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The Latvian Labour Force Survey (LFS) has been organised since 1995 by the Central
Statistical Bureau of Latvia (CSB). It has been redesigned several times since then. The last
redesign was done for LFS 2010.The first section of the paper presents a retrospective view on
redesigning the LFS. The second section of the paper describes self-rotating sampling design
used in LFS and some other aspects of redesigning the survey.
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1. History of the Latvian Labour Force Survey

1.1. Labour Force Survey 1995–2001

The Latvian LFS was conducted for the first time in November 1995 (Lapins 1997). It has

been organised as a biannual survey since then, conducted in May and November. The

survey was designed with a rotating panel. The sampling units (dwellings) were sampled

for three succeeding surveys. Each time one-third of the sampling units were selected for

the first time, one-third for the second time and one-third for the third time. Different

sampling frames and designs were used for urban and rural areas. This design was used for

the period 1995–2001.

1.2. Labour Force Survey 2002–2006

In 2000 the work was started on redesigning the LFS (Lapins et al. 2002). The main targets

of redesigning were:

. Production of more frequent estimates – quarterly estimates;

. Running the LFS as a continuous survey;

. Introduction of effective estimators for sampling errors.

It is important to mention the Latvian Population Census conducted in 2000. There was

information available to build a better sampling frame for household surveys after the

census. The census-counting areas were developed to organise the work for interviewers

during the census. The territory of Latvia was split into approximately 4,300 census-

counting areas. Census-counting areas are compact geographical areas with average size

approximately 200 dwellings. The variation of the size of census-counting areas was lower
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than that of any other administrative areas. The decision was made to use the census-

counting areas as primary sampling units for the LFS.

A two-stage sampling design was developed for the LFS. Stratified systematic pps

sampling (Särndal et al. 1992) of the census-counting areas was used for the first stage.

Fixed size simple random sampling of dwellings was used for the second stage.

Households living in the sampled dwellings were selected for the survey. All persons aged

15–74 from the sampled household were interviewed. The two-stage sampling design was

used to minimise the cost of the fieldwork. The design effect resulting from two-stage

sampling was kept low by the high number of areas in the sample.

Primary sampling units (PSUs) – census-counting areas – were used as response

homogeneity groups for nonresponse correction. Post-stratification with auxiliary informa-

tion was used to get the final weights. One-step post-stratification was used for quarterly

estimates. Population statistics split by strata, age groups and sex were used as auxiliary

information for post-stratification. Iterative (three-step) post-stratification was used for

yearly estimates. Population statistics split by strata, age groups and sex were used as

auxiliary information for the first step. Population statistics split by administrative districts

were used as auxiliary information for the second step. Population statistics split by

strata, age groups and sex were used again as auxiliary information for the final step of

post-stratification. A generalised regression estimator was introduced later to replace

post-stratification. Sampling errors were estimated using re-sampling variance estimation

methods – Jackknife and dependent random group method.

1.3. Labour Force Survey 2007–2009

The Ministry of Economics came out with an informative report (2006) with proposals

concerning how to improve the procedures of collection, accumulation and sharing of

information for labour market forecasting. One of the proposals was to increase the

number of respondents of the yearly LFS from 25 thousand to 60 thousand by increasing

the sample size of the LFS starting from 2007. The main reason for this proposal was to

get more precise estimates of employed and unemployed persons in a breakdown by

regions, sex and age groups in cross-tabulation. Extra financial support was asked for

to achieve this target. The Cabinet gave its approval to the proposal about the increasing

of the LFS sample size.

The significant increase of sample size (2.4 times) was the main reason for redesigning

the survey. Changing the rotation scheme from 12 ð1Þ2 12 ð1Þ2 1 to 22 ð2Þ2 2 was

another important change of LFS design. The scheme 12 ð1Þ2 12 ð1Þ2 1 was used

when the LFS was a biannual survey. The same rotation was used also when the LFS was

redesigned as continuous survey. The scheme 12 ð1Þ2 12 ð1Þ2 1 is good for yearly

change estimators. It provides 50% overlap of two consecutive yearly samples. It does

not provide any benefits for quarterly change estimators because there is no overlap for

two consecutive quarterly samples. The scheme 22 ð2Þ2 2 is much better from this point

of view. It provides 50% overlap of two consecutive quarterly samples. It still provides

overlap of two consecutive yearly samples (approximately 56%, 9/16 to be precise).

We have to remember that this is theoretical overlap. Real sample overlap will be reduced

for example by nonresponse and attrition.

