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1 Intr oduction

In every populationcensussome personsare missed
andothersare enumerateanorethanonce,which typ-

ically leadsto an underestimatiorof the population
count.Globalnetundercountvasestimatedo 1.6%in

1990(Hogan,1993)and1.2%in 2000(Davis, 2001)in

the USA, 2.2%in 1991in the UK (Brown et al., 1999)
and1.6%in 1996in Australia(ABS, 1996). However,

largerundercountsvereobsenedfor subgroupof the
population,e.g. 5% for Hispanicsin 1990in the USA,

over 20%for youngmalesin innercitiesin 1991in the
UK and4.3%for menaged20to 24in 1996in Australia
(samereferences).

The undercountof the Swiss populationcensusis
estimatedfor the first time for the Census2000. Es-
timations are expectedfor large demographiaroups,
for small and large municipalitiesand for the census
methodologie<CLASSIC and TRANSIT, seethe Ap-
pendix. The estimationsare basedon the dual system,
seeWolter (1986)for the method,Hogan(1992)for an
applicationandFienbeg (1992)for a bibliography

The post-enumeratiomequiredfor the dual system
is calledthe SwissCoverageSuney (SCS).The SCS
of 27,000householdss designedo obtaininformation
abouttheundercountn the variousgroupsof interest.

The purposeof the presentpaperis to discussthe
SCSsurwey methodologyandsamplingdesign.

2 SurveyMethodology

The SCSsurey methodologymay be summarizedn
four phasesy1) selectionof a sampleof buildings, (2)
enumerationof the householdsn the sampledbuild-
ings, (3) subsamplingf buildingsto reducethe sample
sizeof householdsand(4) intervievs with thesampled
households.

| thankmy colleagueshilippeEichenbeger, for the helpful dis-
cussiongduring the project, and Paul-Andé Salamin,for reviewing
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Thesampleof buildingsconsistof two parts:all can-
tonsexceptTicino (notedbelov NORTH) andthe can-
ton of Ticino (notedbelow TICINO). This partitionis
dueto differencesn the structureof the datasetsavail-
ablein bothareas.The samplingdesignsarediscussed
in Sections3, 4 and>5.

The enumeratiorof the householdsn the sampled
buildings requiresa temporarylist from the electronic
phonebook,correctionandadaptatiorby postemploy-
eesandcaptureof thecorrections Mapsaremadeavail-
ableto find the buildingswithoutidentifying postalad-
dresses.

A subsamplings applied after the enumerationin
orderto getthe requiredsamplesize of 27,000house-
holds.

The interviews are conductedby phoneif a phone
numberis known andface-to-aceotherwise.They are
computerassisted,with questionson the household,
suchasaddressandnumberof roomsin dwelling, and
questiondor eachmemberof the household:first and
lastnames sex, dateof birth, marital status language,
nationality positionin the householdworking status,
possiblesecondplaceof residenceand changeof ad-
dressbetweencensusand SCSdays. The SCSques-
tions allow the matchwith the census,including the
identification of moving or seconddomicile, and the
classificationinto variousdemographigroups.

The householdsenumeratiorntook place from Jan-
uary to February2001 and the interviews were orga-
nizedfrom mid April to the endof May 2001,i.e. be-
fore the third callbackof the census. The censusre-
sponsegatewasabout95%.

3 Sampling Procedure

The samplingdesignadNORTH and TICINO aremulti-
stagedesignswith a stratificationin thefirst stage see
Tablel. In bothdesignswe have an exhaustve selec-
tion of the households$n the sampledouildingsandin-
formationis asked aboutall the persongesidentin the
selectechouseholds.The SCSsamplesof households
and personsare basedon datasourcesndependentf
the censudata,which ensuresatisactionof theinde-



pendencassumptiorfor thedual systemmethod.

Table1: Stagesof the samplingdesignsNORTH and
TICINO.

