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WEIGHTING IN MODELS OF UNEMPLOYMENT SPELL
DURATION

Ilvana Mala

Abstract

Weighting is a tool to consider the deviations from simple random sampling, nonresponse, and
possible non-representativeness of the sample to (known) population characteristics. Positive
weights are assigned to all observations by a calibration process and should be included in the
analyses. In the text, the impact of the use of weights on results of the probability distribution
fitting to incomplete (censored) data. Data from the Labour Force Sample Survey in the Czech
Republic (in years 2010-2018) are used to model the duration of unemployment with the
lognormal distribution. The weighted and unweighted (weights provided by the Czech
Statistical Office are used) survival models are compared concerning the point and interval
estimates of parameters and characteristics of the distribution. Maximum likelihood estimates
in the accelerated failure time model are used for right (if an unemployed remains unemployed)
and interval-censored (if an unemployed found a job) data. The point estimates are very similar
in our study; the standard errors are smaller for the weighted model as the weights reflect a

number of similar population members.
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Introduction

Statistical methods are usually based on an assumption of a random sample from a probability
distribution of interest. This assumption is crucial, and its violation can cause problems with
the quality and interpretability of results. If the data are obtained by sampling from a finite
population, only a simple sample with equal probabilities of appearance with replacement
fulfils this assumption. If we sample a small part from a large population (usually up to 5%),
sampling without replacement can be applied with assumed properties of the same distribution
and independence (Thompson, 2012). In practice, more complicated sample schemes are used
for different reasons — expenses (given budget), time, missing list of units in the target

population, or various technical limitations. Therefore, post-stratification is usually applied to
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assign survey weights to the observations. The individual data from sophisticated and complex
surveys are usually supplemented with calibrated weights to be used by users and analysts. The
weights are frequently applied not only in the estimation of population characteristics as a mean
or variance but in regression models and other procedures (Gelman, 2007, Lohr, 2007),
especially for maximum likelihood estimates.

The Labor force sample survey (LFSS, 2022) is performed quarterly by the Czech
Statistical Office (CZSO) and weights are provided in the datasets at the level of households
(sampling units) and individual respondents. The impact of weighting in the official statistics
survey EU-SILC (European Union — Statistics on Income and Living Conditions, EU SILC,
2022) is studied in (Bartosova, Bina, 2010). In the more general SHARE data (Survey of
Health, Ageing and Retirement in Europe, SHARE, 2022), a large spectrum of weights is
provided and the weights should be selected according to the purpose of the analysis. The
survey units are households, for this reason, household weights are given. Only the household
members above 50 years of age are eligible for the survey (and their partners). If the analysis
concerns individuals, weights on an individual level should be applied. And the survey is
organised in waves and for panel data type analyses panel weights are provided.

In addition to the availability of prepared (calibrated) weights, frequently used
statistical software allows all users to incorporate weights in the model. For example, the R
programming language (R CORE TEAM, 2020, used in this contribution for all computations)
is highly flexible in using weights in the modelling from basic to highly sophisticated models
and procedures. The weights can be added also if more user-friendly packages for the analysts
and researchers (SAS, SPSS, STATA, Excel, ...) are used.

Survival analysis provides statistical models for time-to-event data. In the text, the
accelerated time model (referred to as AFT) is applied to fit the lognormal distribution to the
sample values of the duration of unemployment spell from the LFSS survey for the years 2010—
2018. For the model, we need a skewed probability distribution with a hazard function with a
maximum. We chose the lognormal distribution as in (Mala, Cabla, 2022), having considered
Cabla, Mala (2017), where loglogistic and Weibull distributions for the unemployment spell
duration are also discussed in connection with this application. Nonparametric Kaplan-Meier
and Weibull parametric models to model the length of unemployment spell are used in Grogan
and van den Berg (2001) for the data from Russian Longitudinal Monitoring. Kupets in (Kupets,
2009) uses individual data from the Ukrainian Longitudinal Monitoring Survey and estimates

a discrete time-independent competing risks model with gamma distribution to describe random
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errors. For Czech data, the loglogistic and lognormal distributions give similar results
(according to the AIC criterion) and are superior to a gamma distribution.

In the present paper, the 2010-2018 LFSS data are analysed and the models fitted based
on both unweighted and weighted models are compared. Individual data on the unemployed in
the LFSS samples were used. We take into account not only information on a given quarter but
also on the previous quarter and the next quarter. We estimate each quarter separately (not using
the rotating panel structure of the survey), but we use at least information from previous and
consecutive quarters. This approach allows us to obtain the most detailed information and find

more respondents who found a job (event occurrence).

1 Data and methods
The LFSS survey is organised as a continuous, quarterly rotating panel. All selected households
are included for five consecutive quarters (covering one year) and every quarter the fifth of the
selected households is substituted. We use only the information on whether a respondent above
the age of 16 is employed, unemployed or nonactive (for Figure 1 and some comments also
gender of the unemployed). The exact duration of an unemployment spell is not recorded,
respondents report their unemployment duration intervals only in intervals 0-1, 1-3, 3-6, 6-
2, 12-18, 18-24, 24-48 and over 48 months. It follows from the origin of the data that they are
all censored (incomplete), and no exact durations are given. For unemployed people who have
found a job, the analysed unemployment spell is taken in the model as interval-censored; for
those who have not, the duration is considered right-censored.

