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Abstract 

This paper examines the use of auxiliary information both at the sampling stage and at the 

estimation stage in a complex rotating panel design. Empirical results are based on real data from 

the Finnish Labour Force Survey (LFS). The motivation for this study comes from the auditing 

process conducted in 2011 (auditing of the Finnish LFS production system) and recent articles. 

Many articles evaluate the use of registers as auxiliary information in survey-based statistics and 

the selection of ”best auxiliary variables” (see e.g. Särndal & Lundström, 2010). The use of 

several auxiliary information (e.g. administrative registers and published official statistics) both at 

the sampling stage and at the estimation stage in official statistics production are also discussed by 

Lehtonen & Djerf (2008) and Fuller (2009). Furthermore Särndal (2007) consider successful 

application of the use of auxiliary information at the estimation stage in a complex rotating panel 

design, which part of the information coming from the survey results in previous wave. 
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1 Introduction 

This paper examines the use of auxiliary information both at the sampling stage and at the estimation stage in 

a complex rotating panel design. Empirical results are based on real data from the Finnish Labour Force 

Survey (LFS). The motivation for this study comes from the auditing process conducted in 2011 (auditing of 

the Finnish LFS production system) and recent articles. Many articles evaluate the use of registers as 

auxiliary information in survey-based statistics and the selection of ”best auxiliary variables” (see e.g. 

Särndal & Lundström, 2010). The use of several auxiliary information (e.g. administrative registers and 

published official statistics) both at the sampling stage and at the estimation stage in official statistics 

production are also discussed by Lehtonen & Djerf (2008) and Fuller (2009). Furthermore Särndal (2007) 

consider successful application of the use of auxiliary information at the estimation stage in a complex 

rotating panel design, which part of the information coming from the survey results in previous wave. 

The target population of the Finnish LFS is persons aged 15 to 74, including foreign workers, citizens 

temporarily abroad, members of the armed forces, non-resident citizens, and unsettled and institutional 

population. The sample size is approximately 12,000 individuals each month divided into five waves and 

four or five reference weeks. The monthly sample is allocated so that the weekly sample sizes are equal in 

each wave. The reference quarters and years are groups of 13 or 52 consecutive weeks. The survey is 

repeated over time with partially overlapping samples. Each person will be included five times during 15 

months. The rotation pattern in the LFS can be described as follows 1-2-1-2-1-5-1-2-1. In the first month, an 



individual is in the panel in wave one and after a two-month break, he/she will be included in the interview 

in the second wave, and so on. The lag between the interviews is three months except for one occasion, when 

it is six months. The design of the LFS ensures the independence of the monthly samples in each three-

month period, i.e. a sample for a quarter consists of separate monthly samples. Each sampled person is 

included once per quarter. This simplifies the estimation of quarterly figures. In the LFS the sample size is 

36,000 persons per quarter. There is dependence between successive quarters; the overlap from one quarter 

to the next is 3/5. There is also a 2/5 overlap between two consecutive years.  

2 Sampling stage 

The sampling design used in LFS is stratified systematic sampling of elements. The population of individuals 

is divided into strata. The strata are formed according to NUTS-1 regions (Mainland Finland and The 

Autonomous Territory of the Åland Islands). In each stratum systematic random selection is applied to the 

frame sorted according to the domicile code which yields implicit geographic stratification. For estimation 

purposes, the sampling design is approximated by simple random sampling without replacement 

(SRSWOR). So far no indication of selection bias due to systematic sampling has been encountered. 

Systematic sampling can be carried out for example with the SAS procedure SURVEYSELECT.  

The sampling frame is based on the database of the total population maintained by Statistics Finland. It is 

based on the Population Information System of The Population Register Centre and updated regularly. The 

Finnish system of registers is quite up-to date, especially in register data on individual persons. The updating 

delay is normally less than one month. The database of the total population is the primary source for 

information on the population of Finland and it provides the basic information for LFS in both the sampling 

and estimation stage (gender, age and region). Matching key is PIN. 