DesignNORTH DesignTICINO
(1) postalareagPA) (1) municipalities
(2) mail delivery areagMD)

(3) buildings (2) buildings

(4) households (3) households

(5) persons (4) persons

Themultistageselectiorreducedield costsbut leads
to aclusteringeffect. Thestratificationin thefirst stage,
with postalareasandmunicipalitiesas primary sample
unit (PSU),decreasethelossof precisiondueto clus-
tering andcontrolsthe samplesizein the subgroupof
interest. It alsogivesthe opportunityto undersample
or over-samplePSUsdependingon the expecteddiffi-
cultiesfor thefield work.

Note that the target populationis the residentpopu-
lation of Switzerlandbut the surveyedpopulationcon-
sistsin all residentdiving in a building of the available
lists of buildings. In orderto maximizethe coverage
of thetargetpopulation boththebuildingscodedasin-
habitedandnot inhabited(ex. industrialbuildings) are
partof theframe.

The requirednumberof personsfor acceptableae-
sultsis fixedat 10,000netand11,800gross,assuming
15% nonresponse.This valueis basedon experience
abroadsince no referencedataexists for Switzerland
yet. We notefor instancein Australiaan undercwer-
ageof 1.2-1.8%with a standarddeviation of 0.3% for
groupsof about10,000persongABS, 1996).

Thetotal numberof PSUsis setto 305andthefinal
samplehasto reachabout26,000householdgor the
samplingdesignNORTH and1,000household$or the
samplingdesignTICINO.

4 Sampling DesignNORTH

ThesamplingdesignNORTH aimsat satisfyingthere-
quired samplesizein the subgroupsf interestand at
controllingthe variability of theinclusionprobabilities
in the building selectionstage.

4.1 Data

The Swissdirectoryof buildingsis built from the pre-

vious censusof housingsand censuse®f entreprises.

It waschecled by the municipalitiesprior to the 2000
PopulationCensus.In orderto maximizethe coverage

of the population the subsetusedfor the SCScontains
boththe buildings codedasinhabitedandthe buildings
codedasnotinhabited.Dataaboutmunicipalities(esti-
mationof thepopulationsize,official languageandcen-
susmethodologyrndpostalareaqPAs, 6 digits postal
codes)arelinkedby usinggeocodednformation. Data
aboutmail deliveryareagMDs, 2ndstage)households
(4th stage)andpersong5th stage)arecollectedduring
the SCSprocedure.

4.2 Methodology

The samplingmethodologyusesproportionalto size
samplingwithoutreplacemenPPS)in thefirstandsec-
ondstagegPAs andMDs) andsimplerandomsampling
without replacemen{SRS) in the third stage(build-
ings). The measureof sizein PPSsamplingis related
to the numberof buildingsin the samplingunit. In or-
derto getan evendistribution of workload, we define
the Target ClusterSize T'C'S asthe numberof build-
ingsto selectin eachPA. This amountis thenequally
distributedamongthe postemployees(MDs). We also
take into accountthe expecteddifficulties for the field
work, suchasmissingpostaladdresses.

4.2.1 SelectionProbabilities

The threetypesof samplingunits are PAs, MDs and
buildings.

Thesetof PAs, Upay = {1, ...,4,..., M}, is parti-
tionedinto H strataof sizeMy,, h = 1,.., H. Thenum-
berof buildingsin PA i from stratumh is denotedB;y,.
Consideralso Uiy p,iny = {1, 3, Cin} the set
of MDs in PA i from stratumh, andUpiiding,jin) =
{1,...,k,..., Bjn} the setof buildingsin MD j from
PA i in stratumh.

In the first stage we selectm;, PAs in eachstratum
h. Theselectionprobability;;, of PA i is

+
Bih
+
Zieh Bih

whereB}, = max(B;s, TCS) is themeasuref sizeof
PA i in stratumh. The total sampleof PAs is denoted
s(pa) andits sizeism = ) my,.

In the secondstage we selecte;p, MDs in Uiy p in)-
The selectionprobability 7;;;, of MD j, givenPA % in
S(PA)> is

1)

Tih = MMp

B,

jt

Tlin = Cin @
i = S i B

WhereB;.gh = max(Bj, TCS/c;p) is the measureof
sizeof MD j from PA ¢ andstratumh. Thetotal sample
of MDs is denoteds s py andits sizeisc =) > cin.



