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Exponential Ratio Type Estimators of Population Mean using
Two Auxiliary variables under Non-response

Lakhkar Khan?!, Imad Khan?
ABSTRACT

In this paper, we propose exponential ratio type estimators for
estimating the population mean of the study variable using
information on two auxiliary variables under the situations when
certain observations for some sampling units are missing. These
missing observations may either be in auxiliary or study
variables. The expressions for bias and mean square error of the
proposed estimators are obtained up to first order of
approximation using simple random sampling without
replacement (SRSWOR). Comparison of the proposed
exponential ratio type estimators with revised ratio estimators
are made both theoretically and through simulation studies. The
simulation study showed that proposed estimators are efficient
as compared to their competitor estimators.

Keywords: Auxiliary Variables; Bias; Mean squared error; Non-
response.

INTRODUCTION

Efficiency of an estimator can be increased by using auxiliary information when
estimating an unknown population parameter during a sample survey. Most of the times
this information is available from the previous studies or Census. Widely used estimators
when utilizing auxiliary information are ratio, regression and product estimators. In past
few years a lot studies are conducted to estimate the population mean of a variable under
study when complete information is available about the variable under study and
auxiliary variables ( variable which assists in estimation more efficiently) [see Jain
(1987), Naik and Gupta (1991), Diana and Perri (2007) and Singh and Agnihotri (2008)).

Currently, most of the researchers are contributing in estimating population
parameter in the presence of incomplete information or missing due to various reasons
like refusal of respond and unavailability of sampling units when survey is conducted etc.
To minimize this bias, it is very important to contact those non-respondents again and try
to get complete information through personal interview or any other technique. To
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estimate the variable under study while having the problem of non-response most of the
work has been done using ratio, product and regression estimators [see Hansen and
Hurwitz (1946), Khare and Srivastava (1997), Okafor and Lee (2000), Tabasum and
Khan (2004, 2006), Singh and Kumar (2008, 2010)].

When all information about sampling units is available and there is a positive
correlation between study and auxiliary variables ratio estimators are used to estimate the
unknown population mean of variable under study. But, in case of incomplete
information which may occur either in variable under study or auxiliary variable, the
conventional way of estimating the unknown parameter cannot be straight forwardly used
to analyse the data. It is observed that a huge class of ratio estimators are proposed to
estimate population mean under different situations in the presence of non-response
either in variable under study or auxiliary variable.

General Notations

Let y,x and z denotes the positive valued variable under consideration and
positive valued of the auxiliary variables respectively. Assume the there is a positive
correlation among y,x and z . Let (Y, X;,Zi), i=1,2,3,....... ,N denotes the values of the tri-
variate (y,X,z) on the i™ unit of the population of size N. Consider a sample , say “s”, of
size n is drawn with simple random sampling without replacement (SRSWOR) from this
population. Now the problem is to estimate the population mean of the variable under
study (y) and assumed that the auxiliary variables has known population mean.

It is assumed that (n-p-g-r) observation of (y,x,z), namely (y1,X1.21),(Y2,X2,22),. . .
(Yn-p-gr:Xn-p-gr:Zn-pqr) Measured on selected units in the sample are completely available .

In addition to these available observation, let xi, Xa,......, X, denotes the available
observation of x on these p units in the sample and let z1,2,,........ ,zr denotes the available
observation of z on these r units in the sample similarly yi,ya,........ ,yq denotes the

available observation on y on these q units | the sample thus we have the following sub
samples of the sample ‘s’.

For (n-p-q-r) sampling units, the observations (yi, xi.z )
of the variables (v, x, z) are known which constitutes a sub

sample “s1°

For the other P-sampling units the observation x* are
known but the corresponding observation of z and v are not
known, which constitutes a sub-sample “S2°

For the r-sampling units the observation z** are known but
the corresponding value of x and v are not known, which

