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Abstract

In this article, we have suggested new methods of ratio exponential type
imputation and proposed their corresponding point estimators to deal
with the problems of non-response in sample surveys for the prior outlay
of an auxiliary variable z. The expression of the biases and their mean
square errors of the proposed estimators have been derived, upto the
first order of large sample approximation under SRSWOR scheme and
compared with the mean method of imputation, ratio method of impu-
tation, regression method of imputation and the estimators of Singh and
Horn (Metrika [16]), Singh and Deo (Statistical Papers [15]), Touten-
burg et al. (Statistical Papers [18]), Singh (Statistics [17]) and Gira
(Applied Mathematical Sciences [5]). After comparison, the condition
which makes the proposed forty four estimators more efficient than oth-
ers are found. To verify the theoretical results, simulation studies are
performed on five real data sets.
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1. Introduction

The non-response is a well known major problem, which is encountered by practition-
ers in the trade of sample surveys. Repeated surveys are as a matter of course more likely
to this setback than single-occasion surveys. For examples, in case of milk yield surveys
the animal may be sold or may die during the survey period. Thus, the observations may
be missing for some of the time stages. Such type of non-response (missingness) may
have different patterns and causes.

Determining the efficient analytical approach in the continuation of incomplete sur-
vey report due to non-response is a major question for the analysts and researchers. The
hypothesis concerning population parameters can be corrupt if the sufficient information
approximately the nature of non-response is not known. A impulsive question arises what
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such needs to look to justify ignoring the incomplete mechanism. Rubin [12] addressed
three concepts: missing at random (MAR), observed at random (OAR) and parameter
distribution (PD). Rubin marked “the data are MAR if the probability of the observed
missingness pattern, subject to the observed and unobserved data, does not calculate on
the worth of the unobserved data". Heitzan and Basu [6] have remarked the meaning
of missing at random (MAR) and missing completely at random (MCAR).

Imputation, the pursue of “filling in" missing data mutually plausible values, is an
attractive concern to correlate incomplete data. It apparently solves the missing data
problem at the different methods of the analysis. To deal the problem of missing values
ultimately, Sande [13] and Kalton et al. [10] intended imputation methods that collect
incomplete data sets structurally and complete its analysis simply. Imputation method is
also be driven out by all of the assist of an auxiliary variable, if one is available. Later for
the MCAR response mechanism, Singh and Horn [16] indicated a compromised approach
of imputation. Singh and Deo [15], Ahmed et al. [1], Toutenburget al. [18], Kadilar and
Cingi [9], Singh [17], Singh et al. [14], Diana and Perri [4] and Gira [5] have indicated
several new imputation based methods by all of the assist of an auxiliary variable.

For missing completely at random (MCAR) response mechanism, we have pro-
posed the ratio exponential type imputation methods to tackle with the problems of
non-response in sample surveys. Following the indicated imputation methods, estimators
have been proposed for estimating the population mean and consequently their behaviors
are studied. Performances of the proposed estimators are compared with some existing
estimators.

2. Structures and Notations

Let y and x be denoted by the positively correlated study variable and auxiliary
variable respectively. A simple random sample (without replacement) s, of n units is
drawn from a finite population U = (Ui, U, ..., Un) of N units to estimate population
mean Y which uses the known values of population parameters such as Standard Devi-
ation (S, ), Coefficient of Kurtosis (82(x)), Coefficient of Variation (C) and Correlation
Coefficient (pye). Let r be the number of responding units out of sampled n units, the set
of responding units by R and the set of non-responding units by R°. If the units involve
the responding unit set, the values on the study variable y; are observed anyway. If they
involve the non-responding unit set, the values on the study variable y; are missing and
thereafter the imputed values are derived for a well known units.

2.1 i = N -

1) v { i if ieR¢

where ; denotes the imputed value for the *" non-responding unit.
The general point estimator of population mean Y takes the form

(2.2) ys—iZyAi—i{Zy.iﬁ-Zyw} _i[zyi+zgi:|
i€sn 1€eR ieR¢ ieR ieR¢
Here, the value g; is different for each imputation method.
The consequently notations have been approaching in this work:
Y, X: The population means of the variables y and z respectively.
Yr, Tr : The response means of the respective variables for the sample sizes shown in
suffices.
Zrn: The sample mean of the variable x.
pyaz + The correlation coefficient between the variables y and .
B2(x) : The population coefficient of kurtosis of the variable x .
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52 =(N—-1)"'3N (z; — X)?: The population variance of the variable z.
Si : The population variance of the variable y .

Cy, and C, : The coefficients of variation of the variables shown in suffices.

3. Brief of Some Existing Estimators

In this section, we act several estimators for estimating the population mean under
non-response.

3.1. Mean Method of ImputatioP. Under the mean method of imputation, the point
estimator (2.2) of population mean Y is derived as

1 T
3.1 Um = — i = Yr
(31) g T;y ¥

which is known as the response mean estimator 7, of population mean Y. The variance
of the response sample mean g, is given by
(3.2)  Var(g) L_ 1) pece
. ar(gr) = - — =
Y r N Y

3.2. Ratio Method of Imputation. Under the ratio method of imputation, the point
estimator (2.2) of population mean Y is derived as

_ _ Tn
(3.3)  UraT = Yr—
which is known as the ratio estimator yrar of population mean Y. The MSE of estimator
yrar is obtained under MCAR mechanism upto first order of large approximation, is
given by

_ _ 1 1\ g2/

(3.4) MSE(yrar) = Var(y:) + P Y* (Cy = 2py=CyCy)
3.3. Regression Method of Imputation. Under the regression method of imputa-
tion, the point estimator (2.2) of population mean Y is given by is given by

(3.5)  GrEG = Gr + b(Tn — Z»)
Syzfc(T)
S2(r) -
The MSE of §rec is obtained under MCAR mechanism upto first order of approximation,
is given by

- 1 1 1 1
(3.6) MSE(Jrec) = Y2C§ [(* - N) - (* ) piz}

s r n

which is known as regression estimator §rrq of population mean Y. where b =

3.4. Singh and Horn [16] Estimator. Singh and Horn [16] suggested a compromised
imputation in survey sampling. Under this method of imputation, the point estimator
(2.2) of population mean Y is derived as

(87 Fsn = afr + (1 - ) =

r

where « is a suitable constant. The optimum value of v is 1 — pyz%.

Now, taking the optimum value of a in (3.7) , we obtained the minimum MSE of §su
under MCAR mechanism up-to the first order of approximation, is given by
1 1

(38)  MSEpun(sn) = MSBnar) = (1= 1) (o = puC)P ¥*
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3.5. Singh and Deo [15] Estimator. Singh and Deo [15] suggested imputation by
power transformation in survey sampling. Under this method of imputation, the point
estimator (2.2) of population mean Y becomes

= B

Tn
3.9 ysp = yr | —
(39) ysp=y (5;)
where ( is a suitable constant. The optimum value of § is pyxg—:.

Now, taking the optimum value of 3 in (3.9), we obtained the minimum MSE of §sp
under MCAR mechanism up-to first order of approximation, given by

(sm) = MSEGar) — (L - L) sz (S TV’
(3.10) MSEwmin(ysp) = MSE(yrar) (r n)sx(S% X-)

3.6. Toutenburg et al. [18] Estimators. We discuss two estimators of Toutenburg et

al. [18] for the population mean Y, are given by

(3.11)  Frss, =7 {L —P)T AT }
nT

(n—p)°z+ (2n — p)pi’*}

3.12 7] =1
( ) Yrss, Yy |: (n 7p)ni' + npz*

_x 1 n—r
where z° = —— > """ x;.

In the present paper, the estimators yrss, and §rss, in equation (3.11) and (3.12)
respectively can be written as

Tn
(3.13)  Frss, = U

_ _ TYr \ /= -
3.14 = Yr — | (Tn — Zr
10) rss =5+ (1) @~ )
Thus, the estimator yrgs, is same as the ratio estimator.

The MSEs of estimators yrss, and gyrss, are obtained under MCAR mechanism, up-to
first order of large approximation, are given by

1 1)\ -
(3.15)  MSE(yrss,) = Var(y.) + (; - 5) V2 (C2 — 2pyaCyCy)
_ _ _ 1 1 ' =92 ' 2
(3.16) MSE(jrss,) = Var(j,) + (; - 5) (ﬁ) v [(ﬁ o2 2pyxcycx}

3.7. Singh [17] Estimator. Singh [17] suggested a new method of imputation in survey
sampling. Under this method of imputation, The point estimator (2.2) of the population
mean Y becomes

grin

3.17 y =
( ) YSINGH Ty + (1 — ’y)in

where ~ is a suitable constant. The optimum value of ~ is pyzg—z.
Now, using the optimum value of 7 in equation (3.17), we obtained the minimum MSE
of the estimator ysrner under MCAR mechanism up-to the first order of large approx-
imation, given by

1 1

(3.18) MSEmin(gsinaga) = MSE(Grar) — <; - 5) (Co — pyaCy)* V2
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3.8. Gira [5] Estimator. Gira [5] suggested a new method of ratio type imputation
in sample surveys. Under this method of imputation, The point estimator (2.2) of the
population mean Y becomes

¢
¢ —Tn

where ¢ is a suitably chosen constant. The optimum value of ¢ is X (py,cfcy — 1).

