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Preamble et Thanks

The «Coverage Estimation for the Swiss Census 2000» project seeks to assess one of the aspects of census qual-
ity. This report presents the general estimation methodology and the fi nal results for overcoverage, undercoverage and 
resulting net coverage. The work was carried out by Anne Renaud from the Statistical Methods Unit (METH) of the 
Swiss Federal Statistical Offi ce (SFSO).

A special word of thanks to Rajendra Singh and his team at the Decennial Statistical Studies Division of the U.S. 
Census Bureau for the general assistance, discussions about the methodology and review of this report. The contacts 
per e-mail and meetings at the Joint Statistical Meeting in Atlanta in August 2001, in Neuchâtel in March 2003 and in 
Washington in March 2004 were of great help. Special thanks also to Philippe Eichenberger (METH) for the helpful 
discussions throughout the project. Thanks also to census staff members who carried out matchings, performed vari-
ous clerical checks, and furnished considerable information about the census data. Thanks also to Randall Jones from 
the Languages Services (LING) for reviewing the English in this report.

Summary

Coverage of the Swiss population census is estimated for the fi rst time for the census 2000. Both undercoverage 
and overcoverage are analyzed apart and then combined by using the dual system methodology. The estimates are 
based on two samples: the Enumeration sample (E-sample) and the Population sample (P-sample) in order to capture 
both the overcoverage and the undercoverage components.

Similar to results in other countries, we determined that 1.6% of the resident population were overlooked in the 
census (undercount) and that 0.4% were counted erroneously (overcount). The resulting overall rate of net undercov-
erage is 1.4% with larger values for some subgroups of the population such as 20-31 years-old people (2.8%) or for-
eigners (2.9-3.5%).

Other types of errors were analyzed such as error in the type of domicile, time delay between census day and ef-
fective data collection day for movers around the census day, or potential misclassifi cation variables. The results and 
experience gained during the project can be used to improve the subsequent censuses.

Key Words

methodology report; population census; VZ2000; RFP2000; coverage; undercoverage; overcoverage; sampling; 
 estimation estimations; couverture; plan d’échantillonnage; plusieurs niveaux; stratifi cation; allocation; post-enumer-
ation; coverage.
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Introduction

In every population census some people are overlooked and others are counted more than once.
There is therefore undercoverage and overcoverage of the population. The combination of both
components typically leads to net undercoverage of the population with values around 1-3%.
However, net overcoverage has also been observed (e.g. in the US census 2000); see Table 1.

The net coverage may vary considerably between subgroups of the population; see Table 2.
Some subgroups, such as 20-30 year-old males living in large cities, typically have larger un-
dercount than 40-50 year-olds in rural regions. This is mostly due to higher mobility. Special
omissions such as newborns or elderly people in retirement homes are also observed. It is there-
fore possible to have a net overcount for some subgroups but a net undercount for the population
as a whole.

Coverage of the Swiss population census is estimated for the first time for the census 2000.
Both undercoverage and overcoverage are analyzed apart and then combined by using the dual
system methodology.

The dual system estimator (DSE) is based on the capture-recapture methodology. It combines
the census counts with some estimators based on two samples: the Enumeration sample (E-
sample) and the Population sample (P-sample). The E-sample is selected in the census data
set and forms the basis for the estimation of overcoverage in the census. The P-sample is a
subset of a post-census coverage survey, which is as independent as possible from the census,
and forms the basis for the estimation of undercoverage in the census.

Estimates are expected for large demographic groups, for small and large municipalities and for
the census methodologies CLASSIC and TRANSIT. See Appendix A for general information
about the census 2000.

The purpose of the project is not to adjust the census counts but rather to gather information
about the coverage quality in the census results. In other words, the aim is to gather information
that can be used to plan and improve the quality of subsequent censuses.

The general methodology of the project was developed with the grateful assistance from Dr.
Rajendra Singh and his team of the Decennial Statistical Studies Division of the U.S. Census
Bureau.
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Table 1: Census coverage estimates, with the standard error in parentheses [%]. Net under-
coverage, overcoverage and undercoverage. References: Thibault (2003), StatCan (1996),
Hogan (1993), Fenstermaker (2002), Brown et al. (1999) and ABS (1997, 1999, 2004).
Results for the Census 2001 in Canada: state on April 2003.

Census net over under
Canada 1991 2.9 0.6 3.4 (0.12)

1996 2.5 (0.10) 0.7 (0.04) 3.2 (0.09)
2001 3.2 (0.14) 0.9 (0.04) 4.1 (0.13)

USA 1990 1.6 (0.20) 3.1 4.7
2000 -0.5 (0.20) not available not available

Australia 1991 1.8 (0.10) not available not available
1996 1.6 (0.10) 0.2 1.8
2001 1.8 (0.10) 0.9 2.7

New Zealand 1996 1.2 (0.10) 1.4 0.2
UK 1991 2.2 not available not available

Table 2: Census coverage estimates. Net coverage in subgroups [%] with standard error.
Same references.

UK (1991) >20% for young males in inner cities
Australia (1996) 1.1 - 3.1% depending on the State/Territory

2.0% males and 1.1% females, 4.3% for males aged 20-24
USA (1990) 0.7% (0.22) White, 5.0% (0.82) Hispanic, 4.6% (0.55) Black
USA (2000) -1.1% (0.20) White, 0.7% (0.44) Hispanic, 1.8% (0.43) Black

This report is a continuation of three methodology reports1: Renaud and Eichenberger (2002)
(see also Renaud (2002) in English), Renaud (2003), and Renaud and Potterat (2004). It seeks
to summarize the methodology and results from the coverage estimation for the Swiss popu-
lation census 2000. Part I "Methodology" presents the general methodology for carrying out
census coverage estimations as well as the methodology developed for the Swiss estimates. Part
II "Data and Preliminaries" presents the data available for the estimations and the matching pro-
cesses (searches). Part III "Results" presents the results of the analysis and a conclusion with
remarks for future censuses and future coverage estimations. Some complementary information
is gathered in the appendix.

1The methodology reports may be downloaded from the SFSO web site (pdf files in French).
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Chapter 1

Measuring the Coverage of a Population
Census

Coverage error has been studied for several decades in the USA (since 1950) and Canada (since
1961) (Wolter, 1986). Coverage estimation has also become a standard practice since the 80s or
90s in many other countries such as UK, New Zealand, Australia, Germany, Italy, Estonia and
Norway. Methods and results mainly from the USA, UK and Australia are described below.
These countries have the advantage of having extensive experience with coverage estimation
and available detailed documentation.

1.1 Reasons Why Estimating Coverage is Important

Census undercoverage has been estimated to be non negligible in many countries, especially in
some subgroups of the population. Discrepancies between real population and census counts
lead to an imprecise image of the population for planning and decisions.

The undercount was often observed to be larger for the census 1990 than for the census 1980.
As a result, extensive research has been done for the censuses around 2000. On the one hand,
special measures for improving the census process have been developed to improve coverage
(advertising for targeted subgroups, etc). On the other hand, estimation methodology has been
further studied.

The justification for more research is also that measuring coverage has become an important
statistical issue. As a case in point, the U.S. Census Bureau was sued in federal court many
times in 1980 and 1990 on the issue of completeness of the census.

The knowledge gained from these research efforts help the census agencies to improve the
quality of future censuses.

10



1.2 Basics

Let a population U with size N , that is assumed fixed but unknown.

A census is conducted in order to enumerate each and every person in U at a particular point in
time. For a variety of reasons, some individuals of U are overlooked, others are counted twice
or erroneously (e.g. not born or abroad on census day). The enumerated list Uc with size C is
therefore different from U ; see Figure 1.1.

Population

Census list

undercoverage

overcoverage

Figure 1.1: Illustration of overcoverage and undercoverage of the census as a comparison
between the real population to enumerate and the census list.

The number of overlooked people is the undercount Cunder. The number of people counted
erroneously is the overcount Cover.

The net error of coverage is defined by Cnet = N − C = Cunder − Cover. It is positive if the
population count is underestimated and negative if the count is overestimated.

We also define the rate of net coverage Rnet = C/N and the rate of net undercoverage Rnet,under =
Cnet/N = (N − C)/N .

In practice, C is generally smaller than N (net undercoverage) but the opposite may also be
observed if serious problems of double entries occur in the lists.

To produce a measure of census coverage, we need some auxiliary information alongside the
census data set. The auxiliary information is usually demographic data or data from a sample
survey; see Sections 1.3 and 1.4.

1.3 Demographic Data

Comparison of demographic data and census data has been used for numerous census coverage
estimations. If high-quality demographic data are available, such comparisons are not expensive
and can lead to interesting results for aggregated data such as global population, male-female,
or large regions.

In practice, comparisons are limited by the information that can be derived from demographic
data, the quality of data and the level of aggregation. Only net coverage can be estimated, with-
out any information about the number of individuals overlooked or counted twice. Furthermore,

11



results are not reliable if the definitions in the demographic data and in the census data do not
match up.

As a case in point, demographic analysis for the census 1990 in the USA show results about
male-female, black-non-blacks and six age groups (Robinson et al., 1993). The variance of
the results was also estimated by assuming that the census data were error-free. The method-
ology was shown to give more reliable results for differences between subgroups then for net
undercounts in subgroups.

It is interesting to note that demographic analysis may be a complement to other estimation
methodologies (e.g. check for coherence). For example, the comparisons between census and
demographic data for the US census 2000 detected an important error in the results of the Ac-
curacy and Coverage Estimation (A.C.E. based on sample surveys, see below). The A.C.E.
estimated an undercount of 1.18% (Davis, 2001) and demographic analysis estimated an over-
count of 0.12%; see Robinson et al. (2002) for preliminary results and Robinson (2001) for re-
vised results. The subsequent revision of the A.C.E. estimates produced a final value of 0.49%
overcount (Fenstermaker, 2002; Mule, 2003a).

1.4 Sample Survey Data

Methods based on sample surveys have been developed in order to remedy the limitations of
demographic analysis in coverage estimations.

The most common methodology is called dual system estimation and is based on the capture-
recapture system developed by biologists for estimating the size of wildlife populations. For
this methodology, a sample survey is organized as independently as possible from the census
and then matched with the census data set.

The survey is called e.g. post-enumeration survey, coverage survey or census validity survey. It
is used to estimate coverage of the census and sometimes also measurement error in the census.
Note that the use of data from coverage surveys - to be organized - needs more resources than
use of existing demographic analysis.

1.4.1 Capture-Recapture

Various capture-recapture models may be used to estimate population coverage and all of them
are based on log-linear models (Wolter, 86).

The capture-recapture methodology makes use of two independent lists. In our case: the census
(capture) and the survey (recapture).

Let us assume that A is the list of individuals enumerated in the census and B is the list of
individuals enumerated in the post-enumeration survey. For now, we assume that B is a com-
plete enumeration of the population. The sample-related characteristics will be included in the
particular case of the dual system estimation, see Section 1.4.2.

The general coverage error model is based on the following assumptions (see details in Wolter,
1986):

12



1. Closure assumption: the population U is closed and of fixed size N .

2. Multinomial assumption : the joint event that the individual i is in the list A or not and in
list B or not is modelled by the multinomial distribution ξi with parameters pi11, pi12, pi21

et pi22:

in B out B
in A pi11 pi12 pi1+

out A pi21 pi22 pi2+

pi+1 pi+2 1

(1.1)

where pi11 is the probability for i to be captured in both lists, pi12 is the probability for i
to be captured in A but not B and pi1+ = pi11 + pi12 is the probability to be captured in
the list A.

3. Autonomous independence: lists A and B are created as a result of N independent trials
in U , using distributions ξ1, ξ2, ..., ξN . The number of individuals in each cell (in-out A
crossed by in-out B) is:

in B out B
in A N11 N12 N1+

out A N21 N22 N2+

N+1 N+2 N++ = N

(1.2)

where N11 is the number of individuals in both lists and N1+ is the number of individuals
in the census (list A). Note that N1+ is a random variable with mean µ1+ =

∑
pi1+ and

variance σ1+ =
∑

pi1+pi2+ under the model.

4. Matching and quality assumptions: it is possible to match list B to list A exactly and
without error. The possible nonrespondents from list B are so documented that we can
match them to the census. The lists do not include double, out-of-scope or fictitious
entries.

The general model, with 3N unknown parameters (3 for each individual, see assumption 2
above), is underidentified. Further assumptions are needed to estimate the true population size
N . Various special cases of the general model may be considered, as well as combinations
between them.

1.4.2 Dual System Model

The Peterson or dual system model is the most employed capture-recapture model in the frame-
work of population censuses. Two assumptions complete the general model:

1. Causal independence: the event of being included in list A is independent of the event
of being included in list B: pi11/pi12 = pi21/pi22 for i = 1, .., N or pijk = pij+pi+k, for
i = 1, .., N, j = 1, 2, k = 1, 2.

2. Fixed enumeration probability in A, resp. in B: the capture probabilities satisfies pi1+ =
p1+ and pi+1 = p+1 for i = 1, .., N .

13



The likelihood associated with the dual system model is:

L(N, p1+, p+1) =

(
N

N11N12N21

)
p

N1+

1+ · (1 − p1+)N−N1+ · p
N+1

+1 · (1 − p+1)
N−N+1 (1.3)

The sufficient statistic is now (N1, N1+, N+1), where N1 = N11 + N12 + N21 denote the total
number of distinct captures, and the maximum likelihood estimators are:

N̂ = N1+
N+1

N11

, p̂1+ =
N11

N+1

and p̂+1 =
N11

N1+

(1.4)

In practice, we assume that all N members are exposed to capture in the list A but only a sample
of the N members are exposed to possible inclusion in list B. Of the population quantities
of (1.2), only the census total N1+ is known. The survey total N+1 as well as the totals N11, N12

and N21 may be estimated based on the sample survey data and the result of the match between
both lists. The quantities N22 and N are then estimated on the basis of the dual system model.

The dual system estimator of N is therefore:

N̂ = N1+
N̂+1

N̂11

(1.5)

where N1+ is the census total, and N̂+1 and N̂11 are estimators based on survey enumeration B
and the matching of B to list A.

1.4.3 Non Independent Sample Survey

An alternative to the dual system was tested in the USA during the 1995 and 1996 Census Tests.
The methodology was called CensusPlus and was designed to resolve some of the problems
due to unsatisfied assumptions such as statistical independence (causal independence) between
capture in the census and recapture in the survey and optimal matching (Bell, 1994).

The CensusPlus methodology consists of two phases. During the first phase, people are enu-
merated in a sample of units selected independently from the census data set (coverage survey).
During the second phase, data from the survey and the census are compared and possibly com-
pleted in a final list. This is done by resolving differences between two lists in the field to get one
high-quality list for the sampled units. The assumption of complete coverage therefore replaces
the independence assumption in the estimation. This methodology was not further studied as
the quality of the final lists was not sufficient during the 1995 and 1996 tests to be considered
complete.

1.5 Combination of Data Sources

Various data sets may be combined to get an estimate of census coverage. For example, the
dual system may be extended to a triple-system which is potentially more precise than the
dual system but more complex (e.g. census, survey and demographic data). However, the two
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additional lists required, which should be complete and of high quality, are rarely available for
census purposes.

Combination of dual system and demographic analysis has been tested in various countries; see
e.g. Bell (1993). The idea is to apply the dual system to get a coverage estimate for females and
then to use the male-female ratio from demographic data to get a coverage estimate for males.
This approach is based on the assumption that the bias of the dual system will be larger for
males than females.

1.6 Dual System in Practice

The dual system methodology is the basis for coverage estimation in many countries; see the
bibliography of Fienberg (1992).

A post-enumeration survey and a matching with the census are organized in order to get the
survey data and the information about data in both the survey and the census.

In practice, the census data set is not perfect. It may include some erroneous entries such as
double entries or other people that should not be counted in the census (e.g. born after the
census day, abroad on census day, dead before census day). In that case, we have an overcount
in the census list.

All countries include an estimation of undercoverage because this component is known to be
the most effective component of coverage.

Some countries, such as the UK, have chosen not to estimate the overcoverage component of
the census list because it is expected to be negligible. Other countries, such as the USA, include
this component in the coverage estimator. As a consequence N1+ is no longer a fixed value but
is estimated by N̂1+.

Some other countries combine the results from different sources. In Canada, the undercov-
erage and overcoverage components are derived in 1996 and 2001 from four studies (Morel
and Kleim, 2003; Clark and Tourigny, 1999)1: the vacancy check (undercoverage), the reverse
record check (undercoverage and overcoverage), the automated match study (overcoverage)
and the collective dwelling study (overcoverage). The reverse record check uses the capture-
recapture methodology.

1.6.1 U.S. Census Bureau Estimator

The U.S. Census Bureau dual system estimator DSE = N̂ is based on the Equation (1.5)
(Hogan, 1992, 1993, 2003):

DSE = N̂ = [N̂1+]

[
N̂+1

N̂11

]
= [N̂1+]

[
N̂p

M̂

]
=

[
(C − II)

ĈE

N̂e

] [
N̂p

M̂

]
(1.6)

The number of people correctly counted in the census N1+ is estimated by N̂1+, which is in turn
based on the census count C with a correction for the number of whole-person imputations II

1The "Census 2001 Technical report on coverage" is scheduled for release in December 2004.
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and the rate of correct enumeration ĈE/N̂e. The estimated number of correct enumerations in
the census data set ĈE and the estimated census count N̂e are weighted totals based on a sample
selected in the census data set. The sample is called E-sample (Enumeration-sample). ĈE is
based on the result from a search for erroneous and correct enumerations in the E-sample.

The second part of the formula is the opposite of the rate of correct matches N̂+1/N̂11 =

[M̂/N̂p]
−1. The estimated number of matches N̂11 = M̂ and the estimated census count

N̂+1 = N̂p are weighted totals based on a sample independent from the census (recapture).
The sample used for recapture is called P-sample (Population-sample). M̂ is estimated on the
basis of the result from a search for matches in the census data set.

We note that the dual system estimator N̂ is the product of a fixed amount (C − II) by two
random ratios ĈE/N̂e and N̂p/M̂ .

The U.S. Census Bureau uses a quite complex method to estimate the various totals; see for
instance the treatment of movers in Section 1.6.7, the decomposition of the initial A.C.E. es-
timator in Mule (2001) and the Target Extended Search plans of the A.C.E. 2000 (Navarro,
2000). The general methodology, with the revisions and an evaluation, is described in National
Research Council (2004).

1.6.2 Note about Alternative Estimators

Alternative estimators to Equation (1.6) could be:

N̂ (1) = C − ÊE + ÛN = ĈE + (N̂p − M̂) (1.7)

N̂ (2) = C

[
ĈE
C

] [
N̂p

M̂

]
= ĈE

[
N̂p

M̂

]
= (C − ÊE)

[
N̂p

M̂

]
(1.8)

where ÊE = C − ĈE is the estimated number of erroneous enumerations and ÛN = N̂p − M̂ is
the estimated number of overlooked enumerations.

The estimator N̂ (1) is probably the most intuitive one. However, it is not applied in practice
because the cell of people missed by both lists is omitted. Furthermore, the variance of the
estimator is very high (sum of estimated totals).

The estimator N̂ (2) is directly deduced from Equation (1.6), but the constant C is used instead
of the estimator N̂e as the total in the overcoverage component of the estimator. This estimator
was tested by the U.S. Census Bureau but not kept for application because of the larger variance.
Note also that ĈE/C may have a larger bias than ĈE/N̂e.

1.6.3 Application of the Dual System

Most of the assumptions of the dual system model may be considered as satisfied if the post-
enumeration survey and the data processing are achieved with care. However, the assumption
of fixed enumeration probability in the census, and in the survey respectively, is clearly not
satisfied. It is known, for instance, that young people have a lower enumeration probability
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than older people. Similarly people in urban regions usually have a lower probability of being
counted than people in rural regions.

Two types of methodologies were developed to deal with this point: (1) construction of ho-
mogeneous groups (also called estimation cells or post-strata2) in which DSE is calculated and
then recombined to get estimates for various subgroups of the population or (2) modelling of
the capture probability, for instance with a logistic model.

Traditionally, the U.S. Census Bureau uses estimation cells (Hogan, 2003) and the UK uses
models for their coverage results (Brown et al., 99). The U.S. Census Bureau is, however,
considering the idea of using more models for 2010. Estimation cells are easy to deal with but
offer fewer degrees of freedom than models. Note, however, that the choice of the set of cells is
also a modelling task.

In the U.S. Census Bureau, estimation cells were defined equally for the P-sample and the E-
sample in 1990 and for the first results of 2000. However, during evaluation, the behavior of the
probability of correct enumeration was found different from the behavior of the probability of
match. The revised version includes two sets of estimation cells in the estimations; one for the
P-sample and one for the E-sample (Kostanich, 2003).

The choice of the set of estimation cells is a key point in the dual system estimation. For
one thing, people with similar census capture probabilities should be grouped together without
ending up with cells that are two small. Furthermore, cells must be definable in both the P-
sample and the census data set and based on variables with a low misclassification error.

1.6.4 Direct and Synthetic Estimation

When using estimation cells, direct coverage estimates are available for both estimation cells
and aggregates of estimation cells. For instance, if the cells are defined as a combination of both
genders in three age groups, results are available for the whole population, for male, for female,
for the age groups 1 to 3, as well as for males in age group 1, etc. However, an estimation for
females in large cities requires another methodology.

Synthetic estimation is used to produce estimates for any subgroup of the population. The
assumption is that a proportion measured at an aggregate level applies to all sub-groupings.

Let Λ = {1, .., `, .., L} the set of L estimation cells. In each estimation cell, we define the
census count C` and the DSE estimator N̂`.

Let d be the domain for which we want to estimate the total Nd. The synthetic estimator N̂ s
d is

defined by:

N̂ s
d =

∑

`∈Λ

Cd`

N̂`

C`

=
∑

`∈Λ

Cd` ĈCF` (1.9)

where Cd` is the census count in the intersection between domain d and estimation cell ` (d∩ `)
and ĈCF` = N̂`/C` is the estimated coverage correction factor in the estimation cell `.

If domain d is a set of estimation cells J ⊂ Λ, we have Cd` = C` for ` ∈ J et Cd` = 0 for ` /∈ J .

2The term "post-strata" is traditionally used in the U.S. Census Bureau to refer to the estimation cells of the
DSE. It is not related to a post-stratification in the general meaning of the sampling techniques.
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The synthetic estimator is reduced to the direct estimator N̂ s
d =

∑
`∈J N̂`.

We note that synthetic estimation for small areas may have a low accuracy and possibly a large
bias. Results are expected to be more accurate for larger subgroups of the population.

1.6.5 Variance Estimation

The U.S. Census Bureau traditionally uses the jackknife techniques to estimate the variance
of the DSE estimator. For 2000, the jackknife was quite complex so that the stratified two-
phase sampling could be taken into account (Kim et al., 2000 and Sand and Navarro, 2001).
However, a comparison between the production variances and a simple jackknife showed that
results where very similar in most of the cases (Schindler, 2002). Jackknife is available for
direct as well as synthetic estimations. Some adjustments may be included such as grouping of
estimation cells or of sampling strata in order to stabilize the variance estimator; see e.g. Sand
and Navarro (2001).

The Office for National Statistics (ONS) in the UK tested the jackknife and the ultimate cluster
variance estimator3. The final choice was to use the jackknife methodology (Brown et al., 1999
and ONS,2000).

The jackknife methodology has the advantage of being an all-purpose method which works in
stratified multistage samples and serves as a consistent estimator of variance when the param-
eter θ is a smooth function of population totals (Lohr,1999). If a nonlinear statistic has a local
linear quality, then, the jackknife method should produce reasonably good variance estimates
(Wolter, 1985). Jackknife may also be more stable than direct/explicit estimation because it is
less influenced by extreme values (Brewer, 2002). However, bias may be larger and jackknife
is not an accurate means of estimating the variances of some statistics such as percentiles. It is
important to note that little is known about how jackknife performs in unequal probability with-
out replacement sampling designs in general; see also Brewer (2002). The main justification for
the jackknife in nonlinear problems is that it works well and its properties are known in linear
problems.

Some checks are usually applied in order to detect extremely influential units that may con-
tribute disproportionately to variance. Generally, robust techniques as well as weight trimming
deal with outliers. All methods entail trading possibly increased bias for reduced variance to
reduce mean square error. Smoothing of the adjustment factors in the estimation cells as well as
grouping of estimation cells are also applied to deal with this problem for synthetic estimation
(Hogan, 1993).

3The ultimate estimator is:

V̂ (θ̂) =
1

n(n − 1)

n∑

g=1

(θ̂g − θ̂)2 (1.10)

where n is the number of PSUs, θ̂ is the estimator based on the sample and θ̂g is an estimator based only on the
data from the PSU g.
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1.6.6 Post-enumeration Survey

In each country, the lists available - or constructible - as sampling frames for the post-enumeration
survey are different (blocks, postal areas, geographical areas, buildings, etc.). The sampling pro-
cedure therefore needs to be adapted on a case-per-case basis. The only common point is the
need for a multistage sampling as no complete list of people is available.

