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Introduction 
Design based estimators of many of the commonly used 

inequality measures are known to be biased for small sample sizes. 
The reason is that those inequality measures can be represented 
as ratios of random variables, both of which are estimated from 
the sample data. The expected value of a ratio of random variables 
is not generally equal to the ratio of the expected values. Therefore, 
estimates of such inequality measures are biased in small samples. 
The bias of the sample measure is generally 1 ,O

n
 
 
 

 where n is the 
sample size [1].

Despite inequality measures are frequently used to compare 
regions or subpopulations, fairly little attention has been paid in 
the literature to the mentioned problem. In this paper we focus 
on the class of generalized entropy measures (GE), because they 
satisfy some important axioms that make them particularly 
useful in practice [2]. For example, these measures satisfy 
the decomposability axiom, particularly useful for territorial 
comparisons, as it allows to decompose the total inequality 
into the part due to inequality within areas and the part due to 
differences between areas. A few papers propose a small sample 
correction for those measures (see [1, 3-5]), and only in the 
simple random sample context. Regarding the small sample bias 
correction for simple random sample, Breunig [3] focuses on one 
entropy measure, the coefficient of variation squared ( )2CV  and, 
without imposing any restrictions on the form of the distribution 
of the economic variable considered, he provides a neat analytical 
condition under which the bias will be positive or negative. 

In particular he finds that, when the variable has a 
positive skewed distribution (as it is often the case for income  
distributions and in general for size distributions [6]) small  

 
sample  2

CV  tends to underestimate the true 2 ,CV  with possible 
consequences on the interpretation of the results. He provides a 
large- n  approximation for the bias of the estimator and obtain an 
almost unbiased estimator of the coefficient of variation squared 
by subtracting the estimate of the bias to the biased estimator 

   ( )2 2 2
.corrCV CV Bias CV = − 

 
Breunig [4] applies that corrected estimator for the coefficient 

of variation squared to income data for Cina and Kenya, and 
compare that estimator to an alternative bias-corrected estimator, 


2
,jknCV obtained using the leave-one-out jackknife estimator. 

Through a simulation study he shows that, when the sample is 
small or moderately large and the skewness coefficient is greater 
than 3 ,

2
CV  the use of one of the two corrected estimators for 2CV  

is advisable. Moreover, he finds that among the two corrected 
estimators he considers,  2

corrCV  works much better in terms of 
mean squared error.

Giles [5] and Breunig & Hutchinson [1] consider different 
approaches to derive corrections for any member of the 
generalized entropy measure (GE) class. The GE class of measures 
can be expressed as

( ) ( ) 1
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= −  −    

∑  1, , ;j n=   [ )0,α ∈ ∞  (1)

where y  denotes the sample mean. Specific special members 
of this family include Theil’s mean log deviation ( )0 ,α =  Theil’s 
Index ( )1α =  and half the squared coefficient of variation ( )2 .α =  

Giles [5] derives an approximation for the bias that is 
increasingly accurate as the sampling error becomes smaller, 
regardless of the sample size. Breunig & Hutchinson [1] write 
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the GE measures as functions of the population mean, ,µ and 
some other population functions, and then derive corrections 
for the GE measures, based on a second-order Taylor’s series 
expansion of the sample estimates around the population values. 
They carry out a simulation study to compare this method with 
the estimation of the approximate bias obtained considering two 
re-sampling methods: Jackknife and Bootstrap. They find that the 
Jackknife produces the lowest average bias for all the GE measures 
considered, but also the highest average mean squared error. 
Therefore, they suggest to consider the correction based on the 
Taylor’s series expansion, that provides a significant reduction of 
the bias and the most reliable estimates amongst the three bias 
correction methods.

Small sample bias correction for complex surveys
Ferrante & Pacei [7] face the problem of small sample bias 

in a complex survey context. They aim to obtain a small sample 
bias correction for the Theil’s mean log deviation of the individual 
equivalized income, calculated using data taken from the EU-SILC 
sample survey for Italy in 2013
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where y  denotes the small sample mean calculated using 
sample weight, and 
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the bias could then be used to obtain “small area estimates” 
through appropriate models. They consider the approximate bias 
obtained by Breunig & Hutchinson [1] for ( )0ge  in the simple 
random sample case, ( )( ) ( )21 ˆ0 ,

2
ABias ge Varµ µ−=  and propose to 

extend this result to a complex sample by considering an heuristic 
solution, that is by substituting μ with the weighted sample mean 
and ( )ˆVar µ  with the correspondent estimate obtained using the 
standard procedure used by Eurostat for a two-stage stratified 
sample [8].

