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1. INTRODUCTION 

Combating poverty is since many years one of the goals of the European 

Commission. In order to adequately measure poverty and social exclusion, the 

Statistics and Income and Living Conditions (SILC) was invented. One very popular 

poverty measure is the At-risk-of-poverty rate (ARPR) which was widely 

investigated within different research projects, such as NET-SILC (cf. [1]), AMELI 

[2], or SAMPLE [3].  

In several countries, however, the ARPR is also estimated from other surveys, 

which do not necessarily have a continuous income variable available, but only 

income classes. When estimating the At-risk-of-poverty rate (ARPR) from 

categorized data, calculating quantiles or shares requires some form of assumptions 

on the distribution within the classes. For instance, German statistical offices use the 

interval-censored income measured in the German micro-census to provide regional 

ARPRs. This is done by applying linear interpolation techniques [4], assuming 

uniform distributed income in several categories. This works quite well for point 

estimators, but may lack in precision when deriving accuracy measures. 

Although the ARPR is a non-linear estimator, which prevents closed form variance 

formula, approximate solutions using linearization techniques exist [5]. However, 

applying linearized variance formulae assumes continuous incomes and does not 

account for handling interval-censoring. Given the rising importance of accuracy 

measures [6], evaluations of de-categorizing approaches in terms of variance 

estimation are important.  

2. METHODS 

2.1. De-Categorization: Linear interpolation 

In this setting, the critical income-classes are those containing the median-value and 

the ARPT-value. For respondents falling into these categories, a first approach used 

by German statistical offices is to equally distribute the income values between the 

class boundaries, which is linear interpolation of the cumulative distribution 

function [4].  

2.2. De-Categorization: Further Approaches 

Alternatively to classical de-categorization methods, non-parametric approximations 

can be used. Especially spline methods [7] seem convincing since the ARPR 

requires approximations for the poverty threshold and its 60% share which lay in 
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interior classes rather than in the most upper class where approximation may 

become more sophisticated.  

2.3. Linearization 

The linearization of the ARPR, using a poverty threshold (ARPT) of 60% of the 

median [8], is given by 

 
.       (1) 

 The variance of the ARPR can then be approximated by the variance of the 

estimated population total of z: 

 
.       (2) 

3. RESULTS 

Preliminary Monte-Carlo simulation results were computed using a synthetical 

income variable on census-data of the German federal state Rhineland-Palatinate. 

The sampling design is related to the micro-census design which is the largest 

German household sample drawing 1% of the population.  

 
Figure 1. Point estimation of the at-risk-of-poverty rate 
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Figure 2. Variance estimation of the at-risk-of-poverty rate 

While the point estimates (Fig. 1) do not reveal any clear bias due to interval-

censoring, the variance estimation (Fig. 2) is visibly more biased when using 

categorized data, even if there is some small bias for continuous data, which is 

because of the approximate nature of the linearization [9]. 

4. CONCLUSIONS 

Even if linear interpolation allows for approximately unbiased point estimates, it 

induces a visible bias to variance estimation when used in linearization. Further 

approaches to deal with interval-censored income data as indicated in 2.2 may yield 

better results if not mere point estimates but also standard errors are to be reported. 
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