficiency of the estimators in survey sampling.

Consider a finite population U = {U,, U,, Us, ..., Uy} of N distinct and identifiable units.
Let Y be the study variable with value Y; measured of U; , i =1,2,..,N giving a
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vector Y = {Y;,Y,, Y3, ..., Yy}. The objective is to estimate population mean Y = -

on the basis of a random sample. When the population parameters of the auxiliary
variable, such as population mean, kurtosis, skewness, coefficient of variation, median,
quartiles, correlation coefficient, deciles etc., are known, ratio estimators and their
modifications are available in the literature which perform better than the usual sample

mean under the simple random sampling without replacement (SRSWOR).

The notations used in this paper can be described as follows:

NOMENCLATURE

Romen

J

Spw = LQi—-N-1)Xg
Subscript

i

J

354

Population size

Sample size

Sampling fraction

Study variable

Auxiliary variable

Population means

Sample means

Sample totals

Population standard deviations
Population covariance between X and Y
Coefficient of variation

Bias of the Estimator

Mean square error of the estimator
Existing modified ratio estimator of ¥
Proposed modified ratio estimator of ¥
Median of X

Quiartile Deviation

Gini’s Mean Difference
Downton’s method

Probability Weighted Moments

For existing estimators
For proposed estimators
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Greek
P Coefficient of correlation
N (x;-%)3 . - .
B = N3z X X)- Coefficient of skewness of auxiliary variable

T (N-1)(N-2)S3
_ NNAD I (-8t 3(v-1)?
b2 = (N-1)(N-2)(N-3)S*  (N-2)(N-3)

Coefficient of kurtosis of auxiliary variable

b= Ss"—zy Regression coefficient of Y on X
Based on the above mentioned notations, the mean ratio estimator for estimating the
population mean, Y, of the study variable Y is defined as

-

R

1)

The bias, related constant and the mean squared error (MSE) of the ratio estimator are
respectively given by

=\ _a-f) (
B(%,) =L1 (RS2 - pS,S,) R= !

L) (52 4+ R2S2 — 2RpS, S,)

n

MsE(Y,) =

i =i

The ratio estimator given in (1) is used for improving the precision of the estimate of the
population mean as compared to usual sample mean estimator whenever a positive
correlation exists between the study variable and the auxiliary variable. Cochran (1940)
suggested a classical ratio type estimator for the estimation of finite population mean
using one auxiliary variable under simple random sampling scheme. Murthy (1967)
proposed a product type estimator to estimate the population mean or total of study
variable by using auxiliary information when coefficient of correlation is negative. Rao
(1991) introduced difference type ratio estimator that outperforms conventional ratio and
linear regression estimators. Upadhyaya & Singh (1999) modified ratio type estimators
using coefficient of variation and coefficient of kurtosis of the auxiliary variate. Singh &
Tailor (2003) proposed a family of estimators using known values of some parameters by
using SRSWOR for estimation of population mean of the study variable. Sisodiaa &
Dwivedi (1981) and Singh et al. (2004) utilized coefficient of variation of the auxiliary
variate. Further improvements are achieved by introducing a large number of modified
ratio estimators with the use of known coefficient of variation, kurtosis, skewness,
median, coefficient of correlation, decile (cf. Subramani and Kumarpandiyan, 2012 a,b,c
and d).

The organization of the rest of the article is as follows: Section 2 provides a description
of the existing estimators. The structure of suggested modified linear regression type ratio
estimator and the efficiency comparison of the suggested estimator with the usual ratio
estimator and the existing estimators are presented in Section 3. Section 4 consists of an
empirical study of proposed estimators. Finally, Section 5 summarizes the findings of the
study.
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2. Existing Ratio Estimators

Kadilar and Cingi (2004) suggested ratio type estimators for the population mean in the
simple random sampling using some known auxiliary information on coefficient of
kurtosis and coefficient of variation. They showed that their suggested estimators are
more efficient than traditional ratio estimator in the estimation of the population mean.

