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ABSTRACT

In this paper suggested ratio and product type exponential estimator for ratio of two population mean. Bias and
mean squared error of suggested estimator have been obtained suggested estimator have been compared with usual
estimator, ratio estimator given by Singh (1965). An empirical study has been carried out to demonstrate the performance

of suggested estimator.
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1. INTRODUCTION

This paper deals with the problem of estimation of ratio of two population means. Bahl and Tuteja (1991)
suggested exponential type estimator of ratio of two population means. In this p we have proposed modified exponential
type estimator for ratio of two population means. Suggested estimators have been compared with usual estimator and ratio
type estimator. It has been shown that proposed estimators are more efficient than other considered estimators under

certain given conditions.
Let U= {Ul, Uz,...,UN} be a finite population of size N and Y, and y, are two study variates. Let X, is a

auxiliary variate taking values X; (i =12,..., N). A sample of size n is drawn from N with simple random sampling

without replacement an estimator of ratio of two population means.

R="o (L1)

Y, :7(1+e0), v, =V l+e) X =X @A+ e,)

Such that
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E(eoel) =0puCoCy, E(eoez) = 0p,C,C; E(ele2) =6p,,C,C,

Now we express R in terms of €;S we have

r_Yo
Y,
R—R =R(g, —e, +&° —e,e) (1.2)

Taking expectation of both sides of (1.2) we get
Bias(R ) =RO(C? - py,C,C,) L3)

Taking square and expectation of both sides of (1.3), upto the first degree of approximation mean squared error of

0>
=

MSE(R)=R?0(C2 +C? - 2p,C,C,) (14)

where

S01 :ﬁ_i(ym _Y_()Xyli _Y_l)’ Soz :—i(ym )( X — )?)’

i=1 N 1 i=1

> (v ¥, o, - X)

TN-15

Sy _ Se _ Sy
5,5, Poz _8052 Pr2 _5152

Por =

Using information of an auxiliary variate x, ratio estimator of ratio of two population mean is defined as

Ry = ﬁ(éj (15)
X

R.—-R=R(e, —e,—e, +e’ +e +ee, —ee,) (1.6)

Taking expectation of both sides of (1.6) we get
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BiaS(FAQR ):RG(Clz +C5 +p1C.C; —pnCoCy)

35

(1.7)

Taking square and expectation of both sides of (1.7), upto the first degree of approximation is mean squared error

of FAQR is

MSE(QR ): R?0(C; +C; +C; ~204,CoC, —20,C,C, +20,,C,C,)

where C, =

||,

C,, = coefficient of variation Y,
C, = coefficient of variation Y,

C, = coefficient of variation X

Bahl and Tuteja (1991) suggested exponential type ratio and product type estimator for population mean as

~ X, —X
Yee =V €XP| =——
Re y p_xl+)_(1:|
~ X, -X
Yo, =Y €Xp| 2—2
pe =Y p_X2+>_<j

2.2 SUGGESTED ESTIMATOR

(1.8)

(1.9)

(1.10)

In the line of Bahl and Tuteja (1991), proposed ratio and product type estimator for ratio of two population means

are

When X, and X, are positively and negatively correlated auxiliary variate with (Y, Y,) respectively.

5 e 3e’
RY —R:R{e0 —el—?2+e12 +?2—e0e1+

€6, &6
2 2

Taking expectation of both sides of (1.6) we get

2
Bias(R? )= R(l - %j{cf i 352

— PuC

2

»,CC, p,C,.C
: 0(31_,_1212_0202

(2.1)

2.2)

(2.3)

(2.4)

Taking square and expectation of both sides of (1.7), upto the first degree of approximation is mean squared error
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A

R .
of Rg, is

2
MSE<FAQFF:e ) =R’0 (Coz + Clz + % o 2/001C0C1 - pozcocz + p12C1C2J (2.5)

Similarly bias and mean squared error of suggested estimator is obtained are

2
Blas(ﬁse): R9|:C12 + 3C3 _ pOICOCl + p12C1C3 _ p0220C3 :| (26)
A C2
MSE<R§e ) =R’0 (Coz + Clz + 72 o 2/001C0C1 - pozcocz + p12C1C2j 2.7)

2.3 BIAS COMPARISION

Some times bias of an estimator is considered as disadvantageous. So in this section we compare the bias of

proposed estimators with the biases of other considered estimators.
Bias of usual estimator R and ratio of estimator R R are
Bias( R ) =RO(C? - p,C,C.) (3.0
Bias( R, ) =RA(C? +C2 + p,C,C, — puC.C.) (3.2)

Comparing (2.4) and (3.1) it is observed that the bias of the proposed estimator Rse is less then the bias of usual

estimator IQ ,

i.e.