In the third stage, we select bj;
min(Bjih,TCS/cih) bU|Id|ngs in U(building,jih)-
The selectionprobability of building &, givenMD j in
S(MD),iS

o bjih o TCS/Cih
TR B~ Bl
Ji

®3)

jih

Thetotal sampleof buildingsis denoteds yiaing) and
its sizeisb =>_>" > bjmn.

The overall selectionprobability 7; of building &
from MD 7 in PA i from stratumh reduceso

T T Talap T m res p (4)
k= Tk|jihTjinTih = Mh < o Pik

>ien Bih
wherep;;, = BZZ/ Zje(i,h) B;gh <L

We notethatthe measuresf size B}, and B}, lead
to 7, whichareindependenfrom MD 5 andslightly de-
pendenbnPA i throughthefactorp;;,. For comparison,
the overall probability with the measuref size B;;,
andBjih is given by %k = thCS/(Zieh Bih)ﬁjih
wherep;ir, = min(eipBjin/TCS,1) < 1. Thefactor
pjin hastwo disadwantages.It dependson MD j and
variesmuchmorethanp;;, sincePAs oftencontainvery
small MDs togetherwith bigger ones. Note alsothat
PPSsamplingwith the chosermeasuresf sizemaybe
seenasan hybrid selectionPPS-SRSActually, anin-
creaseof T'C'S leadsto the selectionof moreandmore
unitswith equalprobability.

4.2.2 Stratification and Allocation of PAs

The selectionprobabilities7; dependmainly on the
samplingdesignat the PAs level, see(4). Therefore,
specialattentionis to bepaidto the stratificationandal-

locationof PAs, while takinginto accounthe expected
difficultiesfor thefield work.

Supposewe have a stratificationof the population
Upay suchthat the stratah = 1,..,H may be
combinedinto three disjoint groups: easystrataGy,
mediumstrataGs, and difficult strataGs. The allo-
cationof m PAs is donein two phases.

Thefirst phaseallocatesn PAs to thegroupsGi, G
andGs, resultingin mag1, mge2 andmgs PAS respec-
tively:

ma, =m(B§, +¢)/B*
mag, = mBg2/B+ (5)
ma; = m(Bg3 - 90)/B+

where B = Y ,.qc. Bf. r = 1,2,3, By
>icn Bi andBt =37 Bt . Theparametetp may
bechoserin theinterval [0, Bgs [. It allowsatransferof
mp /BT PAs from the difficult groupGs into the easy
group@Gh .

The secondphaseallocatesm, PAs to the strata
within G,., r = 1, 2, 3, with

(6)

From(4), (5) and(6), we derive the overall selection
probability of building & from MD j in PA ¢ from stra-
tumh:

m%pih [1 + Bg :| if ke Gh
1

mTEE pin [1 - %] if k€G3
3
wherep;, = B, / Y icn B, <1

In the SCS thefactorp;;, equalsoris verycloseto 1,
which meanshatthe 7, aremainly determinedoy the
groupof strataandthe parametetp.

Notethatthe parametep is relatedto themoreintu-
itive parametery > 1, which is definedasthe ratio of
the maximum(groupG,) to the minimum (groupG's)
selectionprobabilities. If p;;, is setto 1, the parameter
pisgivenby BE BE (v —1)/(BE, +vBE,).

4.3

TheTargetClusterSizeT'C'S of buildingsin eachPA is
setto 60 to getanevendistribution of workloadandto
reachthe expectedotal samplesizeof households.

Implementation

4.3.1 Sampleof Postal Areas

The samplingframeUp 4 of M = 3,699 PAs is stra-
tified into 21 stratadependingon the censusmethodol-
ogy, the size of the municipality to which the PA be-
longsandthe expecteddifficulty for thefield work.

