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1. Introduction

The main goal of Module Il of a two-stage research project “Extension of the Labour Force Survey”
was to estimate the key characteristics of the labour market at the level of subregions for additional
cross-classification domains on the annual and quarterly basis, using small area estimation (SAE)

methods. In particular, the following quantities were estimated:

e the number of employed, unemployed, economically inactive, economically active, employ-

ment index, total unemployment rate (annual and quarterly),

e the number of employed, unemployed, economically inactive, economically active, employ-

ment index, (annual) unemployment rate for the following domains cross-classified by:
- sex(men, women),
- place of residence (urban, rural),
- age group (15-24, 25-54, 55-64, 20~-64).
The following works were conducted in the course of Module II:

1. review of the most important data sources which could be used for estimating selected char-

acteristics of the labour market at the level of NTS3 and for additional domains,

2. assessment of potential key and additional auxiliary variables, which could be used for pur-
poses of statistical modelling and estimating selected indicators of the labour market at the

level of NTS3 and for additional domains,

3. review of applications of indirect estimation methods to the study of the labour market,

including Polish and foreign experiences,

4. atheoretical description of SAE estimators which could be useful for estimating labour mar-

ket indicators,

5. adescription of IT tools which could be used to support indirect estimation of labour market

indicators,

6. an elaboration of indirect estimation results for selected labour market indicators at the

level of NTS3 and for additional domains,

7. statistical evaluation of the quality of indirect estimators used in terms of estimation preci-

sion,
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8. estimation and statistical evaluation of selected quarterly labour market indicators for 2010-
2015

9. evaluation of the possibility of including obtained estimates in the regular output of official

statistics under the programme of statistical surveys conducted by Statistics Poland,

10. preparation of guidelines, conclusions and recommendations for the use of indirect estima-
tion of labour market indicators at the level of NTS 3 and for additional domains with the

goal of including this methodology in the regular production of statistical outputs.

Tasks (1)-(7) were conducted during the first stage of the project and are described in detail in the
interim report. Tasks (8)-(10) were addressed during the second stage of Module Il and are presented
in the final report. The second stage of Module Il also included the works specified in Tasks (6)-(7),
since the use of calibration improved the quality of estimates of both annual and quarterly labour
market indicators. Analyses conducted during the second stage showed that the process of calibrat-
ing survey weights in the LFS to account for subregions did improve results of indirect estimation.

The main conclusion that can be drawn from the research work conducted during the second
stage of Module Il is that the use of small area estimation methods improves annual and quarterly
estimates of labour market characteristics at the level of subregions and more detailed domains. As
a result, the scope of available information about the labour market has been extended, given that
LFS-based information at such a low level of aggregation (subregions cross-classified by additional
demographic variables) has never before been published by Statistics Poland. The works performed
during the project provide an important contribution that can be used to initiate a discussion about
the possibility of applying methods of indirect estimation to the study of the labour market as part
of regular statistical production. The results indicate that the use of calibration and the model-based
estimation, which plays the key role in small area estimation, make it possible to estimate the main

characteristics of the labour market with acceptable precision.
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2. Selection of estimation methods

The first stage of works aimed at estimating selected annual and quarterly characteristics of the
labour market at the level of subregions and for additional domains involved calculating calibration
weights using four most common distance measures (linear, raking, logit, sinh) and three methods of
calculating them (one-step approach, two-step approach of type A, two-step approach of type B)

using two sets of auxiliary variables in the star vector xj;:

. Set 1. (48 levels): sex (2 levels: male/female) x place of residence (2 levels: urban/rural) x age
group (12 levels: 15-17, 18-19, 20-24, 25-29, 30-34, 35-39, 40~44, 45-49, 50-54, 55-59, 60—64, 65+),

. Set 2. (121 levels): Set 1. (48) + subregions (73).