(3.19)  Yorra = Yr

Now, using the optimum value of ¢ in equation (3.19), we obtained the minimum MSE
of the estimator ygrra under MCAR mechanism up-to the first order of large approxi-
mation, given by

1 1 -
(3.20)  MSEmin(Gcrra) = Var(y,) — (7 - ﬁ) paY2C

r

4. Mathematical Formulation of the Problem

In this section, the suggested methods are structured to tackle the problems of
non-response in sample surveys. The missing values are replaced by calibrate imputed
values of the ratio exponential type imputation methods. This methods of imputation
have been suggested to impute the missing values under MCAR response mechanism.
After imputation, the first suggested method of imputation becomes

Y; €xXp {ﬁ] if ieR

&\‘Ui\
B

. _n = _ = p ’ e C

(:cz P (ZTn xr)> exp |:7P(X+‘i'r +2q] if ieR

Under the first suggested method of imputation given in equation (4.1), the point esti-
mators (2.2) of the population mean Y become

p(X — )

(4.2) 7(p,q) = ¥r exp [W

where p # 0 and ¢ are either some real number or the known values of population
parameters of the auxiliary variable z such as Standard Deviation (S,), Coefficient of
Kurtosis (82(x)), Coefficient of Variation (C,) and Correlation Coefficient (p,.). In Table
1, we get efficient twenty two ratio exponential type estimators 7;(: = 1,2, ...,22) as the
new family of 7(p, ¢) for different suitable values of p and gq.
After imputation, the second suggested method of imputation takes the form:
‘ p(X—2n) o
Y €Xp {7p(;{+in)+2q] if ieR

(43) (i =
" o on s A p(X—Zn e e

(xz L (Tn xT)) exp {71)()?4_%)4_24] if ieR
Under the second suggested method of imputation given in equation (4.3), the point
estimators (2.2) of the population mean Y become

o p(X —2n)
(44)  n(p.q) =yrexp Ly(){+aﬁm)+2q

[

81
N

where p # 0 and ¢ are either some real number or the known values of population
parameters of the auxiliary variable z such as Standard Deviation (S.), Coefficient of
Kurtosis (32(z)), Coefficient of Variation (C,) and Correlation Coefficient (py,). In Table
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Table 1. Some members of the suggested ratio exponential type esti-
mators (1 = 1,2,...,22)

| Estimators [ p [ a ]
Tl—yrexp(x+§:) 1 0
T2 = Yr €Xp ( Xﬁ;ﬁ2 1 1
T3 = U €XP ()—(j;:igsl) 1 Sz
n=gew (rmte) | | BW
Te = Y €XP (g+;;f§'pym) 1 Py
T7 = U €Xp [sz)(;i;f):)&} Sa 1
n=geplo oyl ) | S | s
e 5
Ti0 = Yrexp [ (S;ﬁ;iz)pw] Sy Py
o200 | ae) | 1
= g exp [%} fa@) | S
ns = grexp [0 ) | o) | G
na = grexp [ 2205 | o) | s
Ti5 = Y €XP [%} Ce 1
Ti6 = Ur €XP [%] C, S
ne=grewl w1 | ¢ | a)
T18 = Jr €Xp [%] Co | pya
T19 = Yr €XP [%} Pyz 1
T20 = Yr €Xp [%] Pyz Sz
T21 = Yr €XP [ﬁ] pyz | B2(x)
T22 = Yr exp[ L +7 30 ] Pyx Cy

2, we get efficient twenty two ratio exponential type estimators n;(i = 1,2, ...,22) as the
new family of n(p, ¢) for different suitable values of p and gq.
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Table 2. Some members of the suggested ratio exponential type esti-
mators n;(1 = 1,2, ...,22)

| Estimators | p [ a |
m = grexp (352 ) 1|0
N2 = Yr €XP ( +if12) 1 1
N3 = Ur €Xp (% 1 Sa
N4 = Yr €Xp ( e 1| Ba(2)
M6 = Yr exp (X’ijfzpy 1| pu
e = g7 exp [%] s, | pale)
19 = Jr eXp [%} S | Ca
110 = Yr Xp [%] Sz | Pye
m =g exp [0 | pate) |1
M2 = Yr exp [%} B2 () w
ms = v exp 2Ry | o) |
mi = v exp [0 T | Aala) | e
M5 = Yr €Xp [%;:;L] Ca 1
o= v ol o] | O | 5
M7 = Yr €Xp [%] Co | B2(z)
M8 = Yr €Xp [%] Cy Pyz
M9 = Yr exp | pyz)(ijnig] Py 1
720 = Yr €XP [%] Py Sy
o e 500
N22 = Yr €Xp [%] Pyz Cy

5. Properties of the suggested estimators 7;(i = 1,2,...,22) and
mii =1,2,...,22)

To obtain the biases and mean square errors (MSEs) of the suggested estimators 7
and n; (where i = 1,2, ...,22) for different suitable choices of p and ¢ up-to the first order
of large sample approximations are derived under the following transformations:
gr = Y(1+e1), Zr = X(1 + e2) and &, = X (1 + e3) such that E(e;) = 0, |e;| < 1V
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i=1,23.

Under the above large transformations, the estimators (i = 1,2,...,22) and n;(i =
1,2, ...,22) take the following forms:

-1
(5.1) T =Y (1+e)exp [—é&ez <1+ %0162) :|

1
(5.2) =Y (1+e1)exp |:—;0i63 (1 + %0#33) :|

pX

where 6; = (i=1,2,...,22) for different suitable choices of p and gq.

pX+q

— _ X _ _X _ X _ X _ _X _ _S:X
=1 0= %7,0= 535,04 = 355,00 5 = Xh0,0 06 = 55,0 07 = 5.5

_ Sp X _ Sy X _ Sy X _ _Ba(x)X _ _Ba(x)X
0 = 5. xime ¥ = 5,850, fo = SeX+pyz’ b = glox 2 = goxiss

_ _Ba@®X _ _B@X — _CeX — _CgX — _ CaX
s = gxio,r 0 = Ba(2) X +pys “15 T TpX+17 016 = CoX+5s° 017 = CaX+B2(x)’

_ Cx X _ pyaX _ PyazX _ pyaX _ PyazX

= i = S = U = —=—— an = SH
O1s CoX+pya’ t19 pya X +1° f20 Py X152 021 pywX+B2(w) & d 022 pyaX+Cq

The equations (5.1) and (5.2) can be written neglecting the terms of ¢’s having power
greater than two, we get

— — 1 1 3
(53) =Y 2Y |:61 — 5&'62 — 591'6162 + §93€§:|

_ _ 1 1 3
(54) i — Y=Y [61 — 591'63 — 591‘6163 + §91263:|

Taking expectation of both sides of equations (5.3) and (5.4) respectively, we get the
biases of the proposed estimators up-to first order of large approximations as

(5.5)  Bias(r;) = Y%ai K% - %) (30:C3 — 4pwawa)]
, 1 11 2
(5.6)  Bias(n:) = Ygei Kﬁ - N) (30:C; — 4pyzcycz)}

Now, after squaring both sides of equations (5.3) and (5.4) and neglecting the terms of
€'s having power greater than two, we have

(5.7) @_yfgyﬂm_laqz

2
19»;63:|

(5.8) (n—V) =V {el -

Taking expectation of both sides of equations (5.7) and (5.8) respectively, we get the
MSEs of the proposed estimators 7; and 7; (where ¢ = 1,2,...,22) for the first order of
large approximations as

1 1

(5.9) MSE(r;) =Y? [(; - N) (c_;j’ + iefcﬁ - eipyzcycz)}

(5.10) MSE(n) = ¥” K% - %) 2+ (% - %) Ga?ci - ez—pyxcyox)}
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6. Simulation Study

In this section, the proposed estimators are compared with respect to the some ex-
isting estimators. The percent relative efficiencies of the proposed estimators 7; and 7;
(where ¢ = 1,2, ...,22 ) with respect to the mean method of imputation, ratio method of
imputation, regression method of imputation, Singh and Horn [16] estimator, Singh and
Deo [15] estimator, Toutenburg et al. [18] estimators, Singh [17] estimator and Gira [5]
estimator respectively and computed as the followings:

Er = PRE(t:, ) — ﬁg(i) % 100

Es = PRE(t;, jrat) = %ggf) x 100

Bs = PRE(t;, jrec) = %g(’ff) x 100

Es = PRE(t:,§su) = %’ﬁs’{) x 100

Es = PRE(t;,§sp) = %&W % 100

Es = PRE(t;, yrss1) = %ﬂzﬁsgﬁ) x 100

Er = PRE(t:, jrss2) = %"J@Sf?) % 100

Es = PRE(t;, JsiNGH) = MSEAZZ;%;)NGH) x 100
Ey = PRE(t;,Jgrra) = %%m x 100

where ¢; = (73, 1:, (1 = 1,2, ...,22)). Five different types of real data set have been consid-
ered to analyze the performance of the suggested ratio exponential imputation methods
over other existing methods.

Table 3. Parameters of five different data sets

data set 1 data set 2 data set 3 data set 4 data set 5
Parameters | [Source: [7]] | [Source: [8]] | [Source: [3]] | [Source: [2]] | [Source: [11]]
page 228
N 106 104 278 100 80
n 20 20 30 10 20
r 18 17 24 7 16
Y 15.37 6.254 39.068 101.1 51.8264
X 243.76 13931.683 25.111 58.8 2.8513
Ba(z) 25.71 17.516 38.8898 2.2387 1.3005
Cy 4.1802 1.866 1.4451 0.1450 0.3542
Cy 2.0179 1.653 1.6198 0.1281 0.9484
Pyx 0.82 0.865 0.7213 0.65 0.9150
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Table 4. Percent relative efficiencies of the proposed estimators 7;

