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Abstract. The combination of labour force survey microdata with the employment register makes it necessary to deal with possible inconsistencies between sources. They appear to originate from both data sources. Administrative data on one side do not describe irregular employment and on the other are affected by different degrees of imprecision which affect their capability to cope with LFS reference week and ILO standards. LFS, on its side, is possibly affected by undeclared employment, that registers help to detect and measure. The paper presents a model for inconsistency and for the measurement of source biases and mean square errors, with some empirical results.
1. Introduction

Combining administrative files and survey records is a strategic issue for statistical institutes. Eurostat “vision”
 and the activities of several ESSnet
 contributed to move the attention to this field and paved the way for further developments and contaminations. Several theoretical aspects are involved, mainly of methodological and statistical nature: the treatment of each source, record linkage, the micro integration process, the assessment of accuracy, the modelling and measurement of biases and errors
. For the time being, statistical offices are facing these tasks starting from independent sources, in the sense that administrative records and survey microdata stand up separately: in perspective, the likely further developments will turn independence into larger integrated processes in which survey designs will be merged and adapted to the available auxiliary sources ([1], [2], [9], [10]). 
In this paper we report some results from the pilot project conducted in ISTAT to support national accounts estimates of labour input. They are based on the combination of Labour force survey (hereafter LFS) microdata with those included in the administrative sources on employment (hereafter synthesized with ADMIN). 
The definition of employment status in LFS and ADMIN necessarily differs ([4], [5] and [11]). LFS adheres to ILO standards: in principle it covers any kind of labour input, e.g. regular or irregular. On the other side, ADMIN employment spells are mostly referred to administrative rules that do not necessarily match ILO definitions: for instance they only refer to labour input with official traces and thus exclude by definition entirely irregular jobs; furthermore they may include wrong habits and false signals. 

The evaluation of the unit level correspondence between LFS and ADMIN employment status has much to do with the ability of ADMIN to aim at the reference week of the LFS interview. This property is not spread uniformly within ADMIN sources. Employees are usually recorded in more accurate and homogeneous archives, with a huge number of highly detailed variables that enable a very accurate focus on the events placed in LFS reference week; on the contrary, ADMIN sources on self-employed convey generally less information especially on the actual performance allocation of labour input and do not trace employment status with paramount efficiency. 

As a matter of fact, the presence of traces in ADMIN is a necessary (but not sufficient) condition to detect regular employment. We use this term here to indicate employment endowed with valid administrative coverage in the reference week
: employment which is not recorded in ADMIN is then classified as irregular. Nevertheless LFS employment signals might understate employment due to any “good” reason to hide it (by the interviewer or by the interviewee or both), and this effect may concern at least with different strength - the regular and irregular employment. 
Our approach models the inconsistencies between the two sources in order to provide a measure of regular and irregular employment referred to the population observed by LFS
. Then, the results have been used as target data to evaluate both, the accuracy of LFS employment statistics and administrative-based employment statistics. The accuracy of the two sources have been evaluated in terms of MSE and compared under some assumed error models, both for LSF and for ADMIN.