Kadilar & Cingi (2004) estimators are given by
)7+b(f?—f))?
X

]

[N
Il

D

y+b(X—-%)
(X+Cyx)
J+b(X—%)
(Z+B2)
_ y+b(X—x)
T (XB2+Cy)
_ y+b(X—x)
" (XCx+B2)

X +Cy),

N

]

(X + B2),

w
I

=

(XBZ + Cx)a

oD

(XCx + BZ)

The biases, related constants and the MSE for Kadilar and Cingi (2004) estimators are
respectively as follows:

B(7)="L%R2, R =1 MsE(¥,) =L (R2sz + 521 - p?)),
B(R) = CPVRE Re=grigy msE(T) =P (RisE +5301-p),
B(1:) = LR, R, = wy MsE(%) =L (Rist+ 30— p0)
B(T,) = SLERE, Ro= - msE(T) = L (RisE + 31— p2),
B(Vs)=LL%Re, Ry = e MSE(Ys) = L (RS2 + 531 - p?).

Kadilar and Cingi (2006) developed some modified ratio estimators using known value of
coefficient of correlation, kurtosis and coefficient of variation as follows:

s6=w(x+ P,

- %}:}c)(m +p),
cgz%fc‘f)()?p+cx),
1?9 - y(;’;(’:p’)‘)( Pt P
o = Tesesr (00 )
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The biases, related constants and the MSE for Kadilar and Cingi (2006) estimators are
respectively given by

B(¥s) = LL%ER2, R = X%p MSE(Ts) = =L (R2s2 + 53(1 - p?),
B(h)=L%R:,  R=gres msE(V) = S (RESE+ 5501 - D))
8(%) = SRR Ro=rpiey  MSE(T) = 2P (ResE +s300-p2)
() =“LERs,  Re=grs MsE(R) = L (RESE+ 551 - D)
B(To) = LERY,  Rio=gts MSE(Th) = L (REsE + 531 - ).

Yan and Tian (2010) proposed some modified ratio estimators using coefficient of
skewness and kurtosis as follows:

X + By,

= V+b(X—%)
= (£+81)

= y+b(X —X)
Y12 (xﬂ +B ) ( ﬁl + ﬁZ)

The biases, related constants and the MSE for Yan and Tian (2010) estimators are
respectively given by

B(Tu)=SLERN,  Ru=grs  MSE(Th) = SL(RESE+ S50 p9),
B(7s) = L% R, Rir = s MSE(Tp) = 2L (RES2 + 521 - ).

Yan and Tian (2010) showed that the use of coefficient of skewness and coefficient of
kurtosis, respectively, provides better estimates for the population mean in comparison to
the usual ratio estimator and numerous existing estimators.

Subramani and Kumarapandiyan (2012a, 2012b, 2012c) introduced the following
estimators with the use of population median, skewness, kurtosis and coefficient of
variation of auxiliary information in the simple random sampling for the estimation of the
population mean.

= V+b(X—%)

Vi3 =" 35 X + My),

V14 = %(ch + My),
Tis = gy KBs + Ma),
V16 = %ﬁ;g(fﬁz + Mg).
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The biases, related constant and the MSE for Subramani and Kumarapandiyan (2012a,
2012b, 2012c) estimators are respectively given by

B(Ts) = LERE, Ri=gs MSE(Tis) = 52 (RESE + 5301 - p?),
(f, 4) _a- f)Sx R141 Ry, = ()?ci%d) MSE(QM) _ (1nf) (R14SZ n 52(1 pz)),
B(Tis) = CLERE,  Ris= s MSE(Tis) = L (RS2 + 531 - p2)),

B(T) = “[”’CRM, Ris = s MSE(Tis) = 5 f)(R1652+52<1 p1).

Jeelani et al. (2013) suggested an estimator with the use of coefficient of skweness and

quartile deviation of the auxiliary information in the simple random sampling for the
estimation of the population mean as follows:

ooy (XB1 + QD).

