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Abstract
This paper considers two modifi ed ratio estimators of population mean in stratifi ed random sampling. The approximated 
mean squared error and bias of the proposed estimators are derived and theoretically compared with those of the 
existing estimators. The results show that the modifi ed estimators produce smaller mean squared error and bias than 
the existing estimators in some conditions. Moreover, the theoretical result is confi rmed by using a census data set.
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Introduction
The problem of improving an unbiased estimator by using
ratio estimators has received considerable attention
in sampling theory. When an auxiliary variable (X), available
for all units in the population, is highly correlated with a
study variable, a ratio estimator can be used to improve 
the unbiased estimator. The effi ciency of a ratio estimator
depends on the coeffi cients of variation of auxiliary variable

 and coeffi cients of variation of study variable 

. Murthy1 has suggested that if , the 
ratio estimator performs better than the unbiased estimator
under simple random sampling where  is the correlation 
coeffi cient between  and . When the  is known, 
Sissodia and Dwivedi2 has proposed a modifi ed ratio 

estimator for the population mean  as

where  is the population mean of auxiliary variable. In
addition, there are several authors, such as Upadhyaya 
and Singh3, Singh and Tailor4, who have developed
various ratio estimators under simple random sampling.
When the population is heterogeneous and can be divided

into homogenous subpopulations, it is advantageous to
draw a sample by stratifi ed random sampling. An unbiased
estimator under stratifi ed random sampling is given by

  (1)

where L is the number of stratum,  is stratum
weight, N is the population size,  is the number of 
units in stratum h, and  is the sample mean of the 
study variable in stratum h. The variance of the unbiased
estimator is

  (2)

where  is sampling fraction in

stratum  is sample size in stratum h and  is the 
variance of the study variable in stratum h. According to5,
there are two types of ratio estimators in stratified 
random sampling, namely combined and separate ratio
estimators. The combined ratio estimator is given by

  (3)

where  is an unbiased estimator of  and 

 is the sample mean of auxiliary variable in stratum 
h. An approximated mean squared error (MSE) of the 
combined ratio estimator is

 (4)
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where  is the population ratio,  is the variance 
of auxiliary variable in stratum h and  is the covari-
ance variance between auxiliary and study variables in 
stratum h. An approximated bias of the combined ratio 
estimator is 

 (5)

The separate ratio estimator is given by 

 (6)

An approximated MSE of the separate ratio estimator can
be given as,

 (7)

where  is the population ratio in stratum h. We
can derive an approximated bias of the separate ratio
estimator as,

Applying the bias of  for estimating  under
simple random sampling to draw in stratum h, we get

  (8)

For combined ratio estimation in stratifi ed sampling, 
Kadilar and Cingi6 have proposed several modifi ed ratio 

estimators. The simplest estimator based on2 is defi ned as

  (9)

where  is coeffi cient of variation of auxiliary variable in

stratum h. The MSE and bias of this estimator are
approximated as follow:

  
    (10)

  (11)

Kadilar and Cingi7 have improved the combined ratio
estimator in stratified random sampling based on8 
estimator. However, this estimator depends on such
several unknown parameters that it is very difficult 
for application. Therefore, in the next section, a new 
combined ratio estimator in stratifi ed random sampling 
based on2 will be proposed. We also develop a new 
modifi ed separate ratio estimator for stratifi ed random 
sampling. The approximated MSE and bias of the two 
modifi ed estimators will be derived. In Section 3, the 
comparison of effi ciency between the modifi ed estimators 
and the existing estimators will theoretically be provided. 
A numerical example will be used to confi rm the result 
in Section 4.