(i = 1,2,...,22) over the existing estimators §., Jrar, YrEG, YSH,
YspD, Yrssi, yrssz, Ysinau and yarra respectively for data set 1.
N =106, n =20, r = 18
Estimators o Es F3 Ey Es Fg Er FEsg FEg
It 150.962 | 140.803 | 138.735 | 138.735 | 138.735 | 140.803 | 141.438 | 138.735 | 138.735
T 150.702 | 140.561 | 138.496 | 138.496 | 138.496 | 140.561 | 141.194 | 138.496 | 138.496
T3 114.255 | 106.567 | 105.001 | 105.001 | 105.001 | 106.567 | 107.047 | 105.001 | 105.001
Ty 145.012 | 135.254 | 133.267 | 133.267 | 133.267 | 135.254 | 135.863 | 133.267 | 133.267
Ts 150.440 | 140.317 | 138.255 | 138.255 | 138.255 | 140.317 | 140.949 | 138.255 | 138.255
T6 150.748 | 140.604 | 138.539 | 138.539 | 138.539 | 140.604 | 141.238 | 138.539 | 138.539
7 150.961 | 140.803 | 138.734 | 138.734 | 138.734 | 140.803 | 141.437 | 138.734 | 138.734
8 150.948 | 140.791 | 138.722 | 138.722 | 138.722 | 140.791 | 141.425 | 138.722 | 138.722
) 150.961 | 140.802 | 138.734 | 138.734 | 138.734 | 140.802 | 141.437 | 138.734 | 138.734
Ti0 150.961 | 140.803 | 138.734 | 138.734 | 138.734 | 140.803 | 141.437 | 138.734 | 138.734
Ti1 150.952 | 140.794 | 138.725 | 138.725 | 138.725 | 140.794 | 141.428 | 138.725 | 138.725
Ti2 146.401 | 136.549 | 134.543 | 134.543 | 134.543 | 136.549 | 137.165 | 134.543 | 134.543
T13 150.941 | 140.784 | 138.716 | 138.716 | 138.716 | 140.784 | 141.419 | 138.716 | 138.716
T14 150.953 | 140.795 | 138.727 | 138.727 | 138.727 | 140.795 | 141.430 | 138.727 | 138.727
T15 150.833 | 140.683 | 138.616 | 138.616 | 138.616 | 140.683 | 141.317 | 138.616 | 138.616
Ti6 122.452 | 114.212 | 112.534 | 112.534 | 112.534 | 114.212 | 114.727 | 112.534 | 112.534
Ti7 147.833 | 137.885 | 135.860 | 135.860 | 135.860 | 137.885 | 138.507 | 135.860 | 135.860
Tis 150.856 | 140.704 | 138.637 | 138.637 | 138.637 | 140.704 | 141.339 | 138.637 | 138.637
T19 150.645 | 140.508 | 138.444 | 138.444 | 138.444 | 140.508 | 141.141 | 138.444 | 138.444
T20 112.298 | 104.741 | 103.203 | 103.203 | 103.203 | 104.741 | 105.213 | 103.203 | 103.203
T21 143.883 | 134.201 | 132.229 | 132.229 | 132.229 | 134.201 | 134.806 | 132.229 | 132.229
T22 150.327 | 140.211 | 138.151 | 138.151 | 138.151 | 140.211 | 140.843 | 138.151 | 138.151

Table 5. Percent relative efficiencies of the proposed estimators 7;
(¢ = 1,2,...,22) over the existing estimators ¥., Jrar, JrREG,
Ysp, Yrssi, yrsse, ysingu and yarra respectively for data set

YSH,
2.

N =104, n =20, r = 16

Estimators

Ey

Es

Es

Ey

Es

Es

Er

Es

Eo

T1

232.601

191.488

191.464

191.464

191.464

191.488

192.808

191.464

191.464

T2

232.586

191.476

191.453

191.453

191.453

191.476

192.796

191.453

191.453

T3

135.310

111.394

111.380

111.380

111.380

111.394

112.161

111.380

111.380

T4

232.347

191.279

191.255

191.255

191.255

191.279

192.597

191.255

191.255

75

232.577

191.469

191.445

191.445

191.445

191.469

192.788

191.445

191.445

T6

232.588

191.478

191.454

191.454

191.454

191.478

192.797

191.454

191.454

T7

232.601

191.488

191.464

191.464

191.464

191.488

192.808

191.464

191.464

78

232.601

191.488

191.464

191.464

191.464

191.488

192.808

191.464

191.464

79

232.601

191.488

191.464

191.464

191.464

191.488

192.808

191.464

191.464

T10

232.601

191.488

191.464

191.464

191.464

191.488

192.808

191.464

191.464

T11

232.600

191.488

191.464

191.464

191.464

191.488

192.807

191.464

191.464

T12

215.693

177.569

177.547

177.547

177.547

177.569

178.793

177.547

177.547

T13

232.599

191.487

191.463

191.463

191.463

191.487

192.807

191.463

191.463

Ti4

232.600

191.488

191.464

191.464

191.464

191.488

192.807

191.464

191.464

T15

232.592

191.481

191.457

191.457

191.457

191.481

192.801

191.457

191.457

T16

150.169

123.627

123.611

123.611

123.611

123.627

124.479

123.611

123.611

T17

232.447

191.362

191.338

191.338

191.338

191.362

192.680

191.338

191.338

T18

232.593

191.482

191.458

191.458

191.458

191.482

192.802

191.458

191.458

T19

232.584

191.475

191.451

191.451

191.451

191.475

192.794

191.451

191.451

T20

131.593

108.334

108.320

108.320

108.320

108.334

109.080

108.320

108.320

T21

232.307

191.247

191.223

191.223

191.223

191.247

192.565

191.223

191.223

T22

232.573

191.466

191.442

191.442

191.442

191.466

192.785

191.442

191.442




Table 6. Percent relative efficiencies of the proposed estimators 7;

(i = 1,2,...,22) over the existing estimators §., Jrar, YrEG, YSH,
YsD, Yrssi, Yrssz, Ysinau and yarra respectively for data set 2.
N =104, n =20, r = 18
Estimators o Es F3 Ey Es Fg Er FEsg FEg
It 232.601 | 211.566 | 211.554 | 211.554 | 211.554 | 211.566 | 211.683 | 211.554 | 211.554
T 232.586 | 211.553 | 211.541 | 211.541 | 211.541 | 211.553 | 211.67 | 211.541 | 211.541
T3 135.31 | 123.074 | 123.067 | 123.067 | 123.067 | 123.074 | 123.142 | 123.067 | 123.067
Ty 232.347 | 211.336 | 211.323 | 211.323 | 211.323 | 211.336 | 211.452 | 211.323 | 211.323
Ts 232.577 | 211.545 | 211.532 | 211.532 | 211.532 | 211.545 | 211.661 | 211.532 | 211.532
T6 232.588 | 211.555 | 211.543 | 211.543 | 211.543 | 211.555 | 211.672 | 211.543 | 211.543
7 232.601 | 211.566 | 211.554 | 211.554 | 211.554 | 211.566 | 211.683 | 211.554 | 211.554
8 232.601 | 211.566 | 211.554 | 211.554 | 211.554 | 211.566 | 211.683 | 211.554 | 211.554
) 232.601 | 211.566 | 211.554 | 211.554 | 211.554 | 211.566 | 211.683 | 211.554 | 211.554
T10 232.601 | 211.566 | 211.554 | 211.554 | 211.554 | 211.566 | 211.683 | 211.554 | 211.554
Ti1 232.6 211.566 | 211.553 | 211.553 | 211.553 | 211.566 | 211.683 | 211.553 | 211.553
Ti2 215.693 | 196.188 | 196.176 | 196.176 | 196.176 | 196.188 | 196.296 | 196.176 | 196.176
T13 232.599 | 211.565 | 211.553 | 211.553 | 211.553 | 211.565 | 211.682 | 211.553 | 211.553
Ti4 232.600 | 211.566 | 211.554 | 211.554 | 211.554 | 211.566 | 211.683 | 211.554 | 211.554
T15 232.592 | 211.558 | 211.546 | 211.546 | 211.546 | 211.558 | 211.675 | 211.546 | 211.546
T16 150.169 | 136.589 | 136.582 | 136.582 | 136.582 | 136.589 | 136.665 | 136.582 | 136.582
Ti7 232.447 | 211.427 | 211.414 | 211.414 | 211.414 | 211.427 | 211.543 | 211.414 | 211.414
Ti8 232.593 | 211.560 | 211.547 | 211.547 | 211.547 | 211.560 | 211.676 | 211.547 | 211.547
T19 232.584 | 211.551 | 211.539 | 211.539 | 211.539 | 211.551 | 211.668 | 211.539 | 211.539
T20 131.593 | 119.693 | 119.686 | 119.686 | 119.686 | 119.693 | 119.759 | 119.686 | 119.686
T21 232.307 | 211.300 | 211.287 | 211.287 | 211.287 | 211.300 | 211.416 | 211.287 | 211.287
T22 232.573 | 211.541 | 211.529 | 211.529 | 211.529 | 211.541 | 211.658 | 211.529 | 211.529

Table 7. Percent relative efficiencies of the proposed estimators 7;
(¢ = 1,2,...,22) over the existing estimators ¥., Jrar, JrREG,
Ysp, Yrssi, yrsse, ysingu and yarra respectively for data set

YSH,
3.

N =278, n =30, r = 21

Estimators

Ey

Es

Es

Ey

Es

Es

Er

Es

Eo

T1

197.785

174.64

164.391

164.391

164.391

174.64

164.649

164.391

164.391

T2

194.945

172.132

162.031

162.031

162.031

172.132

162.285

162.031

162.031

T3

135.657

119.782

112.753

112.753

112.753

119.782

112.93

112.753

112.753

T4

136.774

120.768

113.681

113.681

113.681

120.768

113.859

113.681

113.681

75

193.17

170.565

160.556

160.556

160.556

170.565

160.807

160.556

160.556

T6

195.741

172.835

162.693

162.693

162.693

172.835

162.947

162.693

162.693

T7

197.716

174.579

164.334

164.334

164.334

174.579

164.591

164.334

164.334

78

195.070

172.243

162.135

162.135

162.135

172.243

162.389

162.135

162.135

79

197.673

174.541

164.298

164.298

164.298

174.541

164.556

164.298

164.298

T10

197.735

174.596

164.350

164.350

164.350

174.596

164.607

164.350

164.350

T11

197.712

174.576

164.331

164.331

164.331

174.576

164.589

164.331

164.331

T12

194.813

172.016

161.922

161.922

161.922

172.016

162.175

161.922

161.922

T13

197.668

174.537

164.294

164.294

164.294

174.537

164.551

164.294

164.294

Ti4

197.733

174.594

164.348

164.348

164.348

174.594

164.605

164.348

164.348

T15

196.037

173.097

162.939

162.939

162.939

173.097

163.194

162.939

162.939

T16

148.307

130.952

123.268

123.268

123.268

130.952

123.461

123.268

123.268

T17

149.528

132.031

124.283

124.283

124.283

132.031

124.477

124.283

124.283

T18

196.526

173.529

163.346

163.346

163.346

173.529

163.601

163.346

163.346

T19

193.838

171.155

161.111

161.111

161.111

171.155

161.364

161.111

161.111

T20

128.088

113.099

106.462

106.462

106.462

113.099

106.628

106.462

106.462

T21

129.064

113.961

107.273

107.273

107.273

113.961

107.441

107.273

107.273

T22

191.381

168.986

159.069

159.069

159.069

168.986

159.318

159.069

159.069
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Table 8. Percent relative efficiencies of the proposed estimators 7;
(i = 1,2,...,22) over the existing estimators §., Jrar, JREG,
YsD, Yrssi, Yrssz, ysinau and yarra respectively for data set

YsH,
3.