? y+b(X —X)
177 ®p1+eD)
The bias, related constant and the MSE for Jeelani et al. (2013) estimator is given by

o) =L Ry =t (i) =2 5501 -p0),

3. Proposed Modified Ratio Estimators

Motivated by the mentioned estimators in Section 2, we propose some new modified ratio
type estimators. It is relevant to note that the measures like range, variance, standard
deviation and mean deviation are affected by extreme values in the population, whereas
the Gini’s mean difference, Downton’s method and probability weighted moments
measures are robust and are more effective in the presence of outliers in the population.
The proposed estimators using the linear combination of population coefficient of
variation, population coefficient of correlation, Gini’s mean difference estimator,
Downton’s method and probability weighted moments can be formulated as follows:

y+b(X X)
(x+G)

_y+b(X-%) &
p2 — (sz+G) (Xp + G)v

¥, X+,

D

£p3 = %ﬁ:?(icx +G),
2194 = %);f) (X + D),

st = %f;f)()?p + D),
Fos = Tarny, KCx + D),
For = etspm) (X + S
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5 _ y+b(X-%)

0 = Goprsp) 0P Spu)
5 _ y+b(X-%) &

P = (icrspn) X Cx T Spw)

The biases, related constants and the MSE for suggested estimators can be obtained as
follows:

- 2 v -~
= LERE, Ry = i MSE(¥,,) = L (R2,52 + 531 - p?),
_1-)S% 52 __¥p s\ _ Q-9 2 2 2
=4 D% p = MSE = R2,52 + S2(1 — p))
n oy w2 Bp2 T Rors (pz) n ( p2 ’
1-£f)S% 52 YCx 5 a-5) 2 2 2
= DSkp2 g o= MSE = RZ:S% + S3(1— p?)),
n v P3 P3 7 (XCx+G) ( p3) n ( p3vx T Yy
(1-1)S% 2 Y 5 a-r 2 2 2
U DSp2 p MSE - R2,S% + S3(1 - p?))
n v Y P4 7 (%+D) (p4) n ( p4-x '
_a-NsE 52 _ ¥p s\ _ @-9 2 2 2
T a7 OPY Rps " (Xp+D) MSE( ps)— n (RPSS +Sy-p ))’
_ 2 % a2
- unf)S?xRSﬁ’ Rps = (zz:in) MSE( Pﬁ) - (1nf) (RPGSZ +5y(1- pz))’
_(-NSE 52 R 4 5\ _ - 2 201 _ 2
=TLYR Ry = (e MSE(%,;) = =L (RZ,82 + S3(1 - p)),
_ 2 vV S
=R R R =gy MSE(T) = T5E (RRsSE + 551 - o),
_1-NSE 2 __ Ye o \_ =D (p2 c2 4 c2¢1 _ A2
= PSR, Rys = (s MSE( pg) =& (Rpgsx +S2(1 - p?)).

4. Efficiency Comparisons

In this
derived

section, the efficiency conditions for the proposed ratio estimators have been
algebraically according to usual ratio estimator and existing ratio estimators in

literature.

4.1.Co

mparison with usual ratio estimator

The proposed ratio estimators are more efficient than that of the usual ratio estimator if

MsE(7,;) < MSE(Y,),

A=) (2 a-p)
L (RZ;82 + 53(1 - p?)) < L (52 + R?SZ - 2RpS,S,),

Pak.j.stat.

RZ,S2 — p?SZ — R%SZ + 2RpS,S, < 0,
(pS, — RS,)" — R%;S2 > 0,
(pSy — RSy + Ry;Sx)(pSy — RSy — R,;Sy) = 0.
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Condition I: (pSy, — RS, + Rp;Sy) < 0 and (pS, — RSy — R,;Sy,) < 0

After solving the condition I, we get

Sy—RS RS,—pS
(P 1% x) <R .< ( x P y)
Sk pJ Sy

Condition 11: (pS, — RS, + R;Sy) =0 and (pS, — RS, —R,;Sy) =0

After simplifying the Condition Il, we get

(RSx—pSy) <R < (pSy—RSx)
S /T PTA s )

Hence,
msE(¥,;) < MsE(Y,),

Sy—RS RS,—pS
(P y x) <R..< ( x—P y),
Sk pJ Sy

or

(RSx—pSy pSy—RSx)

5 ) = Rpj = ( s, where j = 1,2, ..., 9.

4.2. Comparisons with existing ratio estimators

From the expressions of the MSE of the proposed estimators and the existing estimators,
we have derived the conditions for which the proposed estimators are more efficient than
the existing modified ratio estimators as follows:

=Y =Y

msE(%,;) < MSE(Y,),

(1-1) -9
! (jogg +55(1 - pz)) <& (RL-ZS,% +S2(1— pZ)),

n n
2 ¢2 2¢2
R2;S? < R2SZ,

wherej=1,2,...,9andi=1,2,...,17.