Set 1isthe same as the one used in the LFS in the period 2010-2015. In this case, however, population
totals in subregions were not included. Unlike Set 1, Set 2 did contain information about subregions,
namely about population counts at this level of spatial aggregation. This approach was designed to
check to what extent the inclusion of information about population counts in subregions would affect
calibration weights, i.e. their variation and the presence of negative or extreme weights. The moon
vector of auxiliary variables was used to identify the size class of settlements in the province where
sampled households were located (16 provinces x 6 settlement size classes), which are described in
the first point of the description of the LFS weight construction. In total, 2 x 4 x 3 = 24 calibration
weights were calculated.

During the second stage, three SAE models were used:
+ Model 1-a separate model was fitted for each period,
+  Model 2 - one model fitted for the whole period,
« Model 3 - one model fitted for the whole period while accounting for autocorrelation in time.

Auxiliary variables used in the above models included the share of registered unemployed in the
population in a given domain and information about whether a given subregion is also a town with
district status. In the case of quarterly estimates, an additional auxiliary variable indicating the

quarter was used to account for the additive effect of seasonality.

Model parameters were estimated based on long time series. This is why annual estimates were cal-
culated based on data for the period 2006-2015. In the case of quarterly estimates, such a wide
temporal scope of data was not necessary, so the time series was limited to the period 2010-2015.

The reference period for the project results was limited to the period 2010-2015.
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3. Selected results

Results presented in the research project represent the properties of calibration weights and
model-based and calibration estimates of all labour market characteristics of interest. With regards
to calibration, analysis focused on calibration weights wy and g, factors obtained by applying 24
different approaches consisting of 2 sets of auxiliary variables x 4 distance measures (linear, raking,
logit, sinh) x 3 calibration approaches (one-step, two-step of type A, two-step of type B). In addition,
the project researchers analysed distributions of design weights dy, original final weights used in the
LFS for generalizing results and calibration weights wy calculated in the project.

Weights obtained using the two-step approach of type B with a linear distance measure and the
first set of auxiliary variables are equal to the final LFS weights used to produce official estimates.
This approach was the point of reference for the remaining approaches and was treated as a bench-
mark. Special emphasis was placed on the approaches involving the second set of auxiliary variables,
which contained population counts for subregions. The approach finally selected was used to calcu-
late weights used for estimating target characteristics of the labour market.

The analysis of calibration factors g, presented in Fig.1 and in Table 1 indicates that once the
subregion information is taken into account in the calibration process (Set 2), their variability in-
creases. This is practically true for each of the four distance functions and three calibration methods
(one-step, two step of type A, two step of type B). In the case of the second set of auxiliary variables,
it is the distance function based on hyperbolic sine that produces the smallest variation in the cali-
bration factors g,. This is observed for each of the calibration approaches. In the case of the one-
step approach and the second set of auxiliary variables, the most variable calibration factors are
obtained using the linear and the raking distance function. A similar result can be observed in the
case of the two-step approach of type A. It is worth noting that the variability of the calibration
factors is the smallest when using the first set of auxiliary variables and the one-step approach and
two-step approach of type B (regardless of the distance function applied). In other words, the inclu-
sion of population totals for subregions slightly increases the variability of the calibration factors
but at the same time helps to retain the consistency between the LFS-based population structures
at the level of subregions and census-based values adjusted for natural population change, migra-
tions and differences due to administrative changes.

Another aspect analysed in the study were the characteristics of calibration weights wy, depending
on the set of auxiliary variables, the distance function and the calibration approach used (Table 2).
It can be seen that in each scenario the mean value of calibration weights remains the same and is
equal to 385.8. Also their standard deviations, which describe the level of variability, are quite simi-
lar. In the approach involving the second set of auxiliary variables, the standard deviation of calibra-
tion weights is slightly higher than that for the first set. This means that given the same mean level

of calibration weights, they are slightly more variable when the second set of auxiliary variables is
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used. This is consistent with the analysis of calibration factors g,, where higher variability was also
observed for the second set of auxiliary variables.