Examples of post-enumeration survey organization and operation may be found for instance in
Hogan (1992, 1993) for the US census 1990 and Hogan (2000, 2001, 2003) and ZuWallack et
al. (2000) for the US census 2000. General information can be found for UK in Pereira (2002)
and Brown et al. (1999). The documentation for the Canadian census 1996 may be found in
StatCan (1999) and the information about the PES 1996 in Australia in ABS (1999).

Survey procedures depend on the country (hardcopy questionnaires, phone interviews, etc.).
The questionnaire has to include the variables necessary for matching with the census data set
and the variables useful for the coverage analysis. A special emphasis has to be put on the
search for the sampled households or people (contacts) and on the response rate in order to
limit the bias in the coverage estimation.

The timing of the post-enumeration survey must be chosen with care. It should not be conducted
too early (to avoid overlap with the census) nor too late (since changes in the population may
occur). The survey is usually organized after census day, although some operations such as
address listing sometimes occur before census day.

1.6.7 Treatment of Movers

Coverage estimations have to deal with changes in the population between census day and
survey day (movers, births, deaths).

Births and deaths are usually dealt with during the survey and data editing is handled in a
pragmatic manner. Newborns are removed from the survey data set. Deceased people are
treated as a non-response if they are listed in the sample and simply disregarded if they are not
(small bias).

Movers are potentially more susceptible to omission than non-movers in the census. They have
to be treated with care during both the survey and the matching with the census data set. We
define two types of movers in relation to the sample survey. The out-movers that lived in a
sampling unit on census day but moved out before survey day and the in-movers that moved
into a sampling unit between census day and survey day.

The treatment of the movers is related to possible bias in the DSE estimation because of the
heterogeneity of the movers (Griffin, 2000):

bias(DSE) = −
N d (1 − c)(1 − m)

(1 + d c m)(d + 1)
(1.11)

where N is the population total being estimated, d =number of movers / number of non-movers,
c = census coverage for movers / census coverage for non-movers and m =survey coverage for
movers / survey coverage for non-movers. The aim of the procedure is to get d = 0, or c = 1 or
m = 1.
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Different procedures relating to the enumeration of the people in the sampling units have been
tested in the U.S. Census Bureau:

A. Construction of the list at the time of the census: information about out-movers collected
by proxy. No information collected about in-movers.

B. Construction of the list at the time of the survey. Respondents are asked to provide the
address where they lived on census day.

C. Construction of two lists: the first, at the time of the census and the second, at the time
of the survey. Demographic information from the in-movers and matching information
from the out-movers (better match rates) is used.

All procedures give an estimate of the number and percent matched for non-movers. Procedures
A and B also give an estimate of the number and percent matched for out-movers and in-movers,
respectively. Procedure C gives an estimate of the number of out-movers and in-movers, as well
as the percent matched for out-movers. The bias of DSE with procedure B is expected to be
smaller than with procedure A, but similar to procedure C.

Procedure B was used in 1990 but the unresolved match rate for in-movers was high. Procedure
A was tested during the 1995 et 1996 Census Tests to improve the rate of match among movers
and to avoid problems related to the planned 2000 non-response follow-up procedure (sampling,
no more 100%). Results had good matching ability but problems occurred in the collection of
demographic data for out-movers. Procedure C was tested during the Dress Rehearsal of 1998
and chosen for 2000.

With procedure C, N̂p = N̂n + N̂i and M̂ = M̂n + (M̂o/N̂o)N̂i, where N̂n, N̂i and N̂o are the
estimated totals of non-movers, in-movers and out-movers, respectively; and M̂n and M̂o are the
estimated totals of non-mover and out-mover matches (Griffin, 2000). Note that the estimated
total of matches among the movers (M̂o/N̂o)N̂i is based on the rate of match for out-movers
and on the total of movers estimated with the in-movers.

A fourth procedure was considered in UK. This option (procedure D) is to collect no information
on movers and assume that they are just non-responses missing at random in the survey (i.e. no
different from the non-movers that the survey does enumerate). The specific features of the
UK and the approach to the One Number Census resulted in a choice between procedures A
and D. Procedure A was chosen, with Procedure D as a reserve for specific cases where proxy
information is poor (ONS, 2001).

1.7 General Remarks and Deviation from DSE Assumptions

Some points are worth noting about dual system estimation; see National Research Council
(2004, p. 162).

First, the DSE formula includes II if we have census enumerations that either lacked sufficient
information or were added too late to be included in the matching.

Second, there is no assumption that the P-sample must be more complete than the census. It
is expected that the P-sample will miss some people. What is important is that the informa-
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tion obtained in the P-sample be of high quality for matching and satisfy the assumption of
independence.

Third, a key assumption is that the procedures used to define who is in and who is not in the
census are balanced. Failure to apply the same criteria for the correct enumerations in the
E-sample and the matches with correct enumeration in the census will create a balancing error.

Fourth, the DSE is sample based. Consequently it is important to estimate not only the DSE
itself but also its variance due to sampling and other errors. In addition, the number of individual
population groups for which reliable coverage estimates can be developed is limited.

Fifth, if DSE results are to be used for domains that are smaller than those used in the post-
stratification (estimation cells), we assume that the match rate and the correct enumeration rate
are also valid for the domain. This assumption - known as the synthetic assumption- is strong.

The key assumption underpinning the DSE methodology is the independence between the cen-
sus and the survey. The bias due to dependance may be important but is expected to be small
provided both the census and the survey have high response rates (Brown et al., 1999. Adjust-
ment for dependance between census and survey was applied in the UK to get a more accurate
estimate of the population (Abbott et al., 2003). This adjustment makes use of auxiliary infor-
mation.

Other points may disturb DSE model assumptions. We have to deal with heterogeneity caused
by the movers, with unit and item non-response in the survey, with matching errors, with
changes in the population between census day and survey day, with measurement error (e.g.
misclassification in estimation cells) and with heterogeneity of capture probability in the esti-
mation cells.

Many studies have been conducted at the U.S. Census Bureau in order to analyze the various
errors; see for instance the total error analysis of 1990 in Mulry and Spencer (1993). The
list of errors contains the matching error, the imputation error and the survey operation errors.
Synthetic error was also included for 2000.

Correlation bias, due to causal dependence and heterogeneity in capture probability (see the
DSE assumptions), was corrected in the A.C.E. Revision II (Shores, 2002). For example, de-
mographic data were used to adjust for correlation bias due to a lack of independence between
the probability of being counted in the census and in the survey (Kostanich, 2003). Other cor-
rections such as measurement errors in the residence status and adjustment for missing data
were included in the final results (Kostanich, 2003). No demographic data were included in the
official results for coverage of the 1990 census.

Information about the treatment of outliers in the framework of the US coverage estimation may
be found in e.g. Zaslavsky et al. (2001) for a general overview, Mule (2000) for the plan and
Mule (2003b) for the results.

1.8 Adjustment of Census Counts
When estimating census coverage it becomes clear that the census count is not perfect. There-
fore, different population counts are sometimes available: e.g. census count, census count ad-
justed to demographic data, census count adjusted by using the DSE methodology. One count
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may be used to distribute seats in the government and another may be used to distribute social
funds between regions.

The USA has a long history of political and legal controversy when it comes to census ad-
justment. The question for the 1980 census was about whether coverage estimations could or
should be used to adjust the census results for undercounts (Freedman and Navidi, 1992 and
Hogan, 1992). In 1989, litigation about the 1980 census culminated in an agreement between
the U.S. Department of Commerce (of which the Census Bureau is part) and a coalition of
states, cities, and organizations led by New York City (region with a rather high undercount).
The Bureau did not adjust for 1980 but was to prepare for adjustment for the 1990 census. New
controversy among statisticians and further litigation led to the decision in 1991 not to adjust
the 1990 census. As an unresolved issue, new discussions took place for the census 2000 but
the A.C.E. did not successfully measure the large number of duplicates in the census; see e.g.
Whitford (2002). The distribution of the seats in the House of Representatives and redistricting
are therefore still based on the unadjusted census counts. Interesting general literature about
the decisions regarding the 2000 census may be found in National Research Council (1999 and
2004) and the document prepared for Congress (U.S. Census Bureau, 2001).

In the UK, the One Number Census project was developed to adjust the 2001 census counts
for undercounts. The aim was to measure this level of underestimation in the most acceptable
way to provide a much clearer link between the census counts and the population estimates in
order to adjust all the census count for undercounts. This means that the individual level data
base was adjusted by including imputed households and persons to reflect underestimation. All
counts can therefore be added to "one number" (Brown et al., 1999 and Pereira, 2002). Because
final numbers are estimates, confidence intervals are supplied with the totals; see the documents
on the website www.statistics.gov.uk. To our knowledge, UK is the first country that
adjusted the official census counts completely based on sampling methodology.

In Australia, the results of the census post-enumeration survey are used with other administra-
tive sources in the calculation of the Estimated Resident Population (ERP) (ABS,1999). The
ERP is the population for all official purposes such as financial distribution and distribution
of seats in parliament (ABS, 2004). Special discussions occur for the estimates of Queens-
land Aboriginal and Torres Strait Islander communities because the values are expected to be
underestimated (Evans et al.,1993, Taylor and Bell, 2003, Hunter and Dungey, 2003).
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Chapter 2

General Methodology for the Swiss
Estimation

The coverage estimation of the Swiss 2000 Census mainly bases itself on the methodologies
developed in the U.S. Census Bureau, the UK’s Office for National Statistics (ONS) and the
Australian Bureau of Statistics (ABS).

2.1 Objectives

Our aim is to estimate the components of overcoverage, undercoverage as well as the combined
net coverage of the Swiss population census 2000.

Results are expected for the whole census data set as well as subgroups such as male and female,
age groups, small and large communes, urban and rural communes, Swiss and foreigners, and
the census methodologies CLASSIC and TRANSIT; see Appendix A.

The target population for the coverage estimations is defined as the resident population at their
economic domicile and living in a private household; see Appendix A for the definitions. We
assume that the population at the economic domicile and assigned to a collecting household is
also part of the target population.

Note that the decision of making the estimations in the above-defined target population, espe-
cially including the type of domicile, led to some complexity in the estimation. This decision
should be reviewed for a possible future coverage estimation; see Chapter 15.

Some comparisons between census and demographic data are shown in Appendix B. More
reliable and detailed comparisons are expected with the dual system methodology.
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2.2 Estimation Methodology

Overcoverage
The estimation of overcoverage is based on the Enumeration-sample or E-sample, that is se-
lected in the census data, see Section 8.2, and on the results from the search for correct (CE)
and erroneous enumerations (EE) in the E-sample, see Figure 2.1 and Section 10.2.

 

Census list  

E-sample 

double 

 correct 

triple 

erroneous

Figure 2.1: Illustration of the search for correct and erroneous enumerations in the E-sample.

The basic estimator of overcoverage is 1 − Rce where R̂ce = ĈE/N̂e is the estimated rate of
correct enumeration based on the E-sample, with ĈE the estimated number of correct enumer-
ations in the census and N̂e the estimated census count; see the methodology in Chapter 3 and
the results in Chapter 11.

Undercoverage

The estimation of undercoverage is based on the Population sample or P-sample and the results
from the search for matches in the census, see Figure 2.2 and Section 10.1. The P-sample is
a subset of the post-enumeration survey, called the Swiss Coverage Survey (SCS) and is as
independent from the census as possible; see Section 8.1.

 Census list  

P-sample 

? 

matched

matched

non-matched

Figure 2.2: Illustration of the search for matches from the P-sample.

Information is collected during the SCS for non-movers and in-movers, but not for out-movers
(procedure B for treating the movers). We have a 100% follow-up in the census and we expect
a better rate of resolved matches than in the USA. Switzerland is much smaller and nearly final
census data are available for matching.
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The basic estimator of undercoverage is 1 − Rm where R̂m = M̂/N̂p is the estimated rate of
correct match based on the P-sample, with M̂ the estimated number of correct matches in the
census and N̂p is the estimated census count; see the methodology in Chapter 4 and the results
in Chapter 12.

Net coverage

The estimator of the net coverage is R̂net = C/N̂ , where C is the census count and N̂ is the
dual system estimator of the population total. The corresponding rate of net undercoverage is
R̂under = 1 − R̂net.

The dual system estimator of the U.S. Census Bureau with data from the E-sample and P-sample
is the basis for the estimation of N̂ ; see Equation (1.6):

N̂ = C
ĈE

N̂e

N̂p

M̂
= C

R̂ce

R̂m

= C ĈCF (2.1)

where ĈCF is the estimated "coverage correction factor" and the other terms as above. Note that
we do not include the term II in the formula. The reason is that we do not have whole person
imputation in the Swiss census and very few entries are not data-defined (no names, imputation
for most of the variables).

The dual system estimation methodology is applied in estimation cells (post-strata) ` = 1, .., L
and then combined by using synthetic estimation to get estimates for the whole population as
well as various sub-groups d of the population; see the methodology in Chapter 5, the construc-
tion of the estimation cells in Chapter 13 and the results in Chapter 14:

Variance

Variance estimation of the coverage estimators makes mainly use of the jackknife methodology,
see the methodology in Chapter 6 and the results in Chapters 11, 12 and 14.

2.3 Data and Preliminaries

Three main data sets are used for the estimations: the census data set, the P-sample data set
and the E-sample data set (subset of the census data set). Some complementary data sets are
available for instance to define geographical areas and domains; see Chapters 7, 8 and 9.

Two important procedures are applied in order to get the basic information about the under- and
overcoverage: (1) search for matches between the P-sample and the census data set, and (2)
search for correct enumerations (CE) and erroneous enumerations (EE), in the E-sample; see
Chapter 10.

The search for matches between the P-sample and the census is a complete search in the entire
census data set. For matched entries, we have the information collected in the census and SCS
questionnaires.

The search for correct enumeration in the E-sample is mostly restricted to a search for double
entries in the census. For the E-sample people, we have only the data collected during the cen-
sus. We have no complementary information about the real location, the real type of domicile

25



and the real type of household of the E-sample people on census day. This point is further
discussed in Chapters 3 and 15.

2.4 Checks before Estimations

Some checks are applied to the P-sample, E-sample and combined results before making the
estimations. These checks aim at detecting possible units that are extremely influential on the
estimates that may consequently contribute disproportionately to its variance.

Robust techniques are not broached because they would lead to even more complicated coverage
estimations. If necessary, the intervention entails trimming of weights. The aim is, however,
to modify weights only if we can expect a large improvement in the variance estimate while
keeping a small bias.

2.5 Expected Results

The results for undercoverage are assumed to give us most of the information. We have detailed
information about the P-sample matched and non-matched entries. Furthermore, comparisons
between census and SCS characteristics of matched entries provide us with information about
the potential measurement and misclassification errors.

The results for overcoverage are supposed to be less detailed and accurate than those for matches.
The reason is the simplified procedure for the search for CE and EE. Only double entries and
few fictitious entries are detected. We do not have any complementary information about the
real enumeration status of the person (proper location? right population?).

Some choices and assumptions about the definition of correct matches and correct enumeration
are necessary in order to combine the results from the search for matches and the search for CE
in the DSE estimation methodology. For example, one of the challenges is the balancing error;
see Section 5.
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Chapter 3

Correct/Erroneous Enumeration and
Overcoverage

The estimation of the overcoverage of the census data set is based on the results of the search in
the E-sample for correct enumerations (CE) and erroneous enumerations (EE); see Sections 2.3
and 10.2.

The overcoverage may be due to various problems in the census process, such as a missing
link between two domiciles, an enumeration at two places due to a move without the proper
administrative notification, or scanning of non valid questionnaires.

The search for CE and EE is designed to detect only a part of the overcoverage component:
multiple entries and fictitious entries. As a consequence we have only partial information about
the CE and EE and we assume that all other types of overcoverage are negligible. The estimated
overcoverage is a minimum value.

If an E-sample person matches a person with another entry in the census, we call it an E-sample
double; see Figure 2.1 on page 24. The corresponding entry in the census is called a doublet.
Similarly, we have an E-sample triple with the two corresponding triplets.

3.1 Rate of Correct Enumeration Rce and Overcoverage

Analysis of the CE and EE in the E-sample leads to the estimation of Rce the rate of correct
enumeration or the proportion of CE in the census data set:

R̂ce =

∑
j∈se

we,j Pce,j∑
j∈se

we,j

=
ĈE

N̂e

(3.1)

where Pce,j ∈ [0, 1] is the status of correct enumeration and we,j is the weight of people j of
the E-sample se, N̂e =

∑
j we,j is the estimated population total and ĈE =

∑
j we,j Pce,j is the

estimated number of correct enumerations.

The complement 1 − R̂ce is the estimator of the proportion of people that should not have
been counted in the census. This is the overcoverage due to the erroneous enumerations. For
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example, a rate of correct enumeration of 99% means that 1% of the people in the census should
not have been counted; i.e. there is an overcoverage of 1% in the census count.

Note that the estimator is defined as R̂ce = ĈE/N̂e and not as ĈE/C with the constant census
count C; see Section 1.6.2.

Below, we develop the methodology for Rce. The results for overcoverage can be directly
deduced from those for Rce.

The estimator for a specific subgroup or domain Ud of the population U is given by:

R̂ce,d =

∑
j∈se

we,j Pce,j Ijd∑
j∈se

we,j Ijd

with Ijd =

{
1 if j ∈ Ud

0 otherwise, j ∈ U\Ud
(3.2)

Ijd is the domain indicator.

The choice of the status of correct enumeration Pce,j for each element j = 1, .., ne of the E-
sample se is very important. Various definitions have been considered (see below).

Note that Pce,j is a characteristic for all elements of the census data set but measured only for
the E-sample.

3.2 Definition of CE and EE in the Census

A general definition of correctness may be expressed as follows: an enumeration is assumed
to be correct if it is complete, appropriate, unique, in the right population and properly located
(see e.g. Hogan, 2003, with extension for the target population):

• Completeness means that the record is sufficient to identify a single person.

• Appropriateness means that the person should be included in the census.

• Uniqueness means that each person is enumerated only once.

• Right population means that the person is a member of the target population (private
household and economic domicile).

• Proper geographical location means that the person is included where he/she should be
included.

Various levels may be defined for the five criteria. These levels may be very strict or not.

We assume that completeness is satisfied in all cases because most of the population received a
questionnaire with preprinted address, names and demographic information such as sex, date of
birth, marital status and nationality. Furthermore, there is little imputation of these demographic
variables.

We say that an E-sample person is appropriate if he/she is a real person (not fictitious). This
definition is not very strict but a more constrained definition would not be verifiable for the
E-sample.

Uniqueness was verified during the search for CE/EE. However, no information is available to
determine which of the double/triple entries is the correct one, or even if one is correct among
them. The status of multiple entries has to be estimated.
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We do not use the criteria of right population and proper location in the definition of the correct
enumeration because we do not have any information, besides the census, that would confirm
or refute the membership in the target population and location.

An enumeration is erroneous if it is not correct.

None of the E-sample entries have an unresolved status of correct enumeration at the end of the
search process. However, some assumptions have to be set; see below.

3.2.1 Simple Status of Correct Enumeration

We define the status of simple correct enumeration P
(s)
ce,j for each element j = 1, .., ne of the

E-sample:

P
(s)
ce,j =





0 if j is a fictitious enumeration
1 if j is a match with the P-sample
1/2 if j is a double
1/3 if j is a triple
1 otherwise

(3.3)

Fictitious elements are clearly not correct (not appropriate) and the status of correct enumeration
is therefore Pce,j = 0.

We assume that matches with the P-sample are correct because the existence of the person was
confirmed by the SCS interviews (Pce,j = 1); see the remarks in the Section 10.2.

Various approaches may be used to determine the status of correct enumeration for multiple
entries. Without auxiliary information such as interviews, the status has to be estimated. We
may consider two extreme situations: the E-sample entries are correct (Pce,j = 1) and the
doublets/triplets are erroneous, and the E-sample entries are erroneous (Pce,j = 0) and the
doublets/triplets are possibly correct. We choose the medium situation: Pce,j = 1/d with d = 2
for doubles entries and d = 3 for triple entries. The idea is that one of the two (of three)
enumerations is correct (assumption) but we have no information about which is the correct
one. Therefore, each double is considered as half correct and each triple is considered as one
third correct.

E-sample entries not identified as fictitious or multiple entries are assumed to be correct (Pce,j =
1). We do not have any other information that would enable us to better determine their correct
enumeration status.

3.2.2 Alternative Statuses of Correct Enumeration

Some alternative correct enumeration statuses are defined for multiple entries. These alterna-
tives use membership in the population and location of the doublets et triplets, as well as the
partner if they have two domiciles.
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Membership in the Population

The membership in the target population (private households, economic domicile) has a special
role in the estimation. Actually, only people enumerated in the target population were eligible
in the E-sample. The reason is that coverage estimations are expected for the target population.

In the definition of the simple status P
(s)
ce,j , doublets and triplets out of the target population are

considered as real doublets and triplets. For the alternative status P
(pop)
ce,j , doublets and triplets

are maintained only if they are members of the target population. The idea is that we have over-
coverage of the target population only if the doublets and the triplets are in the target population
too.

For multiple entries, we have P
(pop)
ce,j = 1/d′, with d′ the number of doublets/triplets in the target

population; see Figure 3.1.
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Figure 3.1: Status of correct enumeration P
(s)
ce,j (left) and P

(pop)
ce,j (right). The link between the

points indicate the double and triple entries.

The resulting status P
(pop)
ce,j ≥ P

(s)
ce,j may be expressed by:

P
(pop)
ce,j =





1/2 if j is a double and the doublet is in the population
1 if j is a double and the doublet is out of the population
1/3 if j is a triple and both triplets are in the population
1/2 if j is a triple and one and only one triplet is in the population
1 if j is a triple and both triplets are out of the population
P

(s)
ce,j otherwise

(3.4)

30



Location

The location has less impact on the estimation methodology than the membership in the pop-
ulation. The reason is that, contrary to the restriction of the E-sample to the target population,
we do not restrict the estimation to a particular place.

In the analysis of overcoverage, it is however interesting to look at the location of the doublets
and triplets in comparison with the location of the E-sample entries. Therefore, we define the
status of correct enumeration at the right location P

(loc)
ce,j , where the multiple entries are consid-

ered as real (partial) erroneous enumerations only if the doublets and triplets are enumerated
around the address of the E-sample entry. Note that the accepted area around the address has to
be defined.

For multiple entries, we have P
(loc)
ce,j = 1/d′, with d′ the number of doublets/triplets in the area

around the address.

The resulting status P
(loc)
ce,j ≥ P

(s)
ce,j is expressed with the same scheme as P

(pop)
ce,j in Equation (3.4)

but replacing "in the population" by "in the area" and "out of the population" by "out of the area".

Partner

When determining the status of correct enumeration of multiple entries, including the charac-
teristics of the partner enumeration of the doublets and triplets can be quite revealing. Partner
enumerations are actually available for the doublets and triplets that have civil addresses that
differ from their economic addresses (additional record for the same person; two domiciles).

For example, consider one E-sample entry j with a doublet i living in a collective household
and/or at a civil domicile, i.e. i is out of the target population, P

(s)
ce,j = 1/2 and P

(pop)
ce,j =

1. Suppose now that i has a partner k (6= j) that is living in a private household and at the
economic domicile, i.e. in the population. One can relax P

(pop)
ce,j by assuming that k should also

be considered as a doublet of j in the target population but was not found during the search, i.e.
P

(popR)
ce,j = 1/2.

The relaxation of the status of correct enumeration P
(pop)
ce,j for multiple entries is therefore:

P
(popR)
ce,j = 1/d′, with d′ the size of the set defined by the union of "doublets/triplets in the target

population" with "doublets/triplets with a partner in the target population". We are now count-
ing as doublets and triplets any partners of these non-population doublets and triplets which are
in the population.
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We define P
(popR)
ce,j ≤ P

(pop)
ce,j :

P
(popR)
ce,j =





1/2 if j is a double and the doublet is in pop
1/2 if j is a double and the doublet is out of pop

with partner in pop
1 if j is a double and the doublet is out of pop

without partner or with partner out of pop
1/3 if j is a triple and both triplets are in pop
1/3 if j is a triple and one triplet is in pop

and one triplet is out of pop with partner in pop
1/3 if j is a triple and both triplets are out of pop

with both partners in pop
1/2 if j is a triple and one triplet is in pop and one triplet

is out of pop without partner or with partner out of pop
1/2 if j is a triple and both triplets are out of pop with

only one partner in pop
1 if j is a triple and both triplets are out of pop

without partner or with partner out of pop
P

(s)
ce,j otherwise

(3.5)

With the same scheme but replacing "in pop" by "in area" and "out of pop" by "out of the area",
we can relax P

(loc)
ce,j in order to define P

(locR)
ce,j .