5. Empirical Study

The performances of the suggested ratio estimators are evaluated and compared with the
usual ratio estimator and the mentioned ratio estimators in Section 2 by using 4 natural
populations. The Population 1 is taken from page 177 of Singh and Chaudhary (1986),
Populations 2 and 3 are taken from page 228 of Murthy (1967), and the Population 4 is
taken from Kadilar and Cingi (2004).
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The statistics of 4 populations are given as follows:

Population 1: Singh and Chaudhary (1986)

N =34
p = 0.4453

C, = 0.7531
QD = 80.25

n =20

Sy, = 733.1407
p, = 1.0445

G = 162.996

Population 2: Murthy (1967)

N =80

p =0915

C, = 0.948
QD = 179.375

n =20
S, = 1835.659

B, = 1.301
G =279.711

Population 3: Murthy (1967)

N =80

p = 0.941

C, = 0.751
QD = 588.125

Population 4: Kadilar and Cingi (2004)

N =106

p = 0.860

C, =210

QD = 12156.25

n =20
S, = 1835.659

B, = —0.063
G = 904.081

n =40

S, = 11551.53
p, = 34.572

G = 40201.69

¥ = 856.4117
C, = 0.8561
B, = 1.1823
D = 144.481

¥ = 5182.637
Cy = 0.3540

B, = 0.698
D =247.938

Y = 5182.637
C, = 0.3540

By = 1.050
D =801.381

¥ = 2212.59
C, = 5.22

By = 2.122

D =35634.990

X =199.4412
S, = 150.2150
M, = 142.50
Spw =142.990

X = 285.125
Sy = 279.429

M, = 148.00
Spw =244.838

X =1126.463
S, = 845.610

My = 757.500
Spw =791.364

X =27421.70
S, = 57460.61
M, = 7297.50

Spw =35298.810

The values of the related constants and the biases of the existing and proposed modified
ratio estimators are given in Table 1, whereas the values of the MSE of the existing and

proposed estimators are given in Table 2.
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Table 1:  The related constants and biases of the existing and the proposed ratio
estimators
Constant Bias
Estimator Population | pPopulation | Population | Population | Population | Population | Population | Population
1 2 3 4 1 2 3 4

?r 4.294 18.177 4.601 0.0807 4,94 115.09 60.88 171.32
?1 4.294 18.177 4.601 0.0807 10.00 174.83 109.52 151.20
?2 4.294 18.177 4.601 0.0807 9.93 173.67 109.37 151.18
?3 4.278 18.116 4,598 0.0806 9.89 173.98 109.53 150.82
?4 4.272 18.132 4.601 0.0807 9.93 173.18 111.86 151.20
Ys 4.279 18.090 4.650 0.0806 9.87 17393 | 10953 | 151.02
Yo 4.264 18.130 4.601 0.0807 9.96 17371 | 109.34 | 151.19
)217 4.285 18.119 4.597 0.0807 9.94 173.65 109.27 151.20
)218 4.281 18.115 4.596 0.0807 9.83 173.57 109.36 151.17
)219 4.258 18.111 4.598 0.8067 9.96 173.23 112.46 151.20
Y10 4.285 | 18.094 | 4662 | 0.0806 9.77 17390 | 10953 | 150.76
‘2’11 4.244 18.128 4.601 0.0807 9.89 173.24 109.31 151.14
‘2’12 4.269 18.094 4,597 0.0807 9.91 174.17 109.53 151.13
}2’13 4.275 18.143 4.601 0.0637 3.40 75.76 39.15 94.32
?14 2.504 11.966 2.751 0.0715 2.63 73.02 30.47 119.04
}2/15 2.204 11.747 2.427 0.0767 3.89 89.31 40.69 136.64
?16 2.676 12.991 2.804 0.0801 3.53 57.48 1.186 148.10
Yy, 2550 | 10422 | 0478 | 0.0742 5.26 79.42 48.85 | 128.08
Y1 2.363 9.175 2.552 0.0327 3.03 44.55 33.71 24.87
Y, 2.059 8.935 2.224 0.0475 2.30 42.25 25.58 52 34
Y3 1.515 8.772 2.483 0.0297 1.24 40.72 31.91 2059
/_‘;p‘l 1.635 9.320 2.620 0.0320 1.45 45.96 35.53 23.85
/_‘;ps 2.189 9.483 2.362 0.0498 2.60 47.58 28.87 57.60
?pG 2.490 9.722 2.688 0.0351 3.36 50.02 37.39 28.59
/—‘;p7 1.645 9.377 2.635 0.0322 1.47 46.53 35.91 24.12
?pB 2.200 9.540 2.377 0.0500 2.63 48.16 29.22 58.02
/_‘;pg 2.501 9.779 2.702 0.0353 3.39 50.61 37.78 28.90
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Table 2: The MSE values of the existing and the proposed ratio estimators