As regards calibration weights wy, it can be noted, however, that in all 12 scenarios involving the
second set of auxiliary variables, their variability remains at a level similar to that observed in the
benchmark approach. No negative weights are observed, either, and their maximum values do not
diverge considerably from those observed in the benchmark approach. It should be pointed out,
however, that the lowest degree of variability is achieved using the two-step approach of type B and
the sinh distance function. This mirrors the results concerning the calibration factors (g, ), where the
best properties were also obtained using the two-step approach of type B and the sinh distance
function the two-step approach of type B and the sinh distance function.

Based on the analysis of the calibration weights wy, and calibration factors g, and taking into
account their variability, the presence of negative or extreme weights, the final approach selected to
calculate calibration and model-based estimators involved the use of calibration weights obtained
by means of the two-step approach of type B, the sinh distance function and the second set of aux-
iliary variables

As can be seen (see Fig. 2), these weights are strongly and positively correlated with initial design

weights dy and final LFS weights used for generalizing results.
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Table 1. Descriptive statistics of calibration factors (g, ) (reference period 2010-2015)

Rzeczpospolita

- Polska

Unia Europejska
Fundusz Spdjnosci

Calibration Distance

approach function Min Q1 Q2 Q3 Max Mean Sd
Set 1

one-step linear 0.48 132 155 178 297 157 0.31
one-step logit 0717 132 154 177 3.09 157 0.31
one-step raking 0.73 132 154 177 315 157 0.31
one-step sinh 0.60 132 156 178 282 157 0.31
two-step A linear 0.63 132 154 176 3.50 157 0.31
two-step A logit 0.78 132 153 176 3.60 157 0.31
two-step A raking 0.79 132 153 176 3.62 157 0.31
two-step A sinh 0.85 132 153 176 3.54 157 0.31
two-step B linear 113 134 152 175 3.24 157 0.29
two-step B logit 113 134 152 175 3.24 157 0.29
two-step B raking 113 134 152 175 3.24 157 0.29
two-step B sinh 113 134 152 175 3.24 157 0.29
Set 2

one-step linear 0.03 130 156 184 417 158  0.40
one-step logit 0.49 129 154 183 4.46 1.58 0.40
one-step raking 053 129 153 182 476 158 0.40
one-step sinh 0.46 129 158 186 3.60 1.58 0.40
two-step A linear 0.09 130 155 1.84 428 158 0.40
two-step A logit 050 129 153 183 4.66 1.58 0.40
two-step A raking 052 129 153 182 476 158 0.40
two-step A sinh 0.70 127 153 184 4.22 158 0.40
two-step B linear 0.67 131 155 181 413 1.58 0.37
two-step B logit 0.76 131 154 180 439 1.58 0.37
two-step B raking 0.77 131 153 180 445 1.58 0.37
two-step B sinh 0.81 130 154 181 4.08 1.58 0.37
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Table 2. Descriptive statistics of calibration weights w,, (reference period 2010-2015)

Calibration Distance

approach function Min Q1 Q2 Q3 Max Mean Sd
Set 1

one-step linear 46.3 251.7 365.2 4893 1370.6 385.8 1815
one-step logit 60.0 252.2 365.0 488.4 14195 385.8 1818
one-step raking 61.8 2523 365.0 488.2 14422 385.8 1819
one-step sinh 51.3 2513 365.0 490.2 1306.9 385.8 181.4
two-step A linear 572 251.4 3647 486.4 15242 3858 184.0
two-step A logit 659 251.8 364.6 486.0 1559.8 385.8 184.1
two-step A raking 66.6 251.8 364.6 486.0 1567.8 385.8 184.1
two-step A sinh 70.2 2519 3644 486.0 1538.8 385.8 184.1
two-step B linear 89.7 2543 366.8 4849 14329 385.8 1817
two-step B logit 89.7 2543 366.8 4849 14329 385.8 1817
two-step B raking 89.7 2543 366.8 4849 14329 385.8 1817
two-step B sinh 89.7 2543 366.8 4849 14329 385.8 1817
Set 2

