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Preface

This document provides the background of the revision that was made in 2021 in the weighting
methodology for the Norwegian Labour Force Survey (NLFS), and practical and technical details be-
hind the calculation of monthly and quarterly individual weights and yearly household weights. This
revision was required due to several changes occurred in the target population, sampling design,
and data collection in 2021, as well as the introduction of a new European legislation for the Euro-
pean Union LFSs.

The previous review in the weighting methodology for the NLFS was carried out following the avail-
ability of better quality of register data from 2015, namely A-ordningen. A new weighting method-
ology was developed as a result of this review that was used as the main method from 2018 until
2021. The NLFS statistics were re-produced back to 2006 to compare the new series against those
obtained from the previous methodology developed in 1996.

The project was carried out with the collaboration of Division for Labour Market and Wage Statistics,
Division for Methods, and colleagues provided IT-related support.

The author of this document wishes to thank to all those involved in this collaboration, particularly,
Camilla Schjetlein Sundt, Havard Hungnes Lien, Jern-lvar Hamre, Erik Herstad Horgen, Kristian Leng,
Anita Cecilie Dal, and Susie Jentoft. Many thanks go also to Xeni Kristine Dimakos, the head of the
Division of Methods, for their helpful comments on the first draft of this document.

Statistics Norway, 7 November 2023

Arvid Olav Lys@
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Abstract

A new revision in the weighting procedure of the Norwegian Labour Force Survey since the last one
made in 2018 was required due to the change in the target age group for employment statistics, the
introduction of the new sampling design in 2021 and the new weighting requirements with the new
EU legislation for labour force surveys within the EU. Compared to the revision in 2018, the main
weighting method via model-calibration has remained unchanged for the age group 15 — 74. How-
ever, significant changes occurred in the calculation of selection probabilities, which is not straight-
forward, and initial weights to calibration due to the new sampling design, changes in the data struc-
ture and the new weighting requirements by the new EU legislation. A linear calibration method
was introduced for those within age groups 0 — 14 and 75+. In order to fulfil the individual- and
household-level requirements simultaneously and to ensure same weights for all individuals within
any given household, an integrative calibration approach was introduced to be used for the calcula-
tion of yearly household weights. Several models were evaluated in this respect, and a final model
was chosen by considering robustness and gain in precision.
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1. Introduction

There have been several changes in the Norwegian Labour Force Survey (NLFS) since 2021 (Horgen
et al., 2023) in terms of target age group, sampling design, and data collection to comply with the
new legislation of the EU LFS (EC, 2019). The key changes with the new legislation are summarised
as follows.

The target age group has been changed from 15 — 74 to 15 — 89 for employment statistics. Besides,
the new legislation requires producing weights for all individuals in the sample regardless whether
or not their ages are within the target age group 15-89.

A new sampling design for the NLFS has been implemented since 2021 (Jentoft, 2022). The key change
in the sampling design happened by selecting individuals directly from a list of individuals in the tar-
get population of the NLFS rather than selecting families. New stratification variables and a new al-
location method of the total sample size to strata have also been introduced with the new sampling
design to increase the precision of the estimators of the key statistics.

Proxy interviews have not been used in the data collection of the NLFS since 2021 (Jentoft, 2022).
Hence, sample persons answer only for themselves. This may increase non-response rates. An-
other key change is to introduce the use of household concept in alignment with the one used in
the EU LFS to produce household statistics, which was not possible to deliver from the NLFS be-
fore 2021. Subsampling is implemented for the data collection at household level. A subsample
consists of individuals directly selected with respect to the new sampling design and all their cor-
responding household members. Hence, additional household members will be in the sample via
the corresponding reference person who is defined to be an adult aged above 14 years and being se-
lected into the sample directly, not via other persons. The calculation of the inclusion probabilities
of households will be more complicated than the one that was used for the NLFS before 2021.

These changes have brought about a necessity for revision of the weighting methodology that was
applied until 2021 (Oguz-Alper, 2018). This document summarises all the aspects of the monthly
and quarterly individual and yearly household weighting procedures that have been applied to the
NLFS since 2021.

In Section[2} previous and current sampling designs are briefly presented. In Section[3} weighting
methods that were used until 2021 are briefly described. The current individual weighting proce-
dure that has been in use since 2021 is described in detail in Section[4l Calculation of household
weights that are used for the production of annual household statistics is explained in detail in Sec-
tion[5} Finally, Section [6]addresses the revisions made in the weighting for the NLFS and the primary
reasons of those revisions once again, and provides an insight for possible future investigation that
could result in a new revision in the weighting of the NLFS.

2. Sampling designs between 1996-2020 and from
2021

A nice overview of the history of survey designs of the NLFS including the one currently implemented
is given by Jentoft (2022). In the following sections, the sampling designs between 1996-2020 and
the one implemented from 2021 are briefly described.
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2.1. Between 1996-2020

The sampling design that was used for the NLFS between 1996-2020 is a stratified one-stage cluster
sampling (e.g.|[Hamre and Heldal, 2013), where strata were formed based on NUTS lll regions (e.g.
18 counties according to the regional classification used from 2018 to 2020 (see here: The munici-
pality reform and regional changes 2020). [Online; last accessed 6 November 2023]). Nuclear fam-
ilies, which are defined as the people living at the same residential address whom are married or
registered partners, along with their children or parents, were the clustering units. All individuals
belonging to sample families were taken into the sample. Data for labour market were collected for
all sample adults aged 15-74 years at the time of the data collection.

Total sample size of clusters was disproportionally allocated to counties as such that lesser and
more populated counties were, respectively, given larger and smaller sample sizes. The ratio of
sampling fraction to the overall sampling fraction for each county according to the regional classi-
fication (19 counties) until 2018 is given by (e.g. Veds and Rafat, 2003, p.7). According to the changes
in the regional classification in 2018, counties Ser-Trgndelag and Nord-Trgndelag were merged into
a single county called Trandelag, thus leading to 18 counties in total, and the corresponding ratio
was set to 1. The number of counties were reduced from 18 to 11 following the new regional classi-
fication being used in 2020. The ratios of sampling fractions by the new 11 counties that were used
from the second quarter of 2020 to the fourth quarter of 2020 are given by Table[AT.1]

The NLFS is a rotating panel survey. Sample units have been followed up for two years, equivalently
for eight quarters, since 1996. A new panel, which shall be called wave sample, is selected each quar-
ter while the panel which has been in the sample for eight quarters rotates out. Therefore, there is
a 87.5% overlap between any two consecutive quarters which leads to better precision for estima-
tion of quarterly change statistics. A sample of any quarter consisted of eight waves that included
around 12 000 families yielding around 24 000 individuals. Families selected are randomly distributed
over 13 reference weeks in a given quarter. Hence, the sample size of individuals for each month
was around 24000 x 4/13 = 7385 or 24000 * 5/13 = 9231, depending on how many reference weeks,
four or five, there were (e.g.Hamre and Heldal, 2013} p.9).

2.2. From 2021

The new sampling design that has been implemented since 2021 is a stratified simple random sam-
pling, where strata are formed based on NUTS Il (6 regions by the new regional classification from
2021 (see Table[AT.7)), age groups (15-24, 25-54, 55-66, 67-74, and 75-89) and register based labour
market status (employee, unemployed, and other) (Jentoft, 2022} p.12). Note that not all these cate-
gories are cross-classified in the construction of strata (Jentoft, 2022, p.22). Sampling frame consists
of all individuals aged within 15-89 years. This is due to the change in the definition of population
for which information about whether, or not, being employed is collected. A supplementary sample
of 15 years olds is selected each quarter and added to the sample of each wave (waves 2-8) due to
the attrition in the sample of this age group over time (Jentoft, 2022, p.16).

The total sample size of individuals and the rotation scheme remains unchanged. Sample is allo-
cated to strata using a multivariate optimal sampling allocation method (Bethel, 1989), (see Jentoft
(2022) for details). A new wave sample of individuals is uniformly distributed to 13 weeks in a given
quarter. All households members, regardless of their ages, whom are linked to the reference sam-
ple persons are taken into the sample. However, labour force information is only collected for ref-
erence sample persons aged 15-89 years per the reference week for the production of monthly and
quarterly labour force statistics.