Estimator Population 1 Populatil(\){:eZan e ErI:’ooprulation 3 Population 4
Y, 10960.76 413243.60 189775.10 984589.70
?1 17437.65 926660.70 581994.20 889617.50
?2 17373.31 920662.50 581238.50 889566.40
?3 17348.62 922242.50 582058.10 888775.70
?4 17376.04 918082.10 594119.80 889616.00
?5 17319.75 922003.40 582079.30 889215.30
?6 17399.52 920873.20 581046.80 889596.60
?7 17387.08 920560.30 580732.70 889607.50
?8 17294.19 920108.20 581191.40 889557.80
?9 17401.14 918382.80 597260.90 889616.90
}2/10 17239.66 921833.60 582062.10 888634.40
)2111 17336.98 918450.90 580937.60 889492.50
}2/12 17362.26 923260.70 582055.10 889452.90
Yis 11785.70 413230.80 217319.80 763783.60
Vi 11127.47 399044.90 172323.80 818477.40
}2/15 12199.76 483450.40 225319.50 857402.20
Vi 11892.07 318486.70 20545.47 884526.80
}2/17 13376.04 432164.60 267595.20 838466.80
?pl 11465.43 251457.80 189080.30 610126.10
?pz 10841.88 239515.60 146971.80 670914.00
?p3 9937.20 231591.30 179770.50 600579.70
?p4 10113.06 258768.30 198518.70 607875.10
?pS 11097.24 267178.40 164020.70 682552.70
?p6 11752.23 279802.00 208187.20 618381.50
?p7 10129.01 261697.40 200516.20 608480.30
?pB 11119.84 270154.60 165857.40 683478.00
?p‘) 11777.26 282843.60 210216.90 619061.50

It can be observed that the related constants and the biases of the suggested modified
ratio estimators are smaller than the usual ratio estimator and the existing ratio estimators
in literature. From Table 2, it is obvious that the proposed estimators perform better than
the usual ratio estimator and the existing modified ratio estimators in terms of MSE,
which indicates that the proposed estimators are more efficient.

To get more insight into the proposals of the study, we have also evaluated the percentage
relative efficiencies (PRE) of the proposed estimators (p) with respect to the existing
estimators (e), which is computed by the formula given below

_ MSE(e)
= MSE()

and the values of PRE are given in Tables 3 -6.

PRE(e,p) 100
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Table3: PRE of the proposed estimators and the existing estimators for

population 1
Existing Proposed Estimators
Estimators ?pl ?pz ?ps ?m ?p s ?p6 ?zﬂ ?ps f;pg
?r 95.6 101.1 110.3 108.4 98.8 93.3 108.2 98.6 93.1
?1 152.1 160.8 175.5 172.4 157.1 148.4 172.2 156.8 148.1
?2 151.5 160.2 174.8 171.8 156.6 147.8 171.5 156.2 147.5
?3 151.3 160.0 174.6 171.5 156.3 147.6 171.3 156.0 147.3
?4 151.6 160.3 174.9 171.8 156.6 147.9 171.5 156.3 147.5
?5 151.1 159.7 174.3 171.3 156.1 147.4 171.0 155.8 147.1
?6 151.8 160.5 175.1 172.1 156.8 148.1 171.8 156.5 147.7
?7 151.6 160.4 175.0 171.9 156.7 147.9 171.7 156.4 147.6
?s 150.8 159.5 174.0 171.0 155.8 147.2 170.7 155.5 146.8
)219 151.8 160.5 175.1 172.1 156.8 148.1 171.8 156.5 147.8
1710 150.4 159.0 173.5 170.5 155.4 146.7 170.2 155.0 146.4
12111 151.2 159.9 1745 1714 156.2 147.5 171.2 155.9 147.2
12112 151.4 160.1 174.7 171.7 156.5 147.7 1714 156.1 147.4
?13 102.8 108.7 118.6 116.5 106.2 100.3 116.4 106.0 100.1
?14 97.1 102.6 112.0 110.0 100.3 94.7 109.9 100.1 94.5
?15 106.4 112.5 122.8 120.6 109.9 103.8 120.4 109.7 103.6
?16 103.7 109.7 119.7 117.6 107.2 101.2 117.4 106.9 101.0
?17 116.7 123.4 134.6 132.3 120.5 113.8 132.1 120.3 113.6