Thecensusnethodologiesre: CLASSIC(737PAs),
SEMI-CLASSIC (266 PAs), TRANSIT (2,670 PAs)
and FUTURE (26 PAs). The sizesof the municipali-
tiesaredefinedasfollows: small (lessthan500inhabi-
tants;944PAs), middle(betweerb00and10,000inhab-
itants;2,406PAs) andlarge (atleast10,000inhabitants;
349 PAs). Usingascriteriathe proportionof buildings
without postaladdressandthe proportionof buildings
declaredas not inhabited,we definefour typesof ex-
pecteddifficulties: easy(1,669 PAs), medium (1,201
PAs), difficult 1 (366 PAs) and difficult 2 (463 PAS).
The groupsof strataare G; for easy G5 for medium,
andGs for difficult 1 and?2. NotethatB;z =TCS for
PAsin difficult 2 (smallPAs) andB;;Z = B;;, otherwise.
The numberof PAs perstratumrangesbetweer25 and
1,126.

Theallocationof PAs is basedn simulationscarried
out independentlyfor eachcensusmethodology The



expectednumberof householdandpersonsaswell as
ther, areanalyzedor varyingy andsamplesizesm.
Thefinal valuesare setasfollows: 80 PAs for CLAS-
SIC, 37 PAs for SEMI-CLASSIC,166 PAs for TRAN-
SIT, and4 PAs for FUTURE.Theparameteg is chosen
in orderto constrairtheparametety, i.e. theratio of the
maximumto the minimum selectiorprobabilitiesat the
building stage,in therange2.1-2.3.No groupsarede-
finedfor the FUTURE methodology

Note that one stratumhasbeendividedinto 2 strata
before selectionsinceinclusion probabilitiesof some
PAs werelargerthanlin PPSsampling.Thefinal sam-
pling plan has22 stratain which 2 to 60 PAs were se-
lected. The total sampleof PAs s(p4) hassizem =
285.

4.3.2 Sampleof Mail Delivery Areas

Thesamplingframeof 1,489MDs is built for thePAs in
thefirst stagesamples(p 4y. TheMDs correspondingo
realmail delivery areasareusedin priority, but unique
artificial MDs have beencreatedn PAs with lessthan3
realareasor wherelessthan80% of thebuildingscould
beassignedo arealarea.Notethatp;;, rangesetween
0.97and1 overall thesampledPAs, which confirmsthe
smallinfluenceof this factor

We allocatec;;, = 1 MD in PA ¢ with Cy, = 1 (157
PAs) andc;;, = 3 MDsin PA ¢ with C;, > 3 (128PAs).
Departurérom PPSsamplingwasunavoidablein some
PAs, e.g. wheng;;, = Cj;, = 3. Specialattentionis then
paidto theallocationof buildingsto compensatpartof
this departure seeSection4.3.3. The total sampleof
MDs sy p) hassizec = 541.

4.3.3 Sampleof Buildings

Thesamplingframeof 123,276buildingsis constructed
for theMDs in the secondstagesamples s p)-

The allocation is defined by b
min(Bj;p, TCS/ey) in all MDs, except in the
PAs with ¢;;, = Ci, = 3. In thosespeciall6 PAs,
we allocate TCS 60 buildings proportional to
the numberof buildings in the MD. The number of
buildings b;;, may however not exceed 25 and the
possibleremainingbuildings aredistributedamongthe
smallerMDs. This specialprocedurepartly compen-
satedfor the departurdrom PPSsamplingin the MDs
stage.Thetotal sampleof buildings ssuiaing) hassize
b =16,792.

4.3.4 Subsamplingof buildings

Dueto non-respons@ the PA stagethelist of house-
holds was not createdin 2 of the sampledPAs. The
numberof householdsn the remainingPAs is about

12%largerthantherequired26,000.As informationis
gatheredaboutall the householdén the selecteduild-
ings, we choosea subsampleof the buildings using
SRS.A substratifications introducedn 5 touristicPAs
with mary holidayhomeswhich arethenselectedvith

a smaller probability The subsamplesgiildmg) has

b3 = 14,697 buildings. It contains26,36%households
which form the sampleof householdgor the sampling
designNORTH.

5 Sampling DesignTICINO

The samplingdesignTICINO aimsat satisfyingthere-
quiredsamplesizesin the cantonof Ticino andat lim-
iting the variability of theinclusionprobabilitiesin the
building selectionstage.

