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Design and analysis of foreign migrations surveys via Cen&-Sampling
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Abstract

We address in this paper the problem of performing a stegissiurvey of a group of individuals

presentin a certain population, when information abouttiraplete list of the members is missing
or partially unknown. This problem is particularly relevam immigration analysis, where many
of the individuals are possibly illegal migrants and therefnot formally registered or accounted
for in official statistics. We propose a sample method thigrates information provided by spe-
cific surveys and subjective knowledge available to the empmter about the geo-social reality of
interest.
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1. Introduction

We address in this paper the problem faced by an experim@htiehas to sample a number
of individuals from a population for which a list of membess dompletely missing or
partially unknown and therefore the application of staddgatistical sampling methods
becomes impractical.

Our motivating example is the analysis of the presence ofigrants in a particular
area, where many of the individuals are possibly illegalrarigs (that is they are not for-
mally registered or accounted for by official statistics)owgver, this problem might be
encountered in a variety of situations in the social scisnwaeen the interest lies in the es-
timation of hidden populations (Salganik & Heckathorn 20@&kamples include research
to assess the number of injection drug users (McKnight e2@06) or to estimate the
population of homeless (Beata & Snijders 2000).

Since 1990s several methods have been proposed to esttoeks and flows of irreg-
ular immigration in Europe; in this paper we recall the maiempts, but we refer to the
work of Jandl (2008) and Jandl et al. (2008) for a detailedcxev

The first estimate of migration stocks was provided by therhwtional Labour Office
in 1991, assuming that the proportion of illegal immigraimsEurope was between 10
and 15 per cent of the officially recorded resident foreigpyation, as documented in
Clarke (2000). Similar studies were carried out by the hadonal Centre for Migration
Policy Development (Widgren 1994) and by the Committee ogrition, Refugees and
Demography, presented during the Conference on the situafiillegal migrants in the
Council of Europe Member States, (Paris 13 December 2001§s& assumed that illegal
foreign people are a fixed percentage of the total foreigruladipon present in the area
under study.

A different methodology was implemented to estimate flowiledal immigrants using
data from apprehension statistics; for instance Heckmaiwugderlich (2000) estimated
400000 immigrants illegally smuggled in Europe, assumhmag for each person caught
there are two who pass unhindered, and in 2001 the Intenzdti@entre for Migration
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Policy Development estimated 286 000 illegal immigraneeng the (then) 15 countries
of the European Union using the total border apprehensi@s.ra

Papademetriou (2005) combined data from stock and flows ssessed unauthorized
immigrants to represent at least 1% of the population of théhken 25 countries of the
European Union and suggested that figure was growing at hrataa into mid-hundreds
of thousands.

Despite the attempts of producing reliable estimates, meeaystandard is available,
and the different assumptions used in the literature leagloto completely comparable
results. The European Project CLANDESTINO (Jandl et al.8208presents a very im-
portant contribution in this field, as it reviews the statetleé art on the topic of illegal
immigration in Europe, making a key distinction betweenirect and direct methods to
estimate illegal immigration.

The first group includes estimates that use existing dagaffem census/registries) or
administrative statistics, while the latter imply the u$¢he target population directly and
can be further classified im) multiplier methods, starting from the proposition that gize
of the unknown total population can be directly calculatedrfthe size of a known subtotal
by use of an appropriately estimated multiplig);Capture-Recapturesampling schemes,
originally developed for estimating animal populationgt@®sen 1896) and recently ap-
plied for the estimates of illegal immigrants in the Nethads (Van der Leun et al. 1998);
andiii) survey methods, where information are obtained on a sapfglamigrants and
inference is extended on the entire target population.

Focussing orniii) a key issue is then how to choose the sampling scheme thaldsho
ensure that the sample is representative of the target gtigul dealing with the partial
or total missingness of the list from which to extract the pem Thesnowballsampling
scheme, introduced by Goodman (1961) has been used to diedhisiissue (Natale 1998),
starting with a set of statistical units that bring furtheiits in the sample from their ac-
quaintances. The main problem with this sampling schemieaisthe final sample is not
randomly selected and could thus lead to biased estimates.

