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Abstract 

The European Union Statistics on Income and Living Conditions (EU-SILC) has become the major source of statistics and indicators on income, social inclusion and living conditions in Europe. In times of economic and financial crisis, statistics on poverty and social exclusion are receiving more and more attention from both EU citizens and policy makers. Therefore in this context, ensuring the accuracy of the measurements and their evolution over time is becoming paramount as well as the continuous improvement of the whole quality of the instrument. Eurostat in cooperation with NET-SILC2 has implemented an approach to measure standard error of SILC based estimates and of net change of indicators over time, that are currently disseminated through quality reports. At the same time the quality reporting process has been streamlined with the adoption of a new template in line with the ESS standard for quality reports structure (the so called ESQRS) and a new IT tool aiming at standardizing the content and the transmission of such documents. The paper aims at describing the outcomes of these two actions aiming at improving from one side the quality of the EU-SILC instrument and on the other side the availability of vital metadata mainly oriented to users (like questionnaires, quality reports and other technical documentation).
1. EU-SILC 
The EU-Statistics on Income and Living Conditions (EU-SILC) is the EU reference source for comparative statistics on income distribution and social inclusion at the European level. EU-SILC is a survey of private households, it was launched in 2003 and covers all of the EU-28 Member States, together with Iceland, Norway, Switzerland and Turkey. In 2012 around than 240 000 households and 500 000 individuals were interviewed for EU-SILC across Europe. EU-SILC covers income and several other dimensions in the social domain, such as social exclusion, health, education, labour and housing conditions, allowing for multidimensional analysis of socio-economic phenomena. EU-SILC is also the main source of information for monitoring the poverty target set in the Europe 2020 strategy of "Reducing the number of Europeans who are at-risk-of-poverty or social exclusion by at least 20 million people". The use of SILC based indicators for the Europe 2020 strategy has made this survey very visible with growing attention on its quality.
1.1 Methodological framework of EU-SILC instrument
EU-SILC is regulated by EU legislation, being Regulation 1177/2003 the framework act regulating its main features. EU-SILC is designed to provide two types of annual data: cross-sectional data pertaining to a given time and longitudinal data pertaining to changes over time, observed periodically over a four year period.
The legislation specifies the main definitions, the content, the sampling and tracing rules, the sample sizes, the quality reporting, the content of yearly modules, and guarantees the high quality of the output. 
One of the main characteristics of the EU-SILC instrument is the flexibility of the implementation of the guidelines. The main principles are covered by the legislation and according to the principle of subsidiarity detailed implementing aspects are left to national statistical authorities. 
Concerning sampling design, the legislation specifies that data shall be based on nationally representative probability samples and prescribes minimum effective sample sizes as precision requirements to be fulfilled by each country, but leaves to the National Statistical Institutes the choice of a specific sampling design. The same for editing and imputation, a general framework is established but countries are free to implement their methods. In the same way, EU-SILC does not rely on a common questionnaire but on the idea of a “framework”. The latter defines the harmonised lists of target primary (annual) and secondary (every four years or less frequently) variables to be transmitted to Eurostat. These variables can be collected via interviews but also from registers. EU-SILC is indeed an ex-ante post harmonised survey. Common guidelines and procedures together with centralized and standardized validation of the data aim at maximizing the comparability of the information produced. 
1.2 Sampling frames and sampling design
The big strength of EU-SILC is the usage of the best sampling frames available in each National Statistical Institute (NSI). According to the framework, data are to be based on a nationally representative probability sample of the population residing in private households within the country, irrespective of language, nationality or legal residence status. The sampling frame as well as methods of sample selection should ensure that every individual and household in the target population is assigned a known probability of selection that is not zero. The vast majority of countries used for the 2012 EU-SILC operation population registers, or national census or a master sample derived from the census.  
The table below summarizes the sampling design used in each country for the 2012 operation. Countries choose a specific sampling design according to the structure of the country and the population, according to existing information and taking into account budgetary constraints. The most used sampling design is stratified multistage sampling. Only five countries do not use stratification criteria to draw their sample. 
Countries send every year to Eurostat general information on the sampling design used and detailed information at the level of microdata on the strata and PSU from which each household is drawn. The transmission of this information to Eurostat has recently been streamlined. The efficiency of the sampling design has a big impact on standard error and should be monitored over time. On the other side, changing it is extremely costly. 
Table1: main characteristics of countries’ sampling designs