5.1 Data

The list of buildings is basedon an exhaustve surney
amongthe property-avners. Two versionsof the list
have beenmadeavailable (temporaryandfinal). Pop-
ulation sizeestimatesreavailablefor the 245 munici-
palities(MUs). Dataabouthousehold¢3rd stage)and
persong4th stage)arecollectedduringthe SCSproce-
dure.

5.2 Methodology

The samplingmethodologyusesPPSsamplingin the
first stage(MUs) andSRSsamplingin the building se-
lection stage. The measureof size is the numberof
buildings in the samplingunit andT'C'S is the target
numberof buildingsto selectin eachMU.

5.2.1 SelectionProbabilities

Thetwo typesof samplingunitsareMUs andbuildings.

The populationof MUs, U(ypy = {1, ..y 4, .., M },
is partitionedinto H strataof size My, h = 1,...,H.
The temporaryand final numbersof buildingsin MU
i from stratumh aredenotedby B;;, and B}, respec-
tively, andU(buildmg,ih) = {1, veny k, veny B:h} is thefi-
nal setof buildingsin MU ¢ from stratumh.

In thefirst stage we selectm;, MUs in eachstratum
h. Theselectionprobability 7;;, of MU 4 is

By,
Zieh Bin

Thetotal sampleof MUs is denoteds sy andits size
ism =73 my,.

(8)

Tih = MMp



In thesecondstagewe selecth;, = min(T'C'S, Bf;,)
buildings in Upyitding,iny- The selectionprobability
mg)in, OF building &, givenMU 7 in s a7y, IS

Thlih = g—f = min(T'CS/Bj,, 1) 9)

ih
The total sampleof buildingsis denoteds yuiiding, 11)
andits sizeis bry = > > bip.
Theoverall selectionprobability 7 77 of building &
in MU ¢ from stratumh reducego

b, B.
Tk,TI = mhz ih Zh (10)

i€h Bin B},
In the SCS,few MUs have lessthanT'C S buildings.
Therefore,b;, equalsto TCS in most casesand the
variability of the selectionprobability 7 7; within a
given stratumis mainly dueto the ratio By, /B}; be-
tweenthetemporaryandfinal sizesof thelists of build-
ings.

5.2.2 Stratification and Allocation

The stratificationand allocationin the first stagetake
into accountthe expecteddifficultiesin the surwey pro-
cedure We do not usea specialmethodof allocationas
thevariability in the selectionprobabilityis mainly due
to theunknownratio B;;, / B},

5.3

ThetargetclustersizeT'C'S of buildingsis setto 60in
eachMU.

ThesamplingframeU sy of M = 250 MUs (mu-
nicipalities or land register parts)is partitionedinto 6
stratadependingon the populationsize and the avail-
ability of postaladdressesThe sizesare: small (less
than 1,000 inhabitants; 168 MUs), middle (between
1,000and8,000inhabitants;79 MUs) andlarge (more
than 8,000inhabitants;3 MUs). We have threetypes
of addresgproblemsfor smallMUs, 2 typesfor middle
MUs and 1 type for large MUs. The sampleof MUs
s(uu) hassizem = 20 andholdsatemporarylist of
b = 16,127 buildings.

The final set of buildings has 24,728 buildings in
s(muy- Theratio betweenfinal and temporarysizes
rangedetweerl.2and2.56dependingpntheMU. The
allocationof buildingsin eachsampledvU is givenby
b;, = TCS sinceall of them have morethanTCS
buildings. The final sampleof buildings s(yyitging, 1)
hassizeb = 1, 200.

A subsamplingof buildingsis appliedto 5 touristic
municipalitiesto decrease¢he numberof buildings de-
claredastemporarilyinhabitedandwithoutphonenum-

Implementation

ber Thefinal samples(iiildmg 1) of b’ = 1,180 build-
ingscontain®62householdsvhich form thefinal sam-

ple of household$or the samplingdesignTICINO.

6 Overall Sample

The SCSsampleof 27,331householdss the union of
the sampledor the designdNORTH andTICINO. It is
distributed over all of Switzerland,seeFigurel. The
linguistic distribution is 67% German 28% Frenchand
5% Italian. A proportionof 88% householdscan be
contactedby phoneand 12% have to be contactedn
face-to-fceinterviews.