Combined Effects

We can also define various statuses that combine the simple status with membership in the
population, the location and relaxation for partners. To illustrate this, let P

(poploc)
ce,j that depends

on the population and location:

P
(poploc)
ce,j =





1/2 if j is a double and the doublet is in Ω
1 if j is a double and the doublet is out of Ω
1/3 if j is a triple and both triplets are in Ω
1/2 if j is a triple and one and only one triplet is in Ω
1 if j is a triple and both triplets are out of Ω

P
(s)
ce,j otherwise

(3.6)

with Ω the set of the elements "in the population and in the area".

Note that the membership and location effects increase the rate of correct enumeration (status
increases) but the relaxation decreases the rate (status decrease).

3.3 General Comments

The most interesting point in the estimation is the rate of correct enumeration with the simple
status P

(s)
ce,j as well as the rate that includes population membership, especially with the relax-

ation for the partners (statuses: P
(pop)
ce,j and P

(popR)
ce,j ). The information about location has a lower

impact on the analysis; see the results in Chapters 11.
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Chapter 4

Matches and Undercoverage

The estimation of the undercoverage in the census data set makes use of the results of the search
for matches between the SCS (P-sample) and the census; see Section 10.1.

The undercoverage may be due to various problems in the census process, such as people not
listed in the registers, people not contacted by the enumerators or failure in the data processing
(e.g. loss during scanning).

If a P-sample entry is matched during the search, we call it a matched entry. It is called a
non-matched entry otherwise. The corresponding entry in the census is called the match.

Contrary to the treatment of correct enumerations, we have two data sets: SCS and census.
Therefore, the correctness must first be defined and checked for the P-sample entries before
defining the correct matches found in the census data set; also called "match with correct enu-
merations".

4.1 Correct P-sample Entries

The general definition of Section 3.2 is used to define the correct P-sample entries.

All P-sample people are assumed to be correct. We do not need to select any subsection of
the sample for the estimations. The reason is (1) that P-sample people were contacted during
the interviews (assumption: complete, appropriate), (2) that P-sample entries were checked for
double entries during the SCS data editing (uniqueness), (3) that the determination of population
membership during the SCS is assumed accurate (right population), (4) that the locations on
census day and on SCS day collected during the SCS are assumed to be accurate because of the
special effort made to collect all the addresses during the interviews.

However, we should note that errors may also occur in SCS data collection. For instance,
measurement errors in demographic data (misclassification) as well as uncertainties in the type
of domiciles (with possible inversion of locations as well) are possible but not checked.
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4.2 Rate of Match R̂m and Undercoverage

Analysis of the matches between the P-sample and the census leads to the estimation of Rm the
rate of correct matches or the proportion of P-sample people that have been correctly enumer-
ated in the census:

R̂m =

∑
j∈sp

wp,j Pm,j∑
j∈sp

wp,j

=
M̂

N̂p

(4.1)

where Pm,j is the status of correct match and wp,j is the weight of people j of the P-sample sp,
N̂p =

∑
j wp,j is the estimated total population from the P-sample and M̂ =

∑
j wp,j Pm,j is

the estimated number of correct matches from the P-sample.

The complement 1 − R̂m is the proportion of people that should have been but were not enu-
merated in the census. This is the undercoverage due to some errors in the census process. For
example, a rate of match enumeration of 99% means that 1% of the people should have been
counted in the census but were not; i.e. there is an undercoverage of 1% in the census count.

Below we develop the methodology for R̂m. The results for the undercoverage can be directly
deduced from those of R̂m.

The estimation for a specific subgroup or domain Ud of the population U is given by:

R̂m,d =

∑
j∈sp

wp,j Pm,j Ijd∑
j∈sp

wp,j Ijd

with Ijd =

{
1 if j ∈ Ud

0 otherwise, j ∈ U\Ud
(4.2)

Similarly to the status of correct enumeration Pce,j in the E-sample, we need to define the status
of correct match Pm,j for each element j = 1, .., np of the P-sample (match with a correct
enumeration). Various definitions were considered (see below).

4.3 Definition of Correct Match

We assume that completeness is satisfied for all matches in the census data set; see Section 3.2.

We also assume that all matches are appropriate. With an accurate matching, none of the
matches should be fictitious if matched to one P-sample entry (appropriate). This definition
may be restricted by including the information about the demographic variables; see below the
alternative statuses of correct match.

The uniqueness of the matches is assumed satisfied but was not checked. The assumption lays
on the observation about the low number of multiple entries in the E-sample.

The criteria of right population and proper location may be checked by comparing with the
information collected in the P-sample. More or less restrictive criteria may be defined; see the
alternative statuses below.

Note that the right population and proper location criteria may be related. In the case of two
domiciles, an inversion in location is possibly related to an inversion in the types of domiciles.

A match is erroneous if it is not correct.
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4.3.1 Simple Status of Correct Match

We define the status of simple correct match P
(s)
m,j for each element j = 1, .., np of the P-sample:

P
(s)
m,j =

{
0 if j is a non-matched entry
1 if j is a matched entry (4.3)

The definition of P
(s)
m,j does not include any information about the classification of the matches

(sex, origin, etc.), the membership in the population and location. If any entry is found some-
where in the entire census data set, it is a match.

4.3.2 Alternative Statuses of Correct Match

Alternative statuses of correct match are defined by including the classification (sex, origin,
etc.), membership in the population and location. The information about partners is also in-
cluded in a similar way as for the status of correct enumeration in the E-sample.

Classification

For matched entries of the P-sample, we can compare the information collected during the SCS
and the census.

Suppose that the element j from the P-sample is in the domain d (e.g. male age 10-19) and that
the match i in the census is out of the domain d (domain d′, e.g. male age 80+); see Figure 4.1.
We have a misclassification error.
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Figure 4.1: Distribution of the data between the P-sample and the census (matched entries).
Classification of data in the non-overlapping domains d and d′.

A misclassification error may be seen as a special case of coverage error. If the SCS data
collection is chosen as the reference value, there is an underestimation of the census count in
domain d and an overestimation of the census count out of d.

We can define the status of correct match P
(d)
m,j in a domain d:

P
(d)
m,j =





0 if j is a non-matched entry
0 if j is a matched entry and the match is out of d
1 if j is a matched entry and the match is in d

(4.4)
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In the results of Chapter 12, we give preference to some general analysis of the misclassification
error such as the detection of highly misclassified variables or the balancing between "in d in
SCS and out of d in the census" and "out of d in SCS and in d in the census". In that context we
define the asymmetry factor:

φd,d′ = max

(
ndd′

nd′d

,
nd′d

ndd′

)
=

max(ndd′ , nd′d)

min(ndd′ , nd′d)
(4.5)

This analysis gives important results about the potential misclassification of the people and is
also useful as a preliminary step for the choice of variables that are eligible for the construction
of estimation cells in the dual system estimation. We note that many reasons may lead to
misclassification such as bad or unclear formulation of the question, or differences in the survey
methodology (e.g. paper form versus computer assisted interviews).

Membership in the Population

The simple rate of correct match may be extended to take into account membership of the
match to the target population. The idea of the status of correct match in the population P

(pop)
m,j

is that we have an undercoverage of the target population if the match is out of the population:
P

(pop)
m,j ≤ P

(s)
m,j:

P
(pop)
m,j =





0 if j is non-matched
0 if j is matched and the match is out of the population
1 if j is matched and the match is in the population

(4.6)

The membership in the population cannot however be considered in the same way as a domain
as in the classification above because only people in the target population have been selected in
the P-sample (according to the SCS); see Figure 4.2. An undercoverage in the target population
is related to an overcoverage out of this population but we do not have the balanced information
about people out of the target population with matches in the population.
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Figure 4.2: Comparison of data in and out of the target population for the P-sample and the
census (matched entries). We do not have any information about the cells in the lower part
of the table.
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Location

We also define a rate of correct match that depends on the location. The idea is that the match
is correct if it is located near the location given by the SCS.

We define the status of correct matches in the proper location P
(loc)
m,j ≤ P

(s)
m,j with the same

scheme as Equation (4.6) but replacing "population" by "area".

The analysis of location of the matches gives potentially interesting results about the location
in the census, such as possible time delay for movers between census day and enumeration day,
as well as errors in determination of the type of domicile.

Relaxation for the Partner

Determining the type of domicile is a known difficulty in the census and SCS data collection.
Furthermore, the search for matches stopped after having found one eligible match. No further
search was processed to determine if the partner would also be eligible.

The match, as well as the partner, may be in the right type of domicile or not, the right type of
household or not, and in the proper location or not. If the match is in the right domicile and may
have possible the false location A but the partner is in the false domicile and the proper location
B, we may have possibly an exchange between the two types of domiciles; in the census and/or
the SCS. It would then not be an underestimation of the target population (underestimation at
the place A balanced by an overestimation at the place B) but an error in the type of domicile.

In order to take into account the weakness arising from the type of domicile and the search for
matches (in the case of two domiciles), we define the relaxed rate of correct matches in the
population to "correct population for the match or its partner (if it has one partner)" P

(popR)
m,j :

P
(popR)
m,j =





0 if j is non-matched
0 if j is matched and the match is out of pop

without partner or with a partner out of pop
1 if j is matched and the match is out of pop

with a partner in pop
1 if j is matched and the match is in pop

(4.7)

Similarly, we define P
(locR)
m,j by replacing "pop" by "area".

Differences between P
(pop)
m,j and P

(popR)
m,j , as well as between P

(loc)
m,j and P

(locR)
m,j can be observed

only for matches with partners.

Combined Effects

Many combined statuses may be defined in the same way as used for the statuses of correct
enumerations of Chapter 3.

To demonstrate this, we define the status P
(poploc)
m,j that combines the membership in the popula-
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tion and the location:

P
(poploc)
m,j = P

(pop)
m,j P

(loc)
m,j =





0 if j is non-matched
0 if j is matched and the match is out of pop or out of area
1 if j is matched and the match is in pop and in area

(4.8)

Note that, contrary to the rates of correct enumerations, the membership and location effects
decrease the rate of correct matches but the relaxation to the partners increases the rate.

4.4 General Comments

Determining various statuses and corresponding rates of correct matches is of great interest
when analyzing undercoverage, especially the simple rate and the effect of the population and
location.

The analysis will also place emphasis on parallel analysis such as misclassification error and
detailed location of the matches; see Chapter 12.
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Chapter 5

DSE and Net Coverage

The estimation of the net coverage of census data set is based on the results from the search
in the E-sample for correct enumerations (CE) and erroneous enumerations (EE) and from the
search for matches between the SCS (P-sample).

The estimated rates of correct enumeration R̂ce and correct match R̂m are combined in the dual
system estimator to get the rate of net coverage and the rate of net undercoverage. The combined
results include all the effects coming from undercoverage and overcoverage components. The
overcoverage may partially compensate for undercoverage with different effects depending on
the considered subgroup of interest.

5.1 Rate of Net Coverage R̂net and Coverage Correction Fac-
tor CCF

The estimated rate of net coverage R̂net is given by:

R̂net =
C

N̂
(5.1)

where C is the census count and N̂ is the dual system estimator of the population count.

The complement R̂under = 1 − R̂net is the estimated proportion of people that should have been
counted in the census but were not. This is the estimated net undercoverage due to missing
entries in the census (undercoverage) partially or fully compensated by erroneous enumerations
(overcoverage).

The rate of net coverage R̂net may be larger than 1 with a negative rate of net undercoverage
R̂under. In this case, we have more overcoverage than undercoverage and the census count is
overestimated.

We also define the estimated coverage correction factor ĈCF = N̂/C = 1/R̂net as the factor of
correction by which the census count has to be multiplied to reach the dual system estimator.

For example, a rate of net coverage of 98.5% means that, overall, 1.5% of the population have
not been counted in the census (e.g. 2% undercoverage compensated by 0.5% overcoverage).
In that case, the net undercoverage of the census is 1.5% and the correction factor is 1.0152.
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Results are mostly given below in the form of the net coverage R̂net and of the correction factor
ĈCF.

5.2 Dual System Estimator

The dual system estimation is applied by estimation cells, or post-strata, in order to satisfy the
assumptions of the methodology where possible; see Section 1.6.

Let Λ = {1, .., `, .., L} the set of L estimation cells. The population total N is estimated by:

N̂ =
L∑

`=1

N̂` (5.2)

where the dual system estimator N̂` of the population total N` in a estimation cell ` = 1, .., L is
given by:

N̂` = C`

[
ĈE`

N̂e,`

] [
M̂`

N̂p,`

]−1

= C`

R̂ce,`

R̂m,`

= C` ĈCF` (5.3)

with

• C` is the census count in the estimation cell `;

• N̂e,` is the estimated total population in ` based on the E-sample;

• ĈE` is the estimated number of correct enumerations in ` in the census data set based on
the E-sample and search for CE/EE;

• N̂p,` is the estimated total population in ` based on the P-sample;

• M̂` is the estimated number of people in ` matched to the census based on the P-sample
and search for matches;

and:

• R̂ce,` = ĈE`/N̂e,` is the estimated rate of correct enumeration in `; see Chapter 3;

• R̂m,` = M̂`/N̂p,` is the estimated rate of correct match in `; see Chapter 4;

• ĈCF` = R̂ce,`/R̂m,` is the coverage correction factor in `.

Note that C` is a constant. Only the ratio ĈCF`, ` = 1, .., L, that combine the results R̂ce,` and
R̂m,` from both the P-sample and the E-sample are random values.

5.3 Estimation in Domains

The estimation in specific subgroups or domains is based on the synthetic assumption. We
assume that the coverage correction factor, the inverse of the rate of net coverage, is constant in
each estimation cell.
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The estimated rate of net coverage R̂d,net and the coverage correction factor ĈCFd are given by:

R̂net,d =
Cd

N̂d

and ĈCFd =
N̂d

Cd

= (R̂net,d)
−1 (5.4)

with Cd the census count in domain d, N̂d the total dual system estimator in domain d, and

N̂d =
L∑

`=1

Cd`

N̂`

C`

=
L∑

`=1

Cd`

R̂ce,`

R̂m,`

=
L∑

`=1

Cd` ĈCF` (5.5)

where the Cd` is the total in the census of the elements in the intersection between the domain
d and the estimation cell ` and ĈCF` is the ratio between R̂ce,` and R̂m,` in `.

Note that, as in Equation (5.3), the only random quantities are ĈCF` , ` = 1, .., L, which
combine the results R̂ce,` from the E-sample and R̂m,` from the P-sample at the estimation cell
level.

5.4 Construction of Estimation Cells (Post-Strata)

The choice of the set of estimation cells, or post-strata, Λ = {1, .., `, .., L} is a key point in the
estimation.

The first objective is to group people with similar census capture probabilities in order to reduce
bias in the DSE. The second objective is to group people with similar net undercount to get reli-
able synthetic estimations. The third objective is to group people in order to capture differences
in important variables.

The construction also has to take into account some constraints. The estimation cells should
not be too small in order to control variance and minimize ratio bias (DSE=ratio estimator).
They must be definable in both the P-sample and the census data set. They should also be based
on variables with a low misclassification error in order to avoid heterogeneity (where possible,
classification should be in the same estimation cell for both the P-sample and the census).

Besides the SCS and the 2000 census data sets, we do not use any auxiliary data sets to construct
estimation cells. Therefore, we are in a possible bias situation where data are used to determine
the estimation cells and these estimation cells are then applied to the same data. However, we
do not have any other available information such as variance estimates or demographic data.

A set of eligible variables is first selected as a basis to define the estimation cells. Selection
makes use of general considerations about the important variables for coverage issues and anal-
ysis of misclassification errors of variables (comparison, for P-sample matched entries, between
the SCS and census data).

Logistic and discrimination models are then used to extract a subset of variables for further work
in the construction. The set of final variables is used to construct the preliminary estimation
cells. New cross-classifications are then collapsed and integrated step by step in order to assure
a minimum sample size in each final estimation cell; see Chapter 13 for the detailed procedure.
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5.5 Balancing Correct Enumerations and Correct Matches

One of the key subjects in the dual system estimation methodology is the definition of the
status of correct enumeration Pce,j in the E-sample se and the status of correct match Pm,j in
the P-sample sp. Actually, these statuses are the basis for calculation of R̂ce,` and R̂m,` in the
estimation cells ` = 1, .., L in the dual system estimation:

R̂ce,` =

∑
j∈se

we,j Pce,j Ij`∑
j∈se

we,j Ij`

(5.6)

R̂m,` =

∑
j∈sp

wp,jPm,j Jj`∑
j∈sp

wp,j Jj`

(5.7)

with the weights we,j in se and wp,j in sp and the estimation cell indicator variables Ij` for j ∈ se

and Jj` for j ∈ sp that equal to 1 if j ∈ ` and 0 otherwise.

Generalities

The combination of overcoverage and undercoverage components needs balancing. In other
words, the same definition of correctness must be used for enumerations in the E-sample and
for matches with the P-sample. If balancing is not done, the dual system estimator will be
biased.

Balancing has to be done for location: a match that is located far from the reference address
collected during the SCS can be considered as erroneous (not correct) only if the search for
correct enumeration also detects this match as erroneous because it is not in the proper location.

In addition to location, balancing has to be done for the target population. A match that is not in
the target population may be excluded (considered as not correct) only if the search for correct
enumeration also detects this match as erroneous because it is not in the target population.

As a result, we cannot combine any definition of the status Pce,i with any other definition of
status Pm,i without risk of bias in the estimate.

Preliminary Definition of Correctness

For balancing, the same definition of correctness has to be applied for correct enumerations and
correct matches. We call the set of criteria: dse-correctness.

All P-sample and E-sample entries are assumed to be complete. Therefore, completeness is
included in the definition of dse-correctness and assumed to be satisfied in all cases.

We assume that the P-sample entries are all appropriate and that the search for fictitious entries
in the E-sample detected the non appropriate entries. Therefore, appropriateness is included in
the definition of dse-correctness.

We assume that P-sample entries are unique, that the search for multiple entries in the E-sample
is accurate to detect the non unique elements and that the estimation of the status of correct
enumeration is also reliable for the multiple entries. Therefore, uniqueness is included in the
definition of dse-correctness.

42



The location of P-sample matches is verifiable (according to the SCS data) but the location of
the E-sample entries is not checked during the search for CE and EE. Therefore, we cannot
include the location in the definition of dse-correctness.

Membership in the target population is a special case in the estimation. First, the P-sample
is a set of people in the target population according to SCS data and the E-sample is a set of
people in the target population according to census data. Second, some matches are found to
be out of the target population according to the census but we do not have any complementary
information to confirm or refute membership of the E-sample people to the target population1.
The decision whether or not to include membership in the definition of dse-correctness is not
straightforward. Some assumptions have to be set.

Membership in the Target Population

The dual system estimator N̂` in estimation cell ` is a function of C`, R̂ce,` and R̂m,`.

The census count C` may include only people in the target population C
(pop)
` or people also out

of the target population (non private households or non economic domiciles) C
(s)
` . This term

does not dictate any constraint in the choice of the treatment of membership in the population.

The rate R̂m,` = M̂`/N̂p,` is based on the P-sample selected in the target population according
to the SCS. Therefore N̂p,` is the estimator of the population total in the target population.
The search for matches give the information about membership of the matches to the target
population. We can estimate the total number of matches M̂

(s)
` (status P

(s)
m,i) as well as the total

number of matches in the target population M̂
(pop)
` (status P

(pop)
m,i or P

(popR)
m,i ). Note that the

difference between P
(s)
m,i and P

(pop)
m,i is not large in our case; see Chapter 12.

The rate R̂ce,` = ĈE`/N̂e,` is based on the E-sample. According to the census, all E-sample
entries are in the target population. Therefore N̂e,` is the estimator of the population total in the
target population.

The search for CE in the E-sample leads to the detection of fictitious entries and multiple entries
but not to entries that are enumerated by mistake in the target population. Based on the results

from the search, we can estimate the number of correct enumeration ĈE
(s)

` :

ĈE
(s)

` =
∑

j∈se

we,j Pce,j Ij` (5.8)

or choose one estimator that includes an estimated proportion ϕ` of E-sample entries that are

out of the target population ĈE
(pop)

` :

ĈE
(pop)

` = ϕ`

∑

j∈se

we,j Pce,j Ij` (5.9)

1Note that matches that are in the E-sample are all in the target population according to the census and the SCS.
This intersection cannot be used for the estimation of the proportion of E-sample people that are really in the target
population.
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In both forms, we have to define Pce,j . The second form has the advantage of (partially) rem-
edying some incomplete results from the search for CE and EE. However, we need to estimate
the factor ϕ`.

We look at two forms of the dual system estimator:

N̂
(s)
` = C

(pop)
`

[
ĈE

(s)

`

N̂e,`

] [
M̂

(s)
`

N̂p,`

]−1

(5.10)

N̂
(pop)
` = C

(pop)
`

[
ĈE

(pop)

`

N̂e,`

] [
M̂

(pop)
`

N̂p,`

]−1

(5.11)

In both forms, we select the census counts in the target population C
(pop)
` because of the general

framework of the project: results expected for the target population and selection of the P-
sample and the E-sample among this population.

The first form N̂
(s)
` satisfies the needs for balancing because determination of correctness of the

E-sample entries and matches does not depend on membership in the target population. The
disadvantage of this form is that the effect of the target population is not fully included in all
the estimated totals. A justification of this form is based on the assumption (not verifiable) that
people who are mistakenly classified in the census as belonging to the target population are
balanced by people who are mistakenly classified as belonging outside the target population.

The second form N̂
(pop)
` is expected to satisfy balancing indirectly by the correction factor ϕ`.

The definition of correctness is not the same for the status of correct enumeration and the status
of match but the correction is designed to balance the estimate. The advantage of this form is
that the effect of the target population is included at all stages but the difficulty is to estimate ϕ`

in such a way that we reduce bias in the estimates.

If ϕ` is estimated by M̂
(pop)
` /M̂

(s)
` , we have N̂

(pop)
` = N̂

(s)
` . Here again, we assume that people

who are mistakenly classified in the target population are balanced by people who are mis-
takenly classified outside the target population. The global estimator ϕ` = M̂ (pop)/M̂ (s) is
probably more stable but may lead to a larger bias at the estimation cell level. Some other forms
such as estimates in each first stage sampling stratum (variable stradap, see Section 8.1) are
also conceivable.

For both N̂
(s)
` and N̂

(pop)
` , the status of correct match Pm,i is clearly defined. The status of

correct enumeration of fictitious entries is clearly Pce,i = 0 but the status of multiple entries
still needs to be determined. Following the line of thought, we choose to define the status of
correct enumeration on the basis of the doublets and triples in the target population (reference
framework = census for the search). Obtaining a status that depends on the population but is
also relaxed for the partners would be a wiser choice.

Final Dual System Estimator

For balancing purposes as well as to keep the estimators as simple as possible, we chose to use
the first form N̂

(s)
` for the dual system estimation in Equation (5.3).
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The status of correct enumeration is set to Pce,i = P
(popR)
ce,i from Equation (3.5) in order to

take into account the fictitious elements and the multiple entries in the target population, with
relaxation for the partners.

The status of correct match is set to Pm,i = P
(s)
m,i from Equation (4.3) in order to satisfy the need

for balancing.

The final estimator is then:

N̂` = N̂
(s)
` = C

(pop)
`

[
ĈE

(s)

`

N̂e,`

] [
M̂

(s)
`

N̂p,`

]−1

= C
(pop)
`

R̂
(popR)
ce,`

R̂
(s)
m,`

(5.12)

= C
(pop)
`

[∑
j∈se

we,j P
(popR)
ce,j Ij`∑

j∈se
we,j Ij`

] [∑
j∈sp

wp,j P
(s)
m,j Jj`∑

j∈sp
wp,j Jj`

]−1

(5.13)

The chosen estimator is somewhat conservative in the sense that it is not founded on the as-
sumption that the determination of membership in the population is perfect for the P-sample.
Actually, this determination, especially the type of domicile, is known to be difficult in any case.

We note that balancing is assumed to be met at the estimation cell level, which possibly limits
the estimation bias in the various subgroups of interest.
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Chapter 6

Variance Estimation

This chapter presents the methodology developed for estimation of the variance of overcover-
age, undercoverage and net coverage estimators.

The variance of estimated overcoverage 1 − R̂ce equals the variance of the rate of correct enu-
meration R̂ce. It depends on the multi-stage sampling design of the E-sample, the final weights
we,i and the measured Pce,j in the E-sample, see Chapter 3. Similarly, the variance of the esti-
mated undercoverage 1− R̂m equals the variance of the rate of correct matches R̂m. It depends
on the multi-stage sampling design of the P-sample, the final weights wp,j and the measured
Pm,j in the P-sample, see Chapter 4.