N =278 n=230,r=27

Estimators

Ey

Es

Es

Ey

Es

Es

Er

Es

Eo

71

197.785

189.885

186.388

186.388

186.388

189.885

188.198

186.388

186.388

T2

194.945

187.159

183.711

183.711

183.711

187.159

185.496

183.711

183.711

73

135.657

130.239

127.84

127.84

127.84

130.239

129.082

127.84

127.84

T4

136.774

131.311

128.892

128.892

128.892

131.311

130.144

128.892

128.892

75

193.170

185.455

182.039

182.039

182.039

185.455

183.807

182.039

182.039

T6

195.741

187.923

184.461

184.461

184.461

187.923

186.253

184.461

184.461

T7

197.716

189.819

186.322

186.322

186.322

189.819

188.132

186.322

186.322

78

195.070

187.279

183.829

183.829

183.829

187.279

185.615

183.829

183.829

T9

197.673

189.778

186.282

186.282

186.282

189.778

188.092

186.282

186.282

T10

197.735

189.837

186.341

186.341

186.341

189.837

188.151

186.341

186.341

T11

197.712

189.816

186.319

186.319

186.319

189.816

188.129

186.319

186.319

T12

194.813

187.033

183.587

183.587

183.587

187.033

185.371

183.587

183.587

T13

197.668

189.773

186.277

186.277

186.277

189.773

188.087

186.277

186.277

T14

197.733

189.835

186.338

186.338

186.338

189.835

188.149

186.338

186.338

T15

196.037

188.208

184.741

184.741

184.741

188.208

186.535

184.741

184.741

T16

148.307

142.384

139.761

139.761

139.761

142.384

141.119

139.761

139.761

T17

149.528

143.556

140.912

140.912

140.912

143.556

142.281

140.912

140.912

T18

196.526

188.677

185.202

185.202

185.202

188.677

187.001

185.202

185.202

T19

193.838

186.097

182.669

182.669

182.669

186.097

184.443

182.669

182.669

T20

128.088

122.972

120.707

120.707

120.707

122.972

121.879

120.707

120.707

T21

129.064

123.909

121.626

121.626

121.626

123.909

122.808

121.626

121.626

T22

191.381

183.738

180.353

180.353

180.353

183.738

182.105

180.353

180.353

Table 9. Percent relative efficiencies of the proposed estimators 7;
(¢ = 1,2,...,22) over the existing estimators ¥., Jrar, JrREG,
Ysp, Yrssi, yrsse, ysingu and yarra respectively for data set

YSH,
4.

N=100, n=10,7r =7

Estimators

Ey

Es

Es

Ey

Es

Es

Er

Es

Eo

T1

161.062

141.942

139.111

139.111

139.111

141.942

139.163

139.111

139.111

T2

160.254

141.230

138.413

138.413

138.413

141.23

138.464

138.413

138.413

T3

155.210

136.785

134.056

134.056

134.056

136.785

134.106

134.056

134.056

T4

159.264

140.357

137.558

137.558

137.558

140.357

137.609

137.558

137.558

75

160.958

141.851

139.021

139.021

139.021

141.851

139.073

139.021

139.021

T6

160.536

141.479

138.656

138.656

138.656

141.479

138.708

138.656

138.656

T7

160.954

141.847

139.018

139.018

139.018

141.847

139.070

139.018

139.018

78

160.821

141.730

138.903

138.903

138.903

141.730

138.954

138.903

138.903

T9

161.048

141.930

139.099

139.099

139.099

141.930

139.151

139.099

139.099

T10

160.992

141.881

139.050

139.050

139.050

141.881

139.102

139.050

139.050

T11

160.700

141.623

138.798

138.798

138.798

141.623

138.850

138.798

138.798

T12

158.376

139.575

136.791

136.791

136.791

139.575

136.842

136.791

136.791

T13

161.016

141.901

139.071

139.071

139.071

141.901

139.123

139.071

139.071

Ti4

160.827

141.735

138.907

138.907

138.907

141.735

138.959

138.907

138.907

T15

155.009

136.608

133.883

133.883

133.883

136.608

133.933

133.883

133.883

T16

131.292

115.707

113.398

113.398

113.398

115.707

113.441

113.398

113.398

T17

148.527

130.895

128.284

128.284

128.284

130.895

128.332

128.284

128.284

T18

157.053

138.409

135.648

135.648

135.648

138.409

135.699

135.648

135.648

T19

159.822

140.849

138.040

138.040

138.040

140.849

138.091

138.040

138.040

T20

152.332

134.249

131.571

131.571

131.571

134.249

131.620

131.571

131.571

T21

158.314

139.520

136.737

136.737

136.737

139.520

136.788

136.737

136.737

T22

160.902

141.801

138.973

138.973

138.973

141.801

139.025

138.973

138.973




Table 10. Percent relative efficiencies of the proposed estimators 7;
(i=1,2,...,22) over the existing estimators §,, Yyrar, YREG, JSH, JSD,
yrssi, Yrsse, ysinau and yarra respectively for data set 4.

N =100, n=10,r=9

Estimators o Es F3 Ey Es Fg Er FEsg FEg
T1 161.062 | 154.549 | 153.584 | 153.584 | 153.584 | 154.549 | 153.957 | 153.584 | 153.584
T2 160.254 | 153.773 | 152.813 | 152.813 | 152.813 | 153.773 | 153.184 | 152.813 | 152.813
T3 155.210 | 148.933 | 148.004 | 148.004 | 148.004 | 148.933 | 148.363 | 148.004 | 148.004
T4 159.264 | 152.823 | 151.869 | 151.869 | 151.869 | 152.823 | 152.238 | 151.869 | 151.869
T5 160.958 | 154.449 | 153.485 | 153.485 | 153.485 | 154.449 | 153.857 | 153.485 | 153.485
T6 160.536 | 154.044 | 153.082 | 153.082 | 153.082 | 154.044 | 153.454 | 153.082 | 153.082
Tr 160.954 | 154.445 | 153.481 | 153.481 | 153.481 | 154.445 | 153.854 | 153.481 | 153.481
T8 160.821 | 154.317 | 153.354 | 153.354 | 153.354 | 154.317 | 153.726 | 153.354 | 153.354
Ty 161.048 | 154.535 | 153.571 | 153.571 | 153.571 | 154.535 | 153.944 | 153.571 | 153.571
Ti0 160.992 | 154.482 | 153.517 | 153.517 | 153.517 | 154.482 | 153.890 | 153.517 | 153.517
Ti1 160.700 | 154.201 | 153.239 | 153.239 | 153.239 | 154.201 | 153.611 | 153.239 | 153.239
Ti2 158.376 | 151.971 | 151.023 | 151.023 | 151.023 | 151.971 | 151.389 | 151.023 | 151.023
Ti3 161.016 | 154.504 | 153.540 | 153.540 | 153.540 | 154.504 | 153.912 | 153.540 | 153.540
Tia 160.827 | 154.323 | 153.360 | 153.360 | 153.360 | 154.323 | 153.732 | 153.360 | 153.360
Ti5 155.009 | 148.740 | 147.812 | 147.812 | 147.812 | 148.740 | 148.171 | 147.812 | 147.812
Ti6 131.292 | 125.983 | 125.197 | 125.197 | 125.197 | 125.983 | 125.500 | 125.197 | 125.197
TI7 148.527 | 142.520 | 141.631 | 141.631 | 141.631 | 142.520 | 141.975 | 141.631 | 141.631
Tis 157.053 | 150.702 | 149.761 | 149.761 | 149.761 | 150.702 | 150.125 | 149.761 | 149.761
Ti9 159.822 | 153.359 | 152.401 | 152.401 | 152.401 | 153.359 | 152.771 | 152.401 | 152.401
T20 152.332 | 146.172 | 145.260 | 145.260 | 145.260 | 146.172 | 145.612 | 145.260 | 145.260
T21 158.314 | 151.911 | 150.963 | 150.963 | 150.963 | 151.911 | 151.330 | 150.963 | 150.963
T22 160.902 | 154.395 | 153.432 | 153.432 | 153.432 | 154.395 | 153.804 | 153.432 | 153.432

Table 11. Percent relative efficiencies of the proposed estimators 7;
(1 =1,2,...,22) over the existing estimators §,, yrar, YrEG, YSH, JSD,
yrssi, yrssz, ysinau and yarra respectively for data set 5.