Sample “S" of size n

constitute a sub-sample “S3°

For the remaining q sampling units the observations ¥
are known but the corresponding values of x and z are
unknown, which constitute a sub sample “Ss”.
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To derive the properties of the proposed estimators the following notations are
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To derive the biases and mean square errors of the revised estimators we proceed
as follows. Let’s take:

cC
I

<
I
<| <1 X|| > 1
*

Under SRSWOR, we have the following expectation
E(U)=E(V)=EW)=EU")=EW")=E(V")=0
EUU)=EWW )=EW )=EUW)=EWUV)=EWV ) =EUV)=EUW)=0
E(UZ)_ fp+q+rC>§ 1 E(VZ)_ fp+q+rC5 1 E(\N )_ fp+q+r z
. - 1

EU2=———C2 E *2=———C2 E 2:———C2

U= BWD=(-Cr BV =6 -1C)
EWUV) = fMpr v EUW) = fp+rszCsz . E(VW) = qupyZCyC
We can write the following as in the form
x=U+D)X  y=(V+)Y z=W+1Z
X =U+DX  y =V T+ . Z =W +1)Z

C (N 1))(2;(I y (N - :I.)YZZ“(I
Cf:ﬁi(z' 2)" p=Corr(y. )=~ 1)XYCXCyi( -~ X%, -V
p=Corr(y.2) = - 1)1ZVCZCy > (2.~ 2)00,-)

p=Corr(y,2) =———2—— (2, Z)(X, - X)

(N-DZXC.C, =
Biases and Mean Square Errors of the Revised Estimators

bias(yrl) ~Y ( fp+q+rCf + fp+q+rC22 fp+qpxnyCy - fq+r10yszCz + fp+rpszsz ) (9)
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- - 2 fp+q+rcf + fp+q+rCz2 + fp+q+rC5 _2 fp+qpxychy
MSE (y,,) =Y .
-2 fq+rpyszCz +2 fp+rpszsz

1 1
— —_| A% f C2+ | =——|C2+f C?
bias<yr2) ~Y p+g+rx /11 ( D N J X p+q+r~z

—Af Cny - fqurpyszCz + Afp+rpszsz

p+qpxy

1 1
—\ | Af,  CP+A}| =—-=|Ci+f  _ Ci+f  C?
MSE(yrz)zYz p+g+r~x ﬂl[p Nj X p+q+r >z p+q+r >y

—2Af..p,CC, -2f,..p,C,C, +2Af, p,CC,

p+qpxy

1 1
_\ —|Ff .. .C*+ 2(———jC2+f C?
biaS(yrS) ~Y p+q+r~z 23 r N z p+q+r~x

+Ffp+rpszsz - f Cny - qu+rpyszCz

p+qpxy

—o| F?f C2+232(1—%ij+f C’+f ., C:
r

MSE <9r3) ~Y p+q+rz P+Q+T X p+q+r =y
-2 fp+qpxnyCy - 2qu+rpyszCz +2Ff p+rpszsz
bias(g )~V( fp+q+rC5 + fp+q+rC12 + fp+rpszsz]
r4 )~ .
_pr+qpxnyCy - qu+rpyszCz
_\ | B*f . Cl+ A7 L Yeevs  cref . 2
MSE(yr4) zY p+q+r =y q N y p+g+r X p+q+r >’z .
-2 pr+qpxnyCy - ZBfq+r10yzcyCz +2 fp+rpxzc><cz

F*f c%ﬁ(l—%jcﬂ#f C?
r

p+q+r >’z p+q+r’x
bias(y,s ) Y| +4’ G —%jcf + AFf,, p,C.C,

~Af,..p,C.C, —Ff...p,C,C,

p+qpxy
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1 1
A CZ+ &(——WJCEJFF fquCr

p+g+r~x
p

MSE(5,0) 7| 422 1 51T+ 1,0, - 288,00, C.6,

~2Ff,,.0,,C,C, + 2AFf_ p,,C,C, (18

1 1
- | A%f CZ+ - |Ci+f C?
bias(yre)zY p+q+r~x ﬂl(p j X p+q+r~z

fp+|'pXZC C Apr+qpxnyCy - qu+rpyszCz

(19)
1 1
A*f C2+ ———C+f C?
p+g+r =x ﬂl(p Nj X p+q+r~’z
- 2 2 (1 1., £
MSE (Y, )~ Y | +B*f,....C] + N CZ-2ABf,, .0,CC, |
-2 fqﬂpyZC C, +2Afp+rpXZCXCZ (20)
1 1
-\ —|F’f CZ+ 2(-—-}(:2 +f ... C’
bias(yr7)zY p+q+r 'z A r N2 P+g+r X
+Ffp+rpXZC C pr+qpxy y - Bqu+I’pyZCyCZ (21)