The variance of the estimated net undercoverage 1 − R̂net equals the variance of the rate of net
coverage R̂net. It depends on the sampling designs of the E-sample and the P-sample, the final
weights we,i and wp,j and the measured Pce,j in the E-sample and Pm,j in the P-sample, see
Chapter 5.

The variance of R̂ce and R̂m may be treated in the same way. Both estimators are weighted
means of Pce and Pm, respectively and are based on one unique sample; i.e. the E-sample
and P-sample, respectively. The variance of R̂net has to be treated in a special way as it is
a combination of weighted totals from two different non-independent samples (E-sample and
P-sample).

Note that we do not explicitly include influences such as the nonresponse model for the P-
sample in the variance estimation. Furthermore, we do not develop the methodology to test
differences between rates in various subgroups of the population. Comparisons of confidence
intervals do,however, offer some indications.

6.1 Over- and Undercoverage: Variance of R̂ce and R̂m

Various methodologies may be used to estimate the variance of R̂ce and R̂m. In this report, we
use three techniques: the Taylor expansion (PROC SURVEYMEANS from SAS), the classical
jackknife and a stratified jackknife (implemented in SAS).

General information about the variance estimation, the Taylor expansion and the jackknife tech-
nique can be found in Wolter (1985), Särndal et al. (1992) or Rao (1997). More detailed infor-
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mation about jackknife may also be found in Shao and Tu (1995).

The variance estimators presented below mainly depend only on the first stage of the design
(PSUs) without correction for the finite population. This approximation is valid if the first-
stage sampling fraction is small or if the first-stage is drawn with replacement. In our case, the
sampling fraction is small in most strata but some of them are quite high. Some of the estimated
variances are therefore possibly overestimated or unstable.

Jackknife is usually known as an all-purpose method. In our case, we can have confidence in
the method as R̂ce and R̂m are weighted means, in other words, smooth functions of population
totals.

Strict adherence to random replicates would dictate that the adjustment of the basic weights
be computed separately within each replicate, with inclusion of the imputation, nonresponse
adjustment and possible other correction such as calibration to auxiliary data (Wolter, 1985).
In practice, only the final weights are considered below in the weight adjustment of replicates.
Although underestimation of the variance is possible, this problem does not seem to be a serious
one.

Estimates are calculated for the overall data set as well as for various sub-groups of the popula-
tion. Results from the various techniques are compared in Appendix E.

The numerical results given with the coverage estimates in Chapters 11, 12 and 14 are results
from the stratified jackknife.

6.1.1 Notation

Let h = 1, .., H be the stratum number at the first stage (stradap), i = 1, ..,mh the cluster
number in stratum h, and j = 1, .., nhi the unit number in cluster i from stratum h.

We define R̂ to be the estimated rate of interest based on the sample s (weighted mean of Pj):

R̂ =

∑
h

∑
i

∑
j whij Pj∑

h

∑
i

∑
j whij

(6.1)

where whij is the weight of the unit j in cluster i of stratum h and Pj is the status of correctness
of the unit j.

In the case of overcoverage, s = se, R = Rce, wj = we,j and Pj = Pce,j . In the case of
undercoverage s = sp, R = Rm, wj = wp,j and Pj = Pm,j . The statuses may be simple ones
P

(s)
ce,j and P

(s)
m,j or some other statuses defined in Chapters 3 and 4.

The variance estimators are described below for the global estimator R̂. The estimation in a
domain d is calculated in the same way but replacing wj by wj · Ijd and Pj by Pj · Ijd, with Ijd

the indicator variable: Ijd = 1 if the observation j is in the domain d and Ijd = 0 otherwise.
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6.1.2 Taylor Expansion Method

The Taylor expansion method (linearization) estimator of variance V (R̂) is defined by (SAS,
2004):

vL(R̂) =
H∑

h=1

mh(1 − fh)

mh − 1

mh∑

i=1

(ehi − ēh)
2 (6.2)

with

ehi =

∑nhi

j=1 whij(Pj − R̂)∑
h

∑
i

∑
j whij

(6.3)

ēh =

∑mh

i=1 ehi

mh

(6.4)

The finite population correction (1− fh) = (1−mh/Mh), with Mh the total number of clusters
in h in the study population, is used in the calculation only if the option TOTAL is included in
PROC SURVEYMEANS.

6.1.3 Classical Jackknife Method

Let θ = R be the parameter of interest and its estimator θ̂ = R̂.

For jackknife purposes, the sample s is partitioned into m =
∑

h mh subsamples corresponding
to people in the PSU α = 1, ..,m. We define the α−th group as the set of people in the PSU α.

Note that different α−groups could be defined such as aggregation or part of the PSUs. How-
ever, PSUs form a natural partition and reflect the structure of the sample.

Let θ̂(α) be the estimator of the same functional form as θ̂, but computed from the reduced
sample obtained by omitting the α−th group, α = 1, ..,m (replicates):

θ̂(α) = R̂(α) =

∑
j∈s\α wj Pj∑

j∈s\α wj

=

∑
j∈s wj Pj Ijα∑

j∈s wj Ijα

(6.5)

where s \ α defines the sample s with omission of the PSU α. The second form makes use of
the indicator Ijα=1 if j ∈ α and 0 otherwise. We do not need any correction of the weights as
R̂(α) is a ratio (correction terms can be simplified)

We define

• the pseudo-values θ̂α = m θ̂ − (m − 1) θ̂(α) for α = 1, ..,m,

• the Quenouille’s or jackknife estimator ̂̄θ =
∑

α θ̂α/m, and

• θ̂(.) =
∑

α θ̂(α)/m the mean of the θ̂(α).
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Two alternative variance estimators may be used:

vJK1(
̂̄θ) =

1

m(m − 1)

m∑

α=1

(θ̂α − ̂̄θ)2 =
m − 1

m

m∑

α=1

(θ̂(α) − θ̂(.))
2 (6.6)

vJK2(
̂̄θ) =

1

m(m − 1)

k∑

α=1

(θ̂α − θ̂)2 = v1(
̂̄θ) +

(θ̂ − ̂̄θ)2

m − 1
≥ v1(

̂̄θ) (6.7)

In practice, we often assume that vJK1(θ̂) = vJK1(
̂̄θ) and vJK2(θ̂) = vJK2(

̂̄θ).
Both values vJK1(

̂̄θ) and vJK2(
̂̄θ) are identical for many estimators (e.g. linear). In our calcu-

lation, the difference is negligible in the whole data set and in various subgroups (< 0.01%).
Therefore, only results with vJK(R̂) = vJK1(

̂̄θ) are presented below.

6.1.4 Stratified Jackknife Method

When the jackknife method is applied to a stratified sample h = 1, ..H , one will commonly
use other variance estimators than classical jackknife. Actually, one should be careful when
applying classical jackknife to a stratified sample.

We assume that the sample has been selected by using a stratified sampling design with strata
h = 1, .., H . Accordingly to the classical jackknife, let θ̂(hα) be the estimator of the same
functional form as θ̂, but computed from the reduced sample obtained by omitting the α−th
group of stratum h, α = 1, ..,mh, h = 1, .., H .

We have:

θ̂(hα) = R̂(hα) =

∑
h

∑
i∈se,h

∑
j w′

hij Pj∑
h

∑
i∈se,h

∑
j w′

hij

(6.8)

with the corrected weights

w′
hij =





0 if i = α
whij

mh

mh−1
if α ∈ h and i 6= α

whij otherwise, i.e. α /∈ h

(6.9)

We define:

• the pseudo-values θ̂hα = mh θ̂ − (mh − 1) θ̂(hα) for α = 1, ..,mh and h = 1, .., H ,

• the Quenouille’s or jackknife estimator ̂̄θ =
∑

h

∑mh

α=1 θ̂hα/m, and

• θ̂(h.) =
∑

α∈h θ̂(hα)/mh the mean of the θ̂(hα) in stratum h = 1, .., H .

The variance estimators are similar to the classical jackknife but applied within each stratum.
Here, we define only the first form :

vJKS(̂̄θ) =
H∑

h=1

mh − 1

mh

mh∑

α=1

(θ̂(hα) − θ̂(h.))
2 (6.10)
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Variations of the estimator are applied in practice. We may, for instance, replace θ̂(h.) by θ̂(.) =∑
h

∑
α∈h θ̂(hα)/m. This change has little effect on the performance of the jackknife since both

are second order asymptotically equivalent (Shao and Tu, 1995).

6.1.5 More About Jackknife

The factor mh/(mh − 1) has been used in the correction of weights in Equation (6.9). An
alternative correction could be the ratio between the sum of the weights whij in the stratum and
the sum of the weights whij in the stratum without the PSU α.

The alternative correction would better reflect the design but the first version is recommended
in our case to account for the variability in the estimated population total for the stratum
(Kostanich, 2004). Actually, we did not apply ratio estimation to control final weights within
the stratum to a fixed value. In the opposite case of a fixed total value

∑
i

∑
j whij in each

stratum, the alternative correction would be recommended.

Some splitting of PSUs could be processed in order to get more replicates to improve the jack-
knife estimation (stability) in strata with few PSUs. However, a splitting of PSUs would par-
tially destroy the dependence among units within the same PSU.

Alternative correction and splitting were tested for Rce and Rm overall and in some subgroups
of the population. In most of the cases, the results are pretty close but larger differences are
observed in subgroups that include data only or mainly from Ticino; see Appendix E. The
reason is that this region has only 2 to 6 PSUs selected out of the 3 to 75 PSUs in the six strata.
For domains like Ticino, where we have few degrees of freedom, any variance estimate based
strictly on the design will suffer from a high variance of the variance.

Another direction, not broached in the current report, could be an estimation that includes the
within-PSU variance and finite population correction. For example to deal with Ticino, we
could use the estimated ratio total/within variance from Switzerland except Ticino to inflate the
within variance (more stable than "between") in Ticino (Kostanich, 2004).

6.2 Net Coverage: Variance of R̂net

The estimator R̂net is a non-linear combination of estimated totals from two dependent samples:
the E-sample and the P-sample. Both samples have the same PSUs but different following
sampling stages. Therefore, they cannot be considered as independent samples. However, the
common first stage may be used in the estimation of variance.

The jackknife techniques are typically useful for the complex estimator R̂net. The linearization
technique (Taylor expansion) is not applied because of the complexity of the estimator.

Jackknife techniques have been shown to be valuable for dual system coverage estimations in
the USA. The first stage estimator has also been shown to be a good estimator of variance. The
reason is that variability between people is larger than variability between sampling units such
as buildings.

As with the variance estimation applied for R̂ce and R̂ce, we do not strictly adhere to random
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replicates. Only the final weights are considered in the weight adjustment of replicates.

The variance estimators are described below for the global estimator R̂net. The estimation in a
domain d has the same form but replacing C by Cd and C` by Cd`, see Equation (5.5).

6.2.1 Simple Jackknife

Let θ = Rnet the parameter of interest and its estimator θ̂ = R̂net.

For jackknife purposes, the P-sample and the E-sample are both partitioned into m subsamples
corresponding to people in the PSU α = 1, ..,m. We define the α−th group of the P-sample,
resp. E-sample, as the set of people in the P-sample, resp. E-sample, and in the PSU α.

Let θ̂(α) be the estimator of the same functional form as θ̂, but computed from the reduced
sample obtained by omitting the α−th group, α = 1, ..,m (replicates):

θ̂(α) = R̂net,(α) =
C

N̂(α)

= C

[
L∑

`=1

C`

R̂ce,`(α)

R̂m,`(α)

]−1

(6.11)

where ` = 1, .., L is the estimation cell, see the Equations (5.2), (5.3) and (5.1).

The rates are defined by:

R̂ce,`(α) =

∑
j∈se\α

we,j Pce,j∑
j∈se\α

we,j

(6.12)

R̂m,`(α) =

∑
j∈sp\α

wp,j Pm,j∑
j∈sp\α

wp,j

(6.13)

where se \ α and sp \ α define the sample se, resp. sp with omission of the PSU α.

Note that C and Cl are not random elements and therefore do not need to be modified in the
replicates.

We do not need any reweighting to define θ̂(α) as both R̂ce,`(α) and R̂m,`(α) are ratios (correction
terms can be simplified). Note however that a correction would be necessary for instance for a
ratio between totals from two different samples.

The variance estimators have the same form as for Rce and Rm, see Section 6.1.3. The first
form is used for estimations.

6.2.2 Stratified Jackknife

For the stratified jackknife estimator, we define θ̂(hα) as follows:

θ̂(hα) = R̂net,(hα) =
C

N̂(hα)

= C

[
L∑

`=1

C`

R̂ce,`(hα)

R̂m,`(hα)

]−1

(6.14)
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where

R̂ce,(hα) =

∑
h

∑
i

∑
j w′

e,hij Pj∑
h

∑
i

∑
j w′

e,hij

(6.15)

R̂m,(hα) =

∑
h

∑
i

∑
j w′

p,hij Pj∑
h

∑
i

∑
j w′

p,hij

(6.16)

The weights of the E-sample and the P-sample are corrected in the same way: w ′
e,hij = we,hijΨhα

and w′
p,hij = wp,hijΨhα with:

Ψhα =





0 if i = α
mh

mh−1
if α ∈ h and i 6= α

1 otherwise, i.e. α /∈ h
and (6.17)

The variance formula in Section 6.1.4 are also valid for θ̂(hα) = R̂net,(hα).

6.2.3 Computer Implementation

In the jackknife variance estimator, we note that the only random term is CCF`(α) = R̂ce,`(α)/R̂m,`(α)

for the classical jackknife and CCF`(hα) = R̂ce,`(hα)/R̂m,`(hα) for the stratified jackknife, re-
spectively. These replicates, corresponding to a matrix L × m (L=number of estimation cells,
m=number of PSUs), are then used to estimate the overall rate of net coverage and applied to
various domains of interest. Unlike the rate of rate of correct enumeration and the rate of cor-
rect match, whose replicates need to be calculated for each domain, jackknife estimators require
replicates to be calculated only once with synthetic assumption.
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Part II

DATA and PRELIMINARIES
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Chapter 7

Census Data

Census data sets are available at the inhabitant level, at the household level, at the housing
unit level (dwelling), at the building level and at the commune level. All levels are linked by
common identifiers; see the general information and some definitions in Appendix A.

Provisional and final census data sets are used in the project. In this section, all numerical values
are related to the final data set of September 2003.

7.1 Inhabitant

The census data set at the inhabitant level has 7,452,075 entries.

A person is repeated as many times as his/her number of domiciles. One person with a civil
domicile different from the economic domicile is therefore counted twice in the data set. The
category of domicile (WKAT) allows for the extraction of data sets without double entries; see
Table 7.1.

The resident population (economic domicile) is defined by WKAT in (1,3) as being a to-
tal of 7,288,010 and the civil population is defined by WKAT in (1,4) as being a total of
7,287,357.

Table 7.1: Category of domicile WKAT.
WKAT Nb [%]

1 one single domicile 7,123,292 95.6%
3 economic domicile (not unique) 164,718 2.2%
4 civil domicile (not unique) 164,065 2.2%

Total 7,452,075 100%

About 2.3% of the resident population is enumerated in two different domiciles (civil and eco-
nomic). Note that some people are coded as WKAT=3 but the link with the partner enumeration
does not exist (PARTNR=-7, 565 records in the entire data set).

Various characteristics are collected in the personal questionnaire; see Appendix A. In the
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current project, we use the names and addresses, date of birth, gender, marital status, nationality
(residence permit), position in the household (reference: economic domicile) and occupation;
see Table 7.2 for the distribution between categories (some of them grouped) for the resident
population.

Note that the information about the "language you think in and know best" was collected during
the census and is often used in analysis of the Swiss population. However, the data collected
during the SCS would need some more clerical work before it can be used. As this work has
not been done, we do not use the results of this variable in the coverage estimation.

The information about imputation is gathered into FLAG variables, with FLAG=0 being used
for the original and unmodified value, FLAG=1 for an imputation for a blank (missing) and
FLAG=2 for an imputation related to a change in the original value (incoherent, not valid).
Flag variables are not available for all the variables in the census data set. In Table 7.3, we
use the flag about the year of birth GEJAF for the age and the flag KAMSF made up by Daniel
Kilchmann (METH) for the occupation.

7.2 Households

The census data set at the households level has 3,204,914 entries; 3,181,568 when restricted to
the resident population.

The households are distributed in private households, collective households and administrative
households and a more detailed typology was developed in each of these groups.

A private household is defined as a group of people who live in the same housing unit (e.g. a
family). A collective household is defined as a "non-private" household (e.g. jails, hospitals or
retirement homes). All other cases are administrative households (homeless, travelling people,
collecting households).

Collecting households are not real households. They are created during the census data pro-
cessing when people could not be linked to a real household. The household composition and
the housing unit are not known. In some cases, the building is also not known; see Table 7.4.

Households are formed by 1 to 6831 people (economic population). Family households have 2-
16 people. Non family households have 2-17 people. Collective households have 1-695 people.
Administrative households have 1-6831 people.

7.3 Housing Units and Buildings

The census data set at the level of the housing units has 3,758,939 entries and the census data
set at the level buildings has 1,465,891 entries.

The list of housing units contains units that are inhabited or not, with private or collective
households, with or without kitchen/kitchenette. Fictitious entries are also listed to get the
link for people not assigned to a real housing unit. Extracts may be processed to obtain, for
instance, the dwelling units or other groups. Note that the housing units in the list cannot be
entirely identified in the field (e.g. we may have two 2-room housing units that are both situated
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on the 3rd floor). The housing units receive 0-17 people with a mean value around 1.8 and a
median of 2.

Only buildings that can be used for housing are listed in the census data set. As with collecting
households, collecting buildings are created to accommodate people not linked to an enumer-
ated building (maximum 1 per commune, total of 2797).

The buildings receive up to 262 housing units with a mean around 2.4 and the median 1. Most
of the inhabited buildings have less than 5 dwellings (87%). The larger number of people in one
building is 10,116. Among the real buildings, the larger number of people is 720, with mean
around 5 and median at 3.

Information about imputation is also available. Note that some values were taken from the 1990
census data set (FLAG=3). This is for instance the case for 2.6% of the variable "type of the
building" (GART: only habitation, mainly habitation, provisory or mobile habitation, mainly for
other use, collecting building).
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Table 7.2: Distribution of the resident population according to age group
age=2000-GEJAF (GEBJA=year of birth), gender GESL, marital status ZIV, per-
mit AUSW, position in the household STHHW and occupation KAMS. Definition of new codes
sex,Cage2,ziv2,ausw2,stell and taet (see the selection of categories Cage2 in
Chapter 13).

Variable Class Code Nb [%]
GESL sex
Male 1 1 3,567,567 49.0
Female 2 2 3,720,443 51.1
age Cage2

1-9 1 814,293 11.2
10-19 2 851,320 11.7
20-31 3 1,145,557 15.7
32-44 4 1,561,377 21.4
45-59 5 1,445,163 19.8
60-79 6 1,171,413 16.1
80- 7 298,887 4.1

ZIV ziv2
Single 1 1 3,064,734 42.1
Married 2 2 3,400,396 46.7
Widowed 3 3 414,945 5.7
Divorced 4 3 407,935 5.6
AUSW ausw2
Swiss -9 1 5,792,461 79.5
C permit 1 2 1,032,056 14.2
B permit 2 3 339,321 4.7
Other permits 3-9 3 124,172 1.7
STHHW stell
Living alone 111 1 1,120,878 15.4
Husband/wife 112 2 3,132,892 43.0
Common-law husband/wife 113 3 387,938 5.3
Single parent 114 4 162,321 2.2
Other head 115 5 81,581 1.1
Relative of the head 121-124 6 2,021,373 27.7
Other 131-134 7 85,828 1.2
Collecting household 210 8 123,235 1.7
Collective household 241-243, 300 9 171,964 2.4
KAMS taet
In employment 1 1 3,789,416 52.0
Unemployed 2 2 157,572 2.2
No occupation 3 3 2,096,362 28.8
Less than 15 years old 4 4 1,244,660 17.1

Total 7,288,010 100
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Table 7.3: Information about imputation flags FLAG (7,452,075 observations). Distribution
among the values 0 (no imputation), 1 (imputation for blank) and 2 (imputation for incoher-
ence) [%]. 1: Results for the resident population without information about collective and
collecting households.

Variable Flag 0 1 2 Total
age GEJAF 99.89 0.05 0.06 100
GESL GESLF 99.96 0.02 0.02 100
ZIV ZIVLF 99.76 0.10 0.14 100
AUSW AUSWF 99.45 0.22 0.33 100
STHHW1 STHHWF 83.51 6.90 9.59 100
KAMS KAMSF 94.36 5.12 0.52 100

Table 7.4: Distribution of economic households and economic population according to type
of household HHTPW: absolute values and proportions [%]. Details for administrative house-
holds.

Description Codes Nb HH [%] Nb Pers [%]
One person 1000 1,120,878 35.2 1,120,878 15.4
Family 2111-2422 1,931,860 60.7 5,733,917 78.7
Not family 3110-3222 62,661 2.0 138,016 1.9
Collective 9111-9224 8,148 0.3 166,384 2.3
Administrative 9801-9804 58,021 1.8 128,815 1.8
Total 3181568 100 7,288,010 100

Administrative Codes Nb HH [%] Nb Pers [%]
People physically not present 9801 0 0 0 0
Homeless, travelling people 9802 1,174 2.0 5,505 4.3
No link with a building 9803 2,409 4.2 47,899 37.2
No link with household but real building 9804 54,438 93.8 75,411 58.5
Total 58,021 100 128,815 100
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7.4 Communes

The 2896 communes are grouped into 217 districts, 26 cantons and 7 NUTS regions (Nomen-
clature of Units for Territorial Statistics).

The population count (POP) is the census count of the resident population in the commune.
It takes values between 22 (5102 Corippo) et 363,273 (261 Zürich) with half of the resident
population in communes with less then 7,246 inhabitants; see Table 7.5. Note that about 35%
of the communes have fewer than 500 inhabitants and about 4% have more than 10,000 inhabi-
tants. For the analysis, we define taipop2=1 for communes with fewer than 2000 residents,
taipop2=2 for communes with 2000-7999 residents and taipop2=3 for communes with
8000 or more residents (see the selection of the categories in Chapter 13).

The official language of a commune (LING) is one of the four national languages (German,
French, Italian or Romansh) and is used as the administrative language between the commune
and its inhabitants. It is determined as the national language with the larger number of in-
habitants; see Table 7.6. For analysis purposes, we also define ling2 as the aggregation of
Romansh and German.

Table 7.5: Distribution of the communes Nc and the resident population POP into classes of
population counts POP.

Class Nc [%] POP [%]
22 - 99 155 5.4% 9,896 0.1%
100 - 499 856 29.6% 243,818 3.4%
500 - 999 563 19.4% 407,909 5.6%
1000 -4999 1023 35.3% 2,322,434 31.9%
5000 - 9999 180 6.2% 1,241,997 17.0%
10000 - 49999 111 3.8% 1,878,008 25.8%
50000 - 99999 3 0.1% 222,605 3.1%
100,000 - 363,273 5 0.2% 961,343 13.2%
Total 2896 100% 7,288,010 100%

Various commune typologies have been constructed on the basis of the census 2000’s socio-
demographic, socio-economic, territorial and geographic data; see Schuler and Joye (2004). We
use the urban-rural status (urbrur) that is determined by using variables such as employment,
building density, population size and structure. For the analysis, we define urbrur2, which
groups the 5 isolated towns with the town centers.

Some information about census operations is also available at the commune level. We use the
census methodology (var), see Appendix A and the new defined variable var2 that groups
TRANSIT and FUTURE, as well as information about outsourcing (outsour). Outsourc-
ing was used by many communes for mail management and other tasks, such as management
of transfers (moving, etc.). The communes of Ticino canton receive the code outsour=0
because of the special procedure in that canton.
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Table 7.6: Distribution of communes Nc and the resident population POP into NUTS regions
NUTS, official language LING, urban-rural status urbrur, census methodology var and
outsourcing information outsour. Definition of new codes ling2, urbrur2 and var2.