Table4: PRE of the proposed estimators and the existing estimators for
population 2

Existing Proposed Estimators

Estimators |y Y, Y,s Y, Y5 Y6 Y7 Yps Yo

164.3 172.5 178.4 159.7 154.7 147.7 157.9 153.0 146.1

N

368.5 386.9 400.1 358.1 346.8 331.2 354.1 343.0 327.6

=y

366.1 384.4 397.5 355.8 344.6 329.0 351.8 340.8 325.5

N

366.8 385.0 398.2 356.4 345.2 329.6 352.4 341.4 326.1

[

365.1 383.3 396.4 354.8 343.6 328.1 350.8 339.8 324.6

N

366.7 384.9 398.1 356.3 345.1 329.5 352.3 341.3 326.0

[

366.2 384.5 397.6 355.9 344.7 329.1 351.9 340.9 325.6

o

366.1 384.3 3975 355.7 3445 329.0 351.8 340.8 3255

N

365.9 384.2 397.3 355.6 344.4 328.8 351.6 340.6 325.3

o

i llinllinllinllinllisllinllinllintlis

365.2 383.4 396.6 354.9 343.7 328.2 350.9 339.9 324.7

o

366.6 384.9 398.0 356.2 345.0 329.5 352.3 341.2 325.9

=
=}

365.3 383.5 396.6 354.9 343.8 328.3 351.0 340.0 324.7

=
-

367.2 385.5 398.7 356.8 345.6 330.0 352.8 341.8 326.4

=
N

164.3 1725 178.4 159.7 154.7 147.7 157.9 153.0 146.1

158.7 166.6 1723 154.2 149.4 142.6 152.5 147.7 141.1

-
>

192.3 201.8 208.8 186.8 180.9 172.8 184.7 179.0 170.9

-
1

126.7 133.0 1375 123.1 119.2 113.8 121.7 117.9 112.6

-
=2

Rl linllin :<I) =D =< =D
[w

171.9 180.4 186.6 167.0 161.8 1545 165.1 160.0 152.8

-
N
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Table5: PRE of the proposed estimators and the existing estimators for
population 3

Existing Proposed Estimators

Estimators ?pl ?pz ?ps ?m ?p s ?p6 ?zﬂ ?pa f;pg
Y, 100.4 | 129.1 | 105.6 95.6 115.7 91.2 94.6 114.4 90.3
?1 307.8 396.0 323.7 293.2 354.8 279.6 290.2 350.9 276.9
Y, 3074 | 3955 | 3233 | 2928 | 3544 | 279.2 | 289.9 | 350.4 | 2765
Y, 307.8 | 396.0 | 323.8 | 2932 | 3549 | 279.6 | 290.3 | 350.9 | 276.9
Y, 3142 | 4042 | 3305 | 2993 | 362.2 | 2854 | 296.3 | 358.2 | 282.6
Ys 307.8 | 396.0 | 323.8 | 2932 | 3549 | 279.6 | 290.3 | 351.0 | 276.9
Ys 307.3 | 3953 | 3232 | 2927 | 3543 | 279.1 | 289.8 | 350.3 | 2764
Y, 307.1 | 3951 | 323.0 | 2925 | 354.1 | 278.9 | 2896 | 350.1 | 276.3
}2’8 307.4 395.4 323.3 292.8 354.3 279.2 289.8 350.4 276.5
l:/., 315.9 406.4 332.2 300.9 364.1 286.9 297.9 360.1 284.1
?10 307.8 396.0 323.8 293.2 354.9 279.6 290.3 350.9 276.9
Yyq 307.2 | 3953 | 3232 | 2926 | 3542 | 279.0 | 289.7 | 350.3 | 276.4
?12 307.8 396.0 323.8 293.2 354.9 279.6 290.3 350.9 276.9
Y13 1149 | 1479 | 1209 | 1095 | 1325 | 1044 | 1084 | 131.0 | 1034
Y14 91.1 117.2 95.9 86.8 105.1 82.8 85.9 103.9 82.0
Y5 119.2 | 1533 | 1253 | 1135 | 1374 | 1082 | 1124 | 1359 | 107.2
Y6 10.9 14.0 11.4 10.3 12.5 9.9 10.2 12.4 9.8
Yy 1415 | 182.1 | 1489 | 1348 | 163.1 | 1285 | 1335 | 161.3 | 127.3