Official Statistics in Honour of Daniel Thorburn194



2. Labour Force Survey 2010

The main reason for redesigning LFS 2010 was to update the sampling frame for the

first-stage sample. The list of census-counting areas is used as sampling frame for the first-

stage sample. The list has not been updated since the population census 2000. A study was

done to analyse the coverage of the first stage sampling frame. The over-coverage was

estimated at 1.4% and under-coverage at 2.2% for the PSU sampling frame. The study

showed that the size of the PSUs is outdated. The largest differences were found in rural

areas and the capital city – Riga. The decision was made to update the PSU sampling

frame by use of the latest information available.

2.1. Data for the Sampling Frame

There is the Population Register in Latvia.2 CSB receives the data from it. The data are

received in different formats:

. There is an online access to the register – mainly used for data checking;

. There are data received monthly – mainly used for demographic statistics and

sampling.

The data from the register are kept, edited and matched with other information in the

system developed by CSB for processing the Population Register data. I will refer to this

system as the Statistical Register of Households (it is not the official name of the system).

The basic information unit in the data is the person. Persons are merged to construct

dwellings. Persons are merged by declared residential address or other information.

Dwellings are sampling units for most of the household surveys organised by CSB.

Dwellings are merged to construct census-counting areas – PSUs for the household

surveys.

2.2. PSU Sampling Frame

The first task was to update the sampling frame of the PSUs, in our case census-counting

areas. The following changes were made:

. There are dwellings in the Statistical Register of Households not matched to any

census-counting area. There are 2.1% such dwellings in total (4.1% in rural areas).

Previously those dwellings were not included in the sampling frame. They corre-

sponded to under-coverage.
* The State Land Service of the Republic of Latvia3 is an institution that holds

information about all buildings in Latvia. The information about the buildings

includes their geographical coordinates. This information is available to CSB.

Geographical coordinates were used to match dwellings to PSUs. The coordinates

for some buildings are not known in rare cases. Coordinates of streets, parishes

or other area units were used in those cases. All dwellings are matched to PSUs

at the end.

2 http://www.pmlp.gov.lv/en/pakalpojumi/izcelosana.html
3 http://www.vzd.gov.lv/?lang=ENG
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. The size of PSUs was recalculated. The size was defined as number of private

dwellings in the area. There are some rural areas where addresses of dwellings are not

defined. The registered address of such dwellings is the name of the parish or other

area. Such imprecisely defined addresses can contain many dwellings and persons.

A new algorithm was created to approximately define dwellings based on the

surname and identifier of farm.

. PSUs were reordered in serpentine order. There was a reform of administrative

areas in Latvia. So PSUswere arranged according to the new administrative areas. The

ordering of the areas was done in each stratum separately. The areas were ordered so

that geographically close ones next to each other in the serpentine order. The areas

form closed serpentine. Census-counting areas ordered in serpentine order are shown

in the Figure 1 (geographical coordinate system LKS92 is used in the picture).

. The size of some PSUs was too small – there were not enough addresses to be

selected for the sample. For each stratum the minimum size of PSU was defined.

The PSUs not achieving the minimum size were merged with other PSUs from the

same area.
* Geographical coordinates were computed for the centre of each PSU. The centre is

defined by the location of dwellings in area. If the area was too small it was merged

with the closest area of the same territorial unit. The closest area was defined by the

shortest distance between centres of areas.

2.3. PSU Sampling

2.3.1. The Rotation of Dwellings and Areas

We have to implement rotation scheme 22 ð2Þ2 2 for dwellings. We have introduced a

different rotation scheme for areas. They will be sampled for eight consecutive quarters.

The scheme is defined in Figure 2.
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Fig. 1. The serpentine of PSUs in rural areas
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Each square in Figure 2 represents a quarter. The area is sampled for eight consecutive

quarters. Two different samples of dwellings (non-overlapping) are selected in the area.

The first sample of dwellings is used in the 1st, 2nd, 5th and 6th quarters (grey squares). The

second sample of dwellings is used in the 3rd, 4th, 7th and 8th quarters (white squares).

The desired LFS rotation scheme 22 ð2Þ2 2 is realised for both samples of dwellings.

2.3.2. The Sampling of Areas

A stratified systematic pps sampling design is used to select areas. There are four strata.

The strata are defined by urbanisation level:

. Riga – the capital city of Latvia;

. Cities under state jurisdiction excluding Riga (the area of these cities is not included

in the territory of administrative districts). There are eight such cities. Before there

were six. This is another small change to the new design;

. All other cities and towns (68 in total);

. Rural areas (512 in total).

Within a quarter a separate sample of areas is selected each week because of the

continuous survey design. The weekly sample size of areas is eight in the first stratum

(Riga), 16 in all other strata.

