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Abstract

Calibrated estimators of the population covariance are constructed using auxiliary information in order to get more accurate estimates. Different distance measures are used to construct calibrated estimators. Four estimators of the covariance are presented in the paper. The experimental comparison of the considered estimators will be presented when correlation between study variable and known auxiliary variable be 0.8, 0.6, 0.4, 0.2.

1  Introduction 
Calibrated estimators are widely used in finite population statistics to improve the quality of estimators, using auxiliary information. The idea of calibration technique for estimating of population totals was presented in (J.-C. Deville, C.-E. Särndal 1992, 376–382 p.). Recently the calibration technique has been widely used in the presence of non-response (S. Lundström 1997). The calibrated estimators of a ratio of two totals were introduced in (A. Plikusas 2003, 543–547 p.). The calibrated estimator of a ratio as well as of population variance and covariance can be defined in different ways. We can choose a different calibration equation and use different distance functions. Five distance functions have been presented in (J.-C. Deville, C.-E. Särndal 1992, 376–382 p.), but only one of them (
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) is being used in practice. This distance function is the simplest one and there exists an explicit solution of calibration equations when calibrating the estimator of the total as well as of the ratio (A. Plikusas 2001, 457–462 p.). An undesirable property of this distance function is that for some populations calibrated weights can be negative. 

2  Calibration problem
Consider a finite population 
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 elements. Let y and z be two study variables defined on the population U and taking values 
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 respectively. The values of the variables y and z are not known. We are interested in the estimation of the covariance 
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. Let us consider the estimator of the covariance
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Here s denotes a probability sample set, 
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 are sample design weights, 
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 is a probability of inclusion of the element k into the sample s.

Suppose, that some auxiliary information is available. Let a variable 
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 with the population values 
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 and a variable 
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 be auxiliary variables with the known covariance 
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. The covariance estimator is constructed using the known auxiliary variables. It is known that in case the auxiliary variables are well correlated with study variables, the variance of the calibrated estimator of the covariance is lower. Using auxiliary variables the calibrated estimator         
[image: image16.wmf]å

å

å

Î

Î

Î

÷

ø

ö

ç

è

æ

-

÷

ø

ö

ç

è

æ

-

-

=

s

s

s

k

i

i

i

k

i

i

i

k

k

wyz

z

w

N

z

y

w

N

y

w

N

S

1

1

1

1

ˆ

 of the covariance 
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 is defined under the following conditions:
a) the weights 
[image: image18.wmf]k

w

 estimate the known covariance 
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b) the distance between the design weights 
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 and calibrated weights 
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 is minimal according to some loss function L.

3  Examples of distance measures
Let us introduce free additional weights 
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. One can modify calibrated estimators by choosing 
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. A number of a different estimators can be derived as a special case of the calibrated estimator by choosing weights 
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. We can also put 
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 for all k. The following loss functions can be considered:
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The functions 
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 are mentioned in (see J.-C. Deville, C.-E. Särndal 1992, 376–382 p.). The distance measures 
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 and 
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 are introduced in (A. Plikusas 2003, 543–547 p.).

4  Results

Let us introduce some notations  

[image: image31.wmf]å

Î

=

s

k

yk

k

w

x

w

N

1

ˆ

1

m

,   
[image: image32.wmf]å

Î

=

s

k

zk

k

w

x

w

N

1

ˆ

2

m

,   
[image: image33.wmf]å

Î

=

s

k

k

w

w

N

ˆ

,

[image: image34.wmf](

)

2

1

1

2

ˆ

ˆ

ˆ

ˆ

2

ˆ

w

w

w

zi

w

yi

w

zi

yi

i

x

x

N

N

x

x

b

m

m

m

m

+

+

÷

÷

ø

ö

ç

ç

è

æ

-

+

=

,

[image: image35.wmf](

)

(

)

å

Î

-

-

+

-

=

s

k

zk

yk

k

w

w

w

x

x

x

x

d

N

N

S

N

B

z

y

2

1

ˆ

ˆ

ˆ

2

1

m

m

.
Proposition 1. The weights 
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, which satisfy the calibration equation (1) and minimize the loss function 
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Proposition 2. The weights 
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here
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is a properly chosen root of the equation
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Proposition 3. The weights 
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Proposition 4. The weights 
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is a properly chosen root of the equation
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