To overcome these limitations, we propose here a samplingaddased on an aug-
mented set of information about a number of aggregatiorrestitat the target population
of immigrants regularly visit. Our sampling scheme allowgsaweigh the original biased
sample in order to provide a consistent estimate of the 8weigrants’ population char-
acteristics. The actual performance of this method has éegairically tested over the last
decade in ltaly.

The paper is structured as follows: in section 2 we preseng#éneral methodology,
discussing the main assumptions behind it. In section 3 werit® how these assumptions
can be relaxed and how to practically compute the weights taslsigned to every sampled
unit. Finally, in section 4 we show a worked example to estinthe main features of the
Egyptian population living in the Milan area (Italy) and ection 5 we present a discussion
of the main points developed in the paper.

2. Framework of analysis

The general situation can be described as follows. We cenaitbcal area under investiga-
tion, and we assume that the universe of foreign citizensgmteat the time of the survey is
made of N units. Typically, the numbeN is not known. Moreover, we assume that each of
these individuals entertains some relationship with, ayaggregation centres” or gath-
ering places located in the area. Some examples includéutitsts, places of worship,
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entertainment, care, meeting or simtlar

Clearly, if the value ofN and the complete list of the universe were known, it would
be possible to randomly seleqt statistical units, for example using a Simple Random
Sampling (SRS) scheme. In this case, the probability otisioh in the sample is defined
for each individual and for each draw as uniformly equal t&/, and the properties of this
estimator are well known in the statistical literature.

Unfortunately, the value aV and the overall composition of the universe are typically
unknown in the case of foreign migration surveys (specifioaith reference to the over-
all population of legal and illegal immigrants). For thisasen, we need to conceive of
an alternative sampling scheme, yet maintaining the ddsiiaferential properties of the
standard SRS method (particularly in the frequentist fraark). To this aim, we propose
a “Centre Sampling” (CS) scheme, which essentially amotantise following steps:

1. Sample with replacementout of the K reference centres;

2. For each draw, one statistical unit is randomly chosenngntibe individuals who
regularly access the selected centre.

Obviously, for the CS the individual probability of inclasi in the sample depends:
directly on the number of centres that the individual adyuattends and that are selected
in the first stage; ani) inversely on the number of individuals in the population vare
attached to each of those centres.
For any individual in the overall population, let us define #ectoru(:) = [uq (), ua(7), . .., ux (7)],
where

(i) = 1 if the i—th unit has regular access to centre
YT 0 otherwise.

The vectoru(i) characterises therofile of the i—th individual with respect to th& cen-
tres. The CS individual probability of inclusion for thieth unit in the population can be
calculated as:

K

where Ny, is the total number of individuals in the population who etat@s relationships
with centrek.

As is obvious from (1), knowledge of the (components of thefife u(7) is funda-
mental for the determination of this probability. Unforaiely, we are not able to know
this profile ex-ante Nevertheless, for each of the units who entered the sample (and
completed the survey) we can gather information on the esifite or she actually attends
through a specific additional part of the questionnaire het the correspondemt vectors
u(r), forr = 1,2,...,n, can be obtained. The probability of inclusion in the sanugle
therefore be estimatezk-postfor each of the: sampled individuals.

The idea behind the CS scheme is to devise a set of weightstisatkhe weighted
sample obtained from the CS procedure has the same re@ismmess of a hypothetical
simple random sample stratified with respect to the didiobwof the profiles of attendance
to the centres for th& units. Asis easy to see, the representativeness achieeadliriocal
environment through the use of the CS technique is esdgraiglivalent to that obtained
when:

!Notice that any register of foreigners attending coursasjces, etc. or the official Population Register in
a municipality, or province can be considered as a “centre”.
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i) The universe is stratified on the basis of the attendancest&’thentres (that is the
profiles defined by);

i) Then units are chosen proportionally, randomly and with repiaeet from theN,,
units in each of theX — 1 strata, with