Class Code Nc [%] POP [%]
NUTS

Lake Geneva region 1 589 20.3% 1,326,729 18.2%
Espace Mittelland 2 913 31.5% 1,679,417 23.0%
Northwestern Switzerland 3 321 11.1% 994,946 13.7%
Zurich 4 171 5.9% 1,247,906 17.1%
Eastern Switzerland 5 471 16.3% 1,048,467 14.4%
Central Switzerland 6 186 6.4% 683,699 9.4%
Ticino 7 245 8.5% 306,846 4.2%

LING ling2
German 1 1 1669 57.6% 5,221,135 71.6%
French 2 2 892 30.8% 1,720,365 23.6%
Italian 3 3 269 9.3% 320,247 4.4%
Romansh 4 1 66 2.3% 26,263 0.4%
urbrur urbrur2
Town center 1 1 64 2.2% 2,078,003 28.5%
Agglomeration 2 2 910 31.4% 3,204,312 44.0%
Isolated town 3 1 5 0.2% 63,137 0.9%
Rural 4 4 1917 66.2% 1,942,558 26.7%
var var2
CLASSIC 1 1 688 23.8% 268,826 3.7%
SEMI-CLASSIC 2 2 224 7.7% 177,353 2.4%
TRANSIT 3 3 1718 59.3% 6,473,966 88.8%
FUTURE 4 3 21 0.7% 61,019 0.8%
TICINO 5 5 245 8.5% 306,846 4.2%
outsour
No delegation 0 957 33.1% 722,217 9.9%
Global packet 1 1607 55.5% 6,233,509 85.5%
Only mail 2 332 11.5% 332,284 4.6%

Total 2896 100% 7,288,010 100%
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Chapter 8

P-sample and E-sample Data

The P-sample and E-sample of people are selected by using a multi-stage sampling design. Both
have identical primary sampling units (PSUs) but different following stages.

8.1 P-sample

For the Swiss Coverage Survey (SCS), a special survey methodology was developed to obtain
data that would be independent from the census and reliable for a match with the census. The
data also include identification of moving or second domicile and classification into groups of
interest. The survey requires intensive fieldwork, with a listing of households, including maps
to identify buildings, and interviews; see Renaud (2002) and Renaud and Eichenberger (2002)
for details.

The SCS multistage design leads first to a selection of 303 PSUs: 283 postal areas PAs in 22
strata in NORTH (=Switzerland except Ticino Canton) and 20 communes in 6 strata in TICINO
(strata= stradap).

After a second stage related to field operations, we selected 15,877 buildings with 27,398 house-
holds. Information is collected about all household members during an interview conducted by
phone (CATI), if the phone number was known and face-to-face (CAPI) otherwise; see the ques-
tionnaire in Appendix C. About 25,000 households were contacted. A set of 21,350 households
were respondents and part of the population. We do not have any item non-response.

The list of households in the selected buildings was established from 18 January to 9 February
2001 for NORTH and from 28 February to 16 March 2001 for TICINO. The SCS-interviews
took place from 17 April to 29 May 2001.

According to the information collected during the interviews and some checks during the match-
ing process, we selected SCS people that belonged to the target population. The final P-sample
of n =49,883 people is therefore a subset of the SCS data set; see Renaud and Potterat (2004)
for details.

The P-sample weights are based on the sampling weights, with an adjustment for nonresponse
at the household level. This adjustment takes into account the estimated proportion of non-
respondents who belong to the target population. The reason is that many firms or vacation
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housing units were on the list of households. The final weights are quite variable (values be-
tween 5 and 489; CVs between 0.5 and 28% within the 28 stradap).

The distribution of P-sample entries into the categories for the most important analysis variables
is shown in the undercoverage results tables in Chapter 12.

It is worth noting that some bias may appear in the distribution of the P-sample. For exam-
ple, foreigners, particular those holding a B permit or less, are known to be generally under-
represented in households surveys. In the context of the coverage estimation, we did not apply
any calibration and therefore bias may remain in the data. Actually, the proportion of Swiss
people is 83.2% (weighted) in the P-sample and 79.5% in the census. However, the difference
has to be put into perspective as the proportion based on the P-sample has some variability.

8.2 E-sample

The E-sample of n =55,469 people was selected in the census data set by using a two-stage
design with a stratification at the first level (strata: stradap); see Renaud (2003) for the
details.

After a special treatment of the census data to get a sampling frame of PSUs identical to the
frame of the SCS, the 303 PSUs of the SCS were selected at the first stage (same selection
probability). At the second stage, people were directly selected in the PSUs without going
through buildings or households.

According to the information collected during the census, the E-sample contains only people
that are part of the target population.

The E-sample sampling weights are almost constant within each stratum stradap. However,
the variability within the subgroups may be quite high (e.g. CVs of about 60% in the language
regions). We do not have nonresponse (no interviews, final weight = sampling weight).

A group of 21 people where excluded from the E-sample because they were absent from the
final census data. The provisional E-sample used for the search for CE/EE therefore contains
n =55,448 observations. For the estimations, the final E-sample contains n =55,375 obser-
vations because 73 people are no longer part of the target population in the final census data
set.

Only census data are available for the E-sample people. We do not have any complementary
field work to collect the information about the type of domicile, type of household and location
on census day.

The distribution of the E-sample entries into the categories of the most important analysis vari-
ables can be found in the tables of Chapter 11.
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Chapter 9

Geographical Location and Analysis Areas

Various data are available to help pinpoint the location of people in the census (and E-sample)
and in the P-sample. Some new variables also need to be constructed for the estimation needs.

9.1 Location

Postal Areas

Postal areas (PAs) and communes are two different partitions of the Swiss territory. There are
about 5000 PAs with 6 digits, aggregated in 3500 PAs with 4 digits, and 2896 communes.

In the census data set, information about the commune is more reliable than information about
the PA.

The postal address of a given person or household is the address of the building they live in
(street name, number in the street and PA)1. In many communes, the buildings do not have any
street name or building number. Such buildings may be identified in most cases by using the
coordinates or the insurance numbers and maps. The possible street names and numbers in the
street are not used below. The location is defined by the PA (4 and/or 6 digits), the commune or
the building ID.

Collected Addresses

One or two addresses were collected for each person during census data collection: (1) eco-
nomic domicile on census day, (2) civil (not economic) domicile on census day. The first
address is the reference for the estimation (population at its economic domicile).

The addresses 1 and 2 in the census data set are defined by a PA with 6 digits and by a com-
mune. The commune is more reliable than the PA, especially in special cases such as collecting

1For example of location, Paul Meyer lives at the postal address "Rue Haute 11, 1450 La Sagne". The PA with
4 digits is 1450 (with the name: La Sagne) and the building is identified in the PA by the street "Rue Haute" and
the number in the street "11". The PA with 6 digits "145002" is used for postal purposes and mail delivery. The
commune is "Ste-Croix" (commune ID: 5568) which is in the district "Grandson", in the canton "Vaud" and in the
NUTS region "Lake Geneva".
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buildings.

Up to four addresses were collected during SCS for the P-sample people: (1) economic domicile
on SCS day, (2) civil (not economic) domicile on SCS day, (3) economic domicile on census
day, (4) civil (not economic) domicile on census day. The first address is the contact address
during the SCS (contact at the civil domicile is excluded from the P-sample because it is out of
the target population). The third address is the reference address for the estimation (economic
population on census day).

In the P-sample the address 1 is defined by a postal area (PA) with 6 digits in NORTH (ex.
100004) and by a commune in TICINO (ex. 5042). Addresses 2-4 are defined by a PA with 4
digits (ex. 1000).

The P-sample of n =49,883 people are distributed into 48,303 (96.8%) non-movers and 1580
movers (3.2%). The non-movers are defined as people having the same economic address on
SCS and census day (address 1 = address 3). The movers are defined as people having a different
economic address on SCS and census day (address 1 6= address 3).

Geocoded Information

Geocoded information is available for the communes (GEOSTAT data from SFSO). We use
the 3 dimensional central coordinates (state: 31 December 2000) and the list of adjacent com-
munes. The central coordinates are used to geographically identify the most important place
in each commune such as the market square or church. Coordinates are given in meters in
the Swiss system of coordinates. The list of adjacent communes give the list of the pairs of
communes that have a common frontier/boundary.

Others

The list of PAs (La Poste, status: 1 July 2003) with corresponding post offices as well as the
electronic phone book (Twixtel) and the related maps (Twixroute) are used to find an address as
well as to have an idea about the location of a PA or a commune.

9.2 Analysis Areas

For analysis purposes, we define two geographical areas around the P-sample and E-sample
addresses: the basic area and the extended area. Both areas are defined as sets of communes.

Some addresses such as in the P-sample are defined by PAs without the information about the
commune. Therefore, we need a link between PAs and communes.

9.2.1 Link between Postal Areas and Communes

We define the link between PAs and communes by two reference lists of couples (PA with 6
digits,commune) and (PA with 4 digits,commune) - below (PA6,co) and (PA4,co).
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A couple (PA,co) is included in the list if at least one real building is included in both the PA
and the commune co. In that case we say that the PA touches the commune co; and vice-versa,
the commune touches the PA. The reference list of real buildings contains inhabited as well as
uninhabited buildings (business, etc.) but no collecting buildings.

As an illustration, the PA A touches commune 1 and the PA B touches communes 1, 2 and 3 in
Figure 9.1. Therefore, the couples (A,1), (B,1), (B,2) and (B,3) belong to the list (PA,co).

A

B

1 2

3

4 5

6

78

Figure 9.1: Illustration of the areas. Dashed boxes for postal areas (PAs A and B, 4 or 6
digits) and standard boxes for communes (1-8).

9.2.2 Main Commune

For each PA (4 or 6 digits) we also define the main commune as the commune touched by the
PA with the more buildings. In Figure 9.1, the main commune of PA A is commune 1. If the
PA B has 500 buildings distributed in 200 buildings in commune 1, 40 buildings in commune 2
and 260 buildings in commune 3, the main commune for B is commune 3.

9.2.3 Basic and Extended Areas

For P-sample non-movers in NORTH, the basic area is the set of communes being touched by
the PA6 of the address 1 (address 1= address 3, 6 digits). For P-sample non-movers in TICINO,
the basic area is the commune in the address 1 (= address 3). For P-sample movers in NORTH
and TICINO, the basic area is the set of communes being touched by the PA4 of the address 3
(4 digits).

For balancing purposes, the basic area of each E-sample person is also defined by the set of the
communes being touched by the PA6 of the building in NORTH and by the commune of the
building in TICINO, respectively.

In all cases the extended area is defined by the set of communes adjacent to the basic area;
including the basic area.
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Some examples illustrated for the P-sample in Figure 9.1:

• a non-mover in NORTH with PA6 A on census day: the basic area is commune 1 and the
extended area is the set of communes {1, 2, 3, 4, 5, 7, 8};

• a non-mover in NORTH with PA6 B on census day: the basic area is the set of communes
{1, 2, 3}, and the extended area is the set of communes {1, .., 8};

• a non-mover in TICINO in commune 1 on census day: the basic area is commune 1, and
the extended area is the set of communes {1, 2, 3, 4, 5, 7, 8};

• a non-mover in TICINO in commune 2 on census day: the basic area is commune 2, and
the extended area is the set of communes {1, 2, 3, 5, 6}.

9.3 Reference Commune

A reference commune is defined for each P-sample, E-sample and census person in order to
determine the regional information such as the rural - urban status, the official language or the
census collection methodology.

In the P-sample, the reference commune on census day is defined by the commune of the sam-
pled building for non-movers (NORTH and TICINO) and by the main commune of the eco-
nomic address on census day (PA with 4 digits) for movers. The reference commune of the 20
movers with missing PAs is set to the commune of the sampled building (assumption: move
into a similar type of commune).

In the census and E-sample, the reference commune is the commune of economic domicile.
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Chapter 10

Searches for Matches and
Correct/Erroneous Enumerations

The coverage estimation involves two important processes before going into estimations: the
search for matches between the P-sample and the census data set and the search for correct
enumerations in the E-sample. These processes have to be of really good quality in order to
avoid a bias in the coverage estimation; see Chapter 1.

Both searches make use of matching procedures: between the P-sample and the census, and
between the E-sample and the census. The methodology is related to a record linkage (exact
and probabilistic) and not to a statistical matching. The idea is not to find a similar person but
the same person.

Both searches are applied with the entire census data set. We do not restrict it to any subpop-
ulation such as resident population, private households or some search areas. At the moment
of matching, all people are available in the census data set but some characteristics are not
definitive (e.g. household type, domicile type, building, etc.).

We assume that all census data are eligible for matching. We do not need any special procedure
for entries that would not be data-defined (such as having no names or a name but few non
imputed data among the main demographic characteristics). No special treatment either for
imputed characteristics.

The quality of the searches has not been checked. We do not have any information about the
performance of the procedures such as false matches or missing matches and false correct enu-
meration or missing correct enumeration, respectively. The results of the search for matches and
the search for correct enumerations are assumed to be accurate and are therefore not changed.

10.1 Search for Matches

The search for matches aims at determining which P-sample people are counted and which are
not counted in the census data set.

The preliminary P-sample of 50,070 observations is used for matching; see Renaud and Pot-
terat (2004).
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If a P-sample person is matched somewhere in the census, we call it a P-sample matched entry.
The corresponding entry in the census is called a match (regardless of the type of domicile, type
of household and location). If a match is found in a place far from the address on census day
or not in the target population, we look for another possible match in the correct area and in the
right population. If we succeed, the new match replaces the old one. If we fail, the older match
is kept.

A P-sample non-matched entry is a person who could not be found in the entire census data set.

The search is organized in various steps using computerized matching, computer-assisted cleri-
cal matching and non-assisted clerical matching.

Computer-assisted clerical matching and non-assisted clerical matching are checked clerically.
A sample of the computerized matching is also checked clerically; but not all cases.

We do not have any follow-up of non-matched P-sample people to determine whether they are
eligible for the census.

10.1.1 Matching Process

A step-by-step procedure is applied to the data1. If a unique match is found for person i at step
a, then the search is no longer active for this person in step a + 1. If ≥ 2 matches are found for
person i at step a, and if clerical checks cannot determine the correct entry, the case is sent to
step a + 1. If the entry is not matched at step a, then search for a match at step a + 1 begins.

Before any matching, the first names and surnames are standardized in order to avoid problems
due to typing or scanning errors: capital letters, special characters deleted (e.g. /;:,*), modifi-
cations (e.g. É -> E, Ö -> OE). Note also that matching of names uses a phonetic procedure
(e.g. John-Paul compared with John, Paul, John Paul and Paul-John, or Maria with Marie,
Marie-Jeanne, Mary).

Steps in the ORACLE census database with SQL procedures:

1. computerized matching: first name, surname, date of birth;

2. computer-assisted: building ID code and date of birth;

3. computer-assisted: list of household members (if one member matched);

4. computer-assisted: commune, first-name and surname;

5. computer-assisted: commune, surname and date of birth.

Steps with SAS macros for non-movers:

1. computer-assisted: surname and year of birth;

2. computer-assisted: surname and date of birth;

3. clerical: building ID code, sex and marital status.

1The operations are processed by the census staff and only shortly described here.
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Complementary steps for non-movers:

1. For matches that are not in the target population (collective household or civil domicile)
or not in the PSU (postal area or commune): search for a better match by using the PSU,
the surname and the year of birth and, for remaining cases: the PSU, the surname and the
date of birth;

2. Clerical search for remaining non-matches: date of birth, building ID.

Step with SAS macros for movers (computer-assisted): commune, year of birth and surname.

Final process: in some cases, two people from the P-sample were matched to one person in the
census. These cases were checked clerically in order to detect double entries in the P-sample,
as well as eligible and non eligible matches.

The result of the matching operations with the 50,070 P-sample people is summarized in a list
of 57 codes match, see Tables D.1 and D.2 in Appendix D. The codes can be aggregated into 4
groups: confirmed matched (49,238, 98.0%), confirmed non-matched (807, 1.6%), unresolved
cases (217, 0.4%) and cases that have to be excluded from the P-sample (e.g. doubles, 4).

10.1.2 Final Matching Codes

New steps are applied to get the final matching codes. These steps include the information
from special cases and supplementary checks that are summarized in the complementary codes
match_cont and match_cont2; see Appendix D and the Table D.3.

After excluding 184 entries corresponding to people not in the P-sample (matchG=0) and
detecting 3 people living abroad on census day, the final P-sample is a data set of 49,883 people.

The census data available for matching receive some adjustments before the final version. As
a result, 75 matches are no longer available in the final census data set and the final result is:
49,107 matched entries (matchG=10) and 776 non-matched entries (matchG=20).

The multiple matches (one P-sample people matched with 2 or more census people) were
rechecked at the end of the process in order to select potential matches (e.g. eligible as a
replacement). The criteria do not include the type of domicile, the type of household and the
location. The list of potential matches contains 54 entries.

10.1.3 Remarks

We do not use the status of "possible match". Therefore, the status of match is 0 (non-matched)
or 1 (matched) for all P-sample units.

The matching process stops for unit i of the P-sample as soon as one unique match is found.
In a complementary step for non-movers, the case is treated again if the match is not in the
correct area or not in the target population. However, checks have shown that the definition of
the area was not defined in the right way during the process. And the first match was not kept
if the second match was considered better. Therefore we do not have information about all the
potential matches and may have a small bias in the estimation; especially when comparing the
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location of the P-sample people and the matches in the census. This effect is however expected
to be negligible.

Overall, the matching results for the undercoverage estimation could probably be improved by
considering all the possible matches in the process and therefore creating the list of matches
and a complementary list of potential matches. For example, the second domicile of a match
could be checked to be possibly included in the list of potential matches.

Note also that the matching process is not documented in a detailed and systematic way. This
shortcoming, especially in some of the phases such as SQL, means that we do not know the
exact and effective steps of the process.

A measure of the quality of the matching process would also be of great interest.

10.2 Search for Correct/Erroneous Enumerations

The search for correct and erroneous enumerations (CE and EE) is mostly restricted to a search
- based on the E-sample - for double entries in the census. Some few special cases have been
determined to be fictitious enumerations.

The provisional E-sample of 55,469 people is used to match with the complete census data set.

During the search, if an E-sample person is matched with another entry in the census, we call
it an E-sample double. The corresponding entry in the census is called a doublet. Similarly, we
have an E-sample triple with the two corresponding triplets.

Partner enumerations of E-sample people with two domiciles are excluded from the search. If
the partner enumeration of an E-sample entry is found during the search, we don’t keep it as a
doublet.

The data collected during the census are the only source of information in this process. We do
not have any field operation or interviews of E-sample people to get a new source of information
about these people.

The search is organized in various steps using computerized matching, computer-assisted cleri-
cal matching and non-assisted clerical matching.

10.2.1 Process

The searching process may be summarized in 3 steps2.

First, E-sample people matched with P-sample people are coded as Correct Enumeration (CE).

Second, people not matched with P-sample people are processed in order to detect doublets in
the census data set. The matching process makes use of the first-name, surname, date of birth,
marital status, position in the household, etc. The type of domicile, type of household, and
location are not matching variables.

Third, people not coded during the 1st and 2nd phases are checked in order to select people
that may correspond to fictitious enumerations (e.g. names containing special symbols, people

2The operations are processed by the census staff and only shortly described here.
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born before 1895). A group of unclear 120 entries were further checked by using the census
database, the images made of census questionnaires and the phone book.

Finally, people not involved in phases 1-3 are considered as CE.

The result of the search is a set of lists that may be summarized in 7 codes codeEE grouped as
follows:

• 6694 match with the P-sample codeEE=11 (12.1%);

• 168 confirmed doubles codeEE=15 (0.3%) and 1 possible double codeEE=31;

• 1 confirmed fictitious codeEE=20 and 1 possible fictitious codeEE=32 ;

• 48584 without any information codeEE=-99 (87.6%) and 20 out of the census data set
codeEE=25.

One entry received the code codeEE=31 as a possible double. The first name and surname,
date of birth, marital status and nationality are identical but the education and profession are
different.

The confirmed fictitious enumeration is an entry with preprinted information in the database,
although clear crossing out of the questionnaire on the scanned image ("Do not live in Switzer-
land"). The possible fictitious enumeration has no name and surname and is also crossed out
with annotations (not readable).

10.2.2 Final E-sample Coding

The codes are completed in order to get the final information about the search for CE and EE:

1. Integration of checks about people with two domiciles at the time of the search but only
one in the final census data set (63 cases);

2. Integration of a set of double/triple entries found during a new SQL search in the census
data base (355 cases);

3. Exclusion from the E-sample of 21 people out of the final census data set and 73 people
in collective households;

4. Integration of the final matches with the P-sample (6697 cases);

5. Exclusion of doublets corresponding to partner enumerations (74 cases).

The final correct enumeration status codeEEA2 of the 55,375 E-sample people has the fol-
lowing distribution: 48,228 without information codeEEA2=-9 (87.1%), 2 fictitious enumer-
ations codeEEA2=1, 440 doubles codeEEA2=2 (0.8%), 8 triples codeEEA2=3 and 6697
matches with the P-sample codeEEA2=4 (12.1%).

For the analysis, the possible double is combined with the confirmed double and the possible
fictitious enumeration is combined with the confirmed fictitious one. The number of "possible"
statuses is actually very small.

If we consider the people without information and matches as correct enumerations, a total of
54,925 out of 55,375 are considered as correct (99.2%).
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10.2.3 Remarks

The search for multiple entries did not apply for matches with the P-sample. This simplification
is a potential for bias in the search as these entries could also be a double or a triple in the census
data set.

Most of the resources were allocated to the search for double and triple entries. The search for
other erroneous entries such as fictitious or people not in the right population and location is
more difficult without auxiliary information such as interviews.

The most important for the DSE estimation is probably the lack of information about the real
location, real type of domicile and real type of household of the E-sample people on census day;
see the discussion about balancing in Chapter 5. Data from interviews, at least from a sample
of the E-sample, would be recommended for a future coverage estimation.
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Part III

RESULTS
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Chapter 11

Overcoverage

Based on the methodology described in Chapter 3, this chapter presents the results obtained
from analysis of correct and erroneous enumerations and corresponding overcoverage in the
census data set.

Chapters 7, 8 and 9 describe the census data, the basic and extended areas as well as the E-
sample, which is used as the basis for all estimations in this chapter. Chapter 10 contains
information about the search for correct and erroneous enumerations.

11.1 Checks before Estimation

Before going into numerical estimation, we note that none of the E-sample units has an ex-
tremely large influence on the point and variance estimates. Actually, the E-sample weights
have a very low variability within each sampling strata stradap. Therefore, the E-sample and
the weights defined in Renaud (2003) serve, without any changes, as the basis for estimation.

11.2 First Look at the Rate of Correct Enumeration R̂ce

The simplest estimated rate of correct enumeration in the census R̂
(s)
ce is based on the simple

status of correct enumeration P
(s)
ce,j , see Section 3.2.1:

R̂(s)
ce =

∑
j∈se

we,j P
(s)
ce,j∑

j∈se
we,j

(11.1)

where we,j is the weight of people j in E-sample se.

The status of correct enumeration P
(s)
ce,j is mostly equal to 1 (>99%) with 0.8% of the cases equal

to 0.5 (double entries), 8 triple entries and only two fictitious enumerations; see Table 11.1.

With P
(s)
ce,j , we have R̂

(s)
ce = 99.60%, with a standard error s.e. = 0.03%. Therefore, 0.4% of the

census count are erroneous. This is the estimated overall overcoverage.
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Table 11.1: Status of simple correct enumeration P
(s)
ce,j in the E-sample, with n the number

of people and Pwei the weighted proportion.

P
(s)
ce,j n Pwei

0 2 0%
1/3 8 0%
1/2 440 0.8%
1 54,925 99.2%
Total 55,375 100%

Among the various rates defined in Chapter 3, R̂
(s)
ce can be considered as a lower limit because

all multiple entries j have a status 0 < P
(s)
ce,j < 1, i.e. partially erroneous, none of them is fully

correct.

Comparison between double entries

A comparison between the demographic characteristics of the 440 couples (double, doublet)
shows that few values are different for the variables permit (ausw, 6 over 423 non-imputed
values), marital status (ziv, 13 over 423 non-imputed values) and age (0 up to 4 years). Larger
differences are observed for position in household (STHHW, 59 over 104 non-imputed values)
and occupation (KAMS, 66 over 434 non-imputed values; with 57 shifts between "in employ-
ment" and "no occupation"). The size of household (economic definition) varies considerably
between the two entries. The difference in size can be as high as 6800 or for private households
as high as 7.

11.3 Alternative Rates of Correct Enumeration

The analysis of alternative rates enables detection of particular behaviors of multiple entries.

Membership in the Target Population

If we consider the doublets and triplets as real multiple entries only when they belong to the
target population, 391 doubles and 2 triples remain multiple entries:

• 389 out of 440 doublets are in the target population and 51 are not in the population (5
civil domiciles and 46 collective households).

• 4 out of 8 triples have both triplets that are not in the population (civil domicile or collec-
tive household), 2 have one triplet that is not in the population (civil domicile) and 2 have
both triplets in the population.