3 Estimation stage 

The current generalised regression (GREG) estimation method was introduced in 1997 and it utilises 
auxiliary information in the estimation stage (e.g. register data on unemployment). The use of such auxiliary 

data significantly improved estimates on unemployment by reducing sampling errors and non-response bias 

(Djerf, 1997). The “register-based job-seeker status” taken from a register maintained by The Ministry of 

Employment and the Economy’s. This register indicator is classified in different categories e.g. according to 
the duration of unemployment in the register. 

Denote the finite population by U = 1,…, k,…, N. A sample s U  of size n is drawn by a sampling design 

p(s) with inclusion probabilities k, kU. Under SRSWOR, the inclusion probabilities are k = n/N. The 

design weight of unit k is ak = 1/k = N/n. Denote by y the variable of interest and by yk its value for unit k.  

In the Finnish LFS, post-stratification is used to improve the precision of estimation. The H = 252 post-strata 

are constructed by sex (2 classes), age group (6 groups) and region (21 regions). Let nh be the number of 

sampled units in post-stratum h, so 
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There is also missingness due to unit non-response. The weight adjusted for non-response is 

hhhhhhkkk mNmnnNd /)/()/()ˆ/(1    for element k in post-stratum h, where mh is the number of 

responding units in post-stratum h and hhk nm /ˆ   is the estimated response probability for element k in 

post-stratum h. The weights kd  adjusted for non-response are calibrated using the available auxiliary 

information. The GREG estimator with linear fixed-effects assisting model is a special case of the calibration 

estimator (e.g. Särndal, Swensson and Wretman 1992).  

As Deville and Särndal (1992 and 1993) show, the GREG estimator of a population total  U ky yt can be 
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The known auxiliary totals, called control totals, are   xJxjx ttt ,...,...,1xt  and   xJxjx ttt ˆ,...ˆ,...,ˆˆ
1xt is a 

vector of estimates of the elements in xt . The auxiliary information vector is defined as 

) ... , ,...,( 1
 Jkjkkk xxxx  and qk is a known constant (usually set equal to one). The calibration property assures 

that ˆ  gr

k k kr U
w   x xt x x t . In the Finnish LFS the auxiliary information vector is defined by four 

auxiliary variables taken from administrative registers: 1x  = sex (2 classes), 2x  = age (12 groups), 

3x  = region (21 regions), 4x  = employment status in job-seeker register (8 classes).  

We used a linear distance function in the calibration procedure, available in CLAN, a program developed by 

Statistics Sweden for calibration and GREG estimation. Variance estimation in CLAN is based on GREG 

estimation. For variance estimation we need the residuals Bye kkk
ˆ'

x , where  
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The variance estimator of ygrt̂  under SRSWOR is given by  
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where hr  denotes the respondent set in post-stratum h. 

3 Some remarks on the use of auxiliary information 

3.1 Audit findings, questions and conclusions 

We present a summary of some audit findings, questions and conclusions concerning the use of auxiliary 

information. 

1) In the Finnish LFS it is not possible to obtain unbiased estimates on unemployment without using proper 

auxiliary information. 

2) The use of job seeker register data as auxiliary information reduced the gap between the two official 

unemployment figures. 

3) Finland belongs to the so-called register countries. Is there more potential auxiliary information available? 

4) During the recent decade the non-response rate in Finnish LFS has increased by close to 25 percent. Many 

articles discuss non-response adjustment. How to select the best and powerful auxiliary information? 

5) The use of job seeker register data as auxiliary information improved the precision of unemployment 

estimates. 



6) The regression composite (RC) estimator extends the GREG estimator by using information from the 

previous wave in a similar manner as the standard GREG estimator uses auxiliary variables. Since 2000, the 

RC estimator has been successfully used in the Canadian LFS by Gambino et al. (2001) . We have compared 

the RC estimator to the GREG estimator in the Finnish LFS real data by Salonen (2007). The results are well 

comparable with results reported from other countries (Chen & Liu, 2002). 
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