B(RE)

(|B(R)

— 3C; " PC.C,  pyuCiC,
8 2 2

2
(zclz +%_2p01cocl n plZClCZ _ pozcoczj (0

2 2

Comparing (2.4) and (3.1) it is observed that bias of the proposed estimator Rse is less then F’iR
i.e.

B(RY)

([B(R,)
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. §C2 . P0CoCy _ P1,C.C,
8 * 2 2

(ch +1—81C§ —2p01C0C1+§ 2,C.C, pOZCZ oC, j(O

o  Similarly condition under the bias estimator of Rse is less then R is

B(RY)

(|B(R)

= 3C32 + p13C1C3 _ p03C0C3
8 2 2

2
(2(:12 + 3C8:3 _ 2,001C0C1 + p13C1C3 _ pOSCOCSJ < O

2 2

Comparing (2.6) and (3.1) it is observed that bias of the proposed estimator IQRe is less then F’iR

i.e.

— §C32 _ PosCoCs _ P1sC,C,
8 2 2
(ch +%C2 2,,C,C, +2pl3C C,- "032 oCs ) (0

2.4 EFFICIENCY COMPARISION

A

Mean squared error of usual estimator R an ratio type estimator Ry

MSE(R)=R*0(C2 + C? - 2,,C,C,) @1

MSE(R, )=R?6(C? +C? +C? - 2p,.C,C, — 29,C,C, + 29,C.C,) (4.2)
e  Comparison of (2.5) and (4.1) shows that suggested estimator Iige is more efficient than usual estimator R if

MSE(R? ) MSE(R)

2
Rze(cz + C2 + % —2p,,CC, — pr,C,C, + plzclcz] ( RZG(COZ + C12 - 2p01C0C1)

C
C, [72 — PoCo + plzclj (0
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C
C, (0 and TZ_Pozco +p,C, ) 0
either C, (0 and C, ) 4(p,,C, — ,,C,)
CZ
or C, ) 0 and T—/OOZC0 +p,C, (0

= C, ) 0andC, ( 4(p5,Co — p1,C;)

A

Thus conditions under which proposed estimator R . would be more efficient then R is
either 0 ( C, ( 4(00,Co — 1,C1)or 4, C, — £1,C) (C; (0
Comparison of (2.5) and (4.2) shows that suggested estimator Iige is more efficient than usual estimator R if

MSE (YR )¢ MSE(R,)
CZ
RZH[CZ +C; +T 20,C,C, — p,,C,C, + p,C,C J(
RZH(COZ + C12 + C22 o 2/001C0C1 - 2/002C0C2 + 2:012C1C2)
-3
C, (TCZ + P, Co = P1,C j (0
-3
C, (0 and Tcz + PoCo = P12C; ) 0
either C, (O and C, ) — (,002 plzCl)
C,
or C, ) 0 and T_pozco +ppCy (0

- C > 0 andC < (poz plzcl)

A

Thus conditions under which proposed estimator R . would be more efficient then RR is either

0(C, ( 4(p02C0 _plzcl)

4
or 3(/002C -pC;) (C, (0

A

Comparison of (2.7) and (4.1) shows that suggested estimator Rse is more efficient than usual estimator R if
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MSE(R. ) ¢ MSE(R)

2

C
RZQ(CS + Clz + TZ =20uCC; = pCoC, + pl?_ClC2J ( RZH(COZ + C12 —20,,C,C,)

C
C, (TZ = PGy + p12C1j (0

C
C, (0Oand TZ_Pozco +p,C, ) 0
either C, (0 and C, ) 4(p,,C, — p,,C,)
C:2
or C, ) 0 and T—pozco +p,C, (0

= C, Y0andC, ( 4(p,,C, - p,,C,)

Thus conditions under which proposed estimator Iige would be more efficient then R is either
0 ¢ C, (4(p0Co — p1,Cy)

or 4(py,Co — p1,C;) (C, (0

e  Comparison of (2.7) and (4.2) shows that suggested estimator R:fe is more efficient than usual estimator RR if
AR A
MSE(R? )¢ MSE(R, )

