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Summary

Istat is considering the use of sampling technidhased on long form and short form)
among many others innovations under evaluatiothi®next census. In large municipalities
(population over 10,000 inhabitants) detailed infation would be collected only on a sample
the population (using the long form) whole for tkeet of the population only limited
information, consisting mainly in demographic vates, would be collected (using the short
form). In smaller municipalities, a traditional@pach is planned where the long form is
submitted to the whole population.

Tests and studies were conducted in order to eteatha efficiency of sampling estimate
Some preliminary results of these tests are predentthis paper. These results seem to
encourage the use of sampling techniques in oodetdpt a short/long form data collection
strategy for the 2011 Italian population census.
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l. INTRODUCTION

1. The Italian National Institute of Statistics (Ithais recently started evaluating census
innovations: to improve the efficiency of the syw@perations and reduce the statistical burden.
This work regards the planning of sampling straedor achieving information on a subset of
census variables for the 2011 Population Censlialin

2. The main strategy considers a partition of the alVset of census variables into two
subsets, the first one containing the demograpnsus variables and the second one including
the remaining variables (educational level, ocdepal status, commuting). Short and long form
versions of the questionnaire would therefore besered whether to account merely for the
first set of variables or for the whole set, respety. For municipalities with more than 10,000
inhabitants a sample of households will be survdyetheans of a long form collecting the
information by a short form on the remaining houdds. In smaller municipalities every
population unit will be instead surveyed througé libng forms.

3. As far as the sampling strategy is concetnkstat has to consider carefully many
difficulties such as: drawing samples from popuolatists, defining samples for some suburban
or extra-urban areas which considerably increase@creased their population between two
consecutive censuses and defining census domaiaggdoggating census areas, for which the
estimates have to be produced.

4, The main constraint for the definition of the saimglstrateg$ is the precision of the
sampling estimates for different territorial levelse wider the reference territorial is, the geeat
should be the precision of the estimates for largfvariables and their cross-classifications
with other variables either belonging to the satassor to the demographic (not sampled) one.

. SAMPLING STRATEGIES

5. Two different studies were conducted. First of thig efficiency of Simple Random
Sampling of HOUseholds from Administrative RegigeRSHOU) managed by municipalities
was studied. Different sampling ratios (10 per c&Btper cent, 20 per cent, 33 per cent) were
considered in order to evaluate the improvemeth®®stimates precision for increasing
sampling fractions. In the second instance, anfaa@ae sampling based on a Simple Random
Sampling of ENumeration Areas (SRSENA) was considdry sampling approximately one
third of the population. According to this appro@acbomplete data collection of the households

! Carbonetti G., De Vitiis C. (2007 Efficienza di stime campionarie relative ad un siosieme
di variabili di censimenty Italian Statistical ConferencéCensimenti generali 2010-2011.
Criticita e innovazioni”.CNR, Rome (ltaly) November 2007.

2 Sarndal C.E., Swensson B., Wretman J. (199@)lel Assisted Survey Samplifpringer-
Verlag,. New-York.
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dwelling in the selected enumeration areas (frogitBli Georeferenced Database) was
considered.

6. For both cases, the sampling strategies were cadmach other through Monte Carlo
sampling replications carried out on 2001 censts, daorder to assess their properties in terms
of the size of the coefficient of variation.

7. The main features of the sampling design are skdtaihthe following:

(a) domains: “areas” referred to sub-municipal ateas

(b) target variables: “variables” related to cross-sifgsation of educational level,
employment status, commuting with demographic eis

(c) sampling units: “households” or “enumeration ardapending on the adopted
strategy;

(d) estimator: “calibrated estimatofdise final weights that were properly modifiéul
order to make the sample more representative.

[11.  SIMULATION STUDY
8. The simulation study was carried out on the 20Qdufadion census data. A set of 40

municipalities with different population size anmdrh different regions of Italy were considered
in order to allow for the strong differences amdimg Italian municipalities (table A).

Table A: Distribution of municipalities by geograpal area and demographic size.

Geographical Classes of population size (a) ol

area 10,000-20,000| 20,000-100,0qd"°re than o
' ’ ! '17100,000

North 4 6 6 16

Center 2 3 3 8

South 4 6 6 16

Total 10 15 15 40

(a) It has been considered the legal (official) population date referred to the 2001 Census of Population.