A set of core questions are asked to all sample reference persons aged 15 — 89 years while questions

regarding annual, biannual and adhoc modules are asked to only those in waves 2 or 6. Each adult
household member aged above 14 years corresponding to reference sample individuals in wave
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2 is also invited to participate into the survey (e.g.Horgen et al., 2023, p.25). Household members
are specified using a new household register which was established in 2021. The main purpose of
collecting data from a sub-sample of household members is to produce annual household statistics
such as number of jobless households.

3. Calculation of survey weights until 2021

The weighting methodology that was developed before the one in 2018 was implemented from
1996 until 2018 (e.g.|Zhang, 1998;|Heldal, 2000; Hamre and Heldal, 2013). Under this methodol-
ogy, survey weights for the NLFS were calculated in two steps. Following the revision in 2018 (Oguz-
Alper, 2018), a one-step approach was implemented for the calculation of the survey weights for the
NLFS. This weighting methodology was also implemented in parallel to the old one from 2006 un-

til 2018 to compare the two series obtained from these two weighting methodologies (see e.g. New
method gives better LFS figures. [Online; last accessed 6 November 2023]). From 2018 until 2021,
only the one developed in 2018 was used for the NLFS. Whether the weighting approach involves
one-step or two-steps depends on if the initial weights, which are often the design weights, the in-
verse of the selection probabilities, are adjusted in a separate step before the calculation of final
weights via calibration (e.g.|Deville and Sarndal, 1992). There are several papers discussing one-step
and two-step approaches (e.g.|Lundstrom and Sarndal, 1999; /Andersson and Sarndal, 2016} |[Haziza
and Lesage, 2016), without a consensus about a choice between them.

For a given data set, several plausible methods should be cross-examined in terms of nonresponse
bias and variance reduction by using a reference estimator that does not use any auxiliary informa-
tion neither for nonresponse adjustment nor calibration purposes to increase efficiency. Decision
may be made in favour of the one providing a limited loss of efficiency and avoiding spurious ad-
justments in point estimates (Nguyen and Zhang, 2020). The revision in the estimation method in
2018 was mainly resulted from such an evaluation (Oguz-Alper, 2018) that was carried out to make
a better use of administrative data, namely A-ordningen (see e.g. About A-ordningen. [Online; last
accessed 6 November 2023]), which were made available from 1 January 2015 with the collabora-
tion of the Norwegian Labour and Welfare Administration (NAV), the Norwegian Tax Administration,
and Statistics Norway (SSB).

Oguz-Alper (2018) examined the generalised regression (GREG) (e.g.|Cassel et al., 1976} Deville and
Sarndal, 1992) and (multiple) model-calibration (e.g.|Wu and Sitter, 2001; [Montanari and Ranalli,
2009) estimators with one-step and two-step variations as well as a post-stratified estimator by us-
ing the NLFS data from the first quarter of 2015 to the first quarter of 2017. The estimators were
evaluated in terms of point and variance estimates against those obtained from a reference estima-
tor that does not use any auxiliary variable. The methods were tested for the core variables, such as
number of employed and unemployed people, number of people outside of labour force, and un-
employment rate overall and over domains, such as gender and age groups. It was observed that
the two-step approach provided higher variances, in general, without further improvement in re-
duction of nonresponse bias compared to the one-step approach regardless of that which estima-
tor, GREG, MMC, or PS, was used. Overall, the MMC estimator provided lowest variance estimates
among all the others for a given approach, one-step or two-step. Therefore, in the production of
the quarterly NLFS statistics, it was decided to use an MMC method to calculate the survey weights.

Calibration is applied to monthly survey data as a result of which monthly weights are obtained.
Quarterly statistics may be calculated as a weighted average of monthly statistics. Under the method-
ology developed in 1996, all three months in a given quarter were treated equally, and thus, the
quarterly weights were equal to the monthly weights divided by three. Following the revision in

2018, quarterly estimates of totals were obtained as a weighted average of monthly estimates where
weights were defined to be proportional to the number of calender weeks, four or five, in the corre-
sponding months. Hence, monthly weights were multiplied by either 4/13 or 5/13 depending on the
number of weeks to produce quarterly weights. The calculation of the survey weights until 2021 are
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briefly presented in the following sections. In Section[3.1} the one developed in 1996 and used un-

til 2018 is discussed. In Section 3.2} the weighting methodology developed in 2018, which was used
from 2006 until 2021, is presented. As noted above, the two methodologies were implemented be-
tween 2006 and 2018.

3.1. From 1996 to 2018

The estimation methodology developed in 1996 involves a two-step regression estimation method.
In the first step, design weights were adjusted within weighting cells which were formed based on
five-year age groups from 15 to 74 years, gender, register based employment by industry groups
(employee by primary, secondary, or tertiary industries, and not employed). The weighting cells may
also be called response homogeneity groups (RHG) since the response probabilities are assumed to
be homogeneous within these cells. There were 12x2x4 = 96 RHGs in total. In the second step, a cal-
ibration procedure was implemented within each county, as such that the sample estimates for the
marginal counts by gender, 12 age groups and four register based employment groups were made
to be consistent with the population counts. A slightly modified version of this estimation procedure
(e.g.|0Oguz-Alper, 2018| p.10) was implemented in the production of the NLFS until 2018 (see (Hel-
dal, 2000) for details as well as the information about the accompanying program). As mentioned
above, quarterly weights were obtained by dividing monthly weights by three.

3.2. From 2006 to 2021

The revision in 2018 brought about using a one-step MMC approach in the production of the NLFS
(Oguz-Alper, 2018). This approach has been implemented since 2006, and it has been used as the
main method for the calculation of the survey weights since 2018. The customary GREG estima-
tor (e.g.|Deville and Sarndal, 1992) assumes a linear relationship between the variable of interest,
y-variable, and the explanatory variables, x. However, this assumption may not always hold. For
example, it would not be valid when the y-variable is categorical, which is the case for most of the
variables in the NLFS. A model-calibration (MC) approach (e.g.Wu and Sitter, 2001), where the rela-
tionship between y and x is defined via a generalised linear model (GLM), may perform better than
the GREG in terms of efficiency if the model is correct.

The multiple model calibration (MMC) approach|Montanari and Ranalli (2009) is an extension of the
MC approach (Wu and Sitter, 2001) that was proposed to remedy some of the drawbacks of the MC.
For example, it may not be possible to ensure the consistency between sample estimates and popu-
lation frequencies by domains, such as gender, age-groups, etc., if the working model is not a linear
one. Besides, the standard MC approach requires fitting a separate model for each of the y-variable
that leads to more than one set of survey weights, which is undesirable in practice.

Up-to-date monthly statistical register data, which were formed based on several administrative reg-
isters including population register, Aa-registeret (Arbeidsgiver- og arbeidstakerregisteret: State reg-
ister of employers and employees. [Online; last accessed 6 November 2023]) (see also Villund (2009
ch.2.2)) and A-ordningen were used for weighting purposes. Register based employment, which

is one of the variables used in the weighting process, was collected from the Aa-registeret before
2015, and this information has been collected from the A-ordningen since 2015. Register files used
for estimation differ from those used for the sample selection. Population files included only indi-
viduals at the age of 15-74 years since weighting outside of this age group was not required. Individ-
uals that were not available in the population files were excluded from the corresponding monthly
sample files. Since a one-step approach was used, calibration was directly applied to the respon-
dent set of individuals.
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Monthly individual weights were obtained by minimising a distance function (Deville and Sarndal,
1992) under a set of calibration constraints. Calibration weights were trimmed, as such that the
minimum and the maximum values of weights would not be lower or higher than 40 and 8 000, re-
spectively. Weights outside of the bounds were set to these bounds, and calibration was imple-
mented once again by using a new set of weights as initial weights. The resulting calibration weights
were checked if they were within the bounds, and so on. This iterative process was carried out until
all weights were within the limits and the calibration constraints were satisfied.

Quarterly statistics were calculated as a weighted average of monthly statistics (Oguz-Alper, 2018),
where weights were proportional to the number of weeks of the corresponding months. Yearly av-
erage individual-level statistics were obtained as a simple average of the quarterly statistics.