CZ
R*6 (C; + C12 + TS - 2:001C0C1 - poscocs + p13C1C3J (0

R2‘9<C02 +C; +C; ~2p,C,C, —2p,,C,C, + 2;013C1C3)
-3
C, (TC3 + PosCo — plSClj (0
-3
C, (0 and Tcs + PCo = P1C, ) 0
_ 4
either C, (0 and C, ) §(p03C0 —p..C,)

or C; ) 0 and % — PosCo + p1,C, (0
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4
= Cs » 0 and Cs ( g(posco _plzcl)

A

Thus conditions under which proposed estimator R:fewould be more efficient then R is either

4
0(C, ( g(posco _p12C1)

4
or g(posco _plzcl) (C; (0

A

Thus the condition under which suggested estimator IQFF:e would be more efficient then ratio estimator RR given

by Singh (1965) if

either 0 ( C, { 4(0,,C, — P,C,)

4
or g(pozco _p12C1) (C, <0

~

Similarly the condition under which suggested estimator Ee would be more efficient then ratio estimator

A

R, given by Singh (1965) if

either 0 ( C, { 4(0,,C, — P,C,)

4
or §<pozco _p12Cl) (C; (0

2.5 EMPERICAL STUDY

To show the performance of the suggested estimator IQRE and IQSE we are considering two natural data sets.

Descriptions of the problem is given below

Population |

Yo : Wing length

Y, : Fourth palp length

X : Third palp length



Population I [Source: Johnson & Wichern (2003)]
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Table 1
6=0.23333 R =1.328767 R? =1.765622
Y o=102 Y.1=356 X =265
S,,=-0.55556 S,,=12.66667 S,,=-0.33333
ne1o | Co=0085073 | C =00.040164 | C,=0127348784
n=3 Lo =-0.11513 | p,,=0.668165 P, =-0.06908

C; =0.003033

C,=0.001613

C2=0.016218

S. =31.55556

S/ =2.044444

S7=11.38889

oy =0.949785

Do, =0.945558

S,=5.617433 S,=1.429841 S,=3.374743
Population Il [Source: Johnson & Wichern (2003)]
SR
(@ For Rg.
Y_0 : Male length
Y, : Male width
X Male height
Table 2
6)=0.208333 R =1.284096 R =1.648903
Y 0=113.375 Yi1=74 X =37
Sy, =79.14674 S,,=37.375 S,,=21.65399
neoa | Co=0.103902 C,=0.080121 C,=0.082427
N=4 Py, =0.912265

C. =0.010796

C/=0.006419

C7 =0.006794

S. =138.7663

S,/ =50.04166

S; =11.25906

S,=11.77991

S,=7.074013

S,=3.355452

A

(b) For R,

Yo : Male length

Y_l: Male width

X : Male height

41
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Table 3
6=0.208333 R =1.284096 R’ =1.648903
Y 0=113.375 Yi=37 X =74
S,,=79.14674 | S,,=21.65399 S,5=37.375
N=2 C,=0.103902 C,=0.082427 C,=0.080121
N=4

[0, =0.949785

s =0.912265

/Py, =0.945558

C. =0.010796

C,’ =0.006794

CZ=0.006419

S; =138.7663

S/ =11.25006

S; =50.04166

S,=11.77991 S,=3.355452 S,=7.074013
Percent Relative Efficiencies
Table 4
Estimator | Population | | Population Il
R 100.00 100.00
R, 45.64718 166.0676
ﬁ:e 219.0716 654.3909
ﬁge 107.1302 601.5625

Table 1 shows that suggested estimators Rse and Rge have higher percentage relative efficiency in comparison

A

to R and RR . Thus suggested estimator recommended for use in practice.

Section 2.4 provides the conditions under which suggested exponential type estimator are more efficient than

A A

usual estimator R and ratio estimator RR for ratio of two population means.

7. CONCLUSIONS

Estimation is a common problem in various field if agriculture, economics, population etc. where some
parameters like population total, population mean population variance ratio of two population means etc need to be

estimates.

In this article we have considered the problem of estimating the population mean of the study variable when the
population mean of an auxiliary variable is known in simple random sampling without replacement (SRSWOR). The class
of estimators has been proposed and the bias and mean square error expressions of the proposed class of estimators have

been obtained up to first degree of approximation.
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