N =80,n=20,r=14

FEstimators Ey Es Es Ey Es Eg Er FEs Eq
T 292.078 | 533.119 | 203.156 | 203.156 | 203.156 | 533.119 | 300.898 | 203.156 | 203.156
T2 593.201 | 1082.75 | 412.603 | 412.603 | 412.603 | 1082.75 | 611.115 | 412.603 | 412.603
T3 465.76 | 850.136 | 323.962 | 323.962 | 323.962 | 850.136 | 479.826 | 323.962 | 323.962
T4 614.271 | 1121.21 | 427.259 | 427.259 | 427.259 | 1121.21 | 632.821 | 427.259 | 427.259
Ts 585.45 1068.6 | 407.213 | 407.213 | 407.213 | 1068.6 | 603.13 | 407.213 | 407.213
T6 579.76 | 1058.21 | 403.255 | 403.255 | 403.255 | 1058.21 | 597.268 | 403.255 | 403.255
7 424.224 | 774.321 | 295.071 | 295.071 | 295.071 | 774.321 | 437.035 | 295.071 | 295.071
T8 463.096 | 845.273 | 322.109 | 322.109 | 322.109 | 845.273 | 477.082 | 322.109 | 322.109
T9 417.381 | 761.831 | 290.311 | 290.311 | 290.311 | 761.831 | 429.986 | 290.311 | 290.311
Ti0 412.934 | 753.714 | 287.218 | 287.218 | 287.218 | 753.714 | 425.404 | 287.218 | 287.218
Ti1 548.797 | 1001.7 | 381.718 | 381.718 | 381.718 | 1001.7 | 565.37 | 381.718 | 381.718
Ti2 547.646 | 999.599 | 380.918 | 380.918 | 380.918 | 999.599 | 564.185 | 380.918 | 380.918
Ti3 538.759 | 983.378 | 374.737 | 374.737 | 374.737 | 983.378 | 555.029 | 374.737 | 374.737
Tia 531.918 | 970.891 | 369.978 | 369.978 | 369.978 | 970.891 | 547.982 | 369.978 | 369.978
Tis5 600.009 | 1095.17 | 417.339 | 417.339 | 417.339 | 1095.17 | 618.128 | 417.339 | 417.339
Ti6 448.237 | 818.15 | 311.773 | 311.773 | 311.773 | 818.15 | 461.773 | 311.773 | 311.773
Ti7 613.891 | 1120.51 | 426.994 | 426.994 | 426.994 | 1120.51 | 632.43 | 426.994 | 426.994
Tig 588.048 | 1073.340 | 409.019 | 409.019 | 409.019 | 1073.34 | 605.806 | 409.019 | 409.019
T19 603.99 1102.44 | 420.108 | 420.108 | 420.108 | 1102.44 | 622.23 | 420.108 | 420.108
T20 436.426 | 796.592 | 303.558 | 303.558 | 303.558 | 796.592 | 449.605 | 303.558 | 303.558
To1 612.595 | 1118.15 | 426.093 | 426.093 | 426.093 | 1118.15 | 631.094 | 426.093 | 426.093
T22 597.922 | 1091.37 | 415.887 | 415.887 | 415.887 | 1091.37 | 615.979 | 415.887 | 415.887
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Table 12. Percent relative efficiencies of the proposed estimators 7;
(i=1,2,...,22) over the existing estimators §,, Yyrar, YREG, JSH, JSD,
yrssi, Yrss2, Ysinau and yarra respectively for data set 5.

N =80,n=20,r=18

Estimators o Es F3 Ey Es Fg Er FEsg FEg
T1 292.078 | 377.609 | 260.525 | 260.525 | 260.525 | 377.609 | 344.738 | 260.525 | 260.525
T2 593.201 | 766.911 | 529.118 | 529.118 | 529.118 | 766.911 | 700.151 | 529.118 | 529.118
T3 465.760 | 602.152 | 415.445 | 415.445 | 415.445 | 602.152 | 549.734 | 415.445 | 415.445
T4 614.271 | 794.151 | 547.912 | 547.912 | 547.912 | 794.151 | 725.020 | 547.912 | 547.912
T5 585.450 | 756.891 | 522.205 | 522.205 | 522.205 | 756.891 | 691.003 | 522.205 | 522.205
T6 579.760 | 749.534 | 517.129 | 517.129 | 517.129 | 749.534 | 684.287 | 517.129 | 517.129
Tr 424.224 | 548.452 | 378.396 | 378.396 | 378.396 | 548.452 | 500.709 | 378.396 | 378.396
T8 463.096 | 598.708 | 413.069 | 413.069 | 413.069 | 598.708 | 546.590 | 413.069 | 413.069
Ty 417.381 | 539.605 | 372.292 | 372.292 | 372.292 | 539.605 | 492.632 | 372.292 | 372.292
Ti0 412.934 | 533.856 | 368.325 | 368.325 | 368.325 | 533.856 | 487.384 | 368.325 | 368.325
Ti1 548.797 | 709.505 | 489.511 | 489.511 | 489.511 | 709.505 | 647.742 | 489.511 | 489.511
Ti2 547.646 | 708.017 | 488.485 | 488.485 | 488.485 | 708.017 | 646.383 | 488.485 | 488.485
Ti3 538.759 | 696.527 | 480.558 | 480.558 | 480.558 | 696.527 | 635.894 | 480.558 | 480.558
Tia 531.918 | 687.683 | 474.456 | 474.456 | 474.456 | 687.683 | 627.820 | 474.456 | 474.456
Ti5 600.009 | 775.713 | 535.190 | 535.190 | 535.190 | 775.713 | 708.187 | 535.190 | 535.190
Ti6 448.237 | 579.496 | 399.814 | 399.814 | 399.814 | 579.496 | 529.051 | 399.814 | 399.814
TI7 613.891 | 793.660 | 547.573 | 547.573 | 547.573 | 793.660 | 724.571 | 547.573 | 547.573
Tis 588.048 | 760.249 | 524.522 | 524.522 | 524.522 | 760.249 | 694.069 | 524.522 | 524.522
Ti9 603.990 | 780.860 | 538.742 | 538.742 | 538.742 | 780.860 | 712.886 | 538.742 | 538.742
T20 436.426 | 564.227 | 389.279 | 389.279 | 389.279 | 564.227 | 515.111 | 389.279 | 389.279
T21 612.595 | 791.984 | 546.417 | 546.417 | 546.417 | 791.984 | 723.042 | 546.417 | 546.417
T22 597.922 | 773.015 | 533.329 | 533.329 | 533.329 | 773.015 | 705.724 | 533.329 | 533.329

Table 13. Percent relative efficiencies of the proposed estimators 7;
(i =1,2,...,22) over the existing estimators §,, yrar, YrEG, YSH, YSD,
Yyrssi, Yrsse, Yysinagua and yarra respectively for data set 1.

N =106, n = 20, r = 18

Estimators Ey E, Es Ey Es Es Eq Es Ey
7 142.231 | 132.660 | 130.711 | 130.711 | 130.711 | 132.660 | 133.258 | 130.711 | 130.711
72 142.028 | 132.471 | 130.524 | 130.524 | 130.524 | 132.471 | 133.067 | 130.524 | 130.524
73 112.326 | 104.768 | 103.229 | 103.229 | 103.229 | 104.768 | 105.240 | 103.229 | 103.229
4 137.564 | 128.297 | 126.413 | 126.413 | 126.413 | 128.297 | 128.876 | 126.413 | 126.413
75 141.823 | 132.280 | 130.336 | 130.336 | 130.336 | 132.280 | 132.876 | 130.336 | 130.336
76 142.064 | 132.505 | 130.558 | 130.558 | 130.558 | 132.505 | 133.102 | 130.558 | 130.558
77 142.230 | 132.659 | 130.711 | 130.711 | 130.711 | 132.659 | 133.257 | 130.711 | 130.711
78 142.220 | 132.650 | 130.701 | 130.701 | 130.701 | 132.650 | 133.248 | 130.701 | 130.701
79 142.230 | 132.659 | 130.710 | 130.710 | 130.710 | 132.659 | 133.257 | 130.710 | 130.710
710 142.230 | 132.660 | 130.711 | 130.711 | 130.711 | 132.660 | 133.257 | 130.711 | 130.711
11 142.223 | 132.652 | 130.704 | 130.704 | 130.704 | 132.652 | 133.250 | 130.704 | 130.704
12 138.6561 | 129.321 | 127.422 | 127.422 | 127.422 | 129.321 | 129.904 | 127.422 | 127.422
m3 142.215 | 132.645 | 130.696 | 130.696 | 130.696 | 132.645 | 133.243 | 130.696 | 130.696
N4 142.224 | 132.654 | 130.705 | 130.705 | 130.705 | 132.654 | 133.252 | 130.705 | 130.705
s 142.130 | 132.566 | 130.618 | 130.618 | 130.618 | 132.566 | 133.163 | 130.618 | 130.618
716 119.228 | 111.205 | 109.571 | 109.571 | 109.571 | 111.205 | 111.706 | 109.571 | 109.571
v 139.780 | 130.374 | 128.458 | 128.458 | 128.458 | 130.374 | 130.961 | 128.458 | 128.458
8 142.148 | 132.583 | 130.635 | 130.635 | 130.635 | 132.583 | 133.180 | 130.635 | 130.635
719 141.984 | 132.429 | 130.484 | 130.484 | 130.484 | 132.429 | 133.026 | 130.484 | 130.484
720 110.659 | 103.212 | 101.696 | 101.696 | 101.696 | 103.212 | 103.677 | 101.696 | 101.696
721 136.659 | 127.463 | 125.591 | 125.591 | 125.591 | 127.463 | 128.038 | 125.591 | 125.591
22 141.735 | 132.197 | 130.255 | 130.255 | 130.255 | 132.197 | 132.793 | 130.255 | 130.255




Table 14. Percent relative efficiencies of the proposed estimators 7;
(i=1,2,...,22) over the existing estimators §,, Yyrar, YREG, JSH, JSD,
yrss1, Yrss2, Ysinau and yarra respectively for data set 2.