F fp+q+rC22 23 (F - chz fp+q+er

— 2 1 1
MSE (Y, )~ Y | +B*f,....C] + z?(q—ﬁ]cj—zsfmpxycxcy

—2BFf,..p,,C,C, +2Ff . p,.CC, (22)
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2 2 2
A°f p+q+r x %[__WJC +F fp+q+rCz

bias(;/rs) ~ V +232 (% - %) sz + Apr+rpszsz

23
—AFf c,C, - BFf,,.p,.C,C, (23)

p+qpxy

1 1
A fp+q+er2 %(E_WJCZ +F* fp+q+r z

- S 1 1 1 1
MSE(yrB)zYZ +j’32(F_W]CZ B fp+q+r y /122(6__}(:5 !

—2AFfp+quyCXCy - ZBqu”pyZCyCZ
+2Apr+r £,,C.C, (24)
Proposed exponential-type ratio estimator for population mean (Y_)
X — X Z-1
yerl yexp( _Jexp(_ _), (based on sub-sample S) (25)
X +X Z+1
X — X Z-1
yer2 yexp — EA exp| = E , (based on sub-sample S;US,) (26)
X + Xa Z+1
X — X Z-
yer3 yexp — E exp| = EA , (based on sub-sample S1US3) (27)
X +X Z+1Zn
X — X Z-1
Yera = YA EXP = [exp| =——= |, (based on sub-sample S;US,) (28)
+ X Z+1
X — >‘<A Z-12a
yer5 yexp exp| =——— |, (based on sub-sample S;US,US3)  (29)
X + Xa Z+12Zn

;erG = §A exp[ i_ — EA Jexp(g _E , (based on sub-sample S1US;USs) (30)
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N

Yo7 = YABXP| = X exp| = 2 : (based on sub-sample S;USsUS,) (31)
X +X Z+2Za

(X=X 7-3

Yers = YAEXP| = fA exp| = EA , (based on whole sample S) (32)
X + Xa Z+1a

These proposed exponential type ratio estimators will be compared with the
corresponding revised estimators with respect to mean square errors.

Biases and Mean Square Errors of the proposed exponential type ratio Estimators

3f C2+3f Cz—1

o | pHq+rx T g lprg+r~z T 4
_8Pq 8pq 2

bias(yrl) ~Y

f,024CC,

p+qpxy

1 1 '
_E fq+rpyszCz + Z fp+rpszsz (33)

lf CZ+1f C>+f C?

MSE(;I )~?2 Z P+Q+r X Z p+q+r 7z pHg+r 2y
]~

1 .
—f Cny - fq+r:0yszCz + E fp+r:0xzc>(Cz

P+quy

(34)

3 3 1 1 3
§A2 fp+q+rcf _{_5112 (B__jcxz +§ fp+q+rC22

bias(y,,) ~ ¥ 1 N
_EAfmqpxy

Cny - l fq+rpyszCz + l Afp+rpszsz
2 4 (35)

1A2fp+q+er2+l212 i_i Cf
4 4 p N

MSE(y,,) =Y +%f C2+f,....C2—Af p CC, |

p+gq+r —z p+g+r -y

1
- fq+rpyszCz + E Afp+rpszsz (36)
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§sz C2+§232 11 C2+§f C?
. — — 8 p+q+r =z 8 r N z 8 p+g+r 7x
blas(yr3)zY

1 1 1 '
+Z Ffp+rpszsz _E fp+qpxnyCy - E qu+rpyszCz

1 1 1 1 1
ZF*f . CP+ = 2(———]CZ+—f (o%
4 p+q+r =z 4/13 r N z 4 p+q+r7x
- —2
MSE (Y,s) =Y | +1,.0..C = T,.00,CC, — Ff.0,C,C,
+2Ff,.2.CC,
§ fl”q”cf +§ lequrCZ2 + 1 fp+rpszsz
P | 8 8 4
bias(y,, )~ ¥ . .
_E pr+qpxnyCy - E qu+rpyszCz