	Sampling design
	Country

	Without stratification

	Simple random sampling
	MT ,DK, IS

	Systematic sampling
	SE,NO

	With stratification

	Stratified sampling according to different design by rotational group
	HU

	Stratified simple random sampling
	LU, CY, SK, CH, LT, DE*,AT

	Stratified and systematic sampling
	EE

	Stratified multi-stage sampling
	CZ, ES, PL,RO,IE

	Stratified two-stage clustered sampling
	PT

	Stratified two-stage systematic sampling
	SI, NL, HR

	Stratified multi-stage systematic sampling
	FR, LV, UK, BE, BG, EL, IT

	Stratified two-phase sampling
	FI

	* from former participants of micro census


2. Standard error estimation in EU-SILC

Given the high policy relevance of EU-SILC there is increasing demand from the stakeholders for accuracy measures of the published indicators and for measures of the significance of net change of indicators over time for correct monitoring of the evolution of social exclusion phenomena. As seen, EU-SILC is a complex survey involving different sampling designs in different countries coupled with a specific 4-year rotational pattern design. For this reason, mainstream standard methods for calculating accuracy measures are not directly applicable. Eurostat with the substantial contribution of Net-SILC2
 has put in place a method for standard error estimation that is a good compromise between methodological soundness and ease of calculation based on linearization and coupled with the ultimate cluster approach. 
2.1 Linearization, some background
Suppose we wish to estimate 
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 can be either continuous, in which case 
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 over the population (e.g., total household income) or dichotomous (e.g., 1 if the person is at risk of poverty and 0 otherwise). If 
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 refers to the total number of units which fall in the underlying category (e.g., total number of persons at risk of poverty in the population). Let 
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 be an estimator of (, for which an estimate of the precision in terms of  variance is wanted. The variance estimator of 
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And where:
· h is the stratum number, with a total of H strata
· i is the primary sampling unit (PSU) number within stratum h, with a total of nh PSUs. We assume nh ( 2 for all h.
· j is the household number within PSU i of stratum h, with a total of mhi households
· (hij is the sampling weight for household j in PSU i of stratum h 
The variance formula (1) applies only to linear indicators, i.e. means, totals and proportions while does not work in case of non-linear indicators. Unfortunately, some of the EU-SILC key indicators are non-linear (e.g., the median income or the Gini coefficient). In order to estimate the variance of non-linear statistics, the linearisation method may be used (Deville 1999 [1]). The principle is to reduce non-linear statistics to a linear form by retaining only the first-order term in an infinite Taylor-like series, thus getting a linear function of the sample observations As we know how to estimate variances of linear functions of means and totals, the variance of the linear approximation can be calculated and used as an approximation of the variance of the non-linear statistic. The linearisation procedure is justified on the basis of asymptotic properties of large samples and populations.
Assuming ( is a complex non-linear parameter, the variance of an estimator 
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 follows the same expression as (1), except that the study variable 
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 is replaced by the “linearised” variable 
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For instance, if 
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 is the ratio of two population totals, then we have 
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The ultimate cluster approach is a simplification consisting in calculating the variance taking into account only variation among Primary Sampling Unit (PSU) totals. This method requires first stage sampling fractions to be small which is nearly always the case. This method allows a great flexibility and simplifies the calculations of variances. It can also be generalized to calculate variance of the differences of one year to another.
2.2 Application in EU-SILC and results
We have applied the described method for estimating the standard error and confidence intervals on the indicator AROPE (At-risk-of poverty or social exclusion). This indicator is the proportion of persons being in one or more of the three following situations: at-risk-of poverty, i.e. below the national poverty threshold (defined as 60% of median national equivalized income), severely materially deprived, living in a household with very low work intensity. Making the assumption that the poverty threshold is a fixed amount and equal to the point estimate the AROPE indicator can be seen as a proportion. According to the characteristics and availability of data for different countries different variables have been used to specify strata and cluster information. In particular, countries have been split into three groups:
1) BE, BG, CZ, IE, EL, ES, FR, IT, LV, HU, NL, PL, PT, RO, SI, UK and HR whose sampling design could be assimilated to a two stage stratified type we used DB050 (primary strata) for strata specification and DB060 (Primary Sampling Unit) for cluster specification;
2) DE, EE, CY, LT, LU, AT, SK, FI, CH whose sampling design could be assimilated to a one stage stratified type we used DB050 for strata specification and DB030 (household ID) for cluster specification;

3) DK, MT, SE, IS, NO, whose sampling design could be assimilated to a simple random sampling, we used DB030 for cluster specification and no strata.