Because one-step MMC has still been used as the main weighting method for the NLFS for the age
group 15—74, methodological details are provided in Section[4.4]rather than here to avoid repetition.
The details about the weighting procedure including the calculation of initial weights, which is differ-
ent from the one described in Section[4.2} for the period of 2006-2020 can be found in|Oguz-Alper
(2018).

4. Monthly and quarterly individual weighting from
2021

The estimation methodology that has been used as the main method since 2018 has not been changed
for the age group 15-74 in general. However, the changes made in the NLFS from 2021 (see Section
and the new requirement of producing weights for those outside of the age group 15-74 years

have brought about some challenges in the weighting procedure.

At first, the transition from the previous sampling design to the new one (Jentoft, 2022), which shall
be called family sampling and person sampling from now on, respectively, was done gradually, as
such that the new panels, or in other words, wave 7 samples, were selected with respect to the per-
son sampling starting from the first quarter of 2021. Thus, in this quarter, the sample consisted of
wave 1 selected from under the new design and waves 2-8 selected from the old sampling design.
The sample data has included only those coming from the new sampling design since the fourth
quarter of 2022 (see Figure[AT.1). This has required to identify from which sampling design the sam-
ple units were selected and to calculate the initial weights accordingly.

At second, unlike the family sampling, household members linked to reference persons are not in-
terviewed unless they are in wave 2. However, regardless of which wave they belong to, all house-

hold members aged 0 — 14 and 90+ whom are taken into the sample via corresponding reference
persons are used in the weighting procedure in order to fulfil the consistency requirements (EC,

2019) for the population distribution by these age groups. Besides, it is desirable to have equal weights
for all individuals belong to the same household regardless of whether, or not, they are reference
persons. Hence, it is not straightforward to calculate the selection probabilities as well as the initial
weights, which may not necessarily be the design weights.

At third, data is collected for all household members linked to reference persons, if they are in wave
2, to produce annual household statistics. Since proxy interviews are not allowed in the NLFS any
longer, not all household members including reference persons respond to the survey which may
lead to partial response or nonresponse for any household. This has brought about the question
under which situations households would be used for inference.

All these challenges have been taken into account in the construction the new weighting procedure
which is described in detail in the following sections. The notation used is provided in Section (4.1

10
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4.1. Notation

Let U be a population of size N that consist of people aged 15 — 89 years or aged 90+ years and liv-
ing alone in the scope of the NLFS. Let U be divided into H disjoint strata as such that U = U_, U,
and N = Ethl N, where Ny, is the population size of stratum . In practice, two separate sampling
frames are used to select samples correspondingly from the sub-population of people aged 15 — 89
and the sub-population including people aged 90+ years and living alone. A random sample of peo-
ple aged 90 years and over living alone are selected directly since people in this sub-population can-
not be in the sample via any other person but themselves.

For simplicity in notation, we shall not use different notations for these sub-populations since both
samples are selected with stratified simple random sampling designs, and expressions regarding
the calculation of selection probabilities are valid for both. Stratification variables used for these
sub-populations are not exactly the same. Region at NUTS Il level, register-based labour market sta-
tus and age are the variables used in the stratification for population of people aged 15 — 89 years.
For the other sub-population, region at NUTS Il level and gender are used in the stratification. In
order to maintain the same notation, we shall suppose that being in one sub-population or in the
other one is also used in the stratification of U as such that U is first divided into two upper strata
each of which is divided into further strata, design strata, based on the stratification variables corre-
sponding to each sub-population. Hence, any stratum h, hereafter, will correspond to a combination
of one upper stratum and a corresponding design strata.

Let Q be a population of households. Once a person of age 15 — 89 years old in U is selected, all
individuals that are linked to sample reference persons due to having the same household mem-
bership are taken into the sample regardless of data being collected for all, or not. We assume that
each household in Q corresponds to at least one individual in U. Let g, denote all individuals in U
that are linked to household x € Q. We also assume that each individual in U is linked to one and
only one household in Q. Notice that a household may be linked to individuals from different design
strata, but not from different upper strata. Let 3, include all individuals in stratum & that are linked
to household &, as such that 8, = U, B,...

A sample of individuals is selected according to a stratified random sampling from population U

for the NLFS each quarter. The sample set of individuals newly selected in a given quarter is called
wave 1 sample. Let n be the sample size for wave 1 as such thatn = Zthl np, Where ny, is the size of
the stratum sample selected from U,, with simple random sampling. For each wave of 2-8, an extra
sample of individuals aged 15 of size n;; is selected with simple random sampling from a popula-
tion of individuals aged 15 years U5 C U of size N5 to compensate for the attrition due to indi-
viduals aged 15 years when selected in wave 1 and being older than 15 in later waves. In practice,

at first, a random sample for wave 1 is selected, and then an extra sample of size 7 x ny; is selected
from Uss \ so.15, Where sg.15 is the sample of 15-year old individuals selected in wave 1. Let f,.15 C 3,
be a set of 15-year old individuals in U linked to household «. Let s, be the sample that includes
both wave 1 sample and any one of the extra samples of 15-year old individuals selected for waves
2-8. Let Q; C Q be a set of sample households added via sample individuals in sy and s be the sam-
ple of all individuals linked to sample households in ;. Let a;,. be a household membership indica-
tor as such that a;,, = 1 if individual 7 is a member of household «, and a;,, = 0 otherwise. Notice that
the sum of a;,, over household members for any given household will be greater than or equal to
|8x|. This is because of that 3,; includes only members in U which does not contain members aged

0 — 14, or aged above 89 and not living alone, whereas a;,, concerns all members regardless of age.

4.2. Selection probabilities

The sample of the NLFS consisted of both family and person samples until the fourth quarter of
2022, and thus two ways were followed until this time to calculate the selection probabilities given
how the unit of interest was selected. Selection probability of any individual i who is a member of

11
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household « is determined by the selection probability of x regardless of the design. This is mainly
due to allowing to use same initial weights in individual and household weighting in the production
of different statistics with different frequencies. More detailed explanations are provided in Section
Let 7, be the selection probability of household « defined by

e = Pr(k € Q5)- (4.1)

Calculations of m,, under family and person sampling are explained in detail in Sections[4.2|and[4.2}
respectively. The selection probability of any individual i is given by

m; = Pr(i € s) = 7, given a;, = 1- (4.2)

Family sampling

Exact calculation of selection probabilities was not possible due to some operational reasons such
as difficulties in getting the number of family population sizes by strata (i.e. NUTS Ill) by sample se-
lection dates and building transformation links between the old and the new regional classifications.
Besides, all household members linked to sample families were taken into sample which made the
calculation of selection probabilities more infeasible due to the lack of linkage between families and
households before 2021. Therefore, proxy selection probabilities were calculated for all those se-
lected under the family sampling. The total number of waves that was selected by the family sam-
pling was seven in the first quarter of 2021.

Let 7 and N be the total number of households in the sample selected under the family sampling
design and the household population, respectively. Both 7 and N are fixed for all those selected by
the family sampling. The statistical household register data by mid-November 2021, when the fam-
ily sampling was used for the last time for the NLFS, was used to obtain the number of households
N. Here, only households that had individuals aged 15 — 74 years were included in the register data
used since the target population for the family sampling consisted only of individuals aged 15 — 74
years. Let x be a household linked to a reference person i in stratum g belonging to a sample fam-
ily, usually the oldest person in the family among those aged 15 — 89 years, as such thati € §,.. The
proxy probability of household « to be included in one of the seven waves under the family sam-
pling is given by

n 1
QN 77
where the R, are the ratios between strata sampling fractions and the overall sampling fractions
under the family sampling the values of which are given in Table[A1.] Here, the subscript g refers to
the strata used in the family sampling, which are counties (NUTS Ill regions) given in Table[AT.1] The
rational behind (4.3) is that the sampling rates R, for any wave are almost the same as those that
could have been obtained if households were selected as the sampling units rather than families.
Notice that the rates by strata that were used in the selection of families might be different from
the values of R, given in Table[A1.7]if the selection date is before the second quarter of 2020, when
the regional classification introduced in 2020 was used for the NLFS for the first time. Nevertheless,
the actual rates were not used in the initial weighting for family sampling because of having only
the regional classification dated back to 2020 in the sample and population data sets used for the
weighting methodology from 2021.