Assume we have ordered all PSUs from one stratum on a circle. PSUs are ordered in

serpentine order as described before. Assume the length of the circle equal to unity for the

sake of clarity. The circle will represent the dwelling population. Assume all dwellings of

the stratum population are placed evenly on the circle – the equal-sized arcs of the circle

represent the individual dwellings. If we put a point on the circle we have selected one

dwelling – and by selecting a dwelling we have selected a PSU.

We draw an octagon in the circle. Clearly the octagon divides the circle into eight arcs.

Seven arcs are taken with equal length ð1þ dhÞ=8 and one arc with length ð12 7dhÞ=8,

where dh is a constant for each stratum h is an index of stratum h ¼ {1; 2; 3; 4}.

The statistician can choose the value of dh freely. But it is reasonable to choose

dh . 1=max iðNhiÞ, where Nhi is the size of PSU i in stratum h. The number of dwellings

in the PSU defines its size. We call dh the sampling displacement. Clearly

7�ð1þ dhÞ=8þ ð12 7dhÞ=8 ¼ 1. The eight vertices of the octagon are shown in Figure 3.

To select the necessary number of areas in a weekly sample we need one octagon

in stratum “Riga” (sample size 8) and two octagons in each of the other strata (sample

size 16).

Let að j h k i Þ denote a point on the circle, where j is the index of a week, h is the

index of a stratum, k is the index of an octagon and i is the index of a vertex. The first point

on the circle is selected randomly: að 1 h 1 1 Þ ¼ jh, where jh is distributed uniformly

in interval (0,1). This point will define a PSU sampled for the eighth time. The next point is

computed as að 1 h 1 2 Þ ¼ ðjh þ ð1þ dhÞ=8Þmod 1, and this point will select a

1 2 1 2 3 34 4

Fig. 2. Schema of rotation of Dwellings in a sampled area
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PSU sampled for the seventh time4. All vertices of the octagon can be computed by

að 1 h 1 i Þ ¼ ðjh þ ði 2 1Þð1þ dhÞ=8Þmod 1. The selection time of an area can be

computed as Rði Þ ¼ 92 i.

The numbers attached to the objects (1–8) represent selection time of PSU in a sample.

Two nonoverlapping samples of dwellings are selected in each PSU. The circles represent

the first sample of dwellings; the squares represent the second sample.

The number of areas currently selected is enough for stratum “Riga” for the weekly

sample. We need eight more areas for all the other strata. To get more areas we will rotate

the current octagon by the length of arc equal to 9/16.

The circles and the squares represent the first octagon; the crosses and the triangles

represent the second octagon (Figure 4).

All 16 PSUs selected in the sample can be computed by (only the first eight points are

used in Riga):
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Fig. 3. The first octagon

4 By (a) mod1 I refer to the fractional part of a number a.
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All dots used for the first-week sample can be computed by að1 h k iÞ

¼ðjhþBk=16þði21Þ�ð1þdhÞ=8Þmod1, where h[{1;2;3;4} (the index of a stratum),

k[
{1} h[{1}

{1;2} h[{2;3;4}

(
ðthe index of an octagonÞ

B2¼9 and i[1;8 (the index of a vertex).

Sampling step Dh ¼ qh=13þ ð1þ dhÞ=ð8�13Þ is computed to select PSUs for the next

weeks, where qh is an integer representing the “speed” of rotation. Now we can compute

the position for each point on the circle by

að j h k i Þ ¼ jh þ
Bk

16
þ ði 2 1Þ�

1þ dh

8
þ ð j 2 1Þ

qh
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One can verify that að j h k 8 Þ ¼ að j þ 13 h k 7 Þ. It means the 7th vertex of the

octagon is placed in the same position where the 8th vertex was placed 13 weeks ago.

Moreover, the expression að j þ 13ðl 2 1Þ h k 92 l Þ has the same value for all

l ¼ 1; 8. It means that if we compare the placement of the octagon in week j and week

j þ 13 the positions of seven vertices will coincide (the eighth vertex will be shifted by dh).

In other words, if some PSU is included in the sample for the first time in some week then

it will be included in the sample again 13, 26, 39,: : : and 91 weeks later.

Direct calculations show that að j þ 104 h k i Þ ¼ ðað j h k i Þ þ dhÞmod 1.

It means that if some PSU has been included in the sample eight times (with intervals of

13 weeks) then it will not be sampled the ninth time (after 104 weeks from its first

selection) since the corresponding vertex of the octagon will be in the position shifted by

dh from its initial position.
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Fig. 4. The first and the second octagon
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2.3.3. The Rotation Speed

The areas are selected close to each other if qh ¼ 0 over time. There is an example of areas

sampled during 13 weeks if qh ¼ 0 (Figures 5–7).