The approach used can take account of stratification, multi-stage selection, unequal probabilities of inclusion for the sample units and re-weighting for unit non-response. However it does not reflect the gain in accuracy caused by calibration weighting, this will be the object of future developments. Results are shown in Table 2. 
The same approach [2] has been used to calculate variance of net change over two consecutive years. In order to monitor the process towards agreed policy goals, particularly in the context of the Europe 2020 strategy, users are particularly interested in the evolution of social indicators. However, interpreting differences between point estimates at different wave may be misleading. It is therefore necessary to estimate the standard error for these differences in order to judge whether or not the observed differences are statistically significant. Estimated standard errors and confidence intervals (based on normality assumption) for net changes in the AROPE between 2011 and 2012 are shown in Table 3. If a confidence interval does not include 0, we can say the difference in the AROPE between 2011 and 2012 is statistically significant (at a given level of confidence). 
Standard errors of SILC based estimates and of net change of indicators over time are currently disseminated through quality reports.
Table2: AROPE indicator, standard error and 95% confidence intervals (2012)
	
	Percent
	StdErr
	CI95%LB
	CI95%UB

	EU27
	24.8
	0.2
	24.5
	25.1

	Belgium
	21,6
	0,9
	19,8
	23,4

	Bulgaria
	49,3
	1,1
	47,1
	51,4

	Czech Rep.
	15,4
	0,6
	14,2
	16,5

	Denmark
	19,0
	0,9
	17,3
	20,7

	Germany
	19,6
	0,3
	19,0
	20,3

	Estonia
	23,4
	0,7
	22,1
	24,8

	Ireland*
	29,4
	1,1
	27,3
	31,5

	Greece
	34,6
	1,1
	32,4
	36,7

	Spain
	28,2
	0,7
	26,9
	29,6

	France
	19,1
	0,5
	18,0
	20,1

	Italy
	29,9
	0,5
	28,9
	31,0

	Croatia
	32,3
	1,0
	30,4
	34,1

	Cyprus
	27,1
	0,8
	25,5
	28,7

	Latvia
	36,6
	1,0
	34,6
	38,7

	Lithuania
	32,5
	1,1
	30,4
	34,6

	Luxembourg
	18,4
	0,9
	16,7
	20,1

	Hungary
	32,4
	0,8
	30,8
	34,1

	Malta
	22,2
	0,8
	20,7
	23,8

	Netherlands
	15,0
	0,9
	13,2
	16,8

	Austria
	18,5
	0,7
	17,2
	19,8

	Poland
	26,7
	0,6
	25,6
	27,9

	Portugal
	25,3
	0,9
	23,5
	27,1

	Romania
	41,7
	1,1
	39,6
	43,8

	Slovenia
	19,6
	0,5
	18,6
	20,6

	Slovakia
	20,5
	0,7
	19,1
	21,9

	Finland
	17,2
	0,4
	16,4
	18,1

	Sweden
	18,2
	0,5
	17,1
	19,3

	United K.
	24,1
	0,7
	22,8
	25,4

	Switzerland
	17,5
	0,6
	16,3
	18,6

	Iceland
	12,7
	0,7
	11,3
	14,0

	Norway
	13,9
	0,5
	13,0
	14,9


* for Ireland, data from 2011
Table3: Estimated standard errors for estimators of net change in the AROPE between 2012 and 2011

	
	AROPE - 2012
	AROPE - 2011
	2012 - 2011
	Estimated standard error (% points)
	Confidence interval – Lower Bound
	Confidence interval – Upper Bound
	Is the difference significant?