In order to provide answers on these issues we have assumed that LFS has no non-response bias, that the micro linkage LFS-ADMIN is without error , that the state of employment when detected by LFS is correct (while the state of not-employment is subject to an error), and that the information recorded in ADMIN is exhaustive and has no errors.
In Section 2 we describe the incoherence of employment spells in LFS-ADMIN and the method used to overcome them in National Account. A formalization of  LFS-MSE and ADMIN-MSE under some assumed error models is described in Section 3. In Section 4 we look at the results of the MSE comparison for the two models, theoretically and for some real domains. Finally in Section 5 we give some conclusions.
2. Modelling the incoherence of employment spells in LFS-ADMIN
In what follows we shall treat ADMIN, for the sake of simplicity, as a unique source
. We use 
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 if k is actually employed and 0 otherwise, where R and N stand for regular and irregular employment
. 
The employment spells derived from the two sources can be cross tabbed as summarised in Figure 1. There is a very large area of coherence between LFS and ADMIN (
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) and meaningful areas of incoherence: LFS employed without ADMIN signals (
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) and ADMIN employed without LFS signals (
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Figure 1. Employment status according to LFS and ADMIN
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Given the hypotheses and definitions adopted above, we derive that the actual amount of regular employment is given by 
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 corrected by ADMIN over-coverage: 
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where the coefficients 
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 summarize the average validation rate of ADMIN employment status. Notice that 
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 in our approach represents regular employment undeclared to LFS. Similarly, non-regular employment derives in part from LFS employed not covered in ADMIN (
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) and in part from other components such as the LFS employed with false ADMIN status and the rescue of LFS undeclared employment from cells 
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According to this model total employment is given by LFS employed plus individuals - regularly and irregularly employed - who hid their status in LFS interview:
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In order to provide an estimate of 
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 we assume that 
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 is the probability for the individual k in LFS sample to have a true employment status, and that it can be expressed as a function of the auxiliary variables in ADMIN (
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Based on an estimate of 
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 it is possible to provide an estimate of the irregular employment undeclared to LFS by stratum:
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where 
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 is the coexistence ratio of not employed vs. employed according to LFS, estimated among the individuals employed according to ADMIN; g is the single stratum and 
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 is the ensuing estimate of the size of LFS undeclared irregular employment. The assignment of the units of the LFS sample to this set is further derived by estimating the probability: 
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From the estimates of the probabilities in (4) and (6) we have opted for logistic models. The reason for this choice and their specification will not be discussed here and will be taken as given, since we intend to focus here on modelling and evaluating the biases of the two sources.
3. Comparing the MSE of LFS and ADMIN under alternative error models
Based on the assumption made in (1) and (2), we can define more general error models for LFS and ADMIN building on the approaches proposed in the ESSnet Integration ([3], [8], [6] and [7]). 

3.1. The case of LFS
The following error model is assumed for LFS status:


[image: image37.wmf]k

k

k

k

k

k

y

y

y

z

x

x

-

=

-

=

)

1

(

,




(7)

where 
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 indicating if an error occurs in the record k. Here, we are assuming that LFS can wrongly classify  as “not employed” an individual whose true status is “employed”, but not viceversa. Given the sample s, the expected value and variance according to this model (m) are 
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. The estimate of total employment based on LFS status is given by the Horvitz-Thompson estimator:
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where 
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 is the inclusion probability of individual k. The true total employment is given by
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where U is the entire population of interest. The Mean square error of 
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Since we can write 
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where 
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 is the design-based expectation, we can consequently derive
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At the same time, the variance of 
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 can be derived as follow:
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where 
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 is the design-dependent variance. 
In order to simplify the expression for 
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 (where n is the sample size and N the target population
). In this case:
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where Y is the true number of employed.

3.2. The case of ADMIN
The following error model is assumed:
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where 
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. Here, 
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 models the probability of ADMIN under-coverage (mainly irregular employment) and 
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Passing to the variance we obtain:
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It follows that the 
[image: image71.wmf])

ˆ

(

A

t

MSE

 (i.e. the MSE of the estimator based on ADMIN employment status) can be expressed as:
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This expression can be simplified by assuming 
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4.
 Results 
4.1. Theoretical comparison of LFS-MSE and ADMIN-MSE

Chart 1 plots the trend of the coefficient of variation, for LFS,  
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 as a function of the the sample size n, for given alternative values of the employment rate (Y/N) and LFS under-coverage rate. As espected, higher values of CV are associated with higher values of 
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Chart 1 – The CV of LFS estimates
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Some comparisons between the CV of LFS and ADMIN are plotted in Chart 2, by combining alternative values of ADMIN under-coverage probability (
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Chart 2 – The CV of LFS and ADMIN estimates
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Furthermore, by varying alternatively values of 
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, values of the sampled fraction (n/N) and of the employment rate (Y/N) and by fixing 
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, n/N and Y/N are shown in Table 1. In general, the lower bound for 
[image: image96.wmf]10

q

 increases with the LSF undercoverage rate 
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 and  decreases for high values of the employment rate Y/N  and sampling fraction n/N. 
Table 1. Thresholds in ADMIN under-coverage in order to assure that
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<0, by λ, sampling fraction and employment rate

	n/N
	Y/N
	λ

	
	