82 fp+q+rC5 + 2?2 [l _ijcj +1 fp+q+er2 + i fp+q+rC22
VIR WOV q N 4 4
MSE (¥, )~ Y

1
_pr+quVCXCy - qu+rpyszCz +§ fp+rpszsz

3 3 1 1 3
_FZfIHQHCZZ +§232 (F_N]sz +§A2fp+q+rcx2

1 1
_E A.I:p+q:0xnyCy - E qu+rpyszCz

EAZ fp+q+rC)§ -i_lﬂl2 l_i Cf +£F2fp+q+rczz
2\ p N
- =2 1 2 1 1 2 2
MSE(yrs) =Y +Z/13 (F_ﬁjcz + 15iquCy = ATLL0P GGy
1
_qu+rpyszCz + E AFfp+rpszsz
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§A2fp+q+rC5+§ﬂf i_i sz
8 8 p N

- - <, 3 2 l

bias(y,s ) ~ Y + oGl AL 2CC,

p+q+r —z

1 1
_EApr+qpxnyCy _Equ+rpyszCz (43)

% A2 fp+q+er2 + %/112 (i - %jcxz + % fp+q+rC22
P

p+g+r =y p+quyCXCy !

MSE(Y,s) =¥ | +B2f, ,,,C2 +z§{é—%jcj — ABf

—Bf

1
CyCz + EAprrrpszsz (44

q+r10yz

§I:Z.I:p+q+rcz2 +§2‘§(E_ijczz +§ fp+q+rcf
bias(V ik, 8 r N 8
|as(yr7)zY . ) . .
+=Ff . .p,CC,-=Bf p,CC,6 —=BFf_,p,CC,
4 p 2 p+q/~ Xy y 2 q yz 'y (45)
1 1 1 1
L N oy L =S fo
p+q+r =z 423 (r Nj z
1 1 1
- —2| +—f C2+B*f Ci+ 2| =—-—|C?
MSE()/H)zYZ +4 p+q+r x T p+q-+r y+ﬂ'2(q N] Yol
-Bf,..0,C.C, —BFf,,.n,CC,
. (46)
+§Ffp+rpxzcxcz
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3 1
§A2fp+q+r X _ﬂ’l (__Wj ><2

3 1
+§F2fp+q+r z _ﬂ3 (__Wj 2
blas(yrg)z +B*f ,,..C; + Aj(%—%jcj

1 1
~ AFf.p,C.C, ~ 5 BFl,.0,C.C,

p+aPxy
(47)

1
+Z Apr+rpszsz

ZA fp+q+r( :x +_ﬂ1 (___j( :x
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- 2 1 1
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+%Apr+rpszsz (48)
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1 1 1 1
f+r: - 1T f+r: -
P n-p-r) N a n-q-r) N

Comparison between Proposed and Revised Ratio Estimators

Comparison of proposed exponential type ratio estimators and revised estimators.

For comparison of §rl and §/erl , }eri is efficient than )_/rl, if
MSE(Y,,) - MSE(Y,,,) >0

%f CZ+§f C:—f

p+g+r =X 4 p+gq+r =z p+qp)(y

c.C,
3 >0
- fq+rpyszCz + E fp+rpszsz

For comparison of yrzand ye,z , glerzis efficient than?/rz, if
MSE(Y,,) - MSE(Y,,) >0

3

3 1 1
2 2 2
ZA fqrCy +Z/11 (___

c2+3f  coop
p N 4

p+q+r —z p+qpxy

e
>0
3
- fq+rpyszCz + E Afp+r10szsz

For comparison of yrsand ym , ym is efficient than?/rs, if
MSE(Y,5) = MSE(Y;5) >0

3 3 1 1 3

Z FZ .fp-¢—q+rcz2 + Zﬂ'az [F - N)sz + Z fp+q+rcf - fp+qpxnyCy
3 >0
_qu+rpyszCz + E Ffp+rpszsz

