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ABSTRACT

In this paper we have suggested an exponential Ratio product type estimators for population mean in heterogeneous 

population stricture. The bias and mean squired error are obtained to the first degree approximation we observed that , 
proposed estimator found better than usual ratio and product estimators
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1.1. Introduction
In modern surveys the scientific technique for selecting a 
sample is that of selecting a probability sample that is usu-

ally based upon a stratification of the population. It is well 
known that stratification is one of the design tools that gives 
increased precision. In stratified design, the population un-

der investigation is divided into different strata so as to ob-

tain the homogeneity within each stratum, and sample ob-

servations are drawn within each stratum generally by well 
known procedure of simple random sampling. It is known 
that the proper use of supplementary information on auxil-
iary variable(s) may lead to more efficient estimators. Out of 
many ratio, regression and product methods of estimation 
are good examples in this context. It is noted that the regres-

sion estimator of population mean is the most efficient es-

timator. The ratio (product) estimator of population mean is 
equally good if the regression line is a straight line and pass-

es through the origin. However in many practical situations 
the regression line does not pass through the origin. This led 
various authors including Srivastava (1967), Walsh (1970), 
Reddy (1974), Gupta (1978), Vos (1980), Naik and Gupta 
(1991), Upadhyaya and Singh (1999), Singh (2003), Singh 
and Ruiz Espejo (2003), Singh and Vishwakarma (2006a, 
b) and Sharma and Tailor (2010) to modify ratio (product) 
estimator to get better alternatives. Keeping this in view we 
have made an effort to propose separate and combined 
ratio-product estimators for estimating population mean Y  

using auxiliary information in stratified random sampling and 
analyze their properties.    

Consider a finite population ( )NUUUUU ,...,,, 321=  of size N  

and let  y and x respectively, be the study and auxiliary vari-
ables on each unit 

jU ( )Nj ,...,3,2,1=  of the population U. Let the 

population be divided into  L strata with the thh -stratum con-

taining 
hN  units, h=1,2,3,…, L   so that 

   

.Suppose that a simple random sample of size hn is 

drawn without 

replacement (SRSWOR) from the thh -stratum such that 

. Let ( )hihi xy ,  denote the observed   values of   y  and  x  on thi

-unit   of   the  thh -stratum ( ;,...,3,2,1 hNi = )Lh ,...,3,2,1= . Moreover let us 
denote by
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and   

  ,
the sample and population means  of  y and x , where NNW hh = . 

In order to have a survey estimate of the population mean Y  

of the main variable y, assuming the knowledge of population 
mean 

hX  of the thh -stratum ( )Lh ,...,3,2,1=  of the auxiliary variable 
x, we mention the following well-known estimators. The sepa-

rate ratio estimator 

                                                             1.1.1

where
hhh xyR =ˆ , is the estimate of the ratio 

hhh XYR = , 0≠hX  of the 
thh -stratum in  the population. This estimator is only efficient if 

the variables are strongly positively correlated. The separate 
product estimator

                                                             1.1.2

where
hhh xyP .ˆ =  is the estimate of the product 

hhh XYP .=  of the 
means of the hth-stratum in the population. This estimator will 
often be used if the two variables are supposed to be strongly 
negatively correlated.

When the population mean X  of the auxiliary variate x is 

known, Hansen, Hurwitz, and Gurney (1946) suggested a 
“combined ratio estimator” 

                         1.1.3

The “combined product estimator” for Y  is defined by

                                           1.1.4

To the first degree of approximation, the biases and variances 
of Rcy , Pcy  and )(ˆ c

RPY  are respectively given by

                                                       1.1.5

    1.1.6                                             
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                                                                1.1.7

                                          1.1.8

In stratified random sampling, the total sample size is. 

If an equivalent simple random sample of size n were select-
ed without replacement directly from the population size N, 
the variance of the mean 
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1  per unit and variance of the 
usual ratio estimator xXyyR .=  to the first degree 
of approximation are respectively given by,

                                                    1.1.9 

and       

   1.1.10 

In this paper we have suggested exponential ratio-product 
type estimators for estimating the population mean using 
auxiliary information in stratified sampling and analyses their 
properties. These estimators are compared for their precision 
with simple mean per unit in stratified sampling, usual ratio, 
usual product estimator. An empirical study is also carried out 
to compare the performance of the suggested estimator with 
that of others.

1.2. Proposed ratio-product estimator
We propose the following combined ratio-product estimator 
for estimating population mean Y  as

  1.2.1 

where a is a real constant to be determined such that the vari-
ance of )(ˆ c

GCY  is a minimum. To obtain the variance of )(ˆ c

GCY  to the 

first degree of approximation, we write

           

and 

           

such that, 

       ,
under SRSWOR, we have

     1.2.2

Expressing equation (1.2.1) in terms of e’s we have 

  1.2.3 
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We now assume that 11 <e  so that we may expand 
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1
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e  as a series in powers of 1e . Expanding multiplying out 
retaining terms of e’s to the second degree, we obtain

              

  1.2.4

Taking expectations of both sides of (1.2.4) and using the re-

sult (1.2.2), we obtain the bias of  )(ˆ c

GCY  to order ( )1−no  as

  1.2.5

Squaring both sides of equation (1.2.5) and again retaining 
terms to the second degree, we have

               

                                                1.2.6    

Taking expectations of both sides of (1.2.6) and using the re-

sult (1.2.2), we obtain the MSE of  )(ˆ c

GCY  to order ( )1−no  as

                         

                         1.2.7  

which is minimized for 

  1.2.8

1.3. Comparisons
It is well known under stratified random sampling that
                                                                                 

  1.3.1

From (1.3.1) and (1.2.7) we have

( ) ( ) 0ˆ )( >− c

GCst YVaryVar   1.3.2

From (1.1.6) and (1.2.7) we have

( ) ( ) 0ˆˆ )()( >− c

GC

c

Rst YVarYVar   1.3.3 

From (1.1.8) and (1.2.7) we have

( ) ( ) 0ˆˆ )()( >− c

GC

c

Pst YVarYVar   1.3.4

1.4. Empirical Study 
To see the performance of various estimators of population 
mean Y , with respect to usual unbiased estimator sty , we 
have considered three data sets. Summaries of the data are 
given below:

Population I- Source: Singh and Chaudhary (1986, p. 162)

 y : total number of trees, 
 x : area under orchards in ha.
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Population I1: [Source: Singh and Mangat (1996), p. 212]
y : leaf area for the newly developed strain of wheat,  
x : weight of leaves.

Population III- Source: Singh and Mangat (1996, p. 219)
 y : juice quantity,
 x : weight of cane

Table 1.4.1

PRE of different estimators of Y with respect to sty

 * data not applicable

1.5. Conclusion
Table 1.4.1 clearly indicates the proposed combined ratio-

product )(ˆ c

GCY   estimator is more efficient than usual estimator  , 

ratio estimator Psty   and  product estimator sty   in stratified 
sampling procedure. It is also shown that, if the correlation 
between study variate   and auxiliary variate x is negative, the 

proposed estimator )(ˆ c

GCY
 is always better than others. Thus, 

the use of the proposed class of estimators should be pre-

ferred in practice.
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