N =104, n =20, r =17

Estimators o Es F3 Ey Es Fg Er FEsg FEg
m 187.920 | 162.722 | 162.707 | 162.707 | 162.707 | 162.722 | 163.130 | 162.707 | 162.707
72 187.912 | 162.715 | 162.701 | 162.701 | 162.701 | 162.715 | 163.124 | 162.701 | 162.701
73 127.253 | 110.190 | 110.180 | 110.180 | 110.180 | 110.190 | 110.466 | 110.180 | 110.180
4 187.784 | 162.604 | 162.590 | 162.590 | 162.590 | 162.604 | 163.012 | 162.590 | 162.590
5 187.907 | 162.711 | 162.696 | 162.696 | 162.696 | 162.711 | 163.119 | 162.696 | 162.696
76 187.913 | 162.716 | 162.702 | 162.702 | 162.702 | 162.716 | 163.125 | 162.702 | 162.702
7 187.920 | 162.722 | 162.707 | 162.707 | 162.707 | 162.722 | 163.130 | 162.707 | 162.707
78 187.920 | 162.722 | 162.707 | 162.707 | 162.707 | 162.722 | 163.130 | 162.707 | 162.707
o 187.920 | 162.722 | 162.707 | 162.707 | 162.707 | 162.722 | 163.130 | 162.707 | 162.707
Mo 187.920 | 162.722 | 162.707 | 162.707 | 162.707 | 162.722 | 163.130 | 162.707 | 162.707
Mo 187.919 | 162.722 | 162.707 | 162.707 | 162.707 | 162.722 | 163.130 | 162.707 | 162.707
M2 178.635 | 154.683 | 154.669 | 154.669 | 154.669 | 154.683 | 155.071 | 154.669 | 154.669
M3 187.919 | 162.721 | 162.707 | 162.707 | 162.707 | 162.721 | 163.130 | 162.707 | 162.707
Ma 187.919 | 162.722 | 162.707 | 162.707 | 162.707 | 162.722 | 163.130 | 162.707 | 162.707
s 187.915 | 162.718 | 162.703 | 162.703 | 162.703 | 162.718 | 163.126 | 162.703 | 162.703
e 137.775 | 119.301 | 119.291 | 119.291 | 119.291 | 119.301 | 119.601 | 119.291 | 119.291
mr 187.837 | 162.651 | 162.636 | 162.636 | 162.636 | 162.651 | 163.059 | 162.636 | 162.636
s 187.916 | 162.719 | 162.704 | 162.704 | 162.704 | 162.719 | 163.127 | 162.704 | 162.704
Mo 187.911 | 162.714 | 162.700 | 162.700 | 162.700 | 162.714 | 163.123 | 162.700 | 162.700
720 124.538 | 107.839 | 107.829 | 107.829 | 107.829 | 107.839 | 108.109 | 107.829 | 107.829
21 187.762 | 162.586 | 162.571 | 162.571 | 162.571 | 162.586 | 162.994 | 162.571 | 162.571
22 187.905 | 162.709 | 162.695 | 162.695 | 162.695 | 162.709 | 163.117 | 162.695 | 162.695

Table 15. Percent relative efficiencies of the proposed estimators 7;
(i =1,2,...,22) over the existing estimators §,, yrar, YrEG, YSH, YSD,
Yyrssi, Yrsse, Ysinagua and yarra respectively for data set 2.

N =104, n =20, r = 18

Estimators Ey E, E3 Ey Es Eg Er Eg Ey
R 200.457 | 182.329 | 182.319 | 182.319 | 182.319 | 182.329 | 182.430 | 182.319 | 182.319
12 200.447 | 182.321 | 182.310 | 182.310 | 182.310 | 182.321 | 182.421 | 182.310 | 182.310
n3 129.769 | 118.034 | 118.027 | 118.027 | 118.027 | 118.034 | 118.099 | 118.027 | 118.027
un 200.291 | 182.178 | 182.168 | 182.168 | 182.168 | 182.178 | 182.279 | 182.168 | 182.168
n5 200.441 | 182.315 | 182.304 | 182.304 | 182.304 | 182.315 | 182.416 | 182.304 | 182.304
76 200.448 | 182.322 | 182.311 | 182.311 | 182.311 | 182.322 | 182.422 | 182.311 | 182.311
n7 200.457 | 182.329 | 182.319 | 182.319 | 182.319 | 182.329 | 182.430 | 182.319 | 182.319
78 200.457 | 182.329 | 182.319 | 182.319 | 182.319 | 182.329 | 182.430 | 182.319 | 182.319
N 200.457 | 182.329 | 182.319 | 182.319 | 182.319 | 182.329 | 182.430 | 182.319 | 182.319
110 200.457 | 182.329 | 182.319 | 182.319 | 182.319 | 182.329 | 182.430 | 182.319 | 182.319
M1 200.456 | 182.329 | 182.318 | 182.318 | 182.318 | 182.329 | 182.429 | 182.318 | 182.318
M2 189.220 | 172.108 | 172.098 | 172.098 | 172.098 | 172.108 | 172.203 | 172.098 | 172.098
s 200.456 | 182.328 | 182.318 | 182.318 | 182.318 | 182.328 | 182.429 | 182.318 | 182.318
N4 200.456 | 182.329 | 182.318 | 182.318 | 182.318 | 182.329 | 182.429 | 182.318 | 182.318
s 200.451 | 182.324 | 182.313 | 182.313 | 182.313 | 182.324 | 182.425 | 182.313 | 182.313
M6 141.580 | 128.777 | 128.769 | 128.769 | 128.769 | 128.777 | 128.848 | 128.769 | 128.769
mr 200.356 | 182.238 | 182.227 | 182.227 | 182.227 | 182.238 | 182.339 | 182.227 | 182.227
18 200.452 | 182.325 | 182.314 | 182.314 | 182.314 | 182.325 | 182.425 | 182.314 | 182.314
Mo 200.446 | 182.319 | 182.309 | 182.309 | 182.309 | 182.319 | 182.420 | 182.309 | 182.309
120 126.750 | 115.288 | 115.281 | 115.281 | 115.281 | 115.288 | 115.352 | 115.281 | 115.281
721 200.265 | 182.155 | 182.144 | 182.144 | 182.144 | 182.155 | 182.255 | 182.144 | 182.144
722 200.438 | 182.313 | 182.302 | 182.302 | 182.302 | 182.313 | 182.413 | 182.302 | 182.302
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Table 17. Percent relative efficiencies of the proposed estimators 7;
(i=1,2,...,22) over the existing estimators §,, Yyrar, YREG, JSH, JSD,
yrssi, yrsse, Ysinau and yarra respectively for data set 3.

N =278 n=230,r=27

Estimators o Es F3 Ey Es Fg Er FEsg FEg
m 178.457 | 171.330 | 168.174 | 168.174 | 168.174 | 171.330 | 169.807 | 168.174 | 168.174
72 176.395 | 169.350 | 166.231 | 166.231 | 166.231 | 169.350 | 167.846 | 166.231 | 166.231
73 130.503 | 125.291 | 122.983 | 122.983 | 122.983 | 125.291 | 124.178 | 122.983 | 122.983
4 131.421 | 126.172 | 123.848 | 123.848 | 123.848 | 126.172 | 125.051 | 123.848 | 123.848
5 175.101 | 168.107 | 165.011 | 165.011 | 165.011 | 168.107 | 166.614 | 165.011 | 165.011
76 176.974 | 169.906 | 166.777 | 166.777 | 166.777 | 169.906 | 168.397 | 166.777 | 166.777
7 178.407 | 171.282 | 168.127 | 168.127 | 168.127 | 171.282 | 169.760 | 168.127 | 168.127
78 176.487 | 169.438 | 166.317 | 166.317 | 166.317 | 169.438 | 167.932 | 166.317 | 166.317
o 178.376 | 171.252 | 168.097 | 168.097 | 168.097 | 171.252 | 169.730 | 168.097 | 168.097
Mo 178.421 | 171.295 | 168.140 | 168.140 | 168.140 | 171.295 | 169.773 | 168.140 | 168.140
1 178.405 | 171.280 | 168.124 | 168.124 | 168.124 | 171.280 | 169.758 | 168.124 | 168.124
M2 176.300 | 169.258 | 166.141 | 166.141 | 166.141 | 169.258 | 167.755 | 166.141 | 166.141
M3 178.372 | 171.248 | 168.094 | 168.094 | 168.094 | 171.248 | 169.727 | 168.094 | 168.094
m 178.419 | 171.294 | 168.138 | 168.138 | 168.138 | 171.294 | 169.772 | 168.138 | 168.138
s 177.190 | 170.113 | 166.979 | 166.979 | 166.979 | 170.113 | 168.602 | 166.979 | 166.979
e 140.775 | 135.153 | 132.663 | 132.663 | 132.663 | 135.153 | 133.952 | 132.663 | 132.663
mr 141.752 | 136.091 | 133.584 | 133.584 | 133.584 | 136.091 | 134.882 | 133.584 | 133.584
s 177.545 | 170.454 | 167.314 | 167.314 | 167.314 | 170.454 | 168.940 | 167.314 | 167.314
Mo 175.589 | 168.576 | 165.471 | 165.471 | 165.471 | 168.576 | 167.078 | 165.471 | 165.471
120 124.223 | 119.262 | 117.065 | 117.065 | 117.065 | 119.262 | 118.202 | 117.065 | 117.065
121 125.039 | 120.045 | 117.833 | 117.833 | 117.833 | 120.045 | 118.978 | 117.833 | 117.833
22 173.792 | 166.850 | 163.777 | 163.777 | 163.777 | 166.850 | 165.368 | 163.777 | 163.777

Table 16. Percent relative efficiencies of the proposed estimators 7;
(i =1,2,...,22) over the existing estimators §,, yrar, YrEG, YSH, YSD,
Yyrssi, Yrsse, Yysinagua and yarra respectively for data set 3.