2.1 Identification of the weights

In order for the CS scheme to be meaningful, we need to impm®e £onstraint on the
weights. First, let us defind(u), the number of individuals in the overall population who
possess a given profile = (u,ue, ..., uk), that is a sequence of 0’'s and 1's, in terms of
centres regularly visited, and the correspondent pogpulgiroportion:

The idea behind the CS is that thesampled units, suitably weighted, should give a
sample frequency distribution consistent with the popatetistribution ofr(u). This
constraint does hold if we weight each sample unit that ies@ated with a profilax by a
coefficient defined as the ratio:

nw NN
w) = T = nw/n @)

wheren(u) is the number of sample units who possess prafi{and similarly7(u) is the
sample proportion of such individuals).

Equation (2) requires the knowledge of the population prigo 7(u). But N and
N (u) are typically both unknown or non available, and thereforeestimate of this pro-
portion must be set up.

2.2 Estimating the proportion 7(u)

Suppose there af¥ (u) units characterised by the given profilen the population. Then,
the probability of randomly selecting one individual passeg such profile from those
attached to thé—th centre can be defined as:

= { 0% gy

Hence, ifn, random and independent units that visit theth centre are selected us-
ing a Bernoulli method, the corresponding expected numbstatistical units possessing

profile u in the k—th centre is given by the expressioppx(u) = nk%;l)

In general, if we consider all the units sampled in thé& centres ¢ = X | n;), the
expected absolute frequency of the units with praiilis expressed by:

N(u)
N, U )

K
Efn(w)] = > m
k=1
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Consequently, the corresponding expected sample propasti

E[#(u)] =E [@] = i e N(w),

n = Ny,

This quantity is not known, as it clearly depends on the unkrgaV (u) and NVy. However,
it can be easily proven that

Var|w 3 Z nk (1 — N]\([Z)) Uk,

which goes to 0 fon sufficiently large. In other words, if the sample is large &gl we
can reasonably assume that the observed value of the sanoplerion n(u)/n can be
used as a sensible (and convenient) estimation of its unkmoywected value, that is

o prp

Using (4) and setting, = Ny /N for simplicity, we obtain:

(4)

fr(u):@ Mznﬂv Z“k/n

n Nk:lnN =

from which we derive:

m(u) = #(u Z"’“/n . (5)

k=1

Consequently, knowing the total number of selected ur@hd the sample distribution
of n(u), and assuming as known (as a first approximation) the valutge g.'s — i.e. the
relative frequencies with which th€ units who form the population are distributed among
each centre — the estimation provided in (5) leads to theifspetion of the weights in the
following form:

-1

w(u) = (u <Z (ng/m) ) . (6)

k=1

Notice that the weight is common for all the individuals winae the same profila.

2.3 Allocating the sample size into thd< centres to compute the weights

In summary, the CS scheme is based on the assumptions tisaintipde is large enough and
that we know the relative importance (in terms of populéaitendance) of each centre. If
these hold, the selection technique for each ofrtlsample units amounts to the following
two steps:a) random and independent selection (with replacement) obbties K centres,
with probability uniformly equal td / K'; andb) random and independent selection of one
of the N, units attending the drawn centre, each with constant pilityadqual to1/Ny.
Accordingly, the numbenr,; of units sampled in each centre is a Binomial random

variable (n_s)
n! 1\ /K —1\\""%
P = = — J— J—
r(n = s) (n—s)!s! (K) ( K )
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(fors=0,1,...,n), with:

Eny] = % and  Varn,] = LI;; )

The efficiency of this sampling technique can be increaseddh centre is associated
with a constant number of statistical units equahfds<, or even better when thesample
units are divided among th& centres proportionally to the “attraction” each of the cent
exerts on the population. In other words, using the critedbdirect proportionality with
respect to the ratiog, = Ni/N

fr
She f

(notice that since individuals can be attached to more tin@centre, in general, Ny >
N).