one-step linear 6.0 240.0 358.8 4903 14951 385.8 189.3
one-step logit 66.5 2417 357.7 487.4 1606.2 385.8 189.6
one-step raking 68.2 2421 3575 486.5 1664.5 385.8 189.7
one-step sinh 53.7 2383 358.6 4935 1353.4 385.8 189.7
two-step A linear 19.6 2403 358.6 489.6 1490.9 385.8 189.5
two-step A logit 67.3 2418 3575 486.7 1626.4 385.8 189.7
two-step A raking 68.3 2419 357.4 486.2 1656.8 385.8 189.8
two-step A sinh 69.9 2422 356.7 487.3 1504.6 3858 189.8
two-step B linear 81.4 243.0 359.8 487.6 1456.8 385.8 185.3
two-step B logit 83.0 2438 359.8 485.8 15353 385.8 185.3
two-step B raking 83.2 2439 359.8 485.6 1553.1 385.8 185.4
two-step B sinh 83.3 2439 359.6 486.3 14415 385.8 185.3
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Fig. 2. Comparison of initial design weights d, and final LFS weights and calibration weights w,, ob-
tained for the 2nd set of auxiliary variables using the two-step calibration approach of type B with
the sinh distance function (reference period 2010-2015)
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The figures below show a comparison of quarterly’ point estimates of employed (Fig.3), unem-
ployed (Fig,. 4) and economically inactive (Fig. 5) obtained using the direct estimator, the calibration
estimator (by means of the two-step approach of type B, sinh distance function and second set of
auxiliary variables) and indirect estimator (models 2 and 3). This is because both indirect estimators
are based on the calibration estimator. As a result, in all cases, the distributions of indirect and

calibration estimates overlap.
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Fig 3. Comparison of quarterly estimates of employed obtained using the direct, calibration and in-
direct approach (based on models 2 and 3) by subregion in 2010-2015.

"Owing to a very large number of output figures and tables, the non-technical report only contains
quarterly results for three parameters: the number of employed, unemployed and economically in-
active at the level of subregions. The other annual and quarterly indicators (unemployment rate,
employment index etc.) including additional cross-classifications are presented in the main report.
In addition, the presentation is limited to the results obtained using the direct and calibration esti-
mator, and two indirect estimators based on models 2 and 3.
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Fig. 4. Comparison of quarterly estimates of unemployed obtained using the direct, calibration and
indirect approach (based on models 2 and 3) by subregion in 2010-2015.
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Fig. 5. Comparison of quarterly estimates of economically inactive obtained using the direct, calibra-
tion and indirect approach (based on models 2 and 3) by subregion in 2010-2015.
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The precision of estimates of the labour market indicators was evaluated using relative root mean
square error, which is calculated as a ratio of the square root of MSE and the point estimate for a
given domain. RRMSE values were calculated using the bootstrap method in accordance with the

approach applied in the LFS. Descriptive statistics of the results are shown in Table 3 and Fig. 5.

Table 3. Comparison of RRMSE of direct, calibration and indirect estimates (based on models 2 and
3) for all subregions in the period 2010-2015 by indicator (in %)

Indicator Estimator Min Q1 Median Mean Q3 Max
Unemployed Direct 8.26 16.23 19.42 20.78 23.77 87.87
Calibration 6.51 13.53 16.42 17.51 20.08 85.28
Model 2 4.65 7.78 8.80 8.77 9.71 13.40
Model 3 4.23 6.73 7.54 7.65 8.45 13.18
Economically Direct 3.33 8.50 11.33 11.48 13.62 32.01
inactive Calibration 2.03 3.58 4.24 4.4 5.03 11.34
Model 2 1.35 1.92 2.10 2.09 2.26 2.96
Model 3 1.02 1.51 1.68 1.69 1.85 2.81
Employed Direct 2.89 8.85 11.70 11.84 14.03 35.58
Calibration 173 3.20 3.81 3.99 4,57 9.13
Model 2 1.20 1.79 1.97 1.98 2.16 2.91
Model 3 0.88 1.40 1.55 1.58 1.74 2.61

As can be seen, the use of the calibration approach to produce quarterly estimates of the number
of unemployed, economically inactive and employed improves estimation precision compared with
direct estimates. This is particularly evident in the case of indirect estimation (models 2 and 3),
where the gain in precision is the biggest.

