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Variance estimation and uncertainty are two of the most complex issues in 
socio-economic surveys, where we face with complex designs and complex 
statistics. 

Among others, two main approaches can be found in the literature,  the 
linearization methods and 

the resampling methods, both have advantages and drawbacks.

In this paper we conduce a simulation study based on a complete population 
available. 

We focus on some officially poverty measures considered by Eurostat.

Scope of the paper



Variance estimation of Laeken indicators may be cumbersome for two main 
reasons: i) such indicators may be non-linear; ii) the use of complex designs, 
which does not allow to know the second-order probabilities.

First method: “Jackknife Delete One PSU” version Verma and Betti 
(2011)

Each JRR replication consists in deleting one sample PSU from one particular 
stratum, increasing the weights of the remaining primary units in that stratum 
appropriately, and computing the parameter estimate.
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Second method: Linearization

The main concept is to obtain a linearized variable for each observation in the 
sample; the consequence is that the variance of the estimator may be 
approximated by the variance of the linearized variable. There are several 
methods about the linearization approach, but probably the most relevant in 
the literature is the influence function’s approach.

Third method: Bootstrap (for comparison purposes)
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Laeken At-risk-of-poverty rate
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Laeken Quintile Share Ratio (Qsr) S80_S20
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Laeken Gini coefficient
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Construction of the population:
The data used has been obtained combining the 2011 census of Albania, which 
contains a limited amount of information for the whole population, with the 
Albanian Living Standard Measurement Survey (LSMS) of 2012, a multi-purpose 
survey which collects information to measure poverty and living conditions, in order 
to simulate the consumption of each household by the use of the so-called 
methodology “Poverty Mapping”.

In this way 100 simulations of the population consumption distribution have been 
obtained, thus the mean value for each household has been taken to obtain the per-
capita consumption for each population unit – our variable of interest.

The population consists of 722,262 households for a total of 2,784,539 individuals, 
which are subdivided in 24 strata and 11,579 PSUs.

Simulation study: the population



We have drawn a total of 1,000 samples, following the instructions of the 
survey LSMS 2012. A two-stage design has been adopted: at the first stage, 
834 PSUs have been drawn with a systematic stratified sampling, where the 
sample size for each stratum has been decided by the Albanian Institute to 
represent the whole country, while within each stratum the inclusion 
probability of each PSU is proportional to its number of households contained.

At the second stage 8 households are selected within each PSU previously 
selected, with Simple Random Sampling without replacement. Finally, the 
sample of 6,672 households is obtained. All the individuals of the households 
selected are included.

Simulation study: sample selection
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From Table 1 is evident that we do not have univocal results. 
We observe greater differences between measures rather 
than methods, as we can see for the nearly unbiasedness for 
the Gini index, opposed to the high upward bias for the 
measures depending on the median. Generally speaking, the 
Jackknife seems to give the most conservative estimates.
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Next, we decided to apply the simulation study also to a different 
consumption distribution. This is because, by construction, we have 
artificially reduced the tails of the distribution above. 

Therefore, we adopt a Log-normal model with a two-steps 
procedure. Firstly, the parameters are estimated on each simulation 
of consumption.

Secondly, the consumption for the 722,262 households is generated 
from the model, whose parameters are equal to the expected value 
of their estimates over the 100 simulated distribution.

Limitations first simulation study
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From Table 2 it is possible to observe that we have always 
conservative estimates, and in almost all the cases the upward bias 
is greater than the first population. The Jackknife seems sometimes

to be a bit unsatisfactory, while the other two methods gives similar 
result.
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In the ambit of sampling from finite population, we see that the theme of 
variance estimation can be faced safely with different approaches, for many 
measures, even if we meet some problematic. In presence of complex surveys, 
and complex measures, some approximations are required. 

The purpose is to get an unbiased variance estimator, if it exists. Otherwise, 
we look for getting an estimator which is not downward biased. Therefore, 
after having shown the main methods, we decide to focus on some well-
known and easily implementable techniques, Jackknife Repeated Replication, 
Linearization and Bootstrap, making an interesting comparison.
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The results say that we do not have a method which has always a major 
reliability.

We see different behavior for each statistic, and also a different bias between 
the two populations. The Jackknife seems to be more conservative and 
sometimes more unstable, while - in the first population - the Bootstrap and 
the Linearization gives sometimes a systematic underestimation. 

Finally, we can conclude that there is not a clear superiority of any approach 
over the others, and the preference for one method may be influenced also by 
practical considerations.
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