Using this approach to allocate the sample units in eachresimplifies the compu-
tation of the weightsv(u). In fact, if (7) holds, then substituting into (6) and defigifor
simplicity f* := >~ fx, we have:

()

nE=mn

f*
Y
D k1 Uk

Consequently, by allocating thesample units to théd centres proportionally to the
values of thef,’s , the weights for each vectar vary only with the quantit)EkK:1 U, 1.€.
the number of non null elements in In other words, under these assumptions, the only
relevant variable for the determination of the weights esrlimber of centres attended by
each sample unit subject to weighting.

(8)

w(u)

3. Relaxing the assumption orex-ante knowledge of the fi.'s

Equation (8) allows the researcher to estimate the weighttheé CS procedure as func-
tions of the unknown parametefg’'s. However, as already pointed out, the statistical
information available for the population does not gengrallow the evaluation of these
parameters. In the following, we propose two strategie&wanme this problem.

3.1 Using preliminary importance rates for the centres

In summary, when the values of tifg’s are not available, the calculation of the weights
w(u) may be performed by means of the following steps:

1. A preliminary ‘importance raté g, is attributed to each of th& centres in order
to approximate (as closely as possible, also in the lighteofegal knowledge of the
immigrant group in that local area) the different unknowituea of f;. This step
is in fact a naive application of Bayesian principles toaecthe (subjective) prior
information available to the researcher.

2. Then sample units are distributed between fkiecentres according to the relation-
ship:

ny, = nL )

with ¢* = Zszl qi- This is effectively a counterpart of (7).
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3. The computation of the weights(u) is based on the following:

e Substituting (9) into (3), the expected frequency of unitsovehow a given
profile is calculated by the expression:

pr n—
= N

e The value ofg; generally differs from the true (unknown) value of the cor-
respondentfy, the bias being quantified by a correction factipr= g/ fx.
Introducing the substitution, = frdx, we then have:

X fkde )

-yl
and sincefy, = Ni/N = 7(u)Ng/N(u)

E [w] = i d—fw(u)uk.

n =4

Uf

¢ If again we approximate the expected relative frequench®iinits who pos-
sess profilar with the corresponding observed sample relative frequéiiay,
we then have:

K 1 K
Z u)ur = 7(u )—*deu}C
=1 T =

Now, assuming the size of the bidg is known (at least to a certain degree of
approximation), we can estimate the quantity

*

7(u)q
Sy diuy
using the sample information (and the knowledge ofdfs), and therefore
the weights can be then defined as:

m(u) =

7(u) q-
w(u) = = = (10)
W= 2w TS den
whose specification requires only the knowledge of the walfethe ¢;'s,
which are fixedex-anteby the experimenter, and of the ratiéds = g/ f.

3.2 Using one of the centres as baseline

The method just shown is based on the assumption that theirvgmter is able to define a
set of preliminary valuesg;’s, as close as possible to the true value of flis (i.e. is in the
position of “controlling” the bias introduced). Since thdatter values are unknown, this
method is not the most efficient.

To overcome this disadvantage, we make use of the followinggulure (Blangiardo
1996). Let us defineVy,;, the number of units in the population who regularly visittbo
centresh andj, for h,j = 1,..., K. Then, it is easy to show that

NN NN,
70 fi Nj/N o Nuj/Ny
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A suitable sample estimator foy,; is given by

. g/
Thj =: s
Nhj /M,

wheren,,; is the observed sample frequency of individuals who reguiasit both centres
h andj. This estimator has the usual frequentist statistical gmigs of unbiasedness and
consistency, cfr. Migliorati (1997).