3 Astorri P., Bianchi G., Di Pede F., Esposito Nitr@ao E., Reale A., Ronchi I., Talice S.
(2007) ‘Metodi di determinazione delle aree di censimeriigedlo sub comunale XXVIII
Italian Conference on Regional Sciend&slzano (Italy) September 2007.

* Deville J.C., Sarndal, C.E. (1992) CalibrationifEsitors in Survey Samplingpurnal of the
American Statistical Associationgl. 87, pp. 367-382.

®> Software Genesees v3.0 developed in Istat hasussshin order to compute final weights in
the calibration process.
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9. The attention focused on cross-classification afcational level, employment status,
commuting and gender for a total amount of 90 stngsitimation cells.

10.  Calibration constraints were defined by cross-digsg gender by age, and gender by
civil status for a total amount of 40 referenceyirency.

11. A computational algorithm consisting in the followi steps was implemented by SAS
code for each municipality and for each alternasiampling design:

1) selection of a sample (of households or enunoerareas);

2) computation of final weights;

3) estimation of the relative frequencpr each dichotomous target cell;

4) iteration of steps 1), 2) and 3) for a fixed rogmof replications (1,000 sampling
replications were chosen for practical reasons);

5) computation for each dichotomous estimation Xebf the mearp, and standard

error o(p, ) of the estimates from the simulated sampling ithistion.

12.  In order to compare the sampling strategies thé#icimnt of variation evaluation

criterion cv(M:@ﬂoo was considered. In fact it represents an accura@surement of

X

the sampling strategies in order to estimate th@aonvn value o for each X.

13.  The distribution of the empirical CV’s for all tl#® target cells was determined. After
having classified the target cells depending oir thaue p the distribution of the CV'’s related
to the variable in the same group was studied.

14. Intable B it is described the amount of units iwed in the simulation study.

Table B: Size of the simulation in terms of aresm meration areas,
households and individuals involved.

Sampled Unites|  Universe %
Areas 497 3,347(*) | 14.85%
Enumeration areas 30'890 382'534| 8.08%
Households 2'243'51121'810'676 10.29%
Individuals 5'537'582 56'594'021] 9.78%

(*) Estimated numbers
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A SOME RESULTS

15. Intable 1 the median CV per cent among the ageslsawed for different classes of
estimatedp and for each of four tested sampling ratio. Ineord take the simulation study
manageable, each sampling ratio was tested on hiipalities, given that 5 of them were
common for all the tests and the others were chivsthre same class of population. When a
sampling ratio of 33 per cent is adopted, percegpdpetween 0,5 per cent and 1 per cent can
be estimated with a median CV per cent of abouierGecent. The median CV per cent increases
twofold when the sampling ratio is 10 per centisTdehaviour remains similar for all the
classes op. In general, the tested sampling ratios showrdyfeonstant gain in term of CV
decrease for almost all the classep.of

Table 1: Distribution of mediacw for classes op. Comparison of 4 different sampling
ratios in the SRSHOU design.

sampling ratio= | sampling ratio= | sampling ratio=| sampling ratio=
Classes of 10% 15% 20% 33%
P 170 areas 140 areas 111 areas 204 ared
< 0.05% 220.51 157.20 142.00 98.21
0.05%]-0.1% 111.48 87.22 74.20 51.14
0.19%}0.25% 75.57 59.83 49.97 34.76
0.25%}-0.5% 50.70 39.92 33.97 23.44
0.5%}1% 35.54 28.10 23.74 16.56
1%}2.5% 23.62 18.56 15.33 10.68
2.5%}5% 15.50 12.29 10.09 7.04
5% F10% 10.46 8.26 6.93 4.82
10%}15% 7.06 5.40 4.40 3.13
15%}-20% 5.57 4.27 3.54 2.42
20%}-30% 4.50 3.48 2.84 1.93
> 30% 3.20 2.42 1.94 1.34

16.

Table 2 gives the same results already showedia fa with a further classification of
the areas in three classes of population (less1Bd00; between 10,001 and 12,000; more than

12,000 inhabitants). It appears quite clearly tbatireas larger than 12,000 inhabitants a
remarkable decrease of the CV size is obtained.
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Table 2: Distribution of mediacw for classes op and three classes of
area (according to population size). Comparisof different
sampling ratios in the SRSHOU design.