Figure 1. Geographicaldistribution of SCS PSUs;
NORTH (light grey) andTICINO (darkgrey). Source:
BasemagOSFSOGEOSAT / S+T.

The expectednumberof personsfor acceptablee-
sults is reachedfor the CLASSIC and TRANSIT
methodologiedpr themediumandlargemunicipalities
(overallandTRANSIT), seeTable 2, aswell asfor the
GermarandFrenchspeakingareagoverallandTRAN-
SIT).

Table2: Estimatedgrossnumberof personsn the SCS
asa functionof the censusnethodologyandsizeof the
municipality (classificatiorasin planNORTH).

Census| Sizeof themunicipality

meth. | Small Medium Large | Total
C 5939 6531 - | 12470
S 1165 5336 - | 6501
T 302 23475 19723 43500
F - 340 584 924
Ticino 320 1116 488 | 1924
Total 7726 36798 20795| 65319

The samplingweights wy, 1/m, and wg,rr =
1/m4,7r vary from 4 to 328 dependingon the census



methodologythe group of strata,departurefrom PPS
samplingandsubsamplingn touristic units. The coef-
ficient of variationof the householdsamplingweights
equalsto 37%for CLASSIC(16 < wy, < 54), 15%for
SEMI-CLASSIC(4 < wj, < 61), 45%for TRANSIT
(45 < w < 326), 0% for FUTURE (w; = 71), and
45%for TICINO (68 < wg,7r < 328).

7 Conclusion

The SwissCoverageSurwey (SCS)is basedn a multi-
stagestratifiedsamplingdesignwith two disjoint sam-
pling framesin thefirst stage:postalareasn NORTH
and municipalities in TICINO. An enumerationof
householdss conductedat the building level, andin-
formationis asledof all personsn the selectechouse-
holds.

ThesamplingdesignNORTH is developpedn order
to control, for eachcensusmethodology the variabil-
ity of theinclusionprobabilitiesin thehouseholdtage.
The proposedsamplingplan gives selectionprobabil-
ities which dependon the group of strataand only
slightly on the PA, but areindependenbf the stratum
andof the MD. We notehowever thattheimplementa-
tion requiressomeadaptationsmainly dueto theinap-
plicability of PPSsamplingin someunitsatthe PA and
MD levels.

The samplingdesignTICINO hasto dealwith tem-
porary and final lists of buildings. The main conse-
guencas thevariability of selectiorprobabilitieswithin
strata.

The overall sampleof 27,331householdsachieres
the requiredsamplesizesin the varioussubgroupof
thepopulation.

Appendix: The Swiss2000Census

The Swisspopulationandhousingcensugook placein
2000with Censugday on 5 Decembe2000. Informa-
tionis collectedfor all 7.1 millions resident®of Switzer
land. The SwissFederalStatisticalOfficeis responsible
for the decennialkcensusesut datacollectionis under
the responsibilityof municipalities. In 2000, munici-
palities had to make a choicebetweenvariouscensus
methodologiesn orderto help build up a coordinated
registerof inhabitantsfor Switzerland. The methodolo-
giesmaybe summarizedsfollows:

CLASSIC (C): enumeratoryisit the householdsto
bring and take back the questionnaire$690 mu-
nicipalities);

SEMI-CLASSIC(S): preprintingof thequestionnaires
usingthe registerof inhabitantsdispatchby mail

andvisit of enumeratorso take backthe question-
naires(223municipalities);

TRANSIT (T): preprintingof thequestionnairessing
the registerof inhabitantsdispatchandreturnby
mail (1717municipalities);

FUTURE (F): sameas TRANSIT with link between
householdsnddwellingsin theregisterof inhab-
itants(21 municipalities).

Thepreprintingof thequestionnairegshemail dispatch
and the check of mail return was centralizedfor all

Switzerlandbut Ticino. The cantonTicino (245munic-
ipalities) organizedthe censun its territory by using
amethodologysimilarto TRANSIT.
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