N =278, n=230,r=24

Estimators Ey E, E3 Ey Es Eg Er Eg Ey
m 162.913 | 150.054 | 144.360 | 144.360 | 144.360 | 150.054 | 145.457 | 144.360 | 144.360
2 161.400 | 148.660 | 143.019 | 143.019 | 143.019 | 148.660 | 144.106 | 143.019 | 143.019
n3 125.835 | 115.902 | 111.504 | 111.504 | 111.504 | 115.902 | 112.352 | 111.504 | 111.504
N 126.584 | 116.592 | 112.168 | 112.168 | 112.168 | 116.592 | 113.020 | 112.168 | 112.168
5 160.447 | 147.782 | 142.174 | 142.174 | 142.174 | 147.782 | 143.255 | 142.174 | 142.174
N6 161.826 | 149.052 | 143.396 | 143.396 | 143.396 | 149.052 | 144.486 | 143.396 | 143.396
n7 162.877 | 150.020 | 144.327 | 144.327 | 144.327 | 150.020 | 145.424 | 144.327 | 144.327
78 161.468 | 148.722 | 143.079 | 143.079 | 143.079 | 148.722 | 144.166 | 143.079 | 143.079
N 162.854 | 149.999 | 144.307 | 144.307 | 144.307 | 149.999 | 145.404 | 144.307 | 144.307
110 162.887 | 150.030 | 144.336 | 144.336 | 144.336 | 150.030 | 145.433 | 144.336 | 144.336
10 162.875 | 150.019 | 144.326 | 144.326 | 144.326 | 150.019 | 145.423 | 144.326 | 144.326
Me 161.330 | 148.596 | 142.957 | 142.957 | 142.957 | 148.596 | 144.043 | 142.957 | 142.957
ms 162.851 | 149.997 | 144.305 | 144.305 | 144.305 | 149.997 | 145.402 | 144.305 | 144.305
m 162.886 | 150.028 | 144.335 | 144.335 | 144.335 | 150.028 | 145.432 | 144.335 | 144.335
s 161.984 | 149.198 | 143.536 | 143.536 | 143.536 | 149.198 | 144.627 | 143.536 | 143.536
M6 134.125 | 123.537 | 118.850 | 118.850 | 118.850 | 123.537 | 119.753 | 118.850 | 118.850
mr 134.903 | 124.254 | 119.539 | 119.539 | 119.539 | 124.254 | 120.448 | 119.539 | 119.539
ms 162.245 | 149.438 | 143.767 | 143.767 | 143.767 | 149.438 | 144.86 | 143.767 | 143.767
Mo 160.807 | 148.114 | 142.493 | 142.493 | 142.493 | 148.114 | 143.576 | 142.493 | 142.493
120 120.669 | 111.144 | 106.926 | 106.926 | 106.926 | 111.144 | 107.739 | 106.926 | 106.926
121 121.344 | 111.766 | 107.524 | 107.524 | 107.524 | 111.766 | 108.342 | 107.524 | 107.524
722 159.480 | 146.892 | 141.317 | 141.317 | 141.317 | 146.892 | 142.392 | 141.317 | 141.317




Table 18. Percent relative efficiencies of the proposed estimators 7;
(i=1,2,...,22) over the existing estimators §,, Yyrar, YREG, JSH, JSD,
yrss1, Yrss2, Ysinau and yarra respectively for data set 4.

N =100, n=10,r =7
Estimators o Es F3 Ey Es Fg Er FEsg FEg
m 134.558 | 118.584 | 116.219 | 116.219 | 116.219 | 118.584 | 116.262 | 116.219 | 116.219
72 134.175 | 118.247 | 115.888 | 115.888 | 115.888 | 118.247 | 115.931 | 115.888 | 115.888
73 131.746 | 116.107 | 113.791 | 113.791 | 113.791 | 116.107 | 113.833 | 113.791 | 113.791
4 133.703 | 117.831 | 115.481 | 115.481 | 115.481 | 117.831 | 115.524 | 115.481 | 115.481
5 134.508 | 118.541 | 116.176 | 116.176 | 116.176 | 118.541 | 116.220 | 116.176 | 116.176
76 134.308 | 118.365 | 116.004 | 116.004 | 116.004 | 118.365 | 116.047 | 116.004 | 116.004
7 134.507 | 118.539 | 116.175 | 116.175 | 116.175 | 118.539 | 116.218 | 116.175 | 116.175
78 134.444 | 118.484 | 116.120 | 116.120 | 116.120 | 118.484 | 116.164 | 116.120 | 116.120
o 134.551 | 118.579 | 116.213 | 116.213 | 116.213 | 118.579 | 116.256 | 116.213 | 116.213
Mo 134.525 | 118.555 | 116.19 | 116.190 | 116.190 | 118.555 | 116.233 | 116.190 | 116.190
Mo 134.386 | 118.433 | 116.071 | 116.071 | 116.071 | 118.433 | 116.114 | 116.071 | 116.071
M2 133.278 | 117.457 | 115.114 | 115.114 | 115.114 | 117.457 | 115.157 | 115.114 | 115.114
M3 134.536 | 118.565 | 116.200 | 116.200 | 116.200 | 118.565 | 116.243 | 116.200 | 116.200
Ma 134.446 | 118.486 | 116.123 | 116.123 | 116.123 | 118.486 | 116.166 | 116.123 | 116.123
s 131.648 | 116.020 | 113.706 | 113.706 | 113.706 | 116.020 | 113.748 | 113.706 | 113.706
M6 119.254 | 105.098 | 103.001 | 103.001 | 103.001 | 105.098 | 103.040 | 103.001 | 103.001
mr 128.424 | 113.178 | 110.921 | 110.921 | 110.921 | 113.178 | 110.962 | 110.921 | 110.921
s 132.641 | 116.896 | 114.564 | 114.564 | 114.564 | 116.896 | 114.606 | 114.564 | 114.564
Mo 133.969 | 118.066 | 115.711 | 115.711 | 115.711 | 118.066 | 115.754 | 115.711 | 115.711
720 130.331 | 114.859 | 112.568 | 112.568 | 112.568 | 114.859 | 112.610 | 112.568 | 112.568
121 133.248 | 117.430 | 115.088 | 115.088 | 115.088 | 117.430 | 115.131 | 115.088 | 115.088
22 134.482 | 118.518 | 116.153 | 116.153 | 116.153 | 118.518 | 116.197 | 116.153 | 116.153

Table 19. Percent relative efficiencies of the proposed estimators 7;
(i =1,2,...,22) over the existing estimators §,, yrar, YrEG, YSH, YSD,
Yrssi, Yrsse, Ysinagua and yarra respectively for data set 5.

N =80,n=20,r=16
Estimators Ey Ey E3 Ey Es Eg Er Eg Ey
™ 197.324 | 309.279 | 156.023 | 156.023 | 156.023 | 309.279 | 230.300 | 156.023 | 156.023
12 265.652 | 416.374 | 210.049 | 210.049 | 210.049 | 416.374 | 310.047 | 210.049 | 210.049
n3 243.293 | 381.330 | 192.370 | 192.370 | 192.370 | 381.330 | 283.951 | 192.370 | 192.370
un 268.748 | 421.227 | 212.497 | 212.497 | 212.497 | 421.227 | 313.66 | 212.497 | 212.497
n5 264.476 | 414.531 | 209.119 | 209.119 | 209.119 | 414.531 | 308.674 | 209.119 | 209.119
6 263.599 | 413.157 | 208.426 | 208.426 | 208.426 | 413.157 | 307.651 | 208.426 | 208.426
N7 234.305 | 367.243 | 185.264 | 185.264 | 185.264 | 367.243 | 273.462 | 185.264 | 185.264
n8 242.746 | 380.472 | 191.938 | 191.938 | 191.938 | 380.472 | 283.313 | 191.938 | 191.938
no 232.725 | 364.766 | 184.014 | 184.014 | 184.014 | 364.766 | 271.617 | 184.014 | 184.014
10 231.682 | 363.130 | 183.189 | 183.189 | 183.189 | 363.130 | 270.399 | 183.189 | 183.189
1o 258.623 | 405.358 | 204.492 | 204.492 | 204.492 | 405.358 | 301.844 | 204.492 | 204.492
12 258.432 | 405.057 | 204.340 | 204.340 | 204.340 | 405.057 | 301.62 | 204.340 | 204.340
s 256.932 | 402.707 | 203.154 | 203.154 | 203.154 | 402.707 | 299.869 | 203.154 | 203.154
i 255.755 | 400.862 | 202.224 | 202.224 | 202.224 | 400.862 | 298.496 | 202.224 | 202.224
s 266.668 | 417.967 | 210.853 | 210.853 | 210.853 | 417.967 | 311.233 | 210.853 | 210.853
M6 239.623 | 375.578 | 189.468 | 189.468 | 189.468 | 375.578 | 279.668 | 189.468 | 189.468
7 268.693 | 421.141 | 212.454 | 212.454 | 212.454 | 421.141 | 313.596 | 212.454 | 212.454
ms 264.872 | 415.152 | 209.433 | 209.433 | 209.433 | 415.152 | 309.137 | 209.433 | 209.433
19 267.255 | 418.887 | 211.317 | 211.317 | 211.317 | 418.887 | 311.918 | 211.317 | 211.317
120 237.051 | 371.546 | 187.435 | 187.435 | 187.435 | 371.546 | 276.666 | 187.435 | 187.435
721 268.507 | 420.849 | 212.307 | 212.307 | 212.307 | 420.849 | 313.379 | 212.307 | 212.307
22 266.358 | 417.481 | 210.608 | 210.608 | 210.608 | 417.481 | 310.871 | 210.608 | 210.608

7. Conclusions

The following interpretation can be read out from Tables (4 - 19):
(1) From Table 4 it is clear that for a 18% sampled population with response rate 90%,
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the percent relative efficiencies of the suggested estimators 7; (i = 1,2, ...,22) with re-
spect to the other existing estimators like as the mean method of imputation remains
112.298% to 150.962%; the ratio method of imputation remains 104.741% to 140.803%;
the regression method of imputation, Singh and Horn (gsm) estimator, Singh and Deo
(gsp) estimator, Singh (gsrnvem) estimator and Gira (garra) estimator remain 103.203%
to 138.735%; Toutenburg et al.(yrss1, Yrssz) estimators remain 104.741% to 140.803%
and 105.213% to 141.438% respectively.

(2) From Table 5 it is clear that for a 19% sampled population with response rate 80%,
the percent relative efficiencies of the suggested estimators 7; (i = 1,2,...,22) with re-
spect to the other existing estimators like as the mean method of imputation remains
131.593% to 232.601%; the ratio method of imputation remains 108.334% to 191.488%;
the regression method of imputation, Singh and Horn (gsg) estimator, Singh and Deo
(gsp) estimator, Singh (gsrvem) estimator and Gira (garra) estimator remain 108.320%
to 191.464%; Toutenburg et al.(§rss1, Yrss2) estimators remain 108.334% to 191.488%
and 109.080% to 192.808% respectively.