Population sampling | sampling | sampling | sampling
Classes op by area ratio= 10% | ratio= 15% | ratio= 20% | ratio= 33%
(thousands
<10 233.15 177.67 149.83 102.20
< 0.05% 10}12 225.61 145.74 143.95 88.14
>12 184.05 141.61 117.45 82.77
<10 136.29 109.01 88.57 61.14
0.05%}0.1% |  10}12 107.97 85.49 72.90 50.61
>12 100.88 79.37 64.90 46.30
<10 90.00 71.27 59.48 40.20
0.1%}0.25%| 10}12 76.23 60.03 50.45 34.41
>12 66.65 53.04 4351 30.58
<10 60.88 47.23 40.24 27.29
0.25%}-0.5% |  10}12 50.87 39.73 34.10 23.40
>12 45.22 35.68 29.93 21.01
<10 43.11 33.50 28.97 19.53
0.5%}-1% 10}12 35.08 27.46 22.99 16.48
>12 31.25 24.95 20.97 14.85
<10 28.85 21.82 18.11 12.42
1%}-2.5% 10}12 23.37 18.00 14.92 10.62
>12 21.10 16.46 13.45 9.48
<10 19.12 14.68 12.22 8.25
2.5%}-5% 10}12 15.58 12.36 9.89 7.08
>12 14.00 10.98 9.06 6.35
<10 12.70 9.77 8.14 5.65
5%[-10% 10}12 10.36 8.01 6.90 4.82
>12 9.37 7.43 6.21 4.36
<10 8.78 6.44 5.22 3.67
10%15% | 10}12 7.00 5.46 4,41 3.13
>12 6.29 4.79 3.89 2.83
<10 6.79 5.03 4.31 2.85
15%|20% | 10}12 5.47 4.18 3.41 2.31
>12 4.99 3.80 3.09 2.17
<10 5.46 4.16 3.44 2.27
20%}30% | 10}12 457 3.42 2.94 2.01
> 12 4.05 3.20 2.59 1.77
<10 3.85 2.84 2.32 1.56
> 30% 10}12 3.14 2.30 1.88 1.32
>12 2.83 2.17 1.74 1.18

17. The median CVs are then described in table 3 wispect to three specific municipalities
located in different Italian geographical areasl@@oa in the North, Perugia in the Centre and
Trapani in the South). Even considered that furdmalyses should be conducted in order to test
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for eventual geographical differences of the ed@th&V, does not appear any evidence of large
differences in terms of CVs with respect of thesmitipalities.

Table 3: Distribution of mediaav for classes op. Comparison of 4 different sampling ratios
(s.r.) in the SRSHOU design. Municipalities of Bgiha, Perugia and Trapani.

Bologna (32 areas) Perugia (10 areas) Trapani (5 areas)
Classes of p

s.r.= s.r.= S.r.= s.r=| s.r= s.r.= s.r.= s.r=| s.r= S.r.= s.r.= s.r.=
10% 15% 20% 33% 10% 15% 20% 33% 10% 15% 20% 33%

< 0.05% 206.09 | 164.99 | 137.07 | 96.52 | 199.94 | 164.00 | 137.12 | 94.68 | 223.25 | 173.66 | 144.99 | 102.00
0.05% }0.1% | 107.70 85.78 72.14 | 50.67 | 105.78 83.96 70.74 | 49.14 | 120.35 94.89 78.63 56.37
0.1% }-0.25% 76.59 60.19 50.74 | 35.00 76.12 61.17 52.04 | 36.44 68.70 51.88 44.30 31.03
0.25% [0.5% 52.27 41.09 34.45 | 24.17 49.04 38.20 32.20 | 21.87 49.69 38.13 32.47 22.49

0.5% 1% 36.50 28.93 24.35 | 16.85 34.32 27.24 22,77 | 15.97 32.52 25.37 20.83 14.86
1% |-2.5% 23.28 18.27 15.28 | 10.74 22.44 17.41 14.53 | 10.24 24.20 18.58 15.95 10.96

2.5% }5% 15.47 12.03 9.98 7.07 14.86 11.48 9.66 6.76 15.57 12.13 10.15 7.05
5% |-10% 10.43 8.16 6.76 4.75 10.50 8.21 6.76 4.77 10.62 8.40 6.98 4.83
10% [15% 6.83 5.28 4.38 3.09 6.54 5.11 4.22 2.97 6.68 5.17 4.44 2.96
15% [20% 5.19 4.02 3.41 2.38 5.45 4.26 3.53 241 5.01 3.94 3.29 2.31
20% F30% 4.23 3.26 2.78 1.92 4.20 3.26 2.74 1.92 4.63 3.67 3.03 2.15