The total absolute number of EE enumerations decreases from
∑

j∈se
(1 − P

(s)
ce,j) = 2 + (8 ∗

2/3) + (440/2) = 227.33 to
∑

j∈se
(1 − P

(pop)
ce,j ) = 2 + (2 ∗ 2/3) + (391/2) = 198.83.
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The rate of correct enumeration based on membership of multiple entries in the target population
is R̂

(pop)
ce = 99.65% (s.e. = 0.03). Therefore, the rate of overcoverage of the target population

0.35% is slightly slower than 1 − R̂
(s)
ce = 0.4%.

Relaxing the Criterion of Membership in the Target Population

The criterion of membership in the target population may be eased (or relaxed) to include mul-
tiple entries only if the doublet/triplet or its partner are in the target population. The idea is
that partners would also be potential records for multiple entries. The corresponding status of
correct enumeration is P

(popR)
ce,j .

The relaxation of membership in the population has no effect on the status of correct enumera-
tion in the E-sample; neither for doubles nor for triples:

• 12 out of 440 doublets have two domiciles and therefore a partner. However, 7 partners
are not defined (PARTNR=-7) and can therefore not be considered in the easing adjust-
ment. The resulting 5 partners are members of collective households (out of the target
population); see Figure 11.1.

• 6 out of 8 triples have both triplets with a partner. However, they are all coded as partners
of each other in the census (link between both triplets). The relaxation of this criterion,
represented by the information for the partners, is therefore already "included" in the data.

As a result, P
(popR)
ce,j = P

(pop)
ce,j and R̂

(popR)
ce = R̂

(pop)
ce = 99.65%
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Figure 11.1: Breakdown of membership in the target population for doublets and their part-
ners. N.B.: target population = economic domicile and private household.

It is remarkable that most of the partners of the doublets entries are not defined in the census
data set (7 out of 12). One could ask if there is a missing link between the double and the doublet
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in the census data set. Actually, missing links are probable for 3 couples (double, doublet) since
both have undefined partners. The remaining 4 doubles do not have two domiciles in the census
data but such a possibility was possibly overlooked in the data processing stage.

Location

The doublets and triplets are found around the corresponding doubles and triples (basic or ex-
tended area) or farther (out of the extended area).

If a doublet or triplet is considered as a real multiple only if located in the basic or extended
area, the number of doubles decreases to 258 and the number of triples decreases to 2:

• 218 out of 440 doublets are the basis area, 36 in the extended area and 186 out of the
extended area (107 out of the canton).

• 4 out of 8 triples have one triplet in the basic area and the second triplet out of the ex-
tended, 2 have one triplet in the basic and one triplet in the extended, and 2 have 2 triplets
out of the extended areas (out of the canton).

A group of 135 doublets are not only in the same basic area (218 doublets) but also in the same
building as the E-sample entry. Therefore, a non negligible amount of multiple entries would
be removed by a special process in the census data treatment (at the building level).

We note that the distance between the double and the doublet out of the extended area ranges
between 2.3 km and 276 km, with an average of 59.5 km (distance between the central coordi-
nates of the communes). This distance ranges from between 16 and 210 km for the triplets out
of the extended area. Further study could inform about possible moves or lack of links between
two addresses.

The total absolute number of EE enumerations decrease from
∑

j∈se
(1 − P

(s)
ce,j) = 227.33 to∑

j∈se
(1 − P

(loc)
ce,j ) = 132.33. The effect of location is larger than the effect of population.

The rate of correct enumeration that includes the information about location of the multiple
entries is R̂

(loc)
ce = 99.77% (s.e. = 0.03). Therefore, the rate of overcoverage around the location

is estimated to be small 0.23%.

Combination of Population and Location

If a doublet or triplet is considered as a real multiple only if it belongs to the population and is
located in the basic or extended area, the number of doubles decreases to 229 and the number
of triples to 0:

• 389 out of 440 doublets are in the population, with 199 in the basis area, 29 in the extended
area, 161 out of the extended.

• 2 out of 8 triples have both triplets in the population but out of the extended area, 4 triples
with both triplets out of the population, one triple with only one triplet in the population
but out of the extended area and one triple with only one triplet in the population and in
the basic area
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The total absolute number of EE enumerations is only
∑

j∈se
(1−P

(poploc)
ce,j ) = 116.5 and the rate

of correct enumeration is R̂
(poploc)
ce = 99.80% (s.e. = 0.03). Therefore, the rate of overcoverage

in the population and around the location is estimated to be only 0.20%.

11.4 Results for some Domains

The rate of correct enumeration is high in the census data set but some variations are observed
between sub-groups of the population; see Table 11.2 for the simple rate of correct enumeration
R̂

(s)
ce and the rate that depends on membership in the population R̂

(popR)
ce = R̂

(pop)
ce . The codes

are defined in Chapter 7. Only data with a low potential misclassification error are presented
here.

All the estimated rates of correct enumeration are larger than 99%. The lower rate is observed
for the age group Cage=3 (20 - 31 years old): 99% correct enumeration, i.e. 1% overcoverage.
Young people are more mobile and may therefore be enumerated at two places without any link
between the two addresses. We do not observe significant differences between categories for
the other variables.

All estimated standard errors are smaller than 0.18%, which means that the rates are estimated
with a very low coefficient of variation (note that the CV≈ s.e. as Rce ≈ 1).

11.5 More about Overcoverage

We observe an overall overcoverage of 0.35 - 0.4% when considering the simple rate and the
rate that depends on membership in the target population. These values are in the range of the
estimates in other countries; see Table 1, on page 8.

Analysis of multiple entries allows detection of a non negligible number of doublets enumerated
in the same building. This is a possible track for improvement in census data processing. Further
improvement may also occur in the difficult task of linking people with two addresses.

The estimated low rates of overcoverage are possibly related to weaknesses of the search for
correct and erroneous enumerations in the E-sample. The values may therefore be seen as
minimum values. We do not have any information about the real situation of the E-sample
people. Interviews, combined with an improved search for double entries, should be considered
for future estimations.

Further analysis could be carried out to detect the most discriminant variables for overcoverage
(logistic models etc.) and develop the results in other domains such as age groups by sex. At
this point we stop the analysis of overcoverage because there were only a small number of
erroneous enumerations in the census.
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Table 11.2: Rates of CE for different domains. Number of elements n, number of erroneous
enumerations EE =

∑
j∈se

(1−Pce,j), rates of correct enumeration R̂
(s)
ce and R̂

(popR)
ce = R̂

(pop)
ce

[%] with the standard error s.e. [%].

Variable n EE R̂
(s)
ce s.e. EE R̂

(pop)
ce s.e.

Overall 55375 227.3 99.60 0.03 198.8 99.65 0.03
sex Male 1 27374 116.8 99.59 0.04 104.8 99.63 0.04

Female 2 28001 110.5 99.62 0.03 94.0 99.67 0.03
Cage2 1-9 1 6449 16.7 99.74 0.05 16.5 99.74 0.05

10-19 2 6689 23.2 99.66 0.06 19.0 99.73 0.05
20-31 3 8652 85.5 99.03 0.09 82.2 99.07 0.09
32-44 4 12090 47.7 99.65 0.05 44.7 99.67 0.05
45-59 5 10902 29.0 99.74 0.04 25.0 99.78 0.04
60-79 6 8802 12.5 99.88 0.03 9.5 99.90 0.03
80+ 7 1791 12.8 99.22 0.18 2.0 99.89 0.06

ausw2 Swiss 1 45550 177.3 99.61 0.03 153.8 99.67 0.03
C permit 2 6851 28.0 99.63 0.06 25.0 99.67 0.06
Other 3 2974 22.0 99.39 0.11 20.0 99.44 0.11

ziv Single 1 23515 132.8 99.44 0.05 117.2 99.50 0.05
Married 2 26040 71.7 99.76 0.04 69.2 99.77 0.04
Widowed 3 2879 12.3 99.45 0.12 5.0 99.75 0.08
Divorced 4 2941 10.5 99.65 0.09 7.5 99.76 0.08

ling2 German + R 1 36706 143.5 99.61 0.04 123.0 99.67 0.04
French 2 16473 71.2 99.61 0.05 63.7 99.65 0.06
Italian 3 2196 12.7 99.44 0.13 12.2 99.47 0.12

NUTS Lake GE 1 10901 46.8 99.59 0.06 43.2 99.63 0.07
Espace M. 2 16039 66.7 99.59 0.09 57.0 99.65 0.09
Northwest 3 6592 20.5 99.73 0.04 16.0 99.82 0.04
Zurich 4 8813 31.5 99.65 0.05 27.0 99.69 0.05
East 5 7856 35.7 99.55 0.07 31.5 99.60 0.07
Central 6 3478 15.5 99.59 0.08 14.0 99.64 0.06
Ticino 7 1696 10.7 99.44 0.13 10.2 99.46 0.12

taipop2 Small 1 18668 79.0 99.63 0.06 71.3 99.66 0.05
Middle 2 17013 75.2 99.54 0.07 67.0 99.59 0.07
Large 3 19694 73.2 99.63 0.03 60.5 99.69 0.03

urbrur2 Town 1 12882 55.7 99.58 0.04 47.0 99.65 0.04
Agglo 2 20733 85.0 99.60 0.06 76.7 99.64 0.06
Rural 4 21760 86.7 99.63 0.04 75.2 99.68 0.04

var2 CLASSIC 1 11000 53.2 99.58 0.06 49.0 99.61 0.05
SEMI-CLA 2 5298 20.2 99.60 0.08 18.7 99.63 0.08
TRAN+FUT 3 37381 143.3 99.61 0.03 121.0 99.67 0.03
TICINO 5 1696 10.7 99.44 0.13 10.2 99.46 0.12

outsour No del 0 13548 68.3 99.49 0.07 63.7 99.51 0.07
Global 1 35599 133.8 99.63 0.03 111.5 99.68 0.03
Only mail 2 6228 25.2 99.45 0.17 23.7 99.46 0.17
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Chapter 12

Undercoverage

Based on the methodology described in Chapter 4, this chapter presents the results obtained
from analysis of the matches and related undercoverage in the census data set. Emphasis is
placed on membership in the population and location in order to detect possible improvements
in the census data processing such as time delay or difficulty in determining the type of domicile.
Analysis is also enhanced by a comparison between characteristics collected during both the
census and SCS. As with analysis of overcoverage, we present a choice of results and suggest
ways to go further with the analysis.

Some P-sample people moved between the census day and the SCS day. Mobility is a known
cause of coverage errors, making it more difficult to gather census data (e.g. questionnaire sent
to the wrong address, etc.). Therefore, we often present the results for movers and non-movers
alongside overall results.

Chapters 7, 8 and 9 describe census data, the basic and extended areas as well as the P-sample,
which is used as the basis for all estimations in this chapter. Chapter 10 contains information
about the search for matches.

12.1 Checks before Estimation

Various checks were applied to the P-sample in order to detect extremely influential elements.
The weights are quite variable, especially in some sampling strata. For this reason, contrary to
the E-sample, influential elements are likely to skew results based on the P-sample.

In our case, the weights wp,j vary between strata and clusters (PSUs) but also within the clusters.
Variability within the strata is the most influential parameter for variance estimation. As status
Pm,j takes values 0 or 1, outliers are checked for wp,j and not wp,j · Pm,j .

Trimmed weights w
(t)
p,j were defined with w

(t)
p,j 6= wp,j for 89 P-sample elements; see Appendix E.

This trimming has a negligible impact on R̂m and its variance. More study could be devoted to
the influential weights and trimming but this was not done in the current project. Therefore, the
results below are based on the original weights wp,j .
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12.2 First Look at the Rate of Match R̂m

The simplest estimated rate of correct match R̂
(s)
m is based on the simple status of correct match

P
(s)
m,j , see Section 4.3.1:

R̂(s)
m =

∑
j∈sp

wp,j P
(s)
m,j∑

j∈sp
wp,j

(12.1)

where wp,j is the weight of people j in P-sample sp.

The status of correct enumeration P
(s)
m,j is equal to 1 for 49,107 elements and 0 for 776 elements;

see Table 12.1.

We have an overall rate of correct match R̂
(s)
m = 98.36% with s.e. = 0.11%. Therefore, 1.64%

of the population targeted during the SCS should have been, but were not, enumerated in the
census (undercount). The undercount 4.5% (s.e. = 0.66) for movers is clearly larger than 1.5%
(s.e. = 0.10) for non-movers.

Table 12.1: Simple matches, total and depending on moving status, with n number of people,
and Pwei weighted proportion R̂m and 1 − R̂m, respectively [%]. Standard error of R̂m in
brackets [%].

Overall Non-movers Movers
P

(s)
m,j n Pwei n Pwei n Pwei

0 (no match) 776 1.64 708 1.54 68 4.52
1 (match) 49107 98.36 (0.11) 47595 98.46 (0.10) 1512 95.48 (0.66)

Total 49883 100 48303 100 1580 100%

12.3 Classification and Misclassification

In Chapter 4, we addressed the status of correct match in a particular domain such as correct
sex or age group and the misclassification error of P-sample or census entries.

In this section, we first compare the characteristics of data collected during SCS and census.
This comparison takes imputation flags into account. The second part gives some indication of
possible influence of misclassification on coverage estimations.

When there is a difference between SCS and census data, we cannot initially determine which
result is the right one. In some cases, a special approach such as looking at the image of the
census questionnaire may help determine the right one. However, this is not possible in all
cases.

Note that the date of birth is used as a matching variable during automatic steps. All other
variables are used only during clerical checks.

81



12.3.1 Comparison of Data

The comparison of data collected during SCS and census is processed for the following vari-
ables; see Table 7.2 on page 54 for the definitions: gender sex (2 categories), age groups
Cage2 (7 categories), marital status ziv2 (3 categories), permit ausw2 (3 categories), posi-
tion in the household stell (9 categories), occupation taet (4 categories) and size of house-
hold (relative to the economic domicile) nbHH.

Preliminary results

Among the 49,107 people for whom information from SCS and census was available, 47,213
people (96.0% weighted) show no difference in the variables sex, Cage2, ziv2 and ausw2.
Among the 48,707 non-imputed entries in the same four variables, 46,886 show no difference
(96.1% weighted). We have 1754 people with 1 different value (mainly ziv2 and ausw2), 62
with 2 differences, 4 with three differences and 1 with 4 differences.

Large differences between SCS and census values may be a sign of an erroneous match. Ac-
tually some selective controls showed that errors such as mix-ups between father and daughter
occurred. We also observed errors in census scanning and possible typing errors in SCS. How-
ever, we consider all the matches as real matches. The assumption is not fully satisfied but
complete controls are no longer possible.

Age

Differences between years of birth in SCS and census are observed for 1.65% of the matches
(1.61% for non-imputed values). These values decrease to 0.54% and 0.51% if we consider
differences only when age group Cage2 is different.

The largest difference is 90 years. Among non-imputed cases, 53.7% (weighted) show a dif-
ference of 1 or 2 years, 15.7% a difference of 3 up to 5 years and 17.9% differences between
6 and 10. The remaining 118 entries with differences larger than 10 represent 12.7% of the
differences.

Sex, marital status, permit and occupation

We have few differences for the gender variable sex (0.69% weighted, overall and for non-
imputed values), marital status ziv2 (1.67% weighted, 1.63% for non-imputed values) and
permit ausw2 (1.25% weighted, 1.21% for non-imputed values). We observe larger differences
for the occupation taet (8.08% weighted, 7.95% for non-imputed values); see the details in
Table 12.2.

The misclassification error of the gender variable sex is not completely symmetric as we have
more people "male in SCS and female in census" (204) than "female in SCS and male in cen-
sus" (166). The asymmetry factor is φ = 204/166 = 1.23. Imputation is not the reason for
asymmetry. We do not have any valuable explanation for this small asymmetry (randomness?
systematic error?).
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We also observe an asymmetry for marital status ziv2 and permit ausw2. There are for
instance more people "married in the SCS and single in the census" than vice versa (φ =
157/46 = 3.4) as well as more people "Swiss in SCS and C permit in census" or "C permit in
SCS and B permit or less in census" than vice versa (φ = 166/37 = 4.5 and φ = 230/59 = 3.9).
Some asymmetries are also observed for the occupation taet. We have for instance more peo-
ple "without occupation in SCS and unemployed in census" than vice versa (φ = 323/89 = 3.6)
as well as more people "without occupation in SCS and in employment in census" than vice
versa (φ = 2007/901 = 2.2).

Table 12.2: Comparison of the gender variable sex, marital status ziv2, permit ausw2
and occupation taet. Total number of entries and number of imputed values in the census.

Census
sex out overall imputed

1 2 1 2 Total
SCS Male 1 393 23967 204 6 0 24564

Female 2 383 166 24770 0 13 25319
Total 776 24133 24133 6 13 49883

Census
ziv2 out overall imputed

1 2 3 1 2 3 Total
SCS Single 1 414 20238 46 116 135 4 1 20814

Married 2 284 157 23636 130 8 30 2 24206
Other 3 78 24 293 4467 4 6 10 4862
Total 776 20419 23975 4713 147 40 13 49883

Census
ausw2 out overall imputed

1 2 3 1 2 3 Total
SCS Swiss 1 526 41886 166 51 104 3 2 42629

C permit 2 101 37 5075 230 11 8 0 5443
Other 3 149 11 59 1592 1 5 27 1811
Total 776 41934 5300 1873 116 16 29 49883

Census
taet out overall imputed

1 2 3 4 1 2 3 4 Total
SCS In empl 1 424 23953 300 901 9 564 14 92 0 25587

Unempl 2 23 188 221 89 0 22 8 15 0 521
No occ 3 217 2007 323 12143 28 312 26 881 0 14718
< 15 4 112 13 1 18 8913 6 1 5 0 9057
Total 776 26161 845 13151 8950 904 49 993 0 49883

Differences may be explained by different interpretation of the question (e.g. a widow may
say "married" instead of "widowed"), not really accurate questions, form of the interview (pa-
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per form or phone) and psychological reactions. Note also that one household member gives
answers for all household members during SCS and that matching errors may occur.

As a result, we probably have few misclassification errors in the census for gender, marital status
and permit but less accuracy for the occupation (subject to interpretation and psychological
reactions).

Position in household

A group of 792 P-sample matched entries are removed from the comparison between positions
in households stell. Actually, we have special cases in the census such as: not an economic
domicile (359, stell=0), collecting household (384, stell=8), and collective household
(49, stell=9). Such households are not private households and removed from the compari-
son.

Among the remaining entries, we observe a difference for 8.6% of the matches (weighted) with
a high level of 12.4% imputation (13.7% weighted). The rate is about 5.1% for non-imputed
values. All the possible combinations between codes in SCS and census are observed; see
Table 12.3. For example, we see the large dispersion for the code stell=5 ("other head") and
stell=7 ("other").

Table 12.3: Comparison of the position in the household stell, values without imputation
and with imputation.

stell Census (non-imputed)
1 2 3 4 5 6 7 Total

SCS Alone 1 4984 85 53 19 10 85 16 5252
Husband/wife 2 145 20650 140 58 5 25 6 21029
Common law 3 191 21 1965 25 16 52 46 2316
Single parent 4 45 31 34 419 3 11 4 547
Other head 5 56 45 39 27 19 33 14 233
Relative 6 80 355 38 89 30 12056 28 12676
Other 7 43 5 48 1 9 41 133 280

Total 5544 21192 2317 638 92 12303 247 42333
Census (imputed)

1 2 3 4 5 6 7 Total
SCS Alone 1 559 20 44 31 54 75 26 809

Husband/wife 2 191 1259 50 119 17 70 11 1717
Common law 3 166 6 143 39 58 28 34 474
Single parent 4 12 8 18 137 9 33 2 219
Other head 5 28 10 28 31 48 66 18 229
Relative 6 74 66 50 68 136 1865 71 2330
Other 7 27 4 18 3 92 17 43 204

Total 1057 1373 351 428 414 2154 205 5982

We observe many asymmetries. For example of non-imputed values and at least 100 obser-
vations in one of both cells: we have more people "common-law husband/wife in SCS and
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living alone in the census" than vice versa (stell=3 and stell=1, φ = 191/53 = 3.6). A
similar but less impressive behavior is also observed for "married in SCS and living alone in
the census" (stell=1 and stell=2, φ = 145/85 = 1.7). We also have many more people
"relative of the head in SCS and married in the census" than vice versa (stell=2 and 6,
φ = 355/25 = 14.2).

The main reason for other asymmetries such as "head" versus "husband/wife" is probably diffi-
culty interpreting the question; see questionnaire in Appendix A.

Size of the household

For comparisons between the sizes of households, we also restrict the data set to matches in
private households (see above). Among the remaining entries, we observe a difference for
11.7% of the matches (weighted) with a maximum of 10 (one case). The difference is one
person for 9.4% and two people for 1.6%.

It is interesting to note that we have more people "in households with 2 people in SCS and 1
person in census" then vice versa (φ = 587/383 = 1.5). The reason is possibly the difficulty
of grouping people in households during the census process. As a case in point, communes are
not always aware of the fact that two people are living together. In that case, two household
questionnaires had been sent, without grouping if people did not explicitly state that they live
together.

We also have more people "in households with 2 people in SCS and 3 people in census" then
vice versa (φ = 783/495 = 1.6). The interpretation is not clear: overgrouping in the census?
missing people in the SCS?

Table 12.4: Comparison of the size if the household nbHH.

nbHH Census
1 2 3 4-6 7-10 >10 Total

SCS 1 5774 383 123 84 4 0 6368
2 587 12450 783 226 12 0 14058
3 133 495 6805 635 4 0 8072
4-6 105 156 633 18104 155 0 19153
7-10 2 5 5 78 548 7 645
>10 0 1 1 7 10 0 19

Total 6601 13490 8350 19134 733 7 48315

A complementary analysis at the household level such as size and composition of households
would be interesting but not dealt with here. Are SCS households matched with census entries
that are also in the same household?

As an indication, we observe some cases where there are 3 people in the same household ac-
cording to the P-sample with 1 matched with an entry in a 1-person household and the other
2 people matched with entries in a common 2-people household or in two separate 1-person
households.
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12.3.2 Misclassification and Coverage

Comparisons between data collected in SCS and census show that some variables have very
similar values and can therefore be considered to have a low misclassification error (sex, age
groups, nationality, permit and marital status). Some other variables are less reliable and should
be used with caution (position in the household, occupation, size of household).

Misclassification errors may be due to an error in SCS, to an error in the census or also to an
error in the matching process. The exact origin of the error is not known but some indications
may allow for detection of the error in particular cases. A false match would for instance inflate
the difference (whereas a false non-match would inflate the bias).

Misclassification between domains that have different behavior in term of coverage bring het-
erogeneity to the estimation cells and therefore to the coverage estimates.

The asymmetry observed in the results have an impact on the distribution of variables and on
the coverage estimation. Undercoverage in some domain d may be due to a real undercoverage
of people in that domain or to a shift to another category. The domain we can define with data
does not exactly correspond to the expected domain we’d like to study. Therefore, only domains
based on variables with a low misclassification potential can be selected for accurate coverage
estimations.

12.4 Population Membership and Domicile Errors

As with analysis of correct enumeration, we can estimate the rate of correct match R
(pop)
m based

on the status of correct match P
(pop)
m,j in order to take membership of the matches in the target

population into account. The rate can also be relaxed for the partners to get R
(popR)
m based on

P
(popR)
m,j .

Among the 49,107 simple matched entries of the P-sample, we have 359 matches at the civil
domicile and 44 at the economic domicile but in collective households; see Figure 12.1. There-
fore, the number of non-matched entries is 776 + 403 = 1179 when considering membership in
the population.

A group of 285 matches out of the population (civil domicile) have a partner in the population
(284 + 1, see Figure 12.1). Therefore, easing the criterion (relaxation) leads to 776 + 44 +
(359-285) = 776 + 44 + 74 = 894 non-matched entries in the population, distributed into 5
types:

1. 776 simple non-matched;

2. 74 matches in civil domiciles and private households and partner in economic domiciles
and collective households;

3. 32 matches in economic domicile but collective households and no partner;

4. 11 matches in economic domicile but collective households and partners in civil domiciles
and private households;

5. 1 match in economic domicile but collective households and partner in civil domiciles
and collective household.
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(0)
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0

(0)

partner (dom 
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(0)
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(0)
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1

(0)

collective HH
0

(0)
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non-matched
776
(68)

Figure 12.1: Decomposition of membership in the target population for the matches and
their partners. Values for movers in parenthesis. In memory: target population = economic
domicile and private household. The number of simple non-matched entries is 776.

The first type is clearly composed of non-matched entries. Types 3 and 5 are non-matched
entries when taking into account the population (33 entries). Types 2 and 4 may be seen as
possible errors in type of domicile (85 entries). If we reversed both types of domiciles, the
entries would be accepted as matches in the population.

As a result, if we consider membership in the population but relaxed for partners and some
errors in the type of domicile we get 776 + 33 = 809. This can be considered as a population-
dependent lower threshold for non-matched entries. We call the corresponding status of correct
match P

(popR2)
m,j and rate of match R

(popR2)
m .

