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ABSTRACT

The European Survey on Income and Living Conditions (SILC) will replace the European Pandl beginning in 2004. This
annual longitudinal survey will produce annual comparative statistics on income distribution, poverty and social exclusion.
While the survey islongitudinal, it will also provide quality cross-sectional estimates. The sample design developed for the
SILC by Eurostat is arotational design based on four panels of four years each with the replacement of one panel per year.
This sample design meets the survey's longitudinal and cross-sectiona requirements. However, it poses weighting
challenges. After a description of the survey, this article looks at the longitudinal and cross-sectional weightings where, in
the case of the latter, the Weight Share Method is used.
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1. INTRODUCTION

The European Survey on Income and Living Conditions (SILC) isamgjor undertaking launched in 2000 by Eurostat
with the encouragement of the Commission of the European Union. Replacing the European Community Household
Panel that ended in late 2001, the purpose of SILC isto become, as of 2004 and for every country of the European
Union (EU), a single statistical source on income and living conditions in order to measure socia inclusion within
the community. SILC is similar to the Survey of Labour and Income Dynamics (SLID) developed by Statistics
Canada (see Lavigne and Michaud, 1998).

The population covered at the household level is al so-caled “ordinary” households (that is, except for
communities) living in the Member State’s territory on the collection date. For individua data on income and living
conditions, the population is restricted to individuals aged 16 and older present in the households in questions. Each
year, every country of the EU must provide Eurostat with a microdata file with the willingness to desegregate the
concepts from national accounting at the microeconomic level. These data will be used to calculate structural social
indicators commonly defined by all EU countries, which will then be used to develop the annua report of the
Commission in the areas of income distribution, poverty and exclusion.

The data will include a cross-sectional and a longitudinal aspect. The longitudinal aspect relates to physical
individuals, who will be followed over time, particularly when they change dwelling.

Sampling and capture methods are left to the discretion of the Member States, which can select the methods most
appropriate to their context, with the restriction that sampling be random and highly “representative” (the data may
be collected by survey, census, micro simulations, etc.). There is no imposed link between the longitudinal and
cross-sectional operations, but Eurostat is developing a system of cross-sectional surveys that relies on the
longitudinal sample of individuals, using a rotating design that renews one-quarter of the sample each year (an
individual panel is therefore questioned for at least four consecutive years). The master framework requires that the
cross-sectional survey in al 15 Member States includes at least 80,000 respondent households (or 156,000
individuals aged 16 or older) and that the longitudinal survey, over two consecutive years, be designed to question at
least 60,000 households (and 116,500 individuals aged 16 years or older). More information on SILC can be
obtained by consulting Eurostat (2001) and Eurostat (2003), and the Commission européenne (2003 a/b) for the
European rules governing this survey.
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2. GENERAL PRINCIPLESASSOCIATED WITH SILC

2.1 Sampling units and units of observation

For SILC, dwellings are sampled from a frame of dwellings updated from new housing construction. In each
selected dwelling, the physical individuals and households are observed, the latter constituting clusters of
individuals. The longitudinal units are, in fact, the individuals. In other words, we follow the individuals over time.

The individuals for the sample are selected by indirect sampling. We begin by selecting a sample of dwellings. Each
unit produces one or more households, from which the survey’s final sample of individuals is selected. There are
two options for selecting the individuals: (i) use of al individuals within the selected households, or (ii) restriction to
one individual (caled Kish individual) selected randomly within each household. Option (i) alows collection of
individual information covering the entire household and thus makes it easier to produce statistics at the household
level. It has the disadvantage of requiring the cooperation of all individuals in the household, which is more
restricting (especially when someone is absent). Thisisless of a problem with option (ii).

Use of indirect sampling to obtain the sample of households and individuals requires careful management of the

dwelling-household relationship. This can be a complex relationship if we adopt a methodology that authorizes a
household to be surveyed across several dwellings.