We can now modify (10) to correct the bias by means of thefiolig scheme. First,
we identify abasecentre,b. This choice is based on the subjective knowledge that the
experimenter has about the set of centres available fornblysis (and again could be
encoded in the form a suitable probability distributioe, under a more formal Bayesian
approach). Each value of thg's is divided byg, (the fixed preliminary importance rate
for the base centre), therefore obtaining a new series aksé). = ¢/, Which express
the relative importance of each centre with respect to tke bae. Next, we define

"t filfo

Obviously, this is an unknown quantity (as it is a functiontioé ratior,,). However, as
suggested above, it can be entirely estimated by means fttrenation contained in the
sample usingy, instead ofryy:

0
5= O _ Tr/ T

< 0
Tkb
Some easy algebra shows that we can re-express the vallesanfrtection factord,, as

di = o, L (11)
o
and substituting (11) into (10), we are then able to compute
. q 9
Wy(u) =@ ———— = wy(u)—
Zszl 6kuk fb
forr = 1,2,...,n. The weightsw, (u) are completely estimable by the sample data and

are equivalent to the the weighis.(u), up to a constant factay,/ f,. This factor, which
is common to all the weights, will be accounted for when thalfadjustment of the:
coefficients occurs, to guarantee that the condition

holds, i.e. in order to obtain the equivalence between the slall the weights in each
survey area and the relevant sample size.

4. Example: estimating the main characteristics of the Egyfian population in Milan

In order to give a practical explanation of the steps reguireuse the CS method in a
survey on migration, we present in this section an exampiks application to estimate the
main features of the Egyptian population in Milan (Bland@2000). The first step was
to consider a hypothetical universe in which each unit cindcclassified with respect to
his/her relationship with a set of centres or gatheringgdace. the following: Mosque,

Copt-orthodox church, language centres, Egyptian restasir social-service centres, Is-
lamic butcher’s shops, entertainment places, kindengartedvisory offices.
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Note that these centres have been conveniently identifiethdgns of a preliminary
analysis of the local environment and represent a colleatioheterogeneous places that
almost all the Egyptians in Milan are likely to have visitatte or several times. In order to
further extend the coverage of the set of centres, the Piigruleegister was also included.
All the Egyptians registered on the date of the survey adestagidents were regarded as
“visiting” it.

Consequently, the analysis considered a séf ef 10 centres. The selection of a sam-
ple made by, = 307 statistical units in the sub-sample of Egyptians living iitdvl and the
subsequent construction of the weights to be assigned toszaeple unit according to the
methodology described above was then formalised accotditige following procedure.

a) On the basis of thex-anteinformation about the attendance intensity of the 10 se-
lected centres, and assuming the Population register asatbe centre, it is first
required to determine the values of #es, i.e. the preliminary estimates (in relative
terms with respect to the base centre) of the unkngws. Moreover, the corre-
sponding values;, /6* must be computed, whefé = 3", ;. The number of units
to be selected in each centre is consequently calculatdtbasisn Table 1.

Table 1: A scheme of calculation of the number of units to be contheted interviewed
for each of the reference centres

Centre Code Ex-ante value 0, /0* Sample size
of O = qr/qs ‘' (%) nbL/0" =ng/q"

C1 =Mosque 1 0.20 9 28
C> = Copt-Orthodox church 2 0.15 6 18
C'3 = Language centres 3 0.15 6 18
C4 = Egyptian restaurants 4 0.24 10 31
Cs = Social-service centres 5 0.08 3 9
Cs = Islamic butchers shops 6 0.34 14 43
C7 = Entertainment places 7 0.06 3 9
Cg = Population register 8 1.00 42 129
Cy = Kindergartens 9 0.12 5 16
C1o = Advisory offices 10 0.05 2 6

0" =2.39 100 n = 307

b) Each selected unit was asked to fill an additional queséima about his/her atten-
dance of all the reference centres, from which his/her spaeding attendance pro-
file was built as described by the veciarFor instance, the information we obtained
from the first 8 units interviewed in the mosque (conventilgndenoted as centre 1)
can be reported as in Table 2.

c) Atthe end of the survey, the frequencies of the overallilpof then;, units inter-
viewed in that centre were counted and the underlying ratiggn; were computed,
as shown in Table 3.

