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A ratio estimator is proposed for the ratio of two population means using auxiliary information in 
stratified random sampling. Bias and mean squared error expressions are obtained under large sample 
approximation, and the proposed estimator is compared both theoretically and empirically with the 
conventional estimator of ratio for two population means in stratified random sampling. 
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mean squared error. 
 
 

Introduction 
The problem of estimating population means is 
considered in a wide range of applications in 
many areas of human activities. A ratio of two 
population means is also applicable in many 
situations, such as per hectare production of 
crops, per capita income and per kilometer 
population density. Many researchers have 
studied the estimation of the ratio of two 
population means in simple random sampling 
(Singh, 1965; Rao&Pareira, 1968; Shah & Shah, 
1978: Ray & Singh, 1985; Upadhyaya& Singh, 
1985; Upadhyaya, et al., 1985; Singh & Rani, 
2005, 2006; Sindhu, et al., 2009). Other 
sampling designs have not attracted much 
attention; in many situations, it has been 
observed that stratified random sampling 
provides efficient estimators compared to those 
of simple random sampling. Thus, this article 
estimates the ratio of two population means 
under stratified random sampling. 
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Consider a finite population 
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thh  stratum mean for auxiliary variate x: 
 


=

=
hN

i
hi

h
h y

N
X

1
1

1
 

 
Population mean of study variate 0 :y  
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Population mean of study variate 1 :y  
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Population mean of auxiliary variate x: 
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Sample mean of study variate 0y  for thh  

stratum: 
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Sample mean of study variate 1y  for thh  
stratum: 
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Sample mean of auxiliary variate x for thh  
stratum: 
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Stratum weight of thh  stratum: 
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Ratio of two population means: 
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The usual unbiased estimators of population 

means 0 1,  Y Y  and X  are 
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and the estimator of the ratio of two population 
means R in stratified random sampling is: 
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Suggested Ratio Estimator 

When the population mean X of 
auxiliary variate x is known, Singh (1965) 
suggested an estimator for R in simple random 
sampling as  
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In stratified random sampling 1T  is defined as  
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In order to derive the bias and mean squared 

error expressions of estimators stR


 and stT1  it is 

assumed that 0 0 0(1 ),h h hy Y e= +

1 1 1(1 ),h h hy Y e= +  and 2(1 ),h h hx X e= +  such 

that, 0)()()( 210 === hhh eEeEeE . 
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To the first degree of approximation the 
bias and mean squared error are 
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where 
 

( )
=

−
−

=
hN

i
ohohi

h
h yy

N
S

1

22
0 1

1
, 

 

( )
=

−
−

=
hN

i
hhi

h
h yy

N
S

1

2

11
2

1 1

1
, 

 

( )
=

−
−

=
hN

i
hhi

h
xh xx

N
S

1

22

1

1
, 

 

( )( )
=

−−
−

=
hN

i
hhihhi

h
h yyyy

N
S

1
110001 1

1
, 

 

( )( )
=

−−
−

=
hN

i
hhihhi

h
xh xxyy

N
S

1
000 1

1
 

 
and 

( )( )
=

−−
−

=
hN

i
hhihhi

h
xh xxyy

N
S

1
111 1

1
. 

 
Efficiency Comparison of Estimators 

A comparison of equations (2.3) and 
(2.4) shows that the suggested estimator stT1  

will be more efficient than conventional 

estimator stR


 if 
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If condition (3.1) is satisfied, the suggested 

estimator would be more efficient than the 

conventional estimator. 
 
Empirical Study 

Two natural datasets were used to 
compare the proposed estimator numerically 
(See Tables 1 and 2). 
 

Conclusion 
The theoretical comparison provides the 
condition under which the suggested estimator is 
more efficient than the conventional estimator 

stR


. Table 3 shows that there is a considerable 

gain in efficiency by using the proposed ratio 
estimator STT1  in comparison to the 

conventional estimator stR


. Thus, if information 

regarding population mean X  is available, the 
suggested estimator STT1  is recommended for 

use in practice. 
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Table 1: Population 1 ( 0y : Number of Workers, 1y : Fixed Capital, x : Output) 
 

N = 10 
 

n = 4 

1n  = 2 2n  = 2 1N  = 5 2N  = 5 

01Y =51.80 02Y = 60.60 11Y = 214.4 12Y = 333.8 

1X = 1925.8 2X = 315.6 01yS = 0.75 
02yS = 4.84 

11yS = 74.87 
12yS = 66.35 

1xS = 615.92 
2xS = 340.38 

101S = 38.08 
201S = 287.92 10xS = 411.16 20xS = 1536.24 

11xS = 39360.68 
21xS = 22356.52   

Source: Murthy, 1967 
 
 
 
Table 2: Population 2 ( 0y : Area (in 000 Hectare), 1y : Production ( in 000 MT), x : Productivity (MT/Hectare)) 
 

N = 20 
 

n = 8 

1n = 4 2n = 4 1N = 10 2N = 10 

01Y = 6.2 02Y = 80.67 11Y = 3.53 12Y = 111.61 

1X = 0.5 2X = 1.41 01yS = 1.2 
02yS = 10.82 

11yS = 74.87 
12yS = 66.35 

1xS = 615.92 
2xS = 340.38 

101S = 1.75 
201S = −92.02 10xS = −0.02 20xS = −7.04 

11xS = 1.60 
21xS = 144.87   

Source: National Horticulture Board of India, Official Web Site, http://nhb.gov.in/statistics/area-
production-statistics.html 

 
 
 

Table 3: Percent Relative Efficiencies of stR


and stT1 with respect to stR


 
 

Estimator stR


 stT1  

Population 1 100 9274.573 

Population 2 100 400747.3 
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