The different shapes of the objects in the graphs represent each vertex of the octagon.

Areas are selected systematically close to each other. This is not reasonable for several

reasons:

. Themonthly sample is not evenly distributed over the population. Although we do not

publish monthly estimates yet, it would increase variability also for quarterly

estimates. The quarterly measure of the population is an average of 13 weekly

populationmeasurements by LFSmethodology. Intuitively wewould getmore precise

quarterly estimates if monthly samples were evenly distributed over the population;

. The sample (excluding stratum “Riga”) could result in an uneven workload for

interviewers over time. If sampled units for two consecutive weeks are

geographically close it could result in a high workload during a short time period.

It is advisable to choose qh . 0. It is not worth taking qh $ 13, because only the fractional

part of qh/13 influences the position of the point on the circle. So it is advisable to choose

qh as qh [ { 1; 2; : : : ; 12 }. There are 12 possible designs to choose from.

2.3.4. The Optimisation of the PSU Sampling Design

The following criteria can be defined to optimise the sampling design:

. Even distribution of PSUs over population (for monthly samples);

. Minimal selection of the same area multiple times (counting only the first time of

selection) during different periods;
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Fig. 5. The sample at two weeks
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. Minimal overlap between old and new samples. By old sample I refer to PSUs

sampled for the first time in 2008 or 2009 and still used in 2010 or 2011 (sampled

by previous sample design). By new sample I refer to PSUs sampled for the first

time in 2010 and afterwards (sampled by new sample design).
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Fig. 6. The sample at three weeks
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Fig. 7. The sample at thirteen weeks
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It is difficult to fulfil all the criteria. Some kind of prioritisation has to be done for them.

There are two design parameters for optimisation qh and dh.

2.3.5. The Implementation of the PSU Sample

To define the sample:

. jh has to be drawn for each stratum. Although theoretically it would be best to

choose jh independently, practically it could be reasonable to choose jh dependently

in some cases. For example it would be advisable to choose j4 ¼ ðj3 þ aÞmod 1,

where a is an appropriate step. For example a ¼ 1=32. We have 16 points selected on

the circle and we do not want overlapping of those points. It is because the same

interviewers are working in strata 3 and 4. So it would be good to negatively

coordinate samples in strata 3 and 4 so there is not an overlap during one or two

weeks. j1, j2 and j3 can be chosen independently;

. Optimal qh and dh have to be selected for each stratum. To find optimal values for qh

and dh I have tested 260 different pairs of values for both parameters: 13 values for

qh [ ½0; 1; : : :; 12� and 20 values for

dh [
10

10maxi Nhið Þ
;

11

10maxi Nhið Þ
; : : :;

29

10maxi Nhið Þ

" #
:

The values for parameters qh and dh selected as optimal are shown in Table 1;

. að j h k i Þ can be computed for any time period (for example 5 years);

. To select PSUs we have to compute bð j h k i Þ ¼ að j h k i ÞNh, where Nh is

the number of dwellings in each stratum;

. PSUs are selected according to the numbers bð j h k i Þ using cumulative total

method;

. Fixed size simple random sampling of dwellings is done in each PSU sampled for

the first or the third time.

2.4. The Results

We have constructed self-rotating sampling design. By a self-rotating sampling design is

meant that the rotation of sampling units is fully integrated in the design. There is no need

for any extra coordination (positive or negative) to ensure good rotation of sampling units.

The main benefits of the sampling design are the following:

. Easy management of the sample. We can select areas a long time in advance. There is

no need for extra coordination of sampling units between sampling waves or time

periods;

Table 1. The optimal values for design parameters

Stratum qh dh

1 6 .00169
2 2 .00283
3 7 .00210
4 11 .00288
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. It is a self-weighting design. The design implemented can be approximated to the

two-stage sampling design – with stratified pps sampling at the first stage and fixed

size simple random sampling at the second stage;

. Possibility to use simple methods for calculating approximate variance estimates –

for example using dependent random groups method (Särndal et al. 1992);

. It is easy to coordinate several continuous household surveys – currently the PSU

sample selected for the LFS is used also for the Household Budget Survey and the

Survey of Domestic Travellers. It allows achieving a significant reduction of total

expenses of those three surveys.

. The PSU sample selected for the LFSs can be used also for some ad-hoc household

surveys.

3. Conclusions

We have found that the two-stage sampling design is more effective than the single-stage

sampling design – efficiency measured by cost and precision. The self-rotating sampling

design was introduced in the LFS 2002. The design has been found useful and easy to

manage. So it has been used since then with some improvements and adjustments to

comply with the rotation scheme used in the survey design.
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