Te = R (4.3)

Person sampling

Several statistics at different frequencies are produced from the NLFS. All waves are used in the
production of individual-based monthly, quarterly and yearly average statistics while only waves 2
and 6 are used for the production of annual, biennial, and eight-yearly structural variables, and only
wave 2 is used for annual household statistics (e.g.[Horgen et al., 2023} pp.24-25). Selection proba-
bilities can be calculated separately for individuals and households depending on when they will be
used for inference. Other household members aged 15 — 89 years are not used in the estimation of
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individual-based statistics, and data is collected for such members only if they are in wave 2. This
brings about the use of different sets of initial weights, which are essentially the inverse of the se-
lection probabilities, for the productions of individual and household statistics. Besides, individual
and household weights will only differ from each other for those whom are selected directly since
other household members are only selected via sample reference persons, and thus they will take
the same probability as the household they belong to in any case. This means that any two individ-
uals in the same design strata may get different selection probabilities just because one of them is
selected directly and the other one is selected via a sample reference person in the same house-
hold. To avoid such differences as well as for practical reasons, it has been decided to calculate the
household selection probabilities, and to use these probabilities also as individual selection prob-
abilities as such that all members in a given household take the same selection probability as the
household itself. In this way, it is ensured that the same initial weights are used for all household
members in any given household.

A household x € Q is selected if at least one household member i ¢ 3, is selected in sy. Thus the
selection probability of household « can be written as follows.

T =1 — Ty,

where 7, is the exclusion probability of household « defined by

7. = Pr(none of the individuals in 3, selected in sg)

<N15 — 15 — |5h~,;15|) (N15 - ﬁ15>_1 ﬁ (Nh - wh"') (Nh) - (4.4)
n1s nis h=1 "th "t | |

where | o | denotes the size of a set e, (2) = a!/(z!(a — 2)!) is the combination operator, and n;5 =

Zthl nyNp.15/Np, where Nj,.15 is the number of 15-year old individuals in Uy, is the expected num-
ber of 15-year old individuals to be selected in wave 1 sample by the stratified simple random sam-
pling described in Section When both a and z values are large as such that the number of sets

of size x with distinct values from a is too large (e.g. 103%® in statistical software R (R Core Team, 2021)),
the computation of the combinations in (4.4) may become infeasible. In practice, this can be han-
dled with by computing the following which is essentially equivalent to (4.4).

max(0,|Bx;15|—1)

S | G A

Nis —nis —v
0 15 — Ni15 — 1

) H max(0,|Bnr|—1)

I I (-1l >05™).
h=1 b=0 h =

where I(a) is an indicator function that takes value one if a holds, and zero otherwise.

The exclusion probability of a one-person household including an individual aged 90+ is given by
(N;;hfl)/(g}") , Which leads to a selection probability of n; /Ny, since for such households, we have

|Brk:15| = 0,l|ﬂh,i| =1and |8y | = 0forany h’ # h given B, € Uy,.

4.3. Initial weights to calibration

A set of initial weights are specified for all individuals in s depending on their selection probabili-

ties that are defined by (4.2), response status, membership of the population by the reference date,
which is set to the middle of the reference month corresponding to their reference weeks, and whether
being directly selected in s if they are in age group 15 — 89 by the corresponding reference week.

Here, the reference week for an individual is defined to be one of the calender weeks for which the
data collection is planned to take place for the corresponding reference person in the household of
which the individual is a member. The reference month is defined to be the month that includes the
reference week of the person of interest. Monthly population register data being up-to-date by the
middle of months are used to determine the out-of-scope units.

13
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Let s,, C s denote sample individuals that shall be used in the calibration for individual weighting.
All individuals in s \ s,, take zero initial weights, where s\ s,, is defined to be a set of individuals ful-
filling any one of the following criteria:

(a) Not a member of the population in the scope of the NLFS by the reference date, or

(b) Being a reference person aged 15—89 years when selected in sq, but not in the age group 15—89
by the reference week, or

(c) Being a reference person aged 15 — 89 and have not responded to the survey, or

(d) Being a household member taken into s via a sample reference person and in the age group
15 — 89 by the reference week, or

(e) Being a household member taken into s via a sample reference person who fulfils any one of

@) [®) or[(c}

The criterion|(a) refers to out-of-scope units by the reference date regardless of age and whether
being a reference person or other household member. The criterion[(b) is about that survey data
collection is not carried out for sample reference persons once they become above 89 years old.
Such individuals and any corresponding household members are removed from the sample data,
and thus, they are not used in the weighting process for the age group 90+ either. The criterion[(c) is
related to non-response. Because survey data is not collected for other household members in the
age group 15 — 89 for the production of individual level statistics, their initial weights are set to zero
in the monthly (or quarterly) individual weighting. By the criterion ()] all other household members
are given zero initial weights if their correspond reference persons take zero weights.

For family sampling, all individuals in a family in the age group 15 — 74 by the date of selection are
considered as reference persons since data is collected for all of them as long as they keep being in
the reference population and in the age group 15— 89 by the reference date. All other individuals not
belonging to the family but in the same household as the family are considered as other household
members. Hence, the criteria[(b)H(e) should be evaluated accordingly for all those coming from the
family sampling.

The initial weights for individual weighting are given by

a7t i€ sy,
di { 0 ifie€s\ sw, (4-5)

where the ; are defined by (4.2).

4.4. Reweighting with calibration

Calibration is a technique that makes the sample based estimates of totals agree with known popu-
lation totals (Deville and Sarndal, 1992). The final (calibration) weights are obtained by minimising a
pre-defined distance function between initial (design weights or adjusted design weights for nonre-
sponse) and the final (calibration) weights over given a set of calibration constraints. The precision
increases if the calibration model is correctly specified. Nonresponse bias may also be reduced pro-
vided that auxiliary variables are highly associated with both outcome variables and nonresponse
(e.g.|Little and Vartivarian, 2005; [Zhang et al., 2013).

The target population for the European LFSs was defined as “all persons aged 15 years or more and
usually residing in the territory of the country at the time of data collection (e.g.|EC, 2016} p.5). On
the other hand, the target population for the NLFS was defined as all persons aged 15-74 years and
usually residing in the territory of Norway, including persons not living in private households. The
new regulation (EC, 2019) extends the target population by including all persons usually residing
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in private households in the territory of the country at the time of data collection. Besides, it is re-
quired that the sample distribution shall agree with the population distribution by sex, five-year age
groups and region (NUTS Il) in the quarterly weighting. Therefore, all individuals in s,, are used in
the calibration process regardless of their age unlike the weighing process before 2021.

The weighting for the NLFS from 2021 onwards has been carried out separately for two groups: i)
individuals within age group 15 — 74 and ii) individuals outside of age group 15 — 74, that is within
0 — 14 or 75+. The MMC approach, being used for the NLFS as the main weighting method since
2018, is implemented for the first group while a linear calibration method is used for the second
group. Here, ages by the reference weeks are used to assign the sample individuals in s,, to these
two groups.

Calibration is applied to monthly sample data as before 2021. Hence, there is no wave-level calibra-
tion procedure for the production of the NLFS statistics. Therefore, monthly sample data used in
calibration includes data from eight waves. Recall that s,, corresponds to one of the eight waves in

a given quarter. Let s C s, be a wave sample data of month m,, where ¢ € {1,2,3}, that shall

be used in the weighting for a given quarter. Let S be the sample data of month m, that is ob-
tained as the union of the wave samples of the same month, s, that contain sample units taking
non-zero weights. Thus S* contains sample units from all of the eight waves crossing over a given
month m,. We can write that S; = S;'7US,*¢;, where S7'7 and S7'%; correspond to age group 15—74
and age groups outside of 15 — 74 (i.e. 0 — 14 and 75+), respectively.