Table6: PRE of the proposed estimators and the existing estimators for

population 4

Existing Proposed Estimators

Estimators ?lﬂ 1=/1’2 ‘21113 lélp‘* 12(115 1=/p6 ?zﬂ 1=/118 ?pt)
Y, 146.1 | 131.9 | 1493 | 162.0 | 1443 | 159.2 | 1618 | 1441 | 159.0
Y, 1320 | 119.2 | 1349 | 1463 | 1303 | 1439 | 1462 | 130.2 | 1437
Y, 1320 | 119.2 | 1349 | 1463 | 130.3 | 1439 | 1462 | 130.2 | 1437
Y, 1318 | 119.1 | 1348 | 1462 | 130.2 | 1437 | 1461 | 130.0 | 1436
Y, 1320 | 119.2 | 1349 | 1463 | 1303 | 1439 | 1462 | 130.2 | 1437
Ys 1319 | 119.2 | 1348 | 1463 | 1303 | 1438 | 1461 | 130.1 | 1436
Ys 1320 | 119.2 | 1349 | 1463 | 130.3 | 1439 | 1462 | 130.2 | 1437
Y, 1320 | 119.2 | 1349 | 1463 | 130.3 | 1439 | 1462 | 130.2 | 1437
Ys 1320 | 119.2 | 1349 | 1463 | 130.3 | 1439 | 1462 | 130.2 | 1437
Y, 1320 | 119.2 | 1349 | 1463 | 130.3 | 1439 | 1462 | 130.2 | 1437
Y10 131.8 | 119.1 | 1347 | 1462 | 130.2 | 1437 | 1460 | 130.0 | 1435
Y14 1319 | 119.2 | 1349 | 1463 | 130.3 | 1438 | 1462 | 1301 | 1437
Y12 1319 | 119.2 | 1349 | 1463 | 130.3 | 1438 | 1462 | 130.1 | 1437
Y13 113.3 | 102.3 | 1158 | 1256 | 111.9 | 1235 | 1255 | 111.7 | 1234
Y4 1214 | 109.7 | 1241 | 1346 | 1199 | 1324 | 1345 | 1198 | 1322
Yys 1272 | 1149 | 130.0 | 141.0 | 1256 | 138.7 | 1409 | 1254 | 1385
Y16 1312 | 1185 | 1341 | 1455 | 129.6 | 1430 | 1454 | 129.4 | 1429
Y, 1244 | 112.4 | 1271 | 1379 | 122.8 | 1356 | 1378 | 122.7 | 1354
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The proposed estimators perform well as compared to the usual ratio estimator and the
existing estimators in terms of PRE (cf. Tables 3-6). This shows that the suggested ratio
type estimators are more efficient than the usual ratio estimator and the existing ratio
estimators.

5. Conclusion

Availability of the auxiliary information is helpful to improve the sampling plan or to
enhance the estimation of the properties of the variables of interest. Some new modified
linear regression type ratio estimators using known values of the population coefficient of
variation, population correlation coefficient, the Gini’s mean difference, Downton’s
method and probability weighted moments based measures are suggested. The proposed
estimators are more efficient than that of the existing estimators in terms of constant, bias
and mean square error under different populations. Hence we strongly recommend the
use of the proposed modified linear regression type ratio estimators for practical concerns
and the estimation of the population mean and may be preferred over the usual ratio
estimator and the existing modified linear regression type ratio estimators when unusual
observations are present in the auxiliary variables.
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