For comparison of §/r4and K/em , glemis efficient than?/w if

MSE(Y,) —~ MSE(Y,,,) >0
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%sz CZ+§f C?—Bf

p+qg+r z p+q+r X p+quy
4

cC,
3 >0
_qu+rpyzcycz + E fp+rpszsz

For comparison of ;rs and 9% , ;lers is efficient thanyrs, if

MSE(Y,s) = MSE(Y,,5) >0

gA‘pr-¢—q-¢—r(:>f +§ﬂ’12 i_i Cf +§F2fp+q+rczz +§ﬂﬂz[l_iJsz
4 4 p N 4 4 r N >0

3
-Af,.0,CC, —Ff . p,CC,+ > AFf .. p.CC,
For comparison of yrﬁand §/er6 , ;lers is efficient thanyre, if

MSE(Y,s) —~ MSE(Y,,5) >0

%Az fp+q+rcx2 + %/112 (i - %ch + % F* fp+q+rC22
P >0

3
_Apr+qpxnyCy - qu+rpyszCz +§Afp+rpszsz

For comparison of yﬂand §/er7, §/er7 is efficient than §r7, if

MSE(Y,;) - MSE(Y,) >0

§ FZ fp+q+rC22 + §2§l2 (E - ijczz + § F2 fp+q+er2
4 4 r N 4

3 >0
-BFf,.,0,C.C, - Bf,..0,CC, + > F,..r.CC,

For comparison of yrgand gers, gers is efficient than §r8, if

MSE(Y,5) ~ MSE(Y,;s) >0
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3

3 1 1
S e B oLy L it
4 p+q+r~x 4ﬂl(p

N 4 p+g+r —z

jCXZ+§F2f C?
>0

3.,(1 1), ‘ ¢ 3 AFf

+Z/13 F_ﬁ C, - AF p+qpxnyCy - BF q+rpyZCyCZ +EAF p+rpXZC><CZ

Simulation Study

To obtain the mean square error (MSE), of the proposed exponential ratio-type
estimators, a simulation study is conducted. Trivariate random observation (X, Y, Z) are
generated form a trivariate normal distribution with known correlation coefficients

Py = 0.90, Py = 0.80 and p,, =0.70. Using 20,000 simulations, estimates of mean

square (MSE) for different revised ratio estimators and exponential ratio-type estimators
are computed using simple random sampling without replacement.

While performing a simulation study, we use the following steps in sequence:

1) A sample, say “S” of size n is drawn from trivariate normal distribution using
simple random sampling without replacement (SRSWOR).

2) Take the fixed values of missingness rates that is p, g and r.

3) Randomly, we deleted g observation from the set of observations of the study
variable and p observations from the set of observation of auxiliary variable X
and r observations from the set of observations of the auxiliary variable Z.

4) Identify the sub-samples, Si, Sz, Ssand Sa.

5) The values of the estimators yn
y }_7r2, }_7r3, }_’r4, }_7r5, }_/rs, }_/r7, }_/r8, y }_7er1, }_7er2, }_7er3, }_7er4, }_7er5, }_7er6, }_/er7, and yer& fOl‘ eaCh (n, p,
q,r).

6) Calculate the mean square error of these estimators by 20,000 values that are
obtained from 20,000 different simulated samples drawn from the trivariate
normal distribution

We have taken the different values of (n, p, g, r) as shown in Table I. in the
remaining Tables we have mentioned the MSE of the values of various estimators,
considered in this paper obtained for the simulated 20,000 different samples drawn from
the trivariate normal distribution on taking various values of sample size and values of
missingness rates.

We use the following expression to obtain the MSE of revised ratio estimators
and exponential type-ratio estimators.