They carry out a simulation study using the EU-SILC sample as 
target population and then repeatedly select 1,000 random samples 
from the 21 administrative regions, mimicking the sample strategy 
adopted in the EU-SILC itself. They consider two overall sampling 
rates, 1.5 and 3%, leading to a regional sample size that ranges 
from a minimum of 6 to a maximum of 28 for the 1.5% sample, and 
almost twice for the 3% sample. The comparison between ( )0ge  

and its bias corrected version, ( )0 ,geCorr  is carried out in terms 
of bias and accuracy using, as usual, the average absolute relative 
bias (AARB) and the average absolute relative error (AARE) 
indices, where the average in that case is taken over the Regions. 
Results show that the correction considered greatly reduces the 
bias of the non-corrected estimator on average (AARB% is equal 
to 15.9 and 4.0% respectively for ( )0ge  and ( )0 ,geCorr  in 1.5% 
sample, while it is equal to 7.9 and 2.6% respectively for ( )0ge  
and ( )0 ,geCorr  in 3% sample). Moreover, the reduction of the 
overall reliability of the estimates is negligible on average (AARE% 
reaches 51.8 and 52.3% respectively for ( )0ge  and ( )0 ,geCorr in 
1.5% sample, while it is equal to 37.8 and 38.2% respectively for 

( )0ge  and ( )0 ,geCorr in 3% sample).

Conclusion
The overall results of the simulation studies mentioned 

highlight the importance of correcting the estimates of inequality 
measure in small samples. The use of the corrections proposed 
is particularly advisable when the goal is to estimate regional 
inequality measures, which can help to plan policies to reduce 
such inequality.

References
1. Breunig R, Hutchinson DLA (2008) Small sample bias corrections for 

inequality indices. In: New Econometric Modeling Research, William N. 
Toggins (eds), Nova Science Publishers: New York, USA.

2. Cowell FA (1985) Measures of Distributional Change: An Axiomatic 
Approach. Review of Economic Studies 52: 135-151.

3. Breunig R (2001) An Almost Unbiased Estimator of the Coefficient of 
Variation. Economic Letters 70(1): 15-19.

4. Breunig R (2002) Bias Correction for Inequality Measures: An 
Application to Cina and Kenia. Applied Economics Letters 9: 783-786.

5. Giles DE (2005) The bias of inequality measures in very small samples: 
some analytic results, Econometric Working Paper EWP0514, ISSN 
1485-6441, University of Victoria, Department of Economics, Canada.

6. Kleiber C, Kotz S (2003) Statistical Size Distributions in Economics and 
Actuarial Sciences, New Jersey: John Wiley and Sons, USA.

7. Ferrante MR, Pacei S (2018) Small Area Estimation of Inequality 
Measures. In: Book of Short Papers SIS 2018, Pearson pp. 1276-1280.

8. Eurostat (2013), Standard error estimation for the EU-SILC indicators 
of poverty and social exclusion, EUROSTAT methodologies and working 
papers.

http://dx.doi.org/10.19080/BBOAJ.2019.09.555765
https://www.sciencedirect.com/science/article/pii/S0165176500003517
https://www.sciencedirect.com/science/article/pii/S0165176500003517


How to cite this article: Maria R F, Silvia P. Small Sample Bias Corrections for Entropy Inequality Measures. Biostat Biometrics Open Acc J. 2019; 9(3): 
555765. DOI: 10.19080/BBOAJ.2019.09.555765080

Biostatistics and Biometrics Open Access Journal

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

              Track the below URL for one-step submission 
     https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 Licens
DOI: 10.19080/BBOAJ.2019.09.555765

http://dx.doi.org/10.19080/BBOAJ.2019.09.555765
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/BBOAJ.2018.08.555735
http://dx.doi.org/10.19080/BBOAJ.2019.09.555765

	Small Sample Bias Corrections for Entropy  Inequality Measures
	Abstract 
	Introduction
	Small sample bias correction for complex surveys 

	Conclusion 
	References