(8) From Table 6 it is clear that for a 19% sampled population with response rate 90%,
the percent relative efficiencies of the suggested estimators 7; (i = 1,2, ...,22) with re-
spect to the other existing estimators like as the mean method of imputation remains
131.593% to 232.601%; the ratio method of imputation remains 119.693% to 211.566%;
the regression method of imputation, Singh and Horn (gsm) estimator, Singh and Deo
(gsp) estimator, Singh (gsinvem ) estimator and Gira (garra) estimator remain 119.686%
to 211.554%; Toutenburg et al.(yrssi, Yrssz) estimators remain 119.693% to 211.566%
and 119.759% to 211.683% respectively.

(4) From Table 7 it is clear that for a 10% sampled population with response rate 70%,
the percent relative efficiencies of the suggested estimators 7; (i = 1,2, ...,22) with re-
spect to the other existing estimators like as the mean method of imputation remains
128.088% to 197.785%; the ratio method of imputation remains 113.099% to 174.64%; the
regression method of imputation, Singh and Horn (gysm) estimator, Singh and Deo (gsp)
estimator, Singh (¥srvem) estimator and Gira (Jarra) estimator remain 106.462% to
164.391%; Toutenburg et al.(yrss1, Jrssz) estimators remain 113.099% to 174.64% and
106.628% to 164.649% respectively.

(5) From Table 8 it is clear that for a 10% sampled population with response rate 90%,
the percent relative efficiencies of the suggested estimators 7; (i = 1,2, ...,22) with re-
spect to the other existing estimators like as the mean method of imputation remains
128.088% to 197.785%; the ratio method of imputation remains 122.972% to 189.885%;
the regression method of imputation, Singh and Horn (gsm) estimator, Singh and Deo
(gsp) estimator, Singh (gsrvem) estimator and Gira (garra) estimator remain 120.707%
to 186.388%; Toutenburg et al.(yrss1, yrssz2) estimators remain 122.972% to 189.885%
and 121.879% to 188.198% respectively.

(6) From Table 9 it is clear that for a 10% sampled population with response rate 70%,
the percent relative efficiencies of the suggested estimators 7; (i = 1,2, ...,22) with re-
spect to the other existing estimators like as the mean method of imputation remains
131.292% to 161.062%; the ratio method of imputation remains 115.707% to 141.942%;
the regression method of imputation, Singh and Horn (ysm) estimator, Singh and Deo
(gsp) estimator, Singh (gsinvcm ) estimator and Gira (garra) estimator remain 113.398%
to 139.111%; Toutenburg et al.(yrss1, Yrss2) estimators remain 115.707% to 141.942%
and 113.441% to 139.163% respectively.

(7) From Table 10 it is clear that for a 10% sampled population with response rate
90%, the percent relative efficiencies of the suggested estimators 7; (i = 1,2, ...,22) with
respect to the other existing estimators like as the mean method of imputation remains
131.292% to 161.062%; the ratio method of imputation remains 125.983% to 154.549%;
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the regression method of imputation, Singh and Horn (gsm) estimator, Singh and Deo
(gsp) estimator, Singh (gsrnvem) estimator and Gira (Jarra) estimator remain 125.197%
to 153.584%; Toutenburg et al.(yrss1, Yrssz) estimators remain 125.983% to 154.549%
and 125.500% to 153.957% respectively.

(8) From Table 11 it is clear that for a 25% sampled population with response rate
70%, the percent relative efficiencies of the suggested estimators 7; (i = 1,2, ...,22) with
respect to the other existing estimators like as the mean method of imputation remains
292.078% to 614.271%; the ratio method of imputation remains 533.119% to 1121.21%;
the regression method of imputation, Singh and Horn (gsg) estimator, Singh and Deo
(gsp) estimator, Singh (gsrnvcm) estimator and Gira (garra) estimator remain 203.156%
to 427.259%; Toutenburg et al.(§rss1, Yrss2) estimators remain 533.119% to 1121.21%
and 300.898% to 632.821% respectively.

(9) From Table 12 it is clear that for a 25% sampled population with response rate
90%, the percent relative efficiencies of the suggested estimators 7; (i = 1,2, ...,22) with
respect to the other existing estimators like as the mean method of imputation remains
292.078% to 614.271%; the ratio method of imputation remains 377.609% to 794.151%;
the regression method of imputation, Singh and Horn (gsm) estimator, Singh and Deo
(gsp) estimator, Singh (gsinvem ) estimator and Gira (garra) estimator remain 260.525%
to 547.912%; Toutenburg et al.(yrss1, Yrssz) estimators remain 377.609% to 794.151%
and 344.738% to 725.020% respectively.

(10) From Table 13 it is clear that for a 18% sampled population with response rate
90%, the percent relative efficiencies of the suggested estimators 7; (i = 1,2, ...,22) with
respect to the other existing estimators like as the mean method of imputation remains
110.659% to 142.231%; the ratio method of imputation remains 103.212% to 132.660%;
the regression method of imputation, Singh and Horn (gsm) estimator, Singh and Deo
(gsp) estimator, Singh (gsrnvgm) estimator and Gira (Jarra) estimator remain 101.696%
to 130.711%; Toutenburg et al.(§rssi, Yrssz) estimators remain 103.212% to 132.660%
and 103.677% to 133.258% respectively.

(11) From Table 14 it is clear that for a 19% sampled population with response rate
85%, the percent relative efficiencies of the suggested estimators 7; (i = 1,2, ...,22) with
respect to the other existing estimators like as the mean method of imputation remains
124.538% to 187.920%; the ratio method of imputation remains 107.839% to 162.722%;
the regression method of imputation, Singh and Horn (gsm) estimator, Singh and Deo
(gsp) estimator, Singh (gsrvcm) estimator and Gira (garra) estimator remain 107.829%
to 162.707%; Toutenburg et al.(§rss1, Yrssz) estimators remain 107.839% to 162.722%
and 108.109% to 163.130% respectively.

(12) From Table 15 it is clear that for a 19% sampled population with response rate
90%, the percent relative efficiencies of the suggested estimators n; (i = 1,2, ...,22) with
respect to the other existing estimators like as the mean method of imputation remains
126.750% to 200.457%; the ratio method of imputation remains 115.288% to 182.329%;
the regression method of imputation, Singh and Horn (gsm) estimator, Singh and Deo
(gsp) estimator, Singh (gsinvcm ) estimator and Gira (ggrra) estimator remain 115.281%
to 182.319%; Toutenburg et al.(yrss1, Yrssz) estimators remain 115.288% to 182.329%
and 115.352% to 182.430% respectively.

(13) From Table 16 it is clear that for a 10% sampled population with response rate
80%, the percent relative efficiencies of the suggested estimators 7; (i = 1,2, ...,22) with
respect to the other existing estimators like as the mean method of imputation remains
120.669% to 162.913%; the ratio method of imputation remains 111.144% to 150.054%;
the regression method of imputation, Singh and Horn (gsm) estimator, Singh and Deo
(gsp) estimator, Singh (gsrnvem) estimator and Gira (garra) estimator remain 106.926%
to 144.360%; Toutenburg et al.(yrssi, Yrssz) estimators remain 111.144% to 150.054%
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and 107.739% to 145.457% respectively.

(14) From Table 17 it is clear that for a 10% sampled population with response rate
90%, the percent relative efficiencies of the suggested estimators n; (i = 1,2, ...,22) with
respect to the other existing estimators like as the mean method of imputation remains
124.223% to 178.457%; the ratio method of imputation remains 119.262% to 171.330%;
the regression method of imputation, Singh and Horn (gsg) estimator, Singh and Deo
(gsp) estimator, Singh (gsrvcm) estimator and Gira (garra) estimator remain 117.065%
to 168.174%; Toutenburg et al.(§rss1, Yrss2) estimators remain 119.262% to 171.330%
and 118.202% to 169.807% respectively.

(15) From Table 18 it is clear that for a 10% sampled population with response rate
70%, the percent relative efficiencies of the suggested estimators n; (i = 1,2, ...,22) with
respect to the other existing estimators like as the mean method of imputation remains
130.331% to 134.558%; the ratio method of imputation remains 114.859% to 118.584%;
the regression method of imputation, Singh and Horn (gsm) estimator, Singh and Deo
(gsp) estimator, Singh (gsinvem ) estimator and Gira (ggrra) estimator remain 112.568%
to 116.219%; Toutenburg et al.(yrss1, yrss2) estimators remain 114.855% to 118.584%
and 112.610% to 116.262% respectively.

(16) From Table 19 it is clear that for a 25% sampled population with response rate
80%, the percent relative efficiencies of the suggested estimators 7; (i = 1,2, ...,22) with
respect to the other existing estimators like as the mean method of imputation remains
197.324% to 268.748%; the ratio method of imputation remains 309.279% to 421.227%;
the regression method of imputation, Singh and Horn (gsm) estimator, Singh and Deo
(gsp) estimator, Singh (gsrnvgm) estimator and Gira (Jarra) estimator remain 156.023%
to 212.497%; Toutenburg et al.(yrss1, Yrss2) estimators remain 309.279% to 421.227%
and 230.300% to 313.660% respectively.

In this paper, we have presented the five real data sets of the different parameters in
Table 3. Here, the response rate is considered between 70% to 90%. From Tables [4-19],
it is noticed that the percent relative efficiencies of the suggested estimators involved in
simulation studies for given the real data sets . It is found that our suggested imputa-
tion methods are more efficient than the mean method of imputation, ratio method of
imputation, regression method of imputation, Singh and Horn [16] estimator, Singh and
Deo [15] estimator, Toutenburg et al. [18] estimators, Singh [17] estimator and Gira [5]
estimator. Hence, the performances of the suggested methods and their corresponding
estimators are highly justified in simulation studies which are shown in Tables [4-19] that
may be recommended for further use.
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