Note that unbalanced errors for the type of domicile would lead to problems in census counts
in the target population (e.g. more cases with economic instead of civil than vice versa). This
cannot be checked in our case.

Note also that the list of the 54 potential matches does not bring interesting new matches when
already considering the partners.

The effect of membership in the population on the rate of correct match is not very large on the
whole when we relax the criterion for partners and allow errors in the type of domicile (98.30%
versus 98.36%); see Table 12.5. These two steps eliminate most of the difference of including
membership in the population. The extension of the matching process to a check of partners
may improve the estimation for future applications and for instance better identify errors in the
type of domicile.
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Table 12.5: Results for statuses of matches that depend on the population, total and depend-
ing on the moving status, with n the number of people, and Pwei the weighted proportion
R̂m and 1 − R̂m, respectively [%]. Standard error in parenthesis [%].

Overall Non-movers Movers
n Pwei n Pwei n Pwei

P
(pop)
m,j 0 1179 2.39 1071 2.24 108 6.89

1 48704 97.61 (0.12) 47232 97.76 (0.10) 1472 93.11 (0.66)

P
(popR)
m,j 0 894 1.86 816 1.74 78 5.27

1 48989 98.14 (0.11) 47487 98.26 (0.11) 1502 94.73 (0.77)

P
(popR2)
m,j 0 809 1.70 738 1.59 71 4.76

1 49074 98.30 (0.11) 47565 98.41 (0.10) 1509 95.24 (0.66)

P
(s)
m,j 0 776 1.64 708 1.54 68 4.52

1 49107 98.36 (0.11) 47595 98.46 (0.10) 1512 95.48 (0.66)

Total 49883 100 48303 100 1580 100%

12.5 Location and Time Delay

Most of the matches are found around the address on census day collected during SCS (97.7%
in the same basic area, i.e. PA in NORTH or commune in TICINO). Few of them are found
in the extended but not in the basic area (0.6%) and 1.7% are found at a farther address; see
Table 12.6. We note that a high proportion of movers are matched at an address far from the
SCS census day address (11.8%).

A special effort was made to collect addresses in the SCS. Therefore, enumeration in the census
at a different location than the one collected in the SCS is most likely due to an error in the
census.

Only 6 partners of matches are found around the address on census day (basic area) whereas
the matches are out of the extended area (movers). Thus, relaxing the criterion for partners does
not have much impact on the results and is not further studied in relation to location.

Table 12.6: Location of the matches. The address on census day is missing for 16 movers.
"Out" for out of the extended area, "extended (no basic)" for extended but not basic area and
"basic" for the basic area.

Matched Non-movers Movers
Area n prop n prop n prop

Missing 16 0.0% 0 0% 16 1.1%
Out extended 827 1.7% 648 1.4% 179 11.8%
Extended (no basic) 307 0.6% 258 0.5% 49 3.2%
Basic 47957 97.7% 46689 98.1% 1268 83.9%
Total 49107 100% 47595 100% 1512 100%

The rate of match when accepting matches in the proper extended area is R̂
(loc)
m = 96.62%
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(s.e. = 0.23), with 97.03% (s.e. = 0.22) for non-movers and 84.56% (s.e. = 1.37) for movers. As
a result, undercoverage of movers around the location on census day reaches the high value of
15.4%.

More about non-movers

Most of the non-movers are found in the basic area around the address on census day collected
during SCS (97.9%, weighted).

A set of 90.6% (weighted) people in the NORTH in same basic area are also in the same build-
ing. Therefore, about 9.4% of non-movers are found near but not exactly in the same building.
This observation has to do with precise localization of people. It cannot be checked in TICINO
because building IDs in SCS are not linked to IDs in the census.

During the survey, we noted that it was not an easy matter to identify buildings in the field
and establish lists of households in the sampled buildings. Likewise, the information regarding
who was assigned to which building is also potentially flawed in the census data process. Fine
localization errors can therefore come from the SCS and/or the census.

It is important to note that fine localization error has a negligible impact on counts at the com-
mune level. For example, only 51 out of 46,689 entries matched in same basic area are in a
different commune.

More about movers

Some delay may occur in census data collection. The address on census day collected dur-
ing SCS - assumed to be the real address on that day - may therefore differ from the address
collected during the census.

Some interesting findings are observed when looking at the location of movers not only around
the address on census day but also around the address on SCS day; see Table 12.7.

Table 12.7: Localization of matches for movers. Status of location around the address on
census day and around the address on SCS day.

SCS day
Out Ext Basic Total

Census Missing 0 1 15 16
day Out 28 6 145 179

Ext 3 4 42 49
Basic 277 69 922 1268
Total 308 80 1124 1512

A group of 277+3=280 matches are located around the address on census day but not on SCS
day. These movers moved to a distant location. They are probably enumerated at the right
address.
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A set of 145+6=151 matches are in extended or basic area around the address on SCS day but
not on census day. In NORTH, 128 among 147 movers are even found in the same building on
SCS day (14 in the same basic area and 5 in the extended area). This means that a proportion
of at least 8.7% (weighted) of the mover matches are probably enumerated in the census in the
wrong location (time delay in the census process).

Many movers move between very nearby locations. A set of 922 mover matches are in the
basic area of both addresses (63.9% weighted; same commune or commune that touches their
postal area). The proportion is even higher when considering the extended area (1037, 71.8%
weighted). Some of the cases are possibly also enumerated in the census at a wrong location.
This is clearly the case for people found in the building on SCS day although they had stated
that they were moving (in NORTH; 688 among 907 are found in the building on SCS day).

As a result, at least 688+151=839 out of 1512 matched movers seem to be enumerated at the
wrong address (55%).

Relaxing the Criterion of Location

The rate of match depending on location but relaxed for movers to extended areas around
both addresses on census and SCS days is R̂

(locR)
m =96.93% (s.e. = 0.22%) with 97.03%

(s.e. = 0.22%) for non-movers and 93.88% (s.e. = 0.71%) for movers.

When the criterion of location is relaxed, the rate sharply increases for movers from 84.6% to
93.9% due to the adjustment for the 151+15+1=167 time delay errors.

Note that we expect balancing between location errors due to time delays. Actually, the same
census methodology is used for most of the movers around Switzerland (transfers, re-assignments).
However, an unbalanced behavior should not be very important for overall estimates as only
3.3% of the P-sample are movers.

A summary of all location cases for non-movers and movers is found in Figure 12.2.

 
Non-movers 

Movers 

98.0% 

0.6% 
1.5% 

63.9 4.3 16.7 3.2 

0.3 0.1 

8.7 0.3 

1.7 

extended 
area 

basic area 

Census day SCS day 

Figure 12.2: Distribution of non-movers and movers into basic and extended areas around
the addresses on census (bold) and SCS (single) days (weighted proportions, [%]).
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12.6 Combining Population and Location

Various combinations of results from membership in the population and location may be further
analyzed.

Overall, relaxing the criterion for partners has more impact than relaxing the movers for loca-
tion; see Table 12.8. Such results argue in favor of future matching processes including a special
check to match status of partners.

Relaxing the criterion of addresses has the most noticeable effect on the rate of match for
movers. Location errors (time delay) is a non negligible problem in the census. If the errors are
not geographically balanced, this problem can also lead to coverage errors.

Table 12.8: Rates of correct match that depend on population and location, total and depend-
ing on the moving status [%]. Standard error in brackets [%].

Overall Non-movers Movers
R̂

(poploc)
m 95.90% (0.23) 96.36% (0.22) 82.47% (1.42)

R̂
(popRloc)
m 96.42% (0.23) 96.85% (0.22) 83.88% (1.41)

R̂
(popR2loc)
m 96.58% (0.23) 97.00% (0.22) 83.32% (1.37)

R̂
(popR2locR)
m 96.89% (0.22) 97.00% (0.22) 93.64% (0.72)

with
R̂

(poploc)
m : right population (economic domicile and private household) and proper

location (extended area around address on census day);
R̂

(popRloc)
m : relaxation of (1.) by including the partner of the match in the determi-

nation of population membership;
R̂

(popR2loc)
m : relaxation of (2.) by including the exchange between domiciles;

R̂
(popR2locR)
m : relaxation of (3.) by including the location around the addresses on SCS

day for movers.

12.7 Results for Some Domains

The rate of match varies between subgroups of the population; see Table 12.9 for the results
for the simple rate of match R̂

(s)
m , the restrictive rate that depends on population and location

R̂
(poploc)
m and the rate that also depends on population and location but with relaxed constraints

(partners, error in domicile and error in location) R̂
(popR2locR)
m .

The data collected during the SCS are used as a reference for classification into categories. Only
data with a low misclassification error are presented in the table.

We observe an overall undercoverage of 1-8% when considering the simple status of match.
The lower value ca. 1% is observed for people in age group 60-79 (Cage2=6). The larger
value is observed for foreigners holding a "B permit or lower" (ausw2=3).

Differences are observed between age groups with a larger undercount for the age group 20-31
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(Cage2=3). The permit is also a discriminant variable but the difference between Swiss and C
permit is very low. Differences are also observed in marital status, with a larger undercount for
singles (also many young people).

We note that the variability of the estimates increases as the size decreases. For example, the
confidence interval of the rate of match is 98.09% ± 0.52 for TICINO (var2=5). The differ-
ence between TICINO and CLASSIC (var2=1) or TRANSIT (var2=3), although large, is
therefore not significant.

The rate decreases when we consider population and location. The smallest impact is observed
in age group "80+" (-1%) and the largest impact in age group 20-31 (-5.5%). The impact
is noticeable too for categories related to Ticino (-3.5% for ling2=3, NUTS=7, var2=5),
the single (-3.5% for ziv2=1) and the French speaking part (-3% for ling2=2, -3.5% for
NUTS=1).

Relaxing the criteria (partners, errors in domicile, location of movers) leads to an increase in
the rate of correct match. The age group 20-31 is the most influenced (3%) and the age group
60-79 is the least influenced (0.3%) when criteria are relaxed. The larger difference between
simple and relaxed rate that depends on population and location is observed for NUTS=1.

12.8 More about Undercoverage

Analysis of matches shows how difficult it is to isolate the various impacts. Undercoverage
problems are mixed with misclassification errors, errors in type of domicile and errors in loca-
tion.

Taking Switzerland as a whole, the various errors that coexist with coverage errors are not
expected to lead to coverage problems if the effects are balanced. For example, location errors
are not problematic if the number of people enumerated by mistake in region A instead of region
B is the same as the number of people enumerated by mistake in region B instead of region A.
Unbalanced mistakes may induce coverage errors at a lower level (e.g. region or age group):
undercoverage on one side and overcoverage on the other. Time delay, for instance, will result
in undercounting in the urban part and overcounting in the rural part if moves occur mainly
from urban to rural communes.

The overall simple undercoverage of 1.6% is rather low and variation among subgroups are
in the range of estimates in other countries; see Tables 1 and 2 on page 8. We also observe
the effect of age group, origin, and some regional effects (Ticino and "Lake Geneva Region").
The difference between subgroups is, however, rather smooth compared with other countries.
Especially between males and females.

Further analysis can be carried out to detect the variables that have the most influence (see the
construction of estimation cells in Chapter 13) and other simple or combined effects such as
characteristics of buildings and households or mover status within age groups. Some statistical
tests can also be applied to determine significant differences between categories of variables
(chi-square). New variables about the census process (transfers, re-assigment, origin of data)
would also be of interest for estimations (not available).
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Table 12.9: Rates of correct match for different domains. Number of elements n, number
of non matched entries NM =

∑
j∈sp

(1 − Pm,j), rates of correct match R̂
(s)
m , R̂

(poploc)
m and

R̂
(R2R)
m = R̂

(popR2locR)
m [%] with standard error s.e. [%].

Variable n NM R̂
(s)
m s.e. NM R̂

(poploc)
m s.e. NM R̂

(R2R)
m s.e.

Overall 49883 776 98.36 0.11 1998 95.90 0.23 1477 96.89 0.22
sex Male 1 24564 393 98.27 0.13 1019 95.71 0.27 764 96.70 0.26

Female 2 25319 383 98.45 0.10 979 96.09 0.23 713 97.07 0.22
Cage2 1-9 1 5957 82 98.54 0.21 158 97.21 0.34 134 97.60 0.33

10-19 2 6189 86 98.70 0.19 285 95.94 0.35 167 97.44 0.29
20-31 3 7339 247 96.50 0.34 646 91.03 0.57 410 94.13 0.50
32-44 4 10826 164 98.35 0.16 369 96.41 0.28 310 96.93 0.26
45-59 5 10303 104 98.82 0.14 316 96.77 0.28 268 97.25 0.25
60-79 6 7879 75 99.10 0.13 194 97.47 0.36 165 97.82 0.35

80+ 7 1390 18 98.80 0.31 30 97.73 0.50 23 98.33 0.42
ausw2 Swiss 1 42629 526 98.72 0.09 1615 96.14 0.23 1144 97.19 0.23

C permit 2 5443 101 98.15 0.29 185 96.60 0.41 156 97.08 0.38
Other 3 1811 149 91.98 0.85 198 89.39 1.01 177 90.47 0.94

ziv Single 1 20814 414 97.93 0.18 1145 94.47 0.31 744 96.27 0.29
Married 2 24207 284 98.73 0.11 692 96.96 0.23 597 97.34 0.23

Widowed 3 2486 34 98.77 0.26 57 97.95 0.37 49 98.20 0.36
Divorced 4 2376 44 98.05 0.35 104 95.80 0.64 87 96.44 0.57

ling2 German + R 1 33724 467 98.50 0.11 1211 96.36 0.23 863 97.29 0.22
French 2 14177 258 98.11 0.25 668 95.00 0.58 521 96.02 0.56
Italian 3 1982 51 97.65 0.49 119 94.23 0.62 93 95.75 0.70

NUTS Lake GE 1 9486 186 97.81 0.38 498 94.31 0.82 397 95.37 0.77
Espace M. 2 13870 198 98.61 0.15 498 96.37 0.28 358 97.36 0.27
Northwest 3 6056 78 98.50 0.27 177 96.85 0.35 130 97.59 0.36

Zurich 4 8835 124 98.42 0.19 304 96.41 0.34 229 97.19 0.34
East 5 6935 97 98.71 0.23 287 96.01 0.90 209 96.93 0.86

Central 6 3150 50 98.43 0.25 135 96.54 0.36 75 98.00 0.27
Ticino 7 1551 43 97.62 0.52 99 94.18 0.65 79 95.70 0.72

taipop2 Small 1 18306 246 98.50 0.15 713 95.83 0.29 507 96.91 0.27
Middle 2 15845 216 98.68 0.16 607 96.11 0.48 446 97.13 0.47

Large 3 15732 314 97.99 0.19 678 95.76 0.31 524 96.65 0.30
urbrur2 Town 1 10295 207 98.04 0.17 448 95.70 0.35 349 96.61 0.33

Agglo 2 18295 262 98.51 0.19 673 96.27 0.39 496 97.23 0.39
Rural 4 21293 307 98.44 0.17 877 95.63 0.41 632 96.69 0.38

var2 CLASSIC 1 8694 139 98.09 0.28 321 95.63 0.37 254 96.59 0.34
SEMI-CLA 2 4940 51 98.93 0.24 183 96.16 0.61 108 97.82 0.39

TRAN+FUT 3 34698 543 98.38 0.11 1395 95.98 0.25 1036 96.92 0.24
TICINO 5 1551 43 97.62 0.52 99 94.18 0.65 79 95.70 0.72

outsour No del 0 10487 185 97.93 0.28 427 95.09 0.48 336 96.36 0.43
Global 1 33784 523 98.39 0.11 1357 95.98 0.26 1011 96.90 0.25

Only mail 2 5612 68 98.46 0.42 214 95.92 0.45 130 97.51 0.43
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Chapter 13

Estimation Cells (Post-Strata)

The choice of estimation cells, also called post-strata, is a key point in the dual-system estima-
tion. A special effort is therefore made for this construction. The detailed procedure is described
below; see Section 5.4 for the general methodology.

For practical reasons, the estimation cells are initially defined on the basis of the P-sample and
simple status of match P

(s)
m,j . The results are then compared with the situation for the E-sample

and the CE. Note that mover and CATI-CAPI statuses, both causes of heterogeneity, cannot be
included in the definition of the estimation cells because they are available only on the P-sample
side.

13.1 Eligible Variables

Three groups of variables are eligible to define estimation cells: demographic variables, vari-
ables about the reference commune (regional as well as socio-economical), and census data
collection variables.

The demographic data are: sex (sex), age (age), marital status (ziv), nationality (natio, 1:
Swiss, 2: other) and type of residence permit (ausw). These variables are supposed to have
a low misclassification error; see Section 12.3. Position in household, occupation and size of
household are not retained because of the greater likelihood of measurement error.

The variables about the reference commune are:
• Resident population 2000 (pop): continuous variable;
• Official language (ling): 1: German, 2: French, 3: Italian, 4: Romansh ;
• Urban-rural status (urbrur): 1: town center, 2: agglomeration, 3: isolated town; 4:

rural;
• Nomenclature of Units for Territorial Statistics (NUTS): 7 regions in Switzerland.

The variables about the census data collection/process are:
• Census methodology (var): 1: CLASSIC, 2: SEMI-CLASSIC, 3: TRANSIT, 4: FU-

TURE, 5: TICINO;
• Outsourcing (outsour): 0: no delegation of tasks, 1: global packet, 2: only mail man-

agement.
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The variable about the reference commune may be disturbed by some problems of location.
However, the problems should not be very important (e.g. moves often occur between similar
types of communes).

The two continuous variables (age and resident population of reference commune) are dis-
tributed into classes. The size of the group as well as the homogeneity of the match rate are
used as criteria for selection of the classes. Result:

• Age groups (7 classes, Cage2): 1: 0-9, 2: 10-19, 3: 20-31, 4: 32-44, 5: 45-59, 6: 60-79,
7: 80 and older.

• Size of reference commune (3 classes, taipop2 based on pop): 1: 0-1999, 2: 2000-
7999, 3: 8000 or larger.

Some classes of categorical variables are quite small in the P-sample (and E-sample). Grouping
is therefore applied after a comparison of sizes and match rates:

• Type of residence permit (ausw2): 1: Swiss, 2: permanent residence (C permit), 3:
annual residence (B permit) and others;

• Marital status (ziv2): 1: single, 2: married, 3: widowed and divorced;

• Official language of reference commune (ling2): 1: German and Romansh, 2: French,
3: Italian;

• Urban-rural status of reference commune (urbrur2): 1: town-center and isolated town,
2: agglomeration, 4: rural;

• Census methodology of reference commune (var2): 1: CLASSIC, 2: SEMI-CLASSIC,
3: TRANSIT and FUTURE, 5: TICINO.

To sum up, the 11 variables that may be used to define estimation cells are: sex (2 classes, sex),
age group (7 classes, Cage2), marital status (3 classes, ziv2), nationality (2 classes, natio),
type of residence permit (3 classes, ausw2), size of commune (4 classes, taipop2), official
language of commune (3 classes, ling2), urban-rural status (3 classes, urbrur2), Nomencla-
ture of Units for Territorial Statistics (7 classes, NUTS), census methodology (4 classes, var2)
and outsourcing (3 classes, outsour).

13.2 Selection of Variables

The choice of the final set of variables used to define estimation cells is based on two method-
ologies: logistic regression and discrimination. Note that this step corresponds to the search for
an optimal model to explain the match - non match result (binary variable), and for a subset of
variables that best reveals differences among classes, respectively.

We note that the correlation coefficient is quite high between some variables (e.g. 0.7 for age
group - marital status, 0.55 for census methodology - size of the commune, -0.73 for urban-rural
status - size of the commune).

Results from logistic regression analysis (PROC LOGISTIC; with weights but no sampling de-
sign): very significant variables (ausw2, Cage2, ziv2), significant variables (taipop2,
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NUTS, urbrur2), not very significant variable (ling2) and not significant variable (natio,
well correlated with ausw2). The variables var2 and outsour are significant when com-
bined with taipop2 (var2*taipop2 and outsour*taipop2). The variable sex is
not significant as a simple effect but as a multiple effect with the age group (sex * Cage2).

Results from the discrimination methodology (PROC STEPDISC; with weights): the highly
discriminant variables are ausw2 and ziv2. The variables ling2,taipop2 and urbrur2
are also significant.

Summary of the results from both analysis: variables significant for both (ausw2, ziv2,
taipop2, urbrur2), significant for one of the methods (Cage2, ling2, NUTS), sig-
nificant when combined with a significant variable (sex, var2, outsour), variable not
significant (natio).

We decide to decrease the number of variables by excluding urbrur2, NUTS, var2,
outsourc, and natio because of high correlations with the remaining variables and/or
lower significance in the models.

The following 6 variables are kept for definition of the estimation cells: ausw2, ziv2,
taipop2, ling2, Cage2 and sex, i.e. 4 demographic variables and 2 variables about
the reference commune.

13.3 Construction of Cells

The minimum accepted size of estimation cells is 150 elements in the P-sample and 150 in the
E-sample. This limit, which is expected to lead to stable variance estimates, is quite arbitrary.
For example, the limit was set to 100 for the A.C.E. 2000 in the U.S (Davis, 2001). The
influence of the limit is not quite clear but is expected to be negligible in our case, provided that
the value is high enough. In this section, only P-sample sizes are considered.

We first aggregate some categories in order to avoid having estimation cells that are too small:

• Type of residence permit (ausw3, same as nationality natio): 1: Swiss, 2: others;
• Marital status (ziv3): 1: single, 2: married, widowed and divorced;
• Official language of the reference commune (ling3): 1: German, 2: French, Italian and

Romansh.

Step 1: Combinations ausw3×ziv3×taipop2 (2×2×3=12 cells).

Step 2: Collapsing of taipop2 ∈ {1, 2} for foreigners (ausw3=2) (2×3 + 2×2=10 cells).

Step 3: Integration of the language ling3 within each of the 10 existing cells (2×3×2 +
2×2×2=20 cells).

Step 4: Integration of the Cage2×sex combinations within each existing cell (20×7×2 = 280
potential cells, 245 cells with elements, 157 with 1 to 150 elements).

Step 5: Collapsing in order to get a minimum of 150 elements of the P-sample in each estimation
cell. Collapsing is based on analysis of the discriminant abilities of sex, resp. age group. For
instance, within the data defined by Cage2 ∈ {1, 2} ×sex∈ {1, 2} for the singles (ziv3=1),
the sex has to be collapsed before the age group.
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Step 5.1: Collapsing of sex if one of the 2 cells has less than 150 elements. Result: 171 cells
(65 with less than 150 elements)

Step 5.2: Collapsing of age groups, with a different treatment for singles and the others (limit:
150): (1) ziv3=1 (singles): Cage2∈ {1, 2}, Cage2∈ {4, 5}, Cage2∈ {6, 7}; and (2)
ziv3=2 (others): Cage2∈ {1, 2, 3}, Cage2∈ {4, 5}, Cage2∈ {6, 7}. No collapsing for
singles in the age group Cage2=3 (20-31 years old). If a collapsing of the sex already oc-
curred in any of the concerned cells, then collapsing of the sex took place for all the cells.
Result: 136 cells (21 with fewer than 150 elements).

Step 5.3: Collapsing of languages (limit: 150). Result: 123 cells (4 with fewer than 150 ele-
ments).

Step 5.4: Collapsing of age groups Cage2∈ {4, 5} with {6, 7} in two remaining low numbers
of elements. Result: 121 cells. We keep the unique cell with fewer than 150 elements (134
elements). No more collapsing.

Step 6: Small adjustment of the definition of estimation cells in order to include all the combi-
nations of the 6 variables present in the E-sample and the census.

The resulting 121 estimation cells illustrated in Table 13.1 have between 134 and 1045 elements
in the P-sample and between 151 and 1127 elements in the E-sample.

Note that we did not take into account the variability of the weights wp,j and we,i within estima-
tion cells during the selection of estimation cells (e.g. weights less variable within the census
methodology than within the demographic data).

13.4 More about Estimation Cells

The rates R̂
(s)
m , R̂

(popR)
ce , R̂net = ĈCF

−1
and R̂under = 1 − R̂net clearly vary between estimation

cells; see Appendix F. This variation confirms the need for considering heterogeneity in the
probability of being counted in the census. A direct overall estimate would ignore the important
variation that is modelled in the estimation cells.

The largest rate of net undercoverage R̂under is 7.6% in the cell "A2Z1T12L12C 3S12"
(single foreigners in small or medium-sized communes, 20-31 years-old). This high value is
due to the low rate of correct match 91.7%. The rate of net undercoverage R̂under also takes
negative values (overcoverage) but none of them are significantly smaller than 0.