2.2 Sampling strategies over time

There are three possible scenarios for building the SILC sample over time:

Scenario 1. Select a (pseudo) independent sample in each wavet;

Scenario 2 Select a sample identified at the initial time t; , and follow this sample over time, which
congtitutes a panel;

Scenario 3: Select a sample partially renewed in each wavet, which is called arotating sample.

The sample must be designed based on the population of interest. The sample at date t, is selected from the

longitudinal population. The cross-sectional population is the population at the current date: it is a changing
population in the sense that its composition changes with inputs (births, immigrants) and outputs (deaths,
emigrants). SILC isinterested in both types of populations and the three possible scenarios are more or less adapted
to the cross-sectional and longitudinal approaches. The following table describes the three scenarios in relation to
the two possible approaches.

Sample type Cross-sectional approach L ongitudinal approach
Independent Natural Possible but less effective
Panel Impossible without a complementary Natural
sample
Rotating Possible Possible

Since the rotating sample adapts well to both the cross-sectional and longitudinal approaches, it is the scenario
retained for SILC.
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2.3 Principle, advantages and disadvantages of the rotating design

Figure 1. Selection of panels
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The rotating sample operates from a juxtaposition of panels of physical individuals. In the case of SILC, each panel
has a duration limited to four years (or four waves). Each year, one panel sample is added and one panel sample is
removed. Each incoming panel is selected using the same sample design from the updated housing survey frame.
The rotating processis presented in Figure 1.

The rotating design has the traditional advantages of a panel such as, for example, the constitution of a longitudinal
sample in which evolution analyses can be made. On the other hand, this technique has the traditional disadvantage
of panels of individuals, specifically, the tracing costs (follow-up over time). Using the rotating approach, the
burden on surveyed individuals is limited (problem of attrition) by reducing their time in the sample to four years,
with the disadvantage, however, of reducing the longitudinal use of the data. Finally, the rotating design — thanks to
the addition each year of an incoming sample representing the updated population — allows for a natural adaptation
of the sample to changes in the population, both in the longitudinal approach and the cross-sectional approach.

3. LONGITUDINAL WEIGHTING

In SILC, the unit of observation is exclusively the individual, although dwellings are identified. At date @ of the
selection of a given panel sub-sample U, , the initial weights W,f are determined in order to represent the
population noted as Q, .

Let § = U;:t_aug be the sample resulting from the union of the four panels present on date t. Since each panel

u, represents the population Q, defined on date &, sample S, represents the population Q, defined at date t.
Thisis possible because of the rotating nature of the sample design. In effect, as Figure 2 shows, birthsin wave t can
be surveyed via U, , and thereforevia s, .

Let p =Pr[kOu,] be the probability that unit k is selected in panel u, . The weight of unit k of this panel is
given by w{ =1/p¢ . Similarly, for unit k of 5 , we have the longitudinal weight W , =1/ 77, where
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i =PrikOs]=PikOJ . u,l.

a=t-3

To conduct studies of the evolution of the parameters between two waves (let us use t and t+1), we must have a
sample of units present in both waves. This sample is referred to as cylindered. Between waves t and t+1, the

cylindered sampleis givenby § ;,; = Ut

a=t-2
tand t+1, the panels selected at datest-2, t-1 and t must be used. The weight of unit k of the cylindered sample S,
isthen given — with avery dight approximation — by

U, . In other words, to obtain the cylindered sample involving waves

-1

t
Wit == Y 1w

ﬂlt{w1 a=t-2
K0,
) t t ) . .
sincewe have 77" = Prlk 05 4] = zazt_z pg = Zazt_zllwlf .Notethat if k(1Q, — whichisthe case with

births after @ — we have p; =0. Using these initial unbiased weights, the final weights can be obtained after
adjustments and corrections for the total non-response.