MMC for age group 15-74

Let U574 C U be the population including people aged within 15 — 74 by the reference month.
Monthly individual calibration weights for month m,, denoted by w."*, are obtained by minimising
the distance function (e.g.|Deville and Sarndal, 1992) given by

me d; 2
my iqi

w; I

i€S

where the d; are the initial weights defined by (4.5), with respect to the calibration constraint given
by

S>oowMni= Y m, 4.7)

ieSﬁ‘} €U 574
where n; = {u(z;;0)",x;}" is a vector of variables that consists of y(z;; 8), which is a known func-
tion of z; and 6, and a vector of auxiliary variables, x;.;, available from register data. Here, the rela-
tionship between the variable of interest y and a set of covariates z is described by a model defined

by
Ee(yilzi) = pu(2i;0),  Ve(yilzi) = vio?, (4.8)

where 6 and ¢? are unknown model parameters, v; is a known function of z; and 6, and E; and V
are, respectively, the expectation and the variance with respect to the model (4.74). Since 6 is un-
known, a sample estimate 6 of @ is replaced in u(z;; 0). Hence, i; = {u(z:;0)",x/,}" is used in the
calibration constraint in practice. The resulting weights obtained from the minimisation prob-
lem is given by

-1

wi =d; {1+n; Z difin; Z ni — Z dimi | ¢ (4.9)
e

iesit i€Usn sy
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A constraint on the ratio between initial and calibration weights is also added to the calibration pro-
cess as such that the weights (4.9) also satisfy with the following condition:

wmé wme wm@

1 .
< <3—
3d — d — d’

(4.10)

where o™ = >iesm w /|Sy.r| and d = >iesm di/|Sw1| are the sample means of w;™ and d;, re-
spectively, based on the sample set 57 the size of which is denoted by [S,:7]. The left side of the in-
equality is replaced with 1/3 in situations where w™¢/d > 3. If w™¢/d < 1/3, then the right side

of is replaced with in finity which leads to no constraint on the upper bound of the weight ra-
tio.

The calibration weights (4.9) ensure the consistency between sample estimates and the popula-
tion totals of the auxiliary variables x; as a result of the calibration constraint (4.7), as such that
Yies™e WX = Y iy, Xi;1- The MMC estimator of the population total of variable y for month

wiT

my, using the weights (4.9), is given by

Vo= >, digi+ | D hi— > dii | Br,

iesT i€U1574 ies,t
where
-1
~ ~ AT 7
Br = Z d;m; Z d; iy @1
iES:;L;ZI iES:Z(I

The key variable of labour force surveys is the labour market status, which can be grouped into
three categories, as such that employed, unemployed and outside of labour force. A linear relationship
between the outcome variable y, which shall be called ilostat from now on, and the explanatory vari-
ables z would not be plausible in this case. For the NLFS, a multinomial logistic regression model has
been used for the target age group 15-74 years to describe the relationship between y and z. There
has not been fitted a separate GLM model for each variable of interest in the NLFS due to practical
reasons. We may still gain in efficiency and reduce nonresponse bias if other variables of interest

is highly associated with the key variable of interest, which is the employment status in three cate-
gories (ilostat). The z variables used in the multinomial logistic model are given as follows.

MnomLogy 54 (ilostat) ~ gender * [age (13) + regemp (7) + {age (11) * regemp (2)}
+ {regemp (2) * marstat (2) * age (2)}] + education (3)
+ county (11) + hhsize (3) + scheme (3) + country (3) (4.12)

where ‘¥’ refers to all-way interactions including main effects (see Table|[A1.2]for variable descrip-
tions). Let p. p,, and p, be the predicted probabilities for individuals to be employed, unemployed,
or outside of labour force, respectively, using the multinomial logistic regression model (4.12). We
have p. + p, + p, = 1 for each individual. These predicted probabilities have been used in the MMC
model for 15 — 74 in addition to a set of auxiliary variables x; given as follows.

MMCis74 = age(12) x gender + age (8) + [age (3) x gender x {Pe + pu + Do}
+ [region (6) X {Pe + Du + Do + age (3) + gender}]
+regemp (4) x gender + regemp (2) x country (3), (4.13)

where ‘x’ refers to the two-way interactions (see Table for variable descriptions).

The only difference between the models given here and those given by|Oguz-Alper (2018, pp.42-
43) exists in region related variables, that is, region and county. This is because of the changes in re-
gional classifications in 2018 and 2020 (see Section2).
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Linear calibration for age groups 0-14 and 75+

Let V be the population including people aged outside of 15 — 74 by the reference month in the
scope of the NLFS.We have U NV = U \ Us74 = Uzsgg U Ugo4, Where Ugg.. corresponds to those
above 89 who lives alone (see Section[4.7). Hence, the target population for the NLFS can be given

by Uy574 U V. Alinear calibration model is used for those outside of 15 — 74 by the reference week.
Monthly individual calibration weights for month m, are obtained by minimising the distance func-
tion given by (4.6) where S, ¢ is replaced by S;7'7; under the calibration constraint given by (4.7) where

S, Uisra, and m; are replaced, respectively, with S, V, and x;.;7. A linear relationship is assumed

between the variable of interest y and a set of covariates x;; under linear calibration (e.g.|Deville
and Sarndal, 1992). described by a linear model defined by

Ee(yilxiar) =% 1Bir, Velyilxirr) = vio?, (4.14)

where 3;; and % are unknown model parameters, and v; is a known function of x;.;; and B;;. The
parameter B;; is unknown that can be estimated in a similar way to 8r by replacing S, and #;, re-

spectively, with 8¢, and x;.;; in (4.17). The calibration weights for those in 8¢ who are aged out-

w;l

side of 15 — 74 are obtained as follows.

-1

wi =di S14x | Y dixinx) > xirr— Y dixir | o (4.15)

s, iev sy,

A lower bound for the ratio between initial and calibration weights is also added to the calibration
process for the age group outside of 15 — 74 that can be defined in the same way as the left side of
(@10), except from that w™* and d are now the sample means of w}** and d;, respectively, based on
the sample set S,5;. Similarly, lower threshold is replaced with 1/3 whenever w™/d > 3.

The calibration weights (4.15) ensure the consistency between sample estimates and the population
totals of the auxiliary variables x;; as a result of the calibration constraint, as such that Ziesmf-’” WX =

> icv Xi;11- The linear calibration estimator, which may also be called regression estimator, of the
population total of variable y corresponding to those aged outside of 15 — 74 for month my, using

the weights (4.75), is given by

ﬁ?ﬁzf Z diys + in;H_ Z dixi.r1 ,é]]'

€8, eV €S,y

As mentioned before, the total sample data included sample units from the family and person sam-
pling until the fourth quarter of 2022. Because, at least half of the total sample data consisted of
the sample units selected under the family sampling in 2021 and no individuals aged 75 — 89 were
selected under this design, the number of observations for age group 75 — 89 was not enough to
consider this age group as a separate calibration domain for the NLFS 2021 data. Therefore, vari-
able age was not divided into age groups for those above 74 for 2021. Starting from 2022, two age
groups have been used: 75 — 89 and 90+ due to having enough number of observations that would
not cause any problems in the calibration process. Some additional auxiliary variables have also
been used starting from 2022 to achieve higher accuracy for employment statistics for age group

75 — 89.

The model used for 2021 is given as follows.

LinCalglu)ﬂE)74 = region (6) + gender + age014 + age75plus
where variable descriptions are given by Table
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The calibration model which has been used since 2022 is given as follows.

LinCalE)i)t1574 = region (6) + age014 + gender * (age7589 + age90plus)
+regemp (2) X age7589

where ‘x' refers to the two-way interactions and ‘«’ refers to all-way interactions including main ef-
fects (see Table for variable descriptions).

4.5. Quarterly and yearly individual weights

Let s™ C s be a wave sample for a given month m, corresponding to a given quarter and ™ >
S, given s™t O s, be the sample data of month m, that is obtained as the union of the wave
samples of the same month, that is, s”¢. All individuals in 8¢, for any given month m,, take positive
monthly weights, or (4.15), while all those in §™¢ \ S,, take zero weights. Monthly weights,
or (4.15), are multiplied by corresponding coefficients 0 < p, < 1 which are proportional to the num-
ber of weeks in a given month m,, which is either 4 or 5 to obtain quarterly individual-level weights.
Thus, the quarterly weight of individual i for a given quarter ¢, with & € {1,2,3,4}, of a calender
year is defined by

a | pew™ ifie S,
Wi —{ 0 if i € S™\ Sy, (@-16)

where my refers to a month corresponding to quarter g.