Suppose T is a positive time-to-event variable time to reemployment in the month. The

model fits the two-parametric lognormal distribution LN (z; ) to the data using the maximum
likelihood estimation (MLE) in the model
InNT = u+oe,
where ¢ is a standard Gaussian distribution. For a given quarter and i=1,2,...,n (where nisa
sample size of this quarter) we suppose interval-censored data in (IIi , uli), right-censored data
in (ti,oo).
Then for an unweighted model, we maximise the likelihood function (loglikelihood

function InL)

Lwo)= I Flwo)-Fliwo)] [ R-Flumol @

iinterval-censored i right-censored
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for a weighted model we maximise function

Lwo)= [l [Fllmo)-Fllpo)]t [ B-Fwol®, @

i interval-censored i right-censored
where w; denotes a weight assigned to an i-th respondent and F is a cumulative distribution

function of a Gaussian distribution. The estimates are asymptotically normally distributed, in
figures we use asymptotical Gaussian distribution to construct confidence limits. It follows
from (2) that the loglikelihood function equals the weighted mean of logarithms of the

expressions based on the distribution of unemployment duration. Based on the lognormal
model, the median duration is independent of the parameter & (is given as ), the expected

value or variance depending on both parameters.

Taking data from the years 2010-2018, we obtain time series of estimated pairs of
parameters and derived characteristics of distributions of the length 36 (9 years, 4 quarters).
The individual data were accessed in the SafeCentre of the Czech Statistical Office
(SaveCenter, 2022). The program R and the package Survival (Therneau, 2022) is used to fit
models and estimate parameters in both — unweighted and weighted approaches for datasets
including incomplete data. The time series are smoothed by applying a moving average with a
length of four time points covering one year. Our data contains from 654 to 2,496 (sample sizes
n for particular quarters, i in (1) or (2) 1, 2, ..., n) unemployed respondents in the sample in the

analysed quarters with the ratios of new jobs from 0.19 to 0.36.

2 Results

To show the values of weights, two years and the second quarters were selected. The boxplots
of weights for the second quarter of 2015 (left) and 2018 (right) are given in Figure 1 depending
on gender of respondents (689 male, 293 resp., 781 female, 366 resp.) and whether a new job
was found (yes 411, 218 resp., no 1059, 441 resp.). Different scale on the vertical axis is used
in both parts, due to one outlier in 2018. The medians of weights are similar for both years and
no relationship between gender and the existence of a new job, the values are positively skewed
with very rare observations with extremely large values of weights. Similar figures can be

obtained for all 36 analysed quarters.

345



The 16™ International Days of Statistics and Economics, Prague, September 8-10, 2022

Fig. 1: Boxplots of weights for 2015 (left) and 2018 (right), groups by gender
(male/female) and a new job yes/no
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Figures 2 and 3 display the estimated parameters based on formulas (1) and (2).
Comparing the weighted (in blue) and unweighted fit (in black, asymptotical confidence limits
dotted curves). Point estimates of parameters are very close in values. The estimated parameters
differ only in the range of 10 percentage points, the differences are greater for the parameter for
the variance of a Gaussian distribution (Figure 3). There is a decline in the estimated parameter

4 in 2017 and 2018; it implies decreasing median duration (see Figure 4).

Fig. 2: Asymptotic 95% confidence intervals for parameters u
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The point estimates from the weighted model are included in the region given by
confidence limits. If weights are used, the accuracy of the estimates (quantified by the standard
deviation) is significantly higher, as the weights indicate that the model is fitted (to the whole

population of the unemployed in this case) using a much larger number of observations.
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Asymptotical limits would be almost unvisible in Figures 2 and 3, for this reason, only point

estimates are given.

Fig. 3: Asymptotic 95% confidence intervals for parameters o
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In Figure 4, estimated medians of the analysed duration are given. The ratio of

medians for a particular quarter is given as

emedian unweighted
_ emedian unweighted —median weighted

median weighted
e [¢]

Fig. 4: Estimated median duration of the unemployment spell
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These values vary from -3% to 12%; the difference in estimated median duration (in months)
takes values from -.8 to 4.8 months. Values from the unweighted model tend to be higher than

in the weighted model. In survival analysis, usually medians are preferred to expected values

347



The 16™ International Days of Statistics and Economics, Prague, September 8-10, 2022

because of heavy tails of distributions and censoring. For this reason, we show only medians in

Figure 4. Ratios of expected values (both parameters are included) are from -9% to 34%.

Conclusion

Using weights is a commonly used tool to consider the deviations from simple random sampling
and possible non-representativeness of the sample with respect to population characteristics.
After completing a survey, calculation and calibration of sampling weights become an integral
part of the data preparation for analysis. For comprehensive sample surveys with a large
spectrum of users from different backgrounds and approaches to research problems and data
analysis, usually calibrated weights are included and provided to be used in analyses.

The maximum likelihood estimates of parameters are similar for both the weighted and
unweighted models, the estimate accuracy of the former ones being much higher. Weights
reflect a sample drawn from a large population study, the respondents in the presented model
representing the Czech Republic’s 16+ population. The weight values and distributions for all
unemployed respondents — men and women, successful and unsuccessful jobseekers — were
explored and presented.

The findings suggest that the use of weights results in a significant reduction in the
variability of estimates, the effect on point estimates being small for the models analysed. We
do not estimate population characteristics based on plug-in sample counterparts (where the use
of weights is crucial), but we use a probability model that included incomplete data. For this
reason, the use of weights causes similar point estimates and too small and unrealistic errors.

Accommodation of weights is highly recommended for results from the population but
causes changes in variability. They increase variance when using weighted data for direct
evaluation of sample characteristics (for example means), but decrease it in maximum

likelihood estimation.
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