d) With these premises and still considering (as a compledditrary choice) thex-
anteselection of centre number 8 (Population registry) as tise lbantre, the quanti-
ties7,s were obtained, which are final estimates of the ratjgs= f5,/fs as shown
in Table 4 (to avoid confusion with Table 3, we abuse nota¢ind label each centre
with [)

e) Using these values, we were also able to compute the:ragies 01, /Ty, @s reported
in Table 5.
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Table 2 Excerpt of the questionnaire used to gather informatiauathe profileu for the
individuals in the sample

Profile of the centres visited by the interviewed subjectby@s; 0 if no)

Centre  Unit C; Co Cs Cy Cs Cs Cy Csg Cy C1o
1 1 1 0 0 0 0 0 0 1 0 0
1 2 1 0 1 1 0 1 0 0 0 0
1 3 1 0 0 1 0 1 0 1 0 0
1 4 1 0 0 0 0 0 0 0 0 0
1 5 1 0 0 0 0 0 0 1 0 0
1 6 1 0 0 0 0 0 0 1 0 0
1 7 1 0 0 0 0 1 0 1 0 0
1 8 1 0 0 0 0 0 0 1 0 0

Table 3. Proportion of units interviewed in centfewho declare to regularly visit centge
as well

Code of Code of centrg

centreh 1 2 3 4 5 6 7 8 9 10

1 1.00 0.00 0.04 0.09 000 043 0.00 0.70 0.00 0.00
2 0.00 100 0.12 0.12 0.00 035 0.12 041 0.00 0.00
3 0.12 0.06 1.00 0.12 0.00 0.65 0.06 041 0.00 0.00
4 0.15 0.11 0.30 1.00 0.00 0.48 0.07 041 0.00 0.00
5 0.00 0.00 0.112 0.00 1.00 0.00 0.00 0.33 0.00 0.11
6 0.13 011 0.11 0.16 0.391.00 0.05 0.61 0.00 0.03
7 0.00 0.00 0.14 0.14 0.00 0.291.00 0.57 0.00 0.00

8 0.16 0.27 0.13 0.17 0.05 0.22 0.061.00 0.04 0.06

9 0.00 000 0.00 015 0.00 0.31 0.62 0.92.00 0.00
10 0.00 0.00 0.00 000 0.00 0.00 0.00 0.67 0.00.00

Table 4. Final estimates for the relative importance of each centiith respect to the
baseline

Centres | Proportion of the units inter- Proportion of the units inter- Computed
codes viewed in centre 8 who also de- viewed in centré who declared value of
o) clared attendance for centré attendance also for centre 8 75 =A/B
(row 8 in the table above) (A) (column 8 in the table above)
(B)

1 0.16 0.70 0.23

2 0.27 0.41 0.67

3 0.13 0.41 0.32

4 0.17 0.41 0.41

5 0.05 0.33 0.16

6 0.22 0.61 0.37

7 0.06 0.57 0.11

8 1.00 1.00 1.00

9 0.04 0.92 0.05
10 0.06 0.67 0.09

Moreover, the corresponding coefficienis(u) can be computed. The values related
to the first 8 units are calculated and shown in Table 6.

The procedure is obviously replicated for all the units ivieaved and the sample is then
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Table 5: The adjusted values fay,

Centres O Ths Sk = eh/f'hg
C1: Mosque 0.20 0.23 0.89
Cs: Copt-Orthodox church 0.15 0.67 0.23
C3: Language centres 0.15 0.32 0.47
Cy: Egyptian restaurants 0.24 0.41 0.58
Cs: Social-service centres 0.08 0.16 0.50
Cs: Islamic butcher shops 0.34 0.37 0.92
C7: Entertainment places 0.06 0.11 0.57
Cg: Population registry 1.00 1.00 1.00
Cy: Kindergartens 0.12 0.05 2.40
Cho: Advisory offices 0.05 0.09 0.57
0" =2.39

Table 6. Attendance profiles and values of the weights for the firgtr@ded units

Id Profile u for the K = 10 centres Non Final
adjusted weight$®)
weights

r 1 2 3 4 5 6 7 8 9 10 r(u) wr(u)