Since yearly average of the total estimates are calculated as a simple average of the estimated totals
of the corresponding quarters of the year of interest, yearly individual-level weight of an individual i
for a given calender year is defined as follows.

1 .
w" = ng’“, fori e S%,

where 8% = U3_, 8™, where g is a quarter corresponding to the given calender year.

The statistical software R (R Core Team, 2021) is used for individual weighting. The calibration proce-
dure is implemented by using the R package “ReGenesees”(Zardetto, 2023).

5. Yearly household weighting

Household statistics from the NLFS are produced annually by using only wave 2 samples from which
data is collected for all household members taken into sample directly or indirectly (i.e. via refer-
ence persons). Number of jobless households, number of children aged 0 — 17 in jobless households
and number of adults aged 18 — 59 by gender in jobless households are the key labour force house-
hold statistics followed up annually (e.g. Eurostat metadata on jobless households. [Online; last
accessed 6 November 2023]). In labour market statistics, an individual is classified as being “adult”
provided any one of the following conditions is fulfilled:

(C.1) being aged above 24 years, or
(C.2) being aged 15 — 24 and economically active, that is, being in labour force, or

(C.3) being aged 15 — 24, economically inactive and not living with at least one of the parents in the
same household.
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An individual not classified as being adult is counted as being “child”. Jobless households refer to
households where no members are in employment, that is, either unemployed or economically in-
active.

Household weights may simply be calculated by taking an average of individual weights of house-
hold members, which is a common way of calculation of household weights in person and house-
hold surveys. However, for the NLFS, only those in wave 2 sample have been used for the produc-
tion of annual household statistics since 2021, and according to the new European Commission im-
plementing regulation of the EU Labour Force Surveys (EC, 2019), household weights need to satisfy
a set of conditions given as follows.

(A) Taking account of selection probabilities,

(B) achieving consistency between the number of households in the population and its annual
sample estimate based on the household sub-sample (i.e. wave 2 samples corresponding to
the year of interest),

(C) achieving consistency between the hoseuhold sub-sample and population distributions of
households by household size groups,

(D) achieving consistency between the hosuehold sub-sample and the population with respect to
the population distribution by gender and age groups 0 — 14 and 15+,

(E) achieving consistency between estimated number of people in employment, unemployment
and outside the labour force by gender and age groups 25 — 34, 35 — 44 and 45 — 54 from
the household sub-sample and the yearly averages of estimates of these totals based on the
whole sample for the corresponding year, and

(F) achieving consistency for age groups 15 — 24, 55 — 64 and 65+ with respect to the statistics men-
tioned in condition[(E) to the fullest extent possible.

In addition to the conditions|(A)H(F)| it is desirable to have equal weights for all household members
in a given household. Therefore, household weights are calculated by taking into account of these
issues as well as additional calibration constraints constructed at individual and household levels.

5.1. Initial weights in household weighting

Initial weights in household weighting are determined based on the design weights, that is, the in-
verse of if individuals or if households, as well as a set of criteria under which house-
holds and all corresponding household members take zero initial weights. Let Qf, be a sample of
households in wave 2 for a given quarter g, with & € {1,2, 3,4}, corresponding to a given calen-
deryear. Let Q¥ , C Q% be the sample set consisting of households whose initial weights being
equal to the inverse of their selection probabilities (). A household in Q2 \ Q2. takes zero initial
weight if it satisfies any one of the following criteria. '

(i) Having a reference person satisfying at least one of the conditions|(a)H(c)], or

(i) Having at least one member who is in the population by the reference date but had no re-
sponse to the survey.

Criterion|(i) ensures that households whose reference persons take zero monthly and quarterly
weights are not considered in the household weighting. Criterion (i) excludes households not fully
respondent, that is, not all household members in-scope responded to the survey. Data is needed
from all in-scope household members in order to specify the household characteristics collected
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from the survey, such as, jobless household. Missing observations may be imputed. However, im-
putation is not allowed for certain variables including the key variable regarding employment status
according to the new EU regulation (EC, 2019). Therefore, partially respondent households are ex-
cluded in the household weighting by criterion i} Some household members may take zero weights
although their corresponding households take positive weights. This would be the case for out-
of-scope members, that is, not being in the population by the reference data, whose correspond-
ing households take positive initial weights. All household members taking positive weights in the
household weighting shall be called eligible household members from now on, unless otherwise
stated. Let M, be the set consisting of eligible household members of household «.

5.2. Integrative calibration

The EU criteria[(A)H(F)|involves both individual and household level conditions that need to be sat-
isfied simultaneously in household weighting. This can be achieved by using integrative calibration
which, in practice, can be implemented in two ways: 1) calibration is applied to household-level data
obtained from aggregating individual-level data, or 2) calibration is applied to individual-level data.
In the latter case, calibration variables related to household-level variables need to be created ap-
propriately. For example, a calibration variable regarding the number of households can be created
at individual level by dividing its value by the number of eligible household members in the corre-
sponding household. This ensures that the sum of such a calibration variable over eligible house-
hold members for a given household becomes equal to the value at household-level. For example,
the sum over the eligible household members will be 0 or 1 for a household-level dummy variable.
For the transformation of household-level variables to individual-level to work for all types of vari-
ables in practice, a dummy variable may be created for each category of categorical variables at
household-level. The first implementation method of integrative calibration provides equal weights
for all eligible household members belonging to the same household. This can be achieved with the
second method, for example, by specifying the stage at which the calibration weights should be con-
stant within sampling units in the “calibrate” function of the survey package in R (Lumley, 2020). This
is applied for household weighting in the NLFS.

The consistency requirements[(E)H(F)|involves yearly average estimates of population totals based
on the whole sample for the year of interest while for conditions population totals or esti-
mates of these totals may be used in the calibration. Besides, requirements|(B)H(F) are related to
variables defined at different levels, individual or household. Therefore, we shall divide the auxiliary
variables into three types depending on the level they are defined at and whether population totals
or estimated population totals of individual-level variables are used in the calibration constraint.

Let x, v and z be the vectors auxiliary variables corresponding to the first, second and third type of
variables, respectively. The last two types contain individual-level variables while the first type in-
clude household-level variables. Suppose that population totals of x are ~ are used in the calibra-
tion constraint whereas estimated population totals of z is considered in the calibration process. Let
v, and z,, be the vectors of household totals for household « that are defined by ~,, = > e, Yiand
Z = Y _icnr Zir FESPeEctively. Since monthly population register data are used in the monthly calibra-
tion, the averages of population totals from monthly register data are used as population totals in
the calibration process. Let X; = 3 x,and T, = >_,_ _ 7. be the vectors of population totals of
variables, respectively, x and 4 for month ¢ of a given calender year, where Q, is the household pop-
ulation for month ¢. Then, the yearly average of population totals can be defined by X = Ziil X;/12

and T = Y;? T/12, respectively.

Yearly household calibration weights w,, are obtained by minimising a chi-square distance function,
like (4.6), under the calibration constraint given by

4
SN wexlvlzl) T =X 020, (5.1)
k=1 ceQ'h,
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where Z is a vector of estimated population totals of z based on the whole sample over the given
year that is defined by

where w* is given by and 8% is defined in Section[4.5 All household members take the same
weight as the corresponding household, that is, w; = w,, foranyi € M, withx € U;_,Q%,. The
individual weights w; also satisfy with the calibration constraint as follows.