= 30% 2.84 2.25 1.86 1.32 2.62 2.07 1.77 1.21 3.30 2.51 2.09 141

18.  Table 4 replicates table 2, where the median C¥sampared with respect to different
classes op, classes of area populations and sampling rat@ssidering in more details the
municipality of Bologna. Given that Bologha was séo because its 32 sampled areas allow to
properly compute the whole cells of table 4, itslaet appear any remarkable difference
between the CVs reported in this table when contpagainst the table 2.

19. Table 5 describes the percentage distributioneegstimatep by classes of CV for
each tested sampling ratio. When the sampling natieases from 10 per cent to 33 per cent it
can be observed an uniform increase of the pergeristribution below a CV-threshold of 10
per cent compared with a corresponding decreasetioakvalue.
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Table 4: Distribution of median cv for classegpaind three classes of
area (according to population size). Comparison 4ofdifferent
sampling ratios in the SRSHOU design. MunicipatifyBologna.

Population sampling | sampling | sampling | sampling
Classes of p by area ratio= 10% | ratio= 15% | ratio= 20% | ratio= 33%
(thousands)
<10 219.16 174.43 147.14 98.84
<0.05% 1012 220.94 172.48 144.22 99.28
212 180.79 140.52 118.01 83.60
<10 138.44 101.63 88.69 60.32
0.05% [0.1% | 1012 106.08 83.85 70.45 49.64
212 100.56 79.05 64.11 46.23
<10 89.74 69.56 58.36 40.89
0.1%0.25% | 1012 76.74 60.76 51.22 35.53
212 66.63 52.92 44.46 30.78
<10 58.78 46.06 39.06 27.05
0.25% }0.5% | 1012 52.00 41.09 34.58 23.91
212 45.87 36.52 30.67 21.71
<10 45.08 34.37 29.01 20.22
0.5% 1% 10 b2 35.41 28.45 23.52 16.34
212 31.89 24.85 20.86 14.88
<10 27.27 21.54 18.01 12,53
1% 2.5% 10 b2 23.00 18.07 15.13 10.61
212 20.74 16.39 13.90 9.63
<10 18.54 14.49 11.88 8.29
2.5% 5% 1012 15.42 12.04 9.88 7.05
212 13.70 10.74 8.99 6.23
<10 12.12 9.35 7.76 5.44
5% [-10% 1012 10.38 8.09 6.65 4.72
212 9.43 7.42 6.10 4.29
<10 8.27 6.29 5.21 3.64
10% }-15% 10 f12 6.93 5.33 4.46 3.19
212 6.10 4.71 3.90 2.77
<10 6.38 4.98 4.18 2.88
15% }-20% 10 f12 5.06 3.91 3.16 2.23
212 4.54 3.59 3.02 2.13
<10 5.12 3.95 3.34 2.33
20% }-30% 1012 4.33 3.34 2.83 1.98
2 12 3.72 2.93 2.45 172
<10 3.46 2.69 2.23 1.50
2 30% 10 F12 2.75 2.14 1.80 1.27
212 2.73 2.12 178 1.23
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Table 5: Distribution of the estimates referrecateas larger than 12,000 inhabitants
for classes ofv. Comparison of percentage frequencies for 4 diffesampling ratios
in the SRSHOU design.

Classes otv [sampling ratio= 10%sampling ratio= 15% sampling ratio= 20% sampgg&rano:
<2% 0.57 2.69 6.39 13.14
2% 5% 13.04 17.53 18.40 23.64
5% F10% 16.18 18.02 26.28 28.64
10% }-20% 20.14 30.16 23.54 16.20
20% F50% 25.09 19.71 16.75 13.32
50% |-100% 9.32 7.21 5.69 3.44
100% |-200% 4.40 3.65 2.00 1.61

= 200% 2.25 1.03 0.95 -

20. The table 6 makes a comparison between the SRSHi@tha SRSENA sampling
schemes with respect to the sampling ratio of 33 ent. The median CVs for the two sampling
frame by various classes pffor each of 4 different municipalities, were cartgd. Due to the
cluster effect, the sampling designs on houselatissve sampling errors uniformly smaller
than those obtained for the area sampling. Howdeng the SRSENA design not so worse
than the SRSHOU in terms of efficiency estimatesould represent a solution to obtain
estimates with an acceptable quality level wheialot# household registers are not available.