20000 ,__

MSE(&H):Tcl)00 > (V] —\7)2,1=1, 2,3...8. and
j=1

1 20000 ,__

MSE(QM):m ,Z; (Ve —V)z,izl, 2,3...8
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Table 1: MSE of various estimators for sample size n= 18
Missing _ _ _ _ _ _ _ _
Rates Yr1 Yerl Yr2 Yer2 YVr3 Ver3 Vra Yera
p=3,0=4,r | 2.39657 | 0.739382 | 1.95148 | 0.68160 | 2.26859 | 0.742648 | 2.16171 | 0.569414
=4 4 8 6 2 2 8 6 7
p=3,q=4,r= | 3.18210 | 0.939606 | 2.41203 | 0.85822 | 3.35374 | 1.006263 | 2.75381 | 0.673471
5 7 6 3 2 5 1 7 2
p=4,0=3,r | 3.18210 | 0.939606 | 2.33351 | 0.84372 | 2.66976 | 0.904380 | 2.74701 | 0.706375
=5 7 6 4 4 5 9 1 4
p=4,=4,r | 2.39657 | 0.739382 | 1.86596 | 0.67217 | 1.54556 | 0.617117 | 2.17554 | 0.579147
=3 3 8 6 6 7 2 8 9
p=5,=4,r | 5.75627 | 1.166091 | 3.48511 | 1.01026 | 2.58220 | 0.934807 | 5.18658 | 0.814560
=4 1 0 8 7 4 1 8 7
o 5.56743
p=5,9=5,r 2 1.123769 | 3.48511 | 1.01026 | 2.17005 | 0.842376 | 5.18803 | 0.770196
=3 1 8 3 1 8 1 1
Table 2: MSE of various estimators for some fixed values of p,q and r and sample size
18
Missing _ _ _ _ _ _ _ _
Rates Y5 Yers Y6 Yer6 Yr7 Yer? yr8 Yer8
p=3,0=3, | 1.52506 | 0.603851 | 1.41592 | 0.479377 .618212 | 0.512380 | 1.32105 | 0.491240
r=4 3 2 7 5 2 7 2
p=3,0=4, | 1.81102 | 0.681681 | 1.72075 | 0.516498 987264 | 0.555687 | 1.54902 | 0.501303
r=4 3 5 1 8 9 3 4
p=3,0=4, | 2.51868 | 0.917459 | 2.05669 | 0.604636 .861051 | 0.698419 .078814 | 0.622755
r=5 3 2 7 4 4
p=4,0=3, | 1.90865 | 0.809252 | 2.00916 | 0.623694 | 2.29835 | 0.668385 | 1.61129 | 0.584912
r=5 3 3 2 3 7 7 4
p=4,0=4, | 1.17969 | 0.558070 | 1.65836 | 0.517179 | 1.36381 | 0.473001 | 1.01842 | 0.419943
r=3 4 9 5 9 2 9 4 9
p=5,0=4, | 1.70174 | 0.813179 | 2.98097 | 0.670578 | 2.15286 | 0.628763 | 1.28708 | 0.516175
r=4 2 1 3 2 7 8 4 2
p=5,0=5, | 1.40496 | 0.730172 | 2.95036 | 0.630873 | 1.74120 | 0.532982 | 1.03135 | 0.432979
r=3 8 5 5 6 3 3
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Table 3: MSE of various estimators for some fixed values of p,g and r and sample size
22

Missing _ _ _ _ _ _ _ _
Rates Yr1 Verl Vr2 Yer2 Vi3 Ver3 Vra Yera
p=3,q=3, | 0.99910 | 0.39096 0.374643 | 0.994428 | 0.396257 | 0.909920 | 0.333924
r=4 8 891152 7 7 5 2
p=3,q=4, 0.430273 | 1.00541 | 0.415035 | 1.063831 | 0.432714 | 0.995339 | 0.352954
r=4 085283 | 9 3 3 2 4 1 3
p=3,q=4, | 1.38001 | 0.494972 | 1.18075 | 0.466574 | 1.497090 | 0.529114 | 1.269554 | 0.406678
r=5 5 6 3 6 9 5 2 7
p=4,g=3, | 1.38001 | 0.494972 0.460699 | 1.270741 | 0.490502 | 1.300586 | 0.423259
r=5 5 6 143156 | 4 1 6 1 3
p=4,q=4, 0.430273 0.409630 | 0.848289 | 0.386167 | 1.004092 | 0.356669
r=3 085283 | 9 980473 | 4 2 2 2 6
p=5,q=4, | 1.37022 1.14625 | 0.483535 | 0.992012 | 0.448211 | 1.202639 | 0.402479
r=4 8 5162657 | 7 3 1 2 5 5
p=5,q=5, | 1.37022 | 0.516265 | 1.14625 | 0.483535 | 0.899536 | 0.424228 | 1.177894 | 0.382908
r=3 8 7 7 3 1 4 3 5
Table 4: MSE of various estimators for some fixed values of p,q and r and sample size
22

