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Abstract  

The Norwegian Labour Force Survey is a continuous, rotating panel, sample survey. At Statistics Norway there is ongoing work on how to improve the quality of the estimates, especially with focus on nonresponse. This paper will discuss imputation methodology related to this work and alternative estimates of the unemployment rate will be presented.  Four important questions are: Which register variables to include in the modelling? Can available paradata be utilised? Can earlier answers be utilised? Do we need to assume missing-at-random? 
Introduction

The Norwegian Labour Force Survey (LFS) is a continuous, rotating panel, sample survey. The sample size is approximately 24,000 individuals each quarter. The sampling frame is registered families of residents between 15 and 74 years old. The sample design is a one-stage cluster sampling where every family member is included in the sample. Each person is interviewed once every quarter for eight consecutive quarters. Oversampling of some sparsely populated regions (counties), results in a slight variation of selection probability. 

Weighting and seasonally adjustments are based on monthly subsamples. Three successive months represent a complete non-overlapping sample. It is therefore natural to illustrate data by using three months moving averages.
The net sample is weighted according to a calibration procedure which is based on 96 strata and 19 counties. The 96 strata are formed from sex (2), age groups (12) and grouping according to the register of employees (4).
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The unemployment rate is calculated from separate estimates of employed and unemployed.  At the end of 2012 this unemployment rate increased substantially. At the same time the number of registered unemployed was very stable. Seasonally adjusted versions of both rates are plotted in Figure 1. On this figure the number of registered unemployed includes persons at labour market programs (the numbers are then on the same level). 
An alternative to today’s weighting of the net sample is a two-step approach:
Step 1: From net sample to gross sample: Impute non-responders by using a logistic regression model.

Step 2: From gross sample to population: Use weights similar to today’s method. 

When the variable of interest is binary, ordinary imputations are also binary. However, to estimate totals, we can use the probabilities from the logistic regression model directly as imputed values. If we in the first step use the same variables as in the calibration we obtain estimates that are very close to the ordinary estimates. Below we will look at the possibility of using other variables in this model. 
Variable selection by logistic response model 

The four last years of data (2009-2012) was subjected to three variants of variable selection in logistic regression. 
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In the first analysis all data were modelled (PROC LOGISTIC in SAS) simultaneously. Then, time was included as a categorical variable with months as categories. In addition to time, six variables were identified as important in this analysis (see below).

In the second analysis each of the 48 months was modelled separately. Two variables not involved in the first analysis were included. These were county and unemployment register status. The models were selected by using backward elimination combined with cross-validation (Package RMS in R). When using cross-validation the data set was randomly split into 40 subsamples. In each of 40 rounds, estimates were based on 39 subsamples and tested against the remaining subsample.
Normally age is divided into 12 groups. However, in this variable selection analysis, age was treated as a continuous variable. All the variables involved are listed in Table 1. The starting model for backward elimination included all possible two-factor interactions between six of the variables. The variables registered unemployed, family size and county were not involved in interaction terms.
The results from the variable selection are summarised in Table 1 (2nd round). It reports how many months each variable was included in the selected model. The number of interaction terms in each month summed over all the 48 months is also included. 
Including the answer from last quarter as a variable  

One way of utilising the longitudinal structure of the data is to use the variable Last answer. This variable has five levels: Employed, unemployed, not in the work force, non-response and not in sample.   
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A third variable selection analysis was made similarly to the second, where this variable was included (not interaction). Table 1 (3rd round) summarises the results. We see that less other terms are included in the selected models.
Unemployment calculated from imputed data 

The non-responders were imputed by using three different models:

1. This model contains the same variables as the original calibration:  sex, age,  register of employees and county.  All two-factor interactions between all variables except county were included. We refer to this model as the standard model.

2. The above standard model is extended by extra variables (no extra interactions).  All variables in Table 1, except last answer are included.
3. Last answer is also included.

The number of employed and unemployed in the gross sample was calculated from imputed data and the resulting percentages of unemployed are plotted on Figure 2.  The curves are based on three months moving averages and the direct estimate from the net sample is also included. The tendency is that extending the model results in more unemployed.
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Register unemployment as proxy for survey unemployment
It is possible to try a similar estimation technique in a situation where the truth is known.  We now look at the registered unemployed and registered employed. The survey non-responders are imputed by using the two first models above, except that registered unemployed was of course omitted. The results are plotted on Figure 3. In this case the truth is known and it seems that extending the standard model is helpful.
Questions 

1) Should Statistics Norway implement the two step approach in production?
2) Is it important to include all step 2 variables in step 1.

3) Is it a good idea to include the answer from last quarter as a regression variable,
4) An easy way of including paradata (e.g. number of calls) is to set a fixed value of this variable to all non-responders. Any comments?
5) Could it be that we are in a not-missing-at-random situation (NMAR)?  Including last answer may make the problem closer to missing-at-random (MAR)?
6) Is it a good idea to go for NMAR estimates? When specific models are assumed, estimates can be found.    
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Figure 2: Unemployment in gross sample calculated from imputed data together with the net sample results.
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Figure 1: Seasonally adjusted unemployment rates from the The Norwegian Labour Force Survey together with corresponding rates of registered unemployed.
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Figure 3: Registered unemployment in gross sample (truth) together with results from net sample and imputed data.








Table 1: Results from two rounds of variable selection. In each round the 48 months are modelled separately. *Age was treated as a continuous variable in the variable selection.





Variable�
Levels�
Times selected,


2nd round�
Times selected,


3rd round�
�
Age�
12*�
48�
39�
�
Family size�
4�
48�
38�
�
Nationality �
3�
48�
33�
�
Education level�
3�
47�
30�
�
Married�
1�
43�
18�
�
Registered unemployed�
3�
30�
4�
�
County �
19�
29�
13�
�
Sex�
2�
15�
9�
�
Register of employees �
3�
12�
7�
�
Last answer�
5�
�
48�
�
Interaction �
�
124�
65�
�
�
�
�
�
�
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[image: image5.emf]Percentage unemployment in net sample and in imputed gross sample.
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[image: image6.emf]Norwegian unemployment rates (%). Seasonally adjusted, three-month moving average.
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[image: image7.emf]Percentage register unemployment in net sample, in gross sample and in imputed gross sample.
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