	0.1
	0.2
	0.3
	0.4
	0.5

	0.1
	0.1
	0.23
	0.31
	0.41
	0.50
	0.60

	
	0.2
	0.16
	0.25
	0.35
	0.45
	0.55

	
	0.5
	0.12
	0.21
	0.31
	0.41
	0.51

	0.3
	0.1
	0.20
	0.30
	0.39
	0.49
	0.59

	
	0.2
	0.15
	0.24
	0.34
	0.44
	0.54

	
	0.5
	0.11
	0.21
	0.31
	0.41
	0.51

	0.5
	0.1
	0.19
	0.29
	0.39
	0.49
	0.59

	
	0.2
	0.14
	0.24
	0.34
	0.44
	0.54

	
	0.5
	0.11
	0.21
	0.31
	0.41
	0.51


4.2  Some empirical evidence on LFS and ADMIN MSEs
The table below shows some computations, in terms of CV’s, made over some real domains (geographic allocations, citizenship and gender); the LSF and ADMIN under coverage rate, ADMIN over coverage rate and the employment rate Y/N have been estimated assuming the model stated in par.2 as having thus a good knowledge of the “true” total employment, resulting from the combined use of LFS and ADMIN. It is not possible to describe general rules of variation of the estimated quantities in terms of affecting LSF and ADMIN CV’s; however, as it can be easily seen, LFS outperforms ADMIN in the North and in the South, for the Italian citizens and for males and females. 
Table 2 – An evaluation of LFS and ADMIN CV
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	Y/N
	CV LFS 
	CV ADMIN

	
	
	
	
	
	
	
	

	
	Italy
	0.051
	0.062
	0.095
	0.467
	0.051
	0.024

	NUTS 1
	North west
	0.036
	0.039
	0.068
	0.513
	0.036
	0.031

	
	North est
	0.034
	0.065
	0.061
	0.527
	0.034
	0.003

	
	Center
	0.041
	0.053
	0.103
	0.493
	0.041
	0.048

	
	South & Islands
	0.088
	0.079
	0.142
	0.384
	0.088
	0.015

	Citizenship
	Italian
	0.05
	0.063
	0.087
	0.454
	0.05
	0.011

	
	EU
	0.048
	0.028
	0.211
	0.703
	0.049
	0.199

	
	EXTRA-EU
	0.066
	0.043
	0.156
	0.639
	0.067
	0.132

	Gender
	Male
	0.045
	0.088
	0.092
	0.575
	0.045
	0.027

	
	Female
	0.061
	0.046
	0.099
	0.368
	0.061
	0.020


5.
Concluding remarks

Combining employment registers and LFS data has an important role in providing more accurate and deep understanding of labour market and labour input. Several questions are answered but at the same time lots of new questions arise. The incoherence between ADMIN and LFS employment status open the possibility to verify the efficacy of LFS in isolating regular and irregular employment and to provide a measure of the respective biases of the sources. ADMIN data alone are affected by contrasting biases, due to the fact that irregular employment is not covered by this class of sources while regular employment is overrepresented. If the purpose is to make available a linked LFS database for purposes of analysis then ADMIN data, if not treated properly in the integration process, will provide a seriously distorted picture. Data integration becomes at this point central in order to fully exploit the large amount of information available. 
Finally, as far as the LSF and ADMIN MSE’s evaluations are concerned, our results highlight the existence of domains where ADMIN CV is lower than LSF CV. This suggests the need of exploiting the possibility of a more efficient usage of ADMIN data to estimate employment.
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� See [3] and  [8]. See also [6] and [7].


� In [12] it is provided a very useful synthesis of the challenges of data integration theory.


� In any case, the presence of such coverage does not exclude the possibility that at least part of the labour input might be carried out irregularly (for instance through false part-time contracts, envelop wages..)


� It consists of individuals living within resident households.


� Heterogeneity of ADMIN sources, especially for what has to do with the precision of the source in detecting the actual status in the LFS reference week, complicates the definition of MSE without adding much to the object of this paper.


� The hypotheses set out at the end of par.1 imply that if � EMBED Equation.3  ��� and if � EMBED Equation.3  ���


� It can be easily shown checking expression (6) that � EMBED Equation.3  ���. 


� These hypotheses might be understood to hold by domain.





� These two probabilities can be easily reconciled with expression (4) above. In fact � EMBED Equation.3  ��� and � EMBED Equation.3  ���.
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