4
Y T wi<wl|x:m:7z:>2<xirtzw,

k=1 HGQ;}% €M,

by assuming x is originally defined to be a household-level variable while both 4 and z are originally
defined as individual-level variables. Lower and upper bounds for the ratio between initial and cal-
ibration weights at individual level are set in the calibration process in a similar way as the one de-
scribed in Section[4.4l

5.3. Numerical results

Linear calibration is used to obtain yearly household weights w,. Four models, Model A, Model B,
Model C, Model D, with increasing complexities were compared in terms of point and standard er-
ror estimates for the key household statistics by using data in 2021. The most parsimonious model,
called Model A, is constructed in a way that the EU requirements[(A}{(F) are all satisfied. Model B
includes variables regarding the key household statistics in addition to the variables in Model A.
Models C and D contains all variables in Model B and interactions between some of the existing
variables in Model A. The models are defined as follows where the variables used are described in
Table[AT.3]

Model A = 1/hhsize x hhsizegr (5) + gender + age014
+ gender x agel5T74 x (emply + unemply + out LF)
+ (agel524 + age2534 + age3544 + aged554) x (emply + unemply + out LF')
+ (agebb64 + age6574) x (emply + notemply),

ModelB := Model A variables
+ 1/hhsize x injoblesshh + child017 + child017 x injoblesshh
+ gender x (adult1859 + adult1859 x injoblesshh),

Model C = ModelBvariables
+ gender x (agel524 + age2534 + age3544 + aged554) x (emply + notemply)
+ gender x (age5564 + age6574) x (emply + notemply),

ModelD := Model Bvariables
+ gender x (agel524 + age2534 + age3544) x (emply + unemply + out LF')
+ gender x (aged554 + age5564 + age6574) x (emply + notemply),

where ‘x’ refers to the two-way interactions. Household-level variables, which are considered via

x in the calibration constraint (5.1), are given by 1/hhsize x hhsizegr (5) and 1/hhsize x injoblesshh
in Models A-D. Individual-level variables that are denoted by ~ in the calibration constraint are
those that are added by Model B, except from 1/hhsize x injoblesshh. The rest of the variables in
Models A-D are individual-level variables that are involved in (5.7) via z.
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In the numerical work, variables regarding being child or adult in the Models given above were re-
placed with corresponding proxy variables which were specified by ignoring condition[(C.3)] This

is because of the fact that variables that are required to check this condition were not available in
the sample and population data sets when the numerical work was carried out. Ignoring condition
[(C.3)resulted some of the adults aged 15 — 24 being misclassified as child. However, this would not
change the general conclusions that could be drawn from the numerical results given by Tables[5.1}

In Table variances are underestimated due to the fact that the estimated totals Z were used in
the calibration was ignored in variance estimation. However, assuming the rate of underestimation
does not depend on the models given above, our conclusions regarding efficiency would remain
same. We also assume that additional auxiliary variables given in Model B are highly associated with
the variables of interest corresponding to the parameters in Tables[5.TH5.2] and thus, Models B-D
would provide closer values to the true population values. Given these assumptions, the main ob-
servations based on the results presented in Tables[5.TH5.2] are given as follows.

e Model A underestimates almost all the parameters compared to Models B-D. Specifically, the
differences between the point estimates are remarkable for the number (or proportions) of
men and women aged 18 — 59 in jobless households.

¢ Variance estimates are reduced by at least around 50% by Models B-D compared to Model A,
except for the number of jobless households, where the variance reduction is around 20%.
Hence, more precise estimates are obtained with Models B-D.

o Differences between point and standard error estimates by Models B-D are negligible.

Table 5.1 Point estimates for the key household statistics obtained from data in 2021

Parameter of interest Model A Model B Model C Model D
Number of jobless households (JlessHHs) 899 231 903 768 902 788 902 617
Number of children* aged 0 — 17 in JlessHHs 80453 83244 83 502 83 467
Number of adults* aged 18 — 59 in JlessHHs 281 533 284 973 284832 284 625
Number of men* aged 18 — 59 in JlessHHs 122706 143 414 143 340 142 340
Number of women* aged 18 — 59 in JlessHHs 158 827 141 559 141 491 142 285
Proportion of children* aged 0 — 17 in JlessHHs

among all children* aged 0 — 17 7.85 7.99 8.01 8.01
Proportion of adults* aged 18 — 59 in JlessHHs

among all adults* aged 18 — 59 9.81 9.97 9.96 9.96
Proportion of men* aged 18 — 59 in JlessHHs

among all men* aged 18 — 59 8.50 9.81 9.81 9.75
Proportion of women* aged 18 — 59 in JlessHHs

among all women* aged 18 — 59 11.14 10.14 10.13 10.18

* Child and adult (man, woman) were specified in an adhoc way by ignoring condition|(C.3)} This is due to the lack of
variables, which are required to check this condition, in the survey data when this numerical work was carried out

Table 5.2 Standard error estimates for the key household statistics obtained from data in 2021

Parameter of interest Model A Model B Model C Model D
Number of jobless households (JlessHHs) 16 360 14 633 14 580 14 586
Number of children* aged 0 — 17 in JlessHHs 7338 4538 4518 4574
Number of adults* aged 18 — 59 in JlessHHs 8073 5761 5780 5787
Number of men* aged 18 — 59 in JlessHHs 5961 3967 3970 3914
Number of women* aged 18 — 59 in JlessHHs 6729 3899 3890 3860
Proportion of children* aged 0 — 17 in JlessHHs

among all children* aged 0 — 17 0.710 0.431 0.429 0.434
Proportion of adults* aged 18 — 59 in JlessHHs

among all adults* aged 18 — 59 0.277 0.203 0.204 0.204
Proportion of men* aged 18 — 59 in JlessHHs

among all men* aged 18 — 59 0.394 0.270 0.272 0.268
Proportion of women* aged 18 — 59 in JlessHHs

among all women* aged 18 — 59 0.452 0.278 0.276 0.275

* Child and adult (man, woman) were specified in an adhoc way by ignoring condition|(C.3)} This is due to the lack of
variables, which are required to check this condition, in the survey data when this numerical work was carried out.
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5.4. Final model in household weighting

The numerical results given by Tables[5.TH5.2|clearly show that Models B-D are much better than
Model A in terms of accuracy for the key household-level statistics considered in the numerical work.
Since Models C and D do not substantially provide better results than Model B, and also, they are
more complex than Model B which may lead to less robust estimates over time especially when the
calibration cells become small due to missing observations, it was decided to use Model B in the cal-
culation of yearly household weights for the NLFS.

Some changes were applied in Model B starting from 2022 due to the same reasons for changes
made in the calibration model for individual weighting for those outside of 15 — 74 (see Section [4.4).
The age group 75+ was further divided into two groups as 75 — 89 and 90+. Besides, interactions
with gender as well as employment status were added to Model B. Hence, the final model which has
been used since 2022 is given as follows where changes are highlighted with bold font.

Model BY™) .= 1 /hhsize x hhsizegr (5) + gender + age014
+ gender x (age7589 + age90plus)
+ gender x agel574 x (emply + unemply + out LF')
+ (agel524 + age2534 + age3544 + aged554) x (emply + unemply + out LF')
+ (agebb64 + age6574) x (emply + notemply) + age7589 x emply
+ 1/hhsize x injoblesshh + child017 + child017 X injoblesshh
+ gender x (adult1859 + adult1859 x injoblesshh).

Weighting program was written in statistical software R (R Core Team, 2021). The calibration proce-
dure for household weighting is implemented by using the R package “survey”(Lumley, 2020).

6. Conclusion

The revision made in the weighting methodology of the NLFS in 2018 was remarkable in the sense
that a model-calibration approach was introduced to be implemented for the production of labour
market statistics for the first time in the history of the NLFS. To the best of our knowledge, there is
no any other statistical office that has used model-calibration approach for the production of its
LFS statistics. Although the theory of model-calibration approach is first developed by Wu and Sit-
ter (2001), we see an earlier application of logistic generalised difference estimator on the Finnish
labour force survey (Lehtonen and Veijanen, 1998) which is similar to model-calibration in the sense
that the relationship between the outcome variable y and model covariates is determined by a lo-
gistic model rather than being limited to a linear model. This revision was made as a result of an
empirical investigation (Oguz-Alper, 2018) following the availability of many and good quality of reg-
ister based variables that could be used as auxiliary variables for the NLFS.

The revision made in 2021 described in this document is the second revision in the weighting method-
ology of the NLFS in the last decade. The main weighting methodology was not changed in these
sense that the model-calibration approach with the same auxiliary variables (see Section[4.4) is still
used for the age group 15 — 74. However, significant changes occurred in the calculation of selection
probabilities and initial weights due to the new sampling design that was gradually phased in quar-
ter by quarter, changes in the data structure and the new weighting requirements by the new EU
legislation (EC, 2019). A linear calibration method was introduced for those within age groups 0 — 14
and 75+. An integrative calibration approach has been used for the calculation of yearly household
weights for the first time in the history of the NLFS. Previously, the naive method was used for the
calculation of family weights by taking the average of individual weights within families. Besides,
some auxiliary variables, being highly associated with the key annual household statistics, were
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taken into account in the construction of the calibration model for household weighting (see Section
5.3) in order to increase the accuracy of these statistics.