Figure 2. Longitudinal configuration
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4. CROSS-SECTIONAL WEIGHTING

4.1 Population of extrapolation: problem of representativeness

From a cross-sectional standpoint, the extrapolation deals with the population of the current wave. More generally, it
can be said that the population of interest is that defined at a given date t. The difference between the reference

population QtO (from which the panel is selected) and the changing population Q, at a wave t >t, is due to
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new-borns and to immigrants (in the broad sense, everyone who is not a new-born). To represent the latter within the
sample, there needs to be a complementary sample to the panel sample. We note that there is aso a difference

between Qto and Q, due to deaths and emigrants, but it does not pose a problem because we simply ignore
individuals who have disappeared without adjusting the weights of other individuals. Using a complementary
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produced from these individuals are unbiased. In other words, we are looking for cross-sectional weights \N-T-R‘k S0
that the estimator of the total

Y= Wheivi

kO3
isunbiased, where S, isthe sample of panel individuals (noted S, ) increased by cohabitants.

The Weight Share Method is described by Ernst (1989) and by Deville (1998). It consists of calculating the sum of
the survey weights linked to the panel individuals (selected at t;) in each cluster i in Q, (and living at t) and

dividing that sum by the total number of individuals (panel individuals and cohabitants) in cluster i present in Qto

W= Y 1 Y1

(and living at t). This gives

kOi kOl
kOQy, kOQy,
kOs,

The next step, for a given household i , is to assign this weight W,t to al individuas k of household i ; this produces

Wigy =W for k(i . Lavallée (2002) generalized the Weight Share Method to any two populations Q, and Q,

— with possibly different units — where the links between the two populations are not necessarily one-to-one. Note
that households with no link to Qto are not represented by S (and thus the problem posed by househol ds composed

only of immigrants, see 4.3).
4.3 Application to the rotating approach

The Weight Share Method is applied within each sub-sample (or panel) U, , as illustrated in Figure 4. A global

approach can also be used, which consists of considering all of the panels at the same time. This approach provides a
more rigorous but less intuitive solution than the one proposed in this paper. It requires using the generalized version
of the Weight Share Method presented in Lavallée (2002). The global approach is described by Merkouris (1999),
among others, as part of the SLID.

Figure 4. Application of the weight sharing method
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For each sub-sample u,, , the population of inference is the complete population in wave t of the survey or Q, . Each
household considered at t, regardiess of its composition, has at least one link with population Q, at selection
datea unlessit is constituted solely of persons who immigrated from wave @ +1 at t. Regardless, each household
surveyed at t will necessarily contain at least one panel individual (coming fromoneof u,, a =t-3,...,t), but it
may also contain cohabitants that may or may not also be found in Q,, a =t -3,...,t . The essential complication
in the weighting process arises from the fact that the probability of surveying a household composed solely of
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immigrants depends on when they arrived in the area: the more recent their arrival, the less likely they will be
included in panels u,, .

For the survey conducted in wave t, we use QZ’I’“Q as the population of immigrants at date @ present in a

household consisting of only immigrants who arrived on or after o (t —3sast). Note that an immigrant

individual k in a but present in a household that is not congtituted solely of immigrants (referred to as an
“integrated” immigrant) does not require any specia treatment. In effect, he istreated in the “ standard” way because
he can be surveyed through a panel individual selected in one of the u,, . Thus, we see that population Q, consists

of individuals already present in the area at t-3, immigrants integrated at t, and immigrants of QLT;‘?P : Qit'fffg and

immig
Qi .

Let U, be the cross-sectional sample in wave t linked to u,, . This sample contains individuals from panel u,, and

cohabitants. By applying the Weight Share Method within each cross-sectional sample u, ,, we get the weights

TFf‘k for each individual k surveyed in wave t. These weights are then used to estimate the totals in wave t. It is

assumed that there is zero probability of encountering cases of households at t that contain panel individuas from
different samples U,, ; . In practice, such a situation is not desirable because an individual from a first sample could
extend histime in the survey by being part of another sample from a subsegquent wave.