Modifi ed Ratio Estimators
 In stratifi ed random sampling, when the coeffi -

cient of variation C
x
 is known, a combined ratio estimator 

can be modifi ed based on2 as follows:

 (12)

To obtain the MSE and bias of this estimator, let 

  It may be noted that

The estimator  can be written as

Using Taylor series, we obtain
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When the terms of degree greater than two are ignored, 
we get

By substituting  and

, an approximated bias of the 
modifi ed combined ratio estimator is

 (13)

where  When the terms of degree greater
than two are ignored, an approximated MSE of the 
estimator is equal to

    (14)

For sample estimate of the , we substitute
the sample estimates of The
estimate of the  is given by

When the coeffi cient of variation  in stratum h is 

known, the separate ratio estimator can be modifi ed as

 (15)

To obtain the MSE and bias of the modifi ed separated 
ratio estimator, applying the MSE and bias of

 under simple random sampling to

draw in stratum h, the results are as follows:

  
    (16)

    (17)

where  For estimating 
we
substitute the sample estimates as

    (18)

where  Note that the bias of the modifi ed 
separate ratio estimator is the cumulative bias of ratio 
estimates in each stratum. The bias of this estimator may 

not be negligible when the biases have the same signs 
in all strata. However, if the sample size in each stratum 

is large enough, the bias is negligible.

Comparison of Effi ciency
 We compare the modified combined ratio 
estimator with the unbiased estimator. The condition is 
as follows:

 (19)
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When the condition (19) is satisfied, the modified 
combined ratio estimator will be more effi cient than the 
unbiased estimator. The condition to compare the modifi ed
combined ratio estimator with the combined ratio estimator
is as follows:

(20)

When the condition (20) is satisfied, the modified 
combined ratio estimator will be more effi cient than the 
combined ratio estimator. 
 Next, we compare the modifi ed separated ratio 
estimator with the unbiased estimator. The condition is 
as follows:

 (21)

When the condition (21) is satisfied, the modified 
separated ratio estimator is more effi cient than the 
unbiased estimator. The condition to compare the modifi ed 

separated ratio estimator with the separated ratio estima-
tor is given by

 (22)

When the condition (22) is satisfied, the modified 
separated ratio estimator will be more effi cient than the
separated ratio estimator. Note that a difference in 
effi ciency between these latter MSEs of the estimators is
the ratio  and 

Application
 We use the dataset from a census of all farms in 
Jefferson County, Iowa in5 to demonstrate the relative effi ciency
of the modifi ed estimators compared with the existing 
estimators. In this population  represents acres in corn
and  acres in the farm. The population consists of two
strata with stratum size 1,580 and 430. Here the sample
sizes of the two strata are  and , respec-
tively. Table 1 shows the population characteristics.

Table 1  Populations Characteristics

Table 2  The Approximated MSE and Bias of the Estimators

From Table 2, the proposed combined ratio estimator 

gives the smallest absolute bias among the combined and
separate ratio estimators. Whereas the modifi ed separate
ratio estimator gives smaller absolute bias than the origi-

nal separate ratio estimator. In addition, the results show 
that the modifi ed separate ratio estimator produces the 
smallest MSE and the proposed combined ratio estimator 
provides smaller MSE than the existing combined ratio 
estimators. It can be examined that all of the four condi-



Sangngam et al. J Sci Technol MSU116

tions are satisfi ed as follows:

Therefore, the modifi ed combined and separate ratio 
estimators are more effi cient than the traditional ratio 
estimators for this data.

Discussion
Using the modified combined ratio estimator, the
coeffi cient of variation and the mean of the auxiliary 
variable in the whole population must be known. To use 
the modifi ed separate ratio estimator, the coeffi cients of 
variation and the means of the auxiliary variable in all 
strata are required. The bias of the modifi ed separate ratio
estimator is larger than that of the modifi ed combined ratio
estimator. Because the formula of the MSE and bias were
derived by using the fi rst two terms of Taylor series, the
simulation study should be used to compare the accuracy
and the effi ciency of the estimators in the future. Since the
conditions of the effi ciency comparison among ratio 

estimators depend on some unknown parameters, sample
estimates of these parameters may be used in practice.
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