A future revision in the current weighting methodology might be considered by transforming the
current calibration procedure to wave-specific calibration which will allow to estimate wave-specific
sampling errors that could be used in the production of seasonally adjusted monthly series (e.g.
Hamre et al., 2022). Besides, there is a project ongoing to implement a mixed-mode data collec-
tion method for the NLFS. In this regard, wave-specific calibration might be especially useful when
dealing with possible mode effects that might be caused when the data collection method varies
among waves. However, it is currently infeasible to apply a wave-specific calibration with the cali-
bration model used for the age group 15 — 74 due to empty or very small calibration cells for
monthly wave-based data. To deal with this problem, one may implement a wave-specific calibra-
tion by using quarterly data instead of monthly data, so that the number of sample observations
used in the calibration will increase although this may not guarantee to have sufficient number of
observations for all waves, especially for later waves such as waves 5 — 8. In case this is a feasible so-
lution, a separate calibration procedure with a simplified model, possibly with less number of vari-
ables, needs to be applied to monthly data in order to produce monthly weights. With such a pro-
cedure, quarterly weights will not be a simple function (4.76) of monthly weights, unlike the current
methodology, which allows a linear aggregation of monthly total estimates to obtain quarterly total
estimates. Thus, if consistency between monthly and quarterly estimates, not seasonally adjusted,
is desired for specific statistics over specific domains, this needs to be taken into account in the con-
struction of calibration model for the production of quarterly weights. As a conclusion, an empirical
study may be considered as a future investigation to evaluate the advantages and disadvantages of
transition to a wave-specific calibration as well as the feasibility of such a procedure given a set of
requirements.
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Appendix: Tables and Figures

Table A1.1 The ratios between the within-stratum sampling fractions and the overall sampling fraction for
family-sampling. Used from the second quarter of 2020 to the fourth quarter of 2020

Region code Region name County code County name Ratio
01 Oslo and Viken 03 Oslo 0.871
30 Viken 0.934

02 Innlandet 34 Innlandet 1.187
03 Agder and Sgr-@stlandet 38 Vestfold and Telemark 1.000
42 Agder 1.187

04 Vestlandet (K Rogaland 1.000
15 Mgre and Romsdal 1.000

46 Vestland 0.963

05 Trendelag 50 Trendelag 1.000
06 Nord-Norge 18 Nordland 1.000
54 Troms and Finnmark 1.265

Source: An internal unpublished report (in Norwegian) titled “Justering av utvalgsplan for AKU i 2020" that was written by
Jorn-lvar Hamre, Senior Adviser, Division of Methodology, Statistics Norway.

Figure A1.1 An example of the panel structure of the NLFS from 2020 to 2022

2020 2021 2022
Q1 ) Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
w8
W7 wsa
W6 W7 w8
W5 W6 W7 w8
W4 W5 Weé W7 w8
W3 W4 W5 W6 W7 w8
w2 W3 W4 W5 Wé W7 we
wi1 w2 W3 W4 W5 We W7 w8
W1 w2 W3 W4 W5 Weé W7 ws
w1 w2 W3 w4 W5 W6 w7 w8
w1 W2 + HH w3 W4 W5 we w7 W8
NEW1 NEW2 +HH  NEW3 NEW4 NEWS NEW6 NEW?7 NEWS8
NEW1 NEW2 +HH  NEW3 NEW4 NEWS5 NEWS NEW7
NEW1 NEW2 +HH| NEW3 NEW4 NEWS5 NEW6
NEW1 NEW2 +HH  NEW3 NEW4 NEWS
NEW1 NEW2 +HH  NEW3 NEW4
NEW1 NEW2 +HH  NEW3
NEW1 NEW2 + HH
NEW1

Source: Jgrn-lvar Hamre, Senior Advisor, Division of Methodology, Statistics Norway.

Q: quarter; W: wave; HH: collection of household data from all household members; Yellow colour: family sampling and re-
gional classification used between 2018 and the first quarter of 2020; Blue colour: family sampling and regional classification
used between the second and the fourth quarters of 2020; Green colour (or NEW): person sampling and regional classifica-
tion used since 2021.
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Table A1.2 Descriptions of the variables used in individual weighting

Variable Label Categories
Gender gender male, female
Age age (2) 15-59, 60-74
age (3) 15-24, 25-54, 55-74
age (8) 15-17, 18-19, 20-24, 25-39, 40-54, 55-61, 62-66, 67-74
age (11) five-year age groups from 15 to 64, and 65-74
age (12) five-year age groups from 15 to 74
age (13) 15-17, 18-19 and five-year age groups from 20 to 74
age014 1: if age < 14, and 0: otherwise
age75plus 1: if age > 75, and 0: otherwise
age7589 1:if 75 < age < 89, and 0: otherwise
age90plus 1: if age > 90, and 0: otherwise
Register based employment status regemp (2) employed, not employed
regemp (4) full-time employed, part-time employed, self-employed, others
regemp (7) full-time employed, part-time employed, self-employed,

unemployed for 90 days or less, unemployed for more than
90 days, permanently disabled, outside of labour force

NUTS I region (6) Oslo and Viken, Innlandet, Agder and Ser-@stlandet, Vestlandet,
Trendelag, Nord-Norge
NUTS I county (11) Oslo, Rogaland, Mgre and Romsdal, Nordland, Viken, Innlandet,

Vestfold and Telemark, Agder, Vestland, Trendelag,
Troms and Finnmark

Education education (3) 1: upper secondary school: 2: higher education;
3: primary school or others
Marital status marstat (2) 2: married or registered partner; 1: others
Household size hhsize (3) 1: one person; 2: two persons ; 3: three or more persons
Country of origin! country (3) 0: not immigrants; 1: immigrants coming from the EEA

(The European Economic Area), USA, New Zealand,
Canada and Australia;
2: immigrants coming from other countries or stateless

Scheme? scheme (3) 2: unemployed, ordinary scheme participant, salary subsidies,
skill-training scheme, temporary employment scheme and
other ordinary schemes; 3: occupationally handicapped or
reduced working capacity in scheme and not in scheme; 1: others

! Derived based on a register variable providing country background back to three generations and a register variable indicating
immigration status.
2 More information about scheme can be found here: About scheme participants. [Online; last accessed 1 October 2023].

Table A1.3 Descriptions of the variables used in household weighting

Variable Label Description/Categories

Gender gender male, female

Age age014 1: if age < 14, and 0: otherwise
age1574 1:if 15 < age < 74, and 0: otherwise
age1524 1:if 15 < age < 24, and 0: otherwise
age2534 1:if 25 < age < 34, and 0: otherwise
age3544 1:if 35 < age < 44, and 0: otherwise
age4554 1:if 45 < age < 54, and 0: otherwise
age5564 1:if 55 < age < 64, and 0: otherwise
age6574 1:if 65 < age < 74, and 0: otherwise
age7589 1:if 75 < age < 89, and 0: otherwise
age75plus 1: if age > 75, and 0: otherwise
age90plus 1:if age > 90, and 0: otherwise

Register based employment status emply 1: if employed, and 0: otherwise
unemply 1: if unemployed, and 0: otherwise
OUtLF 1: if out of labour force, and 0: otherwise
notemply 1: if not employed, and 0: otherwise

Maturity! & age childo17 1: if child aged 0 — 17, and 0: otherwise
adult1859 1: if adult aged 18 — 59, and 0: otherwise

Household size hhsize Number of eligible household members
hhsizegr (5) Five household size groups: 1,2, 3,4 or 5+

Jobless household injoblesshh 1: if member of a jobless household, and 0: otherwise

I Maturity is defined according to the conditions given in SectionE} For the numerical work presented in Section[5;3] condition|(C.3)
was ignored in the determination of maturity due to the lack of variables in survey and register data at the time when the numerical
work was carried out.
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