Fig. 5 presents a comparison of the gain in precision calculated as a ratio of RRMSEs (CVs). The
figure includes comparisons of the gain in precision between the calibration and direct estimator
(denoted as kalib do bezposr), the indirect estimator based on model 2 and the direct estimator
(denoted as Model2 do bezposr), the indirect estimator based on model 2 and the calibration esti-
mator (denoted as Model2 do kalib), the indirect estimator based on model 3 and the direct estimator
(denoted as Model3 do bezposr), the indirect estimator based on model 3 and the calibration esti-
mator (denoted asModel3 do kalib) and between the estimator based on model 2 and 3. When ana-
lyzing the results, it is important to note the different scales used for each indicator.

As regards calibration, the gain in precision is smaller than in the case of indirect estimation.
Nonetheless, in some cases the gain in precision compared to the direct estimator is almost five-fold

(e.g. for employed). For other subregions, the gain is smaller.
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Fig. 5. Comparison of the gain in precision between the estimators depending on the indicator (in %)
for quarterly data

4. Summary

The empirical analyses presented above have shown that indirect estimation can considerably
improve the precision of estimates of labour market characteristics in comparison with direct esti-
mates. The prerequisite for this approach to work is the suitable selection of auxiliary variables and
the use of an appropriate model. The results indicate that indirect estimators, especially those based
on models 2 and 3 - yield estimates of good quality, which are better than those obtained using
direct and calibration estimators. This is why these estimators can be recommended for practical
applications.

Based on the results obtained in the study, it is possible to put forward final remarks and recom-
mendations concerning the possibility of implementing the methodological tools and solutions used
in the project in regular statistical production and to consider prospects for their further develop-
ment. It should be emphasized, first of all, that the quality of estimates of labour market character-
istics obtained in the study was evaluated on the basis of mean values of RRMSE. Given the results,
the models in question can be used to estimate LFS data specified in the national programme of
statistical surveys. However, such an application would require further optimisation work in order
to eliminate excessive bias and inadequate precision for some domains.

It should be pointed out that the calibration approach requires information about known popu-
lation structures in domain of interest, i.e. at least at the level of subregions, which corresponds to
the population specified in the LFS. Data currently available in the Local Data Bank cannot be used

to provide population totals for the calibration process because of definitional differences. It should
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also be noted that the implementation of the recommended method in the national programme of
statistical surveys conducted by Statistics Poland will require the preparation of unit-level data from
administrative registers containing appropriate breakdowns in order to improve the quality of cali-
bration and estimation for domains of interest, both for annual and quarterly data. Moreover, if the
model-based method of estimation described in the study were to be implemented by Statistics Po-
land as part of regular statistical production, it would be necessary to ensure the coherence of indi-
rect estimates with direct estimates at higher levels of spatial aggregation (the benchmark principle)

A detailed description of the estimators, a review of applications of indirect estimation in the area
of the labour market and a description of all the results for the target characteristics of the labour
market at the level of subregions, for quarters and years, are included in the interim and final report.
The reports are supplemented by output tables included in Excel files.

The statistical outputs produced in this study will mainly be of interest to units responsible for
monitoring the implementation of the cohesion policy in the area of the labour market and others
involved in supporting employment and worker mobility; in particular, the following institutions can
be listed as potential users: district labour offices, the Ministry of Family, Work and Social Policy, the
Ministry of Development, units of local government, institutions managing operational programmes,
units responsible for evaluating public interventions, academic community and the private sector.
Data contained in the output tables and in the interim and final report can also be useful in preparing
various analyses about the labour market since they extend the scope of information published on
the basis of the LFS by providing estimates at lower level of spatial aggregation (subregions) and for

more detailed domains for which no official estimates are currently published by Statistics Poland.
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