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Summary
An almost unbiased product estimator has been proposed. Under

certain conditions, proposed estimator is more efficient than usual
product estimator andthe'unbiased estimator proposed byRobson [2].
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Introduction

Product method ofestimation, used for estimating the population
mean Y of a certain characteristic when correlation between the
main characteristic y and an auxiliary characteristic x is negative,
is well Imown in the literature. It is defined as

Yp = yx/X, (1.1)

where y is the sample mean ofy, x and X are respectively sample
and population means ofx. Yp is more eflOlcient than the sample
mean estimator y if

(Cn /C20) < -(1/2) (1.2)

Here Cy = Mij / X'Y^ . Mij = E(x-X)' (y -Y) j.
This is a biased estimator. Let a sample of size n be t^eh from

the population ofsize NbySRSWOR procedure. Bias ofYp is

B (YJ = (N-n)Mu / (N - l)nX (1.3)

To make Yp unbiased, Robson [2] proposed as follows :

tj = Yp - 0 Syx / X (1.4)

s™ = 2: (y -y) (x -x)/(n - 1) is the sample covariance between y
1 A _

and X, 0 = (N - n)/N n. Let B (Yp) be an estimate of B(Yp). Let us
consider a general bias adjusted estimator
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tg = Yp-6(Yp)

If B(Yp) is estimated by

§i(Yp) = 0 Syx / X.

we obtain ti. But if it is estimated by

^2(Yp) = esyx/x,

then we obtain another estimator

ta = Yp - 0 (Syx / x).
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In section 2, bias and MSE of the proposed estimator t2, has been
obtained; and in section 3, its efficiency has been examined.

2. Bias and MSE of ti

Following Sukhatme et al [3],pp.239, the proposed estimator will
have bias

BCtz) = Y0^Cii N
-21 -20

(N-2)Cn (N^l)
(2.1)

and MSE

M(t2) = V(ti) + 2Y"' 0' Cu (Cii + C20) (2.2)

upto o(n~^).V(ti) is the variance ofti. Its exact expression has
been obtained by Robson as

Y
Lim V(ti) = —
N -»00 n

(C02 + 2Cn + C2o)+
(C20C02 + Cii)

(n-1) .
(2.3)

If we assume that the population is sufficiently large, so that f.p.c.
can be ignored, 2.1 and (2.2) simplify to

B(t2) = (Y/n^) (C21 - C11C20) (2.4)

and

YM,(t2) =^ ^ X (C20C02 + Cu) 2Cn(Cii + C22)
(.^02 + + '-20-' + ; +

(n - 1) n

(2.5)
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3. Efficiency Comparisions:

^om (2.4) it isclearthat theproposed estimator isunbiased upto
o(n ). Comparing (2.5) with (2.3) we have

M(t2) < V(ti) if Cn(Cii + C20) < 0. (3.1)

It is well known that the usual product estimator is useful for the
case of negatively correlated characteristics [Le. Ci i<0).

Therefore condition (3.1) is fulfilled if

Cii + G20 > 0

For comparing eflQciency of with Yp, we have

— Y®M(Yp) = ^ (C02 + 2C11^ €20)+
(C20C02 + 2Cii)

n

(3.2)

(3.3)

From (2,3) and 3.3 it can easily be seen that

V(ti) < M(Yp) if -1< p <-l/(n - 2^^ n>2. (3.4)

p is correlation coefficient between y and x. Combining (3.2) and
(3.4), we have

M(t2) < V(ti) <. M(Yp) if

-(C2o/Co2)'^' < P < -l/(n-2)'^\ n>2. (3.5)

In case C20 = C02. this condition reduces to (3.4) which itself
reduces to (1.2) if n=6.

4. Conclusion

If a sample of size n>6 is taken from a large population and if a
highly negative correlated auxiliary chciracteristics is selected
having c.v. approximately equal to the c.v. of main characteristics,
the proposed estimator will be more efQcient than the existing
estimators.

5. Numerical Illustration: . ,

Consider the data from Kortelainen and Mannio [1] where water
samples were collected at a depth of one meter from 78 forest lakes
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located in different parts of Finland and the behaviour of total
organic c^bon present in the water (y) with the watershed area in
lakes (%) (x) was observed. For this data

Y = 10.9.

Co2= 0.38925121,
p = -0.7690,

X = 14.0

Co2 = 0.4225
C11/C2O = -0.7381

Relativeefficiency (%) ofvarious estimators with respect to y with
varyingsample sizes has been givenin the following table.

Estimator n=5 n=10 n=25 n=50

Yp 149.81 173.82 192.32 199.39

ti 153.57 179.32 195.66 201.29

t2 162.42 185.17 198.41 202.74

We see that the proposed estimator is more efficient than existing
estimators.
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