	Belgium
	21,6
	21,0
	0,6
	0,1
	0,4
	0,8
	Y

	Bulgaria
	49,3
	49,1
	0,1
	0,5
	-0,8
	1,1
	N

	Czech Rep.
	15,4
	15,3
	0,0
	0,3
	-0,5
	0,6
	N

	Denmark
	19,6
	19,9
	-0,2
	0,2
	-0,7
	0,2
	N

	Germany
	19,0
	18,9
	0,1
	0,6
	-1,0
	1,2
	N

	Estonia
	23,4
	23,1
	0,4
	0,3
	-0,3
	1,0
	N

	Greece
	34,6
	31,0
	3,6
	0,6
	2,4
	4,8
	Y

	Spain
	28,2
	27,7
	0,6
	0,0
	0,5
	0,6
	Y

	France
	19,1
	19,3
	-0,2
	0,2
	-0,6
	0,1
	N

	Croatia
	32,3
	32,3
	-0,1
	0,8
	-1,5
	1,4
	N

	Italy
	29,9
	28,2
	1,7
	0,4
	0,9
	2,5
	Y

	Cyprus
	27,1
	24,6
	2,5
	0,4
	1,8
	3,3
	Y

	Latvia
	36,6
	40,4
	-3,8
	0,5
	-4,7
	-2,9
	Y

	Lithuania
	32,5
	33,1
	-0,7
	0,2
	-1,1
	-0,2
	Y

	Luxembourg
	18,4
	16,8
	1,6
	0,5
	0,7
	2,5
	Y

	Hungary
	32,4
	31,0
	1,5
	0,7
	0,1
	2,8
	Y

	Malta
	22,2
	21,4
	0,8
	0,4
	0,1
	1,6
	Y

	Netherlands
	15,0
	15,7
	-0,8
	0,2
	-1,2
	-0,3
	Y

	Poland
	26,7
	27,2
	-0,5
	0,3
	-1,1
	0,1
	N

	Portugal
	25,3
	24,4
	0,8
	0,0
	0,8
	0,9
	Y

	Romania
	41,7
	40,3
	1,4
	0,1
	1,3
	1,5
	Y

	Slovenia
	19,6
	19,3
	0,3
	0,2
	0,0
	0,7
	N

	Slovakia
	20,5
	20,6
	-0,1
	0,5
	-1,1
	0,9
	N

	Finland
	17,2
	17,9
	-0,7
	0,3
	-1,4
	-0,1
	Y

	Sweden
	18,2
	16,1
	2,1
	0,3
	1,4
	2,8
	Y

	United K.
	24,1
	22,7
	1,4
	0,5
	0,4
	2,4
	Y

	Switzerland
	17,5
	17,2
	0,3
	0,4
	-0,5
	1,1
	N

	Iceland
	12,7
	13,7
	-1,0
	0,4
	-1,7
	-0,3
	Y

	Norway
	13,9
	14,5
	-0,6
	0,3
	-1,2
	0,0
	N


3. Improvements in quality reporting in EU-SILC
The production of quality reports (QRs) is part of the implementation of the EU-SILC instrument. As stated in the Framework Regulation, Art .16:

1. Member States shall produce by the end of the year N+1 an Intermediate QR relating to the common cross-sectional EU Indicators based on the cross-sectional component of year N. Member States shall produce by the end of year N+2, a final QRs that cover both cross-sectional and longitudinal components in relation to the year of the survey N, focusing on the internal accuracy.
2. The Commission (Eurostat) shall produce by the end of June N+2 a comparative QR relating to the common cross-sectional EU indicators of the year N. The Commission (Eurostat) shall produce by 30 June N+3 a comparative final QR that covers both cross-sectional and longitudinal components in relation to the year of the survey N
Eurostat has recently decided to revise the content reported in quality reports (QRs) in order to reduce the burden of producers and, at the same time, to fit new users’ needs. Indeed, it was generally perceived that the main problems related to the EU-SILC QRs were: the production of two quality reports per year, the lack of clarity of quality reporting specifications, the difficulties in the computation of standard errors and design effect by countries, the lack of harmonisation among the national QRs, the different degrees of information reported by Member States, which did not allow or at least made difficult any in-depth comparison across countries.
Taking into account all these constraints, a revision process started with the aim to streamline the structure of the document and, on the other hand, at updating/improving the information to be reported.  In this context several advantages were taken from the recent developments made in the production of quality reports in the European Statistical System (ESS) as well as from the new tool for delivering quality reports developed by Eurostat. The following paragraphs illustrate in more details the steps undertaken.
3.1 A new structure: ESQRS
The ESS standard for quality reports structure (ESQRS) is the main report structure for reference metadata related to data quality within the European Statistical System. It is a metadata structure definition which can be used across several statistical domains with the purpose of harmonizing the quality reporting requirements.  It consists of 12 concepts and includes all the ESS quality criteria set up by the Reg. 223/2009 on European Statistics:  Relevance, Accuracy and Reliability, Timeliness and clarity, Comparability and Coherence. A new ESQRS including specific items related to EU SILC was created and all countries where the survey is implemented were invited to migrate to this new quality reporting structure. In order to make a better comparison across countries and to increase quality checks on specific topics countries were also asked to prepare a list of specific annexes to be attached to the main document.
3.2 A new IT web application : ESS MH
The ESS metadata handler is a web application developed to deal with national reference metadata files. It accommodates the ESQR structure but not only because other templates can be uploaded in the system such as the Euro-SDMX Metadata Structure (ESMS). More automatic production of QRs, possible re-use or update of information, online form to be filled (more harmonization) are only part of its advantages. Indeed, it can be seen as a repository database where files can be stored and managed.
During the quality reporting revision process Eurostat suggested countries to start the production of their quality reports using the ESS Metadata Handler and Eurostat itself has started to manage and preparing the European QR using the same web application. 
3.3 Key quality dimensions in the EU SILC QRs
Although the ESQRS template has been adopted in the EU SILC survey not all quality dimensions need to be reported by countries. Indeed accuracy, comparability, coherence, cost and burden and statistical processing are the main quality dimensions on the basis of which the SILC quality report is built. Sampling errors computations and the methodology used is part of the accuracy section while vital metadata on the sampling variables, sampling design, weighting and sample size is under the concept called statistical processing. Finally, another important dimension namely comparability is important as well especially for users who want to make comparison among countries or over time. Quite useful information on timeliness and relevance can be found instead in the European Quality reports.
3.4 Dissemination policy
In order to make as transparent as possible the knowledge of the statistical process Eurostat, with the agreement of the countries, usually disseminates all the national quality reports, the national questionnaires and other relevant methodological papers. A comparison across countries is also provided in the European quality report that is prepared and disseminated each year by Eurostat. The metadata included in these documents are a powerful tool to check the quality of the data, quality that is also ensured by accurate data checking routines. A project is currently on-going to store all the information concerning SILC quality, methodology, questionnaires and metadata in a wiki like repository to allow users to quickly retrieve needed information on the survey.
4. The revision of EU-SILC in the broader context of modernization of ESS social surveys