Table 6: Distribution of mediaev for classes op for SRSHOU design and SRSENA
design (both with sampilng ratio=33%). Comparisbd municipalities

Classes of p Milano (111 areas) Bologna (32 areas) Padova (18 areas) Livorno (13 areas)

SRSHOU | SRSENA | SRSHOU | SRSENA | SRSHOU | SRSENA | SRSHOU | SRSENA
< 0.05% 97.78 94.12 96.52 94.31 99.65 98.34 102.21 101.61
0.05% |0.1% 51.61 51.59 50.67 49.54 51.70 54.13 50.69 52.06
0.1% F0.25% 34.67 34.92 35.00 35.20 35.37 36.03 35.08 35.67
0.25% |0.5% 22.96 24.38 24.17 24.73 25.58 26.45 23.70 24.37
0.5% F1% 16.86 18.71 16.85 18.32 16.95 17.81 17.16 18.72
1% |2.5% 10.61 12.21 10.74 11.95 11.07 12.00 11.34 12.90
2.5% 5% 7.02 8.53 7.07 8.25 7.35 8.48 7.17 9.00
5% F10% 4.84 5.97 4.75 5.74 5.05 5.85 4.88 6.39
10% }15% 3.17 4.41 3.09 4.09 3.19 4.37 3.06 4.82
15% }-20% 244 3.46 2.38 3.12 244 3.14 2.44 3.39
20% |-30% 1.89 2.61 1.92 2.48 2.08 2.73 2.05 2.88
> 30% 1.35 1.78 1.32 1.60 1.39 1.72 1.40 2.00

21. The estimates concerning the territorial domaingdathan the area (municipality,
Nuts3, Nuts2 and Nuts1 level) were evaluated asegggion of areas.
For example, for a large domdrconsisting irk areas, th@ estimate is given by:

Pr(X) = ZWaﬁa wherew, =N, /Ny represents the weight in term of population ofdbaeric
aR

areaa on the large domaiR. It can be showed that, for a given level of petagep (concerning

both a single area and a more large domain) tmeuiarcv(pg ) Dicv(f)a) hold with an

VK
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In case in which a part of the large domRiis totally surveyed, an expected reduction of the
CV will be given by the formula:

expected percentage reduction of the related le¥o D(l— JxlOO :

fid% D(l—inloo

JK

where y=N./N represents the quote of population where a sagplirvey is arranged.

V. CONCLUSIONS

22. Istat is considering the use of sampling techniguesng many others innovations under
exam for the next census. More precisely, only ifgfarmation, mainly regarding demographic
variables, would be thoroughly collected by medrs short form, whereas an extensive
guestionnaire (long form) containing the compleferimation would be filled in by a sample of
respondents. Moreover it is planned to sample ampng dwellings located into municipalities
larger than 10,000 inhabitants which represent eé@umillion of people. A more traditional
approach where the long form is submitted to thele/population is instead considered for
those living in municipalities smaller than 10,Qt¥bple that account for 18 million of people.

23. Tests and experiments were conducted in orderdtuate the efficiency of sampling
estimates regarding frequencies of very differgag.dMonte Carlo simulations of the sample
spaces were carried out for simple random samplifguseholds with different sampling ratios
and for area frame sampling.

24.  Early results seem to encourage the use of samigatmiques in order to adopt a
short/long form data collection strategy for thd 20talian population census. The most
accurate estimates were of course observed faittif@e random sampling of households from
administrative registers and for the largest samgpiatio. Since a trade-off exists between the
sample dimension and the costs of the data callectine final choice will depend on the balance
between the financial budget and the minimum aayulevel required at the various territorial
domains.

25.  Since more accurate estimates are observed féartpest areas in terms of their
population size, a suggestion for planning the samesign would be to define areas of about
15,000 people.

26. Thought the area frame sampling is less efficieahtthe SRSHOU the simulation results
indicate it could be an alternative solution whexi@able administrative registers are not
available.

27.  Further efforts will be devoted to study alternatapproaches based on small area
estimation techniques both for the smallest teidtdevels and for rare populations.