Let Y' bethereal total of yi in Q,,and Y, ™9 bethereal total of yj in Q"% By using the units of Uj_s, from

at

the panel selected at date @ =t =3, it is Clear that the quantity )" Wiz Yy estimates without bias the total

3t

YOSV - YT~ Y™ . Similarly, it is possble to verfy that Y Wiy estimates
t-2,t

t _\/immig _ \/immig t-1t |t . t _\immig tt t . t
Y'Y YO thet ka_m Win Vi estimates Y' - Y,™9  and that ka Wik, Yk estimates Y'. By

combining these estimators judiciously, we can obtain an unbiased estimator of the total Y' that uses the data from
al individuals surveyed in wave t, or in other words, al of the cross-sectional samples Jg’t ,a=t-3,..t.Tothis

end, we identify two scenarios.

Scenario 1:
This scenario is simple and rigorous but relies on a simplification that generates a bias: the individuals of Qi:“f‘ig ,

a=t-2,t-1t before Q, are “ignored”. In other words, the population of immigrants in wave a (for
a=t-2,t-1t) present at t in a household consisting only of immigrants who arrived on or after & is assumed to

be negligible. In this case, Y W, Vi/4 estimaes Y' “dmost’ without bias, where
O =U_3, O0_p, 00, Ou, and where Wi, =W, for kOU, . Thus, the weight of each individual k of

the cross-sectional sample U, isgiven by V\LtrR‘k 14.

Scenario 2 :

This scenario is more complicated but also more rigorous. It is clear that (Zu e Wk y,t() estimates Y, ™9,
t tt

because it is an estimation of the doman Q{Tﬁg . Similarly, the  quantity

-1t

1 it t 1 t . . immig
(E Zu! nQimis Wrrk Yk +3 th QS Wrrk Yk ) estimates unbiasedly Vit , and

Statistics Canada - Catalogue no. 11-522-XIE 8



Statistics Canada International Symposium Series - Proceedings, 2003

lz 1t t+lz ol t+lz Rt ™ v immig From th
(3 LHHQLVIVZTTF VVTR,k yk 3 Q-l,tﬁQ{rI?? \N'tFR.k yk 3 ﬁt—z.t”Q{Tzn_? TR,k yk estimates =2t ' 0l these

estimators, using a few cal culations without particular difficulty, it is possible to obtain the weight of unit k from U, ,
mmig

as Wigy if kisin Q1™ ; wig, /2 if kisin Q™% ; Wig, /3 if kisin Q¥ ; wig, /4 in all other cases;

where U, =U,_g, OU,_,, O0_,, Ou, and where Wy, =Weg, for kOU, .

It is important to note that the second scenario requires determining the eventual attachment of an individua to
populations QZ’?{”Q . Thus, an individual question needs to be included dealing with the first year of the individual’s
presence in a possibly sample dwelling. As with the longitudinal weighting, adjustments and corrections for
non-response will be applied to the weights W%R‘k .

5. CONCLUSION

We have seen that SILC is a Europe-wide annual longitudinal survey. To be able to produce both longitudinal and
cross-sectional statistics, Eurostat plans to use a rotating design based on the joint use of four panels for a period of
four years each with the replacement of one panel per year. This sample design has significant benefits, but
complicates longitudinal and cross-sectional weighting.

The longitudinal weighting is accomplished by combining the panels to obtain a cylindered sample. The number of
panels used depends on the length of the period over which changes are to be measured. For example, for a two-year
period, we use the data from three panels.

Th addition of cohabitants to the sample is a judicious method that makes it possible to ensure cross-sectional
“representativeness’ from a panel, but makes the cross-sectional weighting more complex. The Weight Share
Method is used to be able to attach a cross-sectional weight to each surveyed individual (longitudinal individual or
cohabitant).

This paper deals only with the basic SILC weighting, that is, that which results from sampling. When SILC is

operational, one of the first steps will be to adjust the weights to take into account non-response. The weights will
then be adjusted through calibration.
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