Missing _ _ _ _ _ _ _ —
Rates Yr5 Yer5 Yr6 Yer6 V7 Yer? Yr8 Yers
p=3,q=3, | 0.890522 | 0.379279 | 0.816284 | 0.318827 | 0.899419 | 0.334015 | 0.80231 | 0.31837
r=4 3 6 7 3 1 4 3 3
p=3,q=4, | 0.973927 | 0.416517 | 0.916696 | 0.338497 | 0.960859 | 0.348661 0.33348
r=4 3 7 4 7 4 8 872982 | 8
p=3,q=4, 0.497982 | 1.085033 | 0.380768 | 1.350078 | 0.427733 | 1.14643 | 0.39945
r=5 2750213 | 2 1 3 4 7 6 6
p=4,q=3, | 1.049141 | 0.455885 | 1.066742 | 0.390259 | 1.178161 | 0.413745 0.38046
r=5 1 6 5 9 2 4 960956 | 6
p=4,q=4, 0.365822 | 0.893402 | 0.335687 | 0.781046 | 0.317343 0.29719
r=3 7497597 | 4 4 1 7 1 680669 | 8
p=5,q=4, | 0.821297 | 0.419347 | 0.995690 | 0.372706 | 0.862992 | 0.346897 0.32109
r=4 2 9 1 5 7 4 708887 | 1
p=5,q=5, | 0.753292 | 0.397965 | 0.967919 | 0.352582 | 0.776393 | 0.315324 | 0.63746 | 0.29057
r=3 5 2 3 6 3 1 3 6
CONCLUSION

The simulation results of Tables 1 and 2 showed that the newly proposed
exponential ratio type estimators have minimum MSE as compared to the revised ratio
type estimator for sample size 18 and different non response rates. Similarly we
compared the result for sample size 22 which are shown in Tables 3 and 4. Therefore the
proposed estimators are efficient than all competitor estimators under different missing
rates of non-response. So, we can say that our proposed estimator will estimate the mean
of the finite population more accurately.




Exponential Ratio Type Estimators of Population Mean using Two Auxiliary variables 75

REFERENCES

Diana, G. and Perri, P. F. (2007). Estimation of finite population mean using multiauxiliar
information. Metron, 99-112.

Grover, L. K. and Kaur, P. (2014). Exponential ratio type estimators of population mean
under non response. Open Journal of Statistics. 4, 97-110.

Hansen, M. H. and Hurwitz, W. N. (1946). The problems of non-response in sample
surveys. Journal of American. Statistical Association. 41, 517-529.

Jain, R. K. (1987). Properties of estimators in simple random sampling using auxiliary
variable. Metron, 265-271.

Khare, B. B. and Srivastawa, S. (1997). Transformed ratio type estimators for the
population mean in the presence of non-response. Communication in Statistics:
Theory and Methods. 26(7), 1779-1791.

Naik, V. D. and Gupta, P. C. (1991). A general class of estimators for estimating
population mean using auxiliary information. Metrika, 38, 11-17.

Okafor, F. C. and Lee, H. (2000). Double sampling for ratio and regression estimation
with sub-sampling the non-respondents. Survey Methodology, 26(2), 183-188

Singh, H. P. and Agnihotri, N. (2008). A general procedure of estimating population
mean using auxiliary information in sample surveys. Statistics in Transition, 9,
71-87.

Singh, H. P. and Kumar, S. (2008). A regression approach to the estimation of the finite
population mean in the presence of non-response. Aust. and N.Z. J. Statist., 50(4),
395-408.

Singh, H. P. and Kumar, S. (2010). Improves estimation of population mean under two
phase sampling with subsampling the non-respondents. J. Statist. Plann. and
Infer., 140, 2536-2550.

Tabasum, R. and Khan, 1. A. (2004). Double sampling for ratio estimation with non-
response. J. Ind. Social and Agri. Statist., 58, 300-306.

Tabasum, R. and Khan, I. A. (2006). Double sampling for ratio estimator for the
population mean in presence of non-response. Assam Statistical Review, 20, 73
-83.