Statistics on poverty and social exclusion are receiving growing attention from EU citizens and policy makers in times of economic and financial crisis. The European Statistical System (ESS) is therefore called to respond to these needs by providing users with an even higher quality and timely statistical picture of the income and living conditions throughout the EU together with an accurate measurement of the evolution of this situation over time. Moreover Eurostat has proposed concrete actions to modernize the whole social statistics domain that centre around four main dimensions (i) streamlining existing processes, (ii) widening the use of administrative data for new and existing statistical domains where this is possible without compromising data quality, incorporating new ICT tools (iii) by enhancing the potential of existing data, (iv) re-engineering the production and dissemination process.

In this larger context a revision work is on-going also to adapt some aspects of EU-SILC in order to improve even more the quality of the produced information and to better fulfil users' requirements. In particular, the revision of the EU-SILC instrument comprises several actions:
- The survey should be based on a stable "nucleus" of core variables, established on the basis of a systematic review of all existing variables and all topics relevant in SILC. The nucleus would then be complemented for stable variables not needed every year (e.g., on children material deprivation, housing conditions, financial exclusion, well-being, etc.) by a series of rolling modules of limited size, e.g. with a 3-6 years periodicity. All variables should be better harmonised with the other EU social surveys, in particular as "hooks" (in the nucleus) for joint analysis of data (e.g., on wealth, social transfers in kind) using new technical developments such as matching and allocation methods.
- Getting more timely data on income, social inclusion and living conditions is a top priority for users. The following possibilities are being assessed: Shorten the deadline for data submission by Member States, use early estimates of key income indicators or proxys based on provisional data. Use data on "monthly current income" and on income evolution (in year N for the year N exercise); use micro-simulation models in order to obtain now-casts or forecasts of the desired indicators; 
- Improvement of precision requirements and sampling methods. Precision requirements shall be based on precision threshold of standard error and sampling designs should allow more detailed estimations at regional level. 
5. Conclusions 

In this paper we have shown the main characteristics that make of EU-SILC a robust and reliable dataset for measuring income, living conditions and other social phenomena. Guidelines, validation checks, standardization of methods and tools and thorough quality reporting are the main pillars on which EU-SILC quality framework is built. Since two years, Eurostat is able to calculate for quality reporting standard error of indicators and of net change, answering in full to the questions of users. Quality reporting has been streamlined and a project is on-going to make all this information easily accessible in a wiki platform. The on-going revision process is tackling methodological improvements and above all timeliness improvements with first tangible results already available. 
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� For some countries, incomplete design information, missing data or breaks in series have not allowed us to compute standard errors.
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