1 1 0 0 0 0 0 0 1 0 0 1.2650 0.76

2 1 0 1 1 0 1 0 0 0 0 0.8371 0.50

3 0 0 0 1 0 1 0 0 0 0 1.5940 0.95

4 1 0 0 1 0 1 0 1 0 0 0.7053 0.42

5 0 1 0 0 0 0 0 1 0 0 1.9492 1.17

6 0 1 0 1 0 0 0 0 0 0 2.9691 1.78

7 0 1 1 0 0 1 1 0 0 0 1.0941 0.65

8 0 1 1 0 0 0 0 1 0 0 1.4118 0.84

(@) For each case the non-adjusted weights are obtained bygdivinvalue of* = 2.39 by the total of the product of the

values in each row and the underlying values gf corresponding to the centre to which the column refers.if&ance, the
weight of the first case is given by:

1.2650=2.39/(0.891 + 0.23x0 + 0.47x0 +. . . + 1.00x 1 + 2.40x0 + 0.57x 0).
The results were then adjusted and written in the column ef fotal coefficients (FTC).

5, 0.89 023 0.47 058 050 092 0.57 1.00 2.40 0.57 FTC 307

weighted with the final coefficients of Table 6. The weightadhple could be considered as
representative of the corresponding population and @uigkt analysis could be conducted
on it. The questionnaire included specific questions tostigate whether the sampled
individuals were registered in the Official Population Réigi and whether they held a
regular working visa; consequently it was possible to estimthe total population in the
area and to specify the total number of illegal migrants bgpdy re-proportioning the
results.

5. Discussion

In this paper we proposed a new methodology to deal withs§itadl surveys in the case
where the complete list of the members in a target populasiamknown. The sampling
procedure consists in gathering additional informatiamfra set of individuals, which is
then used to build suitable weights to re-proportion theganThe bias introduced by the
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sampling procedure can be then corrected, as showed above.

In particular, we assume that the experimenter has inféomatbout a number of ag-
gregation centres that are regularly visited by the imrmmtgalf the experimenter can es-
timate the relative importance of each centre (possibly waspect to a baseline one), we
showed in the paper that it is possible to compute suitablghteassociated to individuals
sharing the same profile in terms of attendance to each o&teeant centres.

The methodology can be applied to any territorial unit; ia tase of a large metropoli-
tan area, the centres can be actual physical places (i.eettigal Mosque); on the other
hand, when more dispersed areas are considered (e.g. a kehae), the centres could
represent “categories” (i.e. Mosques).

This methodology has actually been used for the past 10 peaesal data collected by
ISMU Foundation (Milan) to estimate the stocks of immigwatiwith particular reference
to (but not exclusively in) the Italian region of LombardReports at the regional as well
as at the local municipality level are routinely produced®WU (Blangiardo et al. 2008,
Cesareo 2009).

The choice of the centres selected in the analysis is ohlyi@uscial, as they should
have a sufficiently high degree of heterogeneity to incluslenany different immigrants’
life styles as possible. However, it seems reasonable lieagxperimenter (or rather the
team of researchers, possibly including statisticiansiogugists and demographers) might
have some current knowledge about the specific area undsstigation to make a sensible
choice with respect to the number and characteristics cdefexted centres.

An important assumption is that the main characteristit®tinvestigated (for instance,
age, sex or other socio-demographic traits like legal innatign status) are represented in
all their features in at least one of the centres includedhénanalysis. As an example, if
the sample of individuals interviewed does not include peapthe age class 20-34, then
the weighted sample will be biased and it will not be able twdpice reasonable inference
on all the age groups (unless additional, external infoionat available).

On the other hand, if two researchers specify different@etentres, but in each cases
the underlying characteristics of the target populatienarserved in the two samples that
they derive, then, on average, the results of the centrelsapill be consistent.

Finally, possible developments of this work include tharfal inclusion of prior in-
formation on the centres in the form of probability disttibns in a Bayesian framework.
This would allow inclusion of uncertainty on the relativeportance of each centre and its
propagation to the final estimations of the weights.
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