The smallest rate of correct enumeration R̂
(popR)
ce =97.9% is observed for "A1Z1T 1L 2C

3S 1" (single Swiss males 20-31 in small communes where Romance languages are spoken).
It is balanced by the rather small rate of match R̂

(s)
m =96.9% with a resulting net undercoverage

R̂under =1.1%.

The cell "A1Z1T2L2C2S1" (single Swiss males 10-19 in medium-sized communes where
Romance languages are spoken) has exactly the same rate of correct enumeration R̂

(popR)
ce and

correct match R̂
(s)
m . The result is 100% net coverage.

The standard error of R̂net and R̂under ranges between 0.05% and 2.4% with an average value
of about 1%. As a result, variability is quite high at the cell level because of the small sample
sizes.
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Table 13.1: Illustration of the 121 estimation cells, as combinations of the variables ausw3,
ziv3, taipop3, ling3, sex and Cage2. Each "*" denote an estimation cell.

Cage2
ausw3 ziv3 taipop3 ling3 sex 1 2 3 4 5 6 7
1 1 1 1 1 * * * * *

2 * * *
2 1 * * * *

2 * * *
2 1 1 * * * * *

2 * * *
2 1 * * * *

2 * * *
3 1 1 * * * * * *

2 * * * *
2 1 * * * *

2 * * *
2 1 1 1 * * * * *

2 * * *
2 1 * * * * *

2 * * *
2 1 1 * * * * *

2 * * *
2 1 * * * *

2 * *
3 1 1 * * * * *

2 * * *
2 1 * * *

2 * *
2 1 1,2 1 1 * * * *

2 *
2 1 * *

2
3 1 1 * * * *

2
2 1 * *

2
2 1,2 1 1 * * * *

2 *
2 1 * * *

2 *
3 1 1 * * * *

2 * *
2 1 * *

2 *
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Chapter 14

Net Coverage

Results from the E-sample and rate of correct enumeration as well as the P-sample and rate of
correct match are combined by using the dual system technique and the synthetic assumption.
The results are net coverage R̂net and the corresponding net undercoverage R̂under developed in
Chapter 5.

14.1 Checks before Estimation

No E-sample and P-sample unit has an extremely large influence on the point and variance
estimates; see Chapters 11 and 12. The weights are therefore left unchanged.

Some checks are applied for the DSE estimates to detect influential PSUs or estimation cells.
The test statistic is the net error, defined as Z = |(N̂p−M̂)−(N̂e−ĈE)|, with N̂p, the weighted
population total from P-sample, M̂ the weighted number of matches, N̂e the weighted popu-
lation total from E-sample and ĈE the weighted total of correct enumerations in the census1.
Some PSUs and cells have net errors that emerge from the group (e.g. 6% of the census count
for "A1Z2T2L2C123S12" and "A2Z1T12L12C3S12"). However, none of them seems to
be very influential on the estimates.

The number of PSUs in estimation cells ranges between 15 and 109 in the P-sample and between
16 and 136 in the E-sample (at least 1 and maximum 135 people in combinations PSU x cell).
Therefore, variance estimates in each cell, and subgroup, should be reliable. For the variance
replicates, we do not regroup the cells or smooth the coverage correction factors. As a result,
estimation of variance is expected to be rather conservative.

1The net error can also be used during the search for EE/CE and matches in order to determine PSUs that need
further checking. No further checking was done in the current project but is recommended for future applications.
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14.2 First Look at Net Coverage R̂net

The estimator R̂net is based on the rate of correct enumeration R̂
(popR)
ce and the rate of correct

match R̂
(s)
m :

R̂net = C(pop)

[
L∑

`=1

C
(pop)
`

R̂
(popR)
ce,`

R̂
(s)
m,`

]−1

(14.1)

where C(pop) is the overall census count in the target population and ` is the identifier of esti-
mation cell; see Chapter 5.

As a result, the overall rate of net coverage of the census (target population) is R̂net = 98.59%
(s.e. = 0.12%) with the corresponding rate of net undercoverage R̂under = 1 − R̂net =1.41%
(s.e. = 0.12%).

The undercount 1 − R̂
(s)
m = 1.6% is therefore, partially compensated by the overcount 1 −

R̂
(popR)
ce = 0.4% to get the net undercount R̂under = 1.4%.

14.3 Results for some Domains

The larger rates of net undercoverage R̂under are observed for people aged 20-31 (2.84% with
s.e. = 0.36%; Cage2=3) and foreigners (2.89 and 3.48% with s.e. = 0.32 and 0.39%; ausw2=2
and 3); see Table 14.1. The smaller rates are observed for people aged 60-79 (0.82% with
s.e. = 0.12%; Cage2=6) and widows (0.79% with s.e. = 0.13%; ziv=3).

The 20-31 age group (Cage2=3) has a significantly larger net undercoverage than other age
groups; see also Figure 14.1. The low rate of match R̂m =96.5% is combined with the low-
est rate of correct enumeration R̂ce=99.1%. Compared to other domains, the 20-31 year-old
group contains many multiple entries and overlooked people, with a positive outcome for the
overlooked people.

Foreigners have a significantly larger net undercoverage than Swiss citizens. Holders of "C
permit" (ausw2=2) and "B permit or less" (ausw2=3) do not have the same behavior. The
difference is not significant for R̂ce but R̂m is much smaller for "B permit or less". The final
R̂under is therefore larger for "B permit or less". However, confidence intervals overlap due to
the rather high variability. In Figure 14.1, we note that the net undercount of people holding
a "C permit" is larger than the rate of undercoverage, and that the net undercount of people
holding a "B permit or less" is much smaller than the rate of undercoverage. Such a behavior
may be due to the choice of the estimation cells; which does not split foreigners into "C permit"
and "B permit or less". The synthetic estimate R̂under is a smoothed estimate. It does not
include the detailed behavior of "C permit" and "B permit or less", respectively. Estimations
for foreigners are bias. The confidence intervals overlap. If separate estimation cells had been
used, the difference would be significant.

Differences are observed between marital statuses. Widows (ziv=3) and divorced people
(ziv=4) have a lower net undercoverage than single (ziv=1) and married people (ziv=2).
The confidence intervals for single and married people overlap, but single people have lower
R̂ce and R̂m than married people.

Rural regions (urbrur2=4) have a lower R̂under than town centers (urbrur2=1). Both

100



confidence intervals overlap the agglomeration rate (urbrur2=2). Similarly, communes with
less than 8000 inhabitants (taipop2 in (1,2)) have a lower R̂under than larger communes
(taipop2=3).

Confidence intervals overlap for all the other variables. Due to variability, we do not observe
any difference between males and females, or between languages. For example, R̂under is much
smaller for Ticino (var2=5) than other methodologies but the sample is two small to detect a
significant difference; see Figure 14.1.

We note that the difference between the overall rate of undercoverage and the overall rate of
overcoverage is not equal to the overall rate of net undercoverage. This is explained by the
choice of estimator. The estimated total of people N̂ is based on the rates R̂ce and R̂m but not
on totals such as ĈE and ÛN = N̂p − M̂ ; see Section 1.6.2.

We also note differences between the final estimates R̂under in Table 14.1 and the estimate
R̂

(0)
under = 1 − R̂

(s)
m /R̂

(popR)
ce which does not make use of estimation cells, i.e. does not take

into account the different probability of being correctly enumerated2. The overall estimate
R̂

(0)
under = 1.30% is smaller than R̂under = 1.41% but still in the confidence interval. Seven

R̂
(0)
under,d out of the 40 domains d are significantly different from R̂under,d. The larger difference,

observed for foreigners holding a "B permit or less" (3.5% versus 7.5%), is combined with the
significative difference for foreigners holding a "C permit" (2.9% versus 1.5%). This feature
confirm the uncertainty when it comes to results for foreigners. The set of estimation cells
probably smooths the results for these domains to a major extent. The estimation for foreigners
needs to be further analyzed for future developments.

14.4 More about Net Undercoverage

The overall net undercoverage of 1.4% is rather low and the variation among subgroups is in
the range of estimates in other countries; see Tables 1 and 2, on page 8. We also observe the
effect of age group and origin. The difference between subgroups is however rather smooth
compared with other countries. The higher net undercoverage is mostly due to a larger number
of overlooked people. Differences between some groups cannot be detected due to variability
of the estimates.

While determining sample designs and basing ourselves on the Australian results for 1996, we
aimed to get a standard error of 0.3% for groups of about 10,000 sampled people and a rate of net
undercoverage of 1.2-1.8% (Renaud, 2002). All in all, the results are better than expected. For
example, the E-sample and P-sample have 10,000-12,000 people in the age groups Cage2=4
and Cage2=5 with a standard error of 0.14 and 0.12%, respectively. The results are similar to
those obtained in other countries; see Table 1 on page 8.

Estimates for large demographic groups, small and large communes and census methodologies
are also available. However, some potential differences cannot be confirmed due to the small
sample size. Further analysis could be carried out to better understand the various effects of
undercoverage, overcoverage and combined net coverage in the data. Statistical tests would
also be of great interest to get better information about differences between categories.

2Estimations of R̂
(s)
m and R̂

(popR)
ce may also be based on synthetic assumption but such an assumption in not

necessary and therefore avoided.
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Table 14.1: Rates of correct enumeration R̂
(pop)
ce , correct match R̂

(s)
m , coverage correction

factor CCF, net coverage R̂net and net undercoverage R̂under with corresponding standard
errors s.e. [%].

Variable C R̂
(pop)
ce s.e. R̂

(s)
m s.e. CCF s.e. R̂net R̂under s.e.

Overall 7121626 99.65 0.03 98.36 0.11 1.0143 0.0012 98.59 1.41 0.12
sex Male 1 3497940 99.63 0.04 98.27 0.13 1.0148 0.0013 98.54 1.46 0.13

Female 2 3623686 99.67 0.03 98.45 0.10 1.0139 0.0013 98.63 1.37 0.13
Cage2 1-9 1 810373 99.74 0.05 98.54 0.21 1.0136 0.0027 98.66 1.34 0.26

10-19 2 833185 99.73 0.05 98.70 0.19 1.0105 0.0022 98.96 1.04 0.22
20-31 3 1115804 99.07 0.09 96.50 0.34 1.0292 0.0038 97.16 2.84 0.36
32-44 4 1544721 99.67 0.05 98.35 0.16 1.0146 0.0019 98.57 1.43 0.19
45-59 5 1431771 99.78 0.04 98.82 0.14 1.0105 0.0015 98.96 1.04 0.14
60-79 6 1146709 99.90 0.03 99.10 0.13 1.0083 0.0013 99.18 0.82 0.12

80+ 7 239063 99.89 0.06 98.80 0.31 1.0104 0.0028 98.97 1.03 0.27
ausw2 Swiss 1 5674266 99.67 0.03 98.72 0.09 1.0099 0.0010 99.02 0.98 0.10

C permit 2 1020242 99.67 0.06 98.15 0.29 1.0298 0.0034 97.11 2.89 0.32
Other 3 427118 99.44 0.11 91.98 0.85 1.0361 0.0042 96.52 3.48 0.39

ziv Single 1 2975643 99.50 0.05 97.93 0.18 1.0175 0.0020 98.28 1.72 0.19
Married 2 3377223 99.77 0.04 98.73 0.11 1.0126 0.0012 98.75 1.25 0.12

Widowed 3 369339 99.75 0.08 98.77 0.26 1.0079 0.0013 99.21 0.79 0.13
Divorced 4 399421 99.76 0.08 98.05 0.35 1.0103 0.0010 98.98 1.02 0.10

ling2 German + R 1 5128353 99.67 0.04 98.50 0.11 1.0129 0.0012 98.72 1.28 0.12
French 2 1680062 99.65 0.06 98.11 0.25 1.0182 0.0028 98.21 1.79 0.27
Italian 3 313211 99.47 0.12 97.65 0.49 1.0158 0.0020 98.44 1.56 0.19

NUTS Lake GE 1 1296464 99.63 0.07 97.81 0.38 1.0187 0.0029 98.16 1.84 0.28
Espace M. 2 1640489 99.65 0.09 98.61 0.15 1.0127 0.0010 98.75 1.25 0.10
Northwest 3 976699 99.82 0.04 98.50 0.27 1.0133 0.0012 98.68 1.32 0.12

Zurich 4 1221014 99.69 0.05 98.42 0.19 1.0148 0.0013 98.54 1.46 0.13
East 5 1020897 99.60 0.07 98.71 0.23 1.0126 0.0012 98.76 1.24 0.12

Central 6 665904 99.64 0.06 98.43 0.25 1.0121 0.0012 98.81 1.19 0.12
Ticino 7 300159 99.46 0.12 97.62 0.52 1.0160 0.0020 98.43 1.57 0.19

taipop2 Small 1 1372958 99.66 0.05 98.50 0.15 1.0113 0.0014 98.88 1.12 0.14
Middle 2 2398256 99.59 0.07 98.68 0.16 1.0108 0.0019 98.93 1.07 0.19

Large 3 3350412 99.69 0.03 97.99 0.19 1.0180 0.0020 98.23 1.77 0.19
urbrur2 Town 1 2078780 99.65 0.04 98.04 0.17 1.0186 0.0021 98.18 1.82 0.20

Agglo 2 3145541 99.64 0.06 98.51 0.19 1.0136 0.0012 98.66 1.34 0.12
Rural 4 1897305 99.68 0.04 98.44 0.17 1.0108 0.0012 98.93 1.07 0.12

var2 CLASSIC 1 265607 99.61 0.05 98.09 0.28 1.0108 0.0012 98.93 1.07 0.12
SEMI-CLA 2 174501 99.63 0.08 98.93 0.24 1.0117 0.0013 98.84 1.16 0.13

TRAN+FUT 3 6381359 99.67 0.03 98.38 0.11 1.0144 0.0012 98.58 1.42 0.12
TICINO 5 300159 99.46 0.12 97.62 0.52 1.0160 0.0020 98.43 1.57 0.19

outsour No del 0 707126 99.51 0.07 97.93 0.28 1.0138 0.0012 98.64 1.36 0.12
Global 1 6087937 99.68 0.03 98.39 0.11 1.0145 0.0013 98.57 1.43 0.12

Only mail 2 326563 99.46 0.17 98.46 0.42 1.0113 0.0012 98.88 1.12 0.12
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Figure 14.1: Detailed results for age groups (upper), permit (middle) and census methodol-
ogy (lower). Rate of overcoverage 1− R̂

(popR)
ce (triangles and dotted line), rate of undercover-

age 1− R̂
(s)
m (circles and dashed line) and rate of net undercoverage R̂under (plain bold line);

with confidence intervals. Horizontal lines illustrate the overall rates.
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Chapter 15

Conclusion

The conclusion summarizes results and remarks about the census data and the coverage estima-
tion project.

Main Results about Census Data

The census overlooked 1.6% (s.e. = 0.11%) of the population and erroneously counted 0.4%
(s.e. = 0.03%) entries. The resulting rate of net undercoverage is 1.4% (s.e. = 0.12%) with
larger values for some subgroups of the population such as 20-31 years-old people (2.8%) or
foreigners (2.9-3.5%). The results are in the range of the results in other countries.

We observe few overcoverage problems. However, a special search in the census data set
for double entries at the building level would decrease the number of multiple entries even
more. Furthermore, we suspect some missing links between both entries for people with two
addresses.

Undercoverage is not negligible, especially in some subgroups of the population. During the
analysis, we detect a mixture between totally overlooked people, misclassification errors, errors
in type of domicile and errors in location.

Potential misclassification errors are detected for some variables collected during the census.
For example, the data collected during census and SCS have large differences for position in
the household, occupation and size of household. Therefore, census variables relating to the
labor market and households may be somewhat flawed. Misclassification errors may also have
an impact on coverage in the corresponding subgroups.

We observe a time delay between the census day and the effective data collection day. More
than half of the movers seems to be enumerated at the address on SCS day but not at the address
on census day.

SCS, P-sample and E-sample

The SCS operations worked relatively well but can also be improved. Having one common
sampling frame for NORTH and TICINO would be one improvement. Avoiding some stages
such as the mail delivery area in the sample selection would be another (weight variability,
complexity). The list of households in the sampled buildings drawn up with the help of post
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office employees also needs some more checks and precise instructions to avoid including a
number of non private households such as firms. Identification of the building in the field also
needs some improvement (fine localization). In addition to the addresses on census and SCS
day, we should also collect the moving date (time delay) and review the encoding of the results
to make easier comparisons with the census data set.

One point to think about is the link between P-sample and E-sample. In the current project,
we used the same PSUs but different further stages (P-sample stages not available in the census
data set that is used as the frame for the E-sample). This choice made it easy to apply the jack-
knife methodology for variance estimation but should be studied in comparison with alternative
approaches such as two completely independent samples or identical units.

A special problem in the Swiss coverage estimation project is the lack of information about
the E-sample. Having additional information about the situation of E-sample people on census
day would be quite useful. A consequence of interviewing the E-sample is likely to be more
erroneous enumerations which lowers the rate of correct enumerations and the net rate of cover-
age. Interviews with a subsample would already be quite useful, but interviewing the complete
E-sample would clearly be even more enlightening. However, the practical consequences of
such interviews call for further consideration (e.g. resources, time delay and availability of the
census data set).

Searches for Matches and CE

Among difficulties that may occur in the dual system estimation, one of the most common is the
lack of precision in the match. Accuracy such as number of false matches and number of false
non-matches was not analyzed in the project. For further improvements, information may be
found in Fellegi and Sunter (1969) and Ding and Fienberg (1994). For example, see also Cella
et al. (2004) for the Italian agriculture census 2002.

The matching process can be improved in a future application. A search for multiple entries as
well as a search for matches should be extended to include a check of partner entries. Continuing
checks such as using net error at the PSU level would also improve control over the matching
process. Finally, detailed documentation of all steps would also be of great help.

Estimation Methodology

One important point to work on for future coverage estimation is the choice of target popula-
tion. The decision to restrict the P-sample and E-sample to people in private households and,
especially, to people at economic domicile brings some complexity and uncertainties to estima-
tions. We could, for instance, exclude collective households to avoid the complex procedure in
SCS but include all types of domiciles. The type of domicile would then be suitably treated as
a domain in the estimation.

Dual system estimation and synthetic assumptions work in a satisfactory manner. However,
one could consider using more modelling instead of estimation cells and further study special
effects such as the observed smoothing of the results for foreigners.

Some further analysis could be done to detect bias in coverage estimates. For example, the P-
sample non-response adjustment is known to skip the Swiss-foreigner effect (as a consequence,
net undercoverage is probably underestimated for foreigners). Comparisons with auxiliary data
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should be studied. One could also consider using the foreigner/Swiss ratio to correct estimates
in a similar way as the sex ratio in some countries.

An additional area of study is the use of alternative, more refined, variance estimation method-
ologies. The effect of misclassification errors and matching errors may also be further studied
to better split the various influencing factors.

Specific analysis of particular cases (non-matches, inversion of type of domicile, etc.) and spe-
cial searches in the census database would also be of interest especially to detect possible im-
provements in the way that census data were processed. Did overlooked people receive a ques-
tionnaire, or did they not return the questionnaire, or did the commune fail to provide adminis-
trative data for missing responses, or did they disappear during census processing? Information
about census processes such as transfers (e.g. moving, grouping of people in households) and
origin of data (e.g. questionnaire, Internet, complementary phone interviews, commune) would
be of great interest for future estimations.

Choices had to be made for the current report. Some points have been described in detail
and others are only presented in a general way or not even mentioned. Various points could
clearly be covered in more detail in future estimations. The 2000 results can be used to define
objectives, to plan the sampling design and to estimate the expected variability of results.

Organization and Documentation

The organization of the project was split into two pools: census staff and Statistical Methods
Unit (METH). As it turned out, METH ended up taking care of the sampling and estimation
methodology as well as many general tasks having to do with design and organization. For fu-
ture projects, the organization needs general review, re-evaluation of the required resources and
greater integration of the coverage estimation project in the census framework, while keeping
the operations strictly separate from the census process. There also needs to be more discussion
about the process during operations and better documentation of what has been done.

We should point out that working with census data is quite a complex job. Improved documen-
tation about the data and processes applied to the data would help having a better overview of
the possible effects relating to the observed results.

General

The coverage estimation of a population census is quite a challenging project. The results of this
first estimation for a Swiss census proved to be instructive. In many cases, we detected similar
coverage behavior as that found in other countries. We also quantified errors and collected
information about various possible improvements relating to census data. The experience we
gained can be used to improve the future censuses as well as the methodology and organization
of future similar projects of coverage estimation.

It is not yet known how future censuses in Switzerland will be conducted, whether they will
be mostly based on administrative registers or similar to the Census 2000. What is clear, how-
ever, is that coverage estimations using data from independent surveys proved to be of great
interest since they provided us information about the quality of the census data and possible im-
provements. We therefore feel that coverage estimations should be an integrated part of future
censuses.
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Appendix A

Population Census 2000

The Swiss Population and Housing Census took place in 2000 with census day on 5 December
2000 (4 December at midnight). Information is collected for all 7.28 million inhabitants, 3.12
million households, 3.76 million housing units (dwellings) and 1.47 million buildings.

Census data are used for various purposes such as distributing the 200 seats of the national
council among the 26 cantons, determining upon the official language of the communes, dis-
tributing of funds and subsidies and making other political decisions. Results may be found in
OFS (2002b, 2003a, 2003b).

A.1 General Information

The Swiss Federal Statistical Office (SFSO) is responsible for conducting decennial censuses,
but data collection is the responsibility of the communes. Communes had to make a choice
between various census methodologies:

CLASSIC: enumerators visit households to bring and take back the questionnaires;

SEMI-CLASSIC: preprinting of questionnaires using the register of inhabitants (one in each
commune), dispatching by mail and visit of enumerators to take back the questionnaires;

TRANSIT: preprinting the questionnaires using the register of inhabitants, dispatching and
return by mail;

FUTURE: same as TRANSIT with link between households and dwellings in the register of
inhabitants.

Ticino canton organized the census on its territory by using a methodology similar to TRANSIT.

There are three types of questionnaires: the household questionnaire, the personal questionnaire
(see below) and the building questionnaire. The preprinting of questionnaires, the mail dispatch
and the check of mail return was centralized for (almost) all Switzerland but Ticino. Most
of the people in SEMI-CLASSIC, TRANSIT and FUTURE communes had the opportunity to
fill in the personal and household questionnaires either by Internet or on paper. The people in
CLASSIC communes had to fill in the questionnaires on paper.
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Communes filled in the forms with their administrative information in case of non-response
from the people (e.g. clear refusal or people not found but known to exist). Therefore, we do
not apply any correction for non-response or whole person imputation in the census.

A.2 Processing and Definitions

The people are enumerated at one domicile (e.g. a person living in a single place) or at two
domiciles (e.g. a student with one domicile with his family and the other at the place of study).

In the case of two domiciles, one of the enumerations is coded as the civil domicile and the other
as the economic domicile. The civil domicile is the place where the official papers are registered
("acte d’origine" as well as taxes for Swiss people and residence permit for foreigners). The
economic domicile is the place where the person mainly resides (4 or more days a week). For
instance, the student has his civil domicile with his family and the economic domicile at the
place of study.

Everybody has a civil domicile and an economic domicile, except people who have a civil
domicile in Switzerland and an economic domicile abroad. In most cases, both the civil and the
economic domiciles are the same (97.7% of the resident population), i.e. most people have one
single domicile.

People with a civil domicile that differs from the economic domicile are linked by using a
matching processing to avoid double counts (DD people). The type of domicile is mainly
determined on the basis of the information collected in the questionnaire (question: "Where
do you mostly reside (4 or more days a week)?").

People in vacation housing units that are not their civil or economic domicile (e.g. chalets,
holiday dwellings) are not counted at this address in the census.

The census count is available for the civil domicile and the economic domicile. The resident
population of a given commune is defined as the people who have their economic domicile in
that commune.

There are two types of households. A private household is defined as a group of people that live
in the same housing unit (e.g. a family). A collective household is defined as a "non-private"
household (e.g. jails, hospitals or retirement homes).

During the census data processing, people are linked to the households, which are linked to the
dwellings, which are then linked to the buildings. About 1.8% people are linked to collecting
households (max 1 in each building) if the household could not be defined. Similarly, collecting
buildings were created to accommodate 2.9% people not linked to an enumerated building (max
1 in each commune). The reason for being linked to a collecting building is mostly technical
and not related to any "homeless" situation but to the fact that collected information does not
allow for a confident link with a real building.

Automatic deterministic corrections as well as statistical imputation were applied to the census
data. The statistical imputation is based on the New Imputation Methodology (NIM) developed
by Statistics Canada (Kilchmann and Eichenberger, 2005). The final census data set contains
very few missing items in the demographic variables. We do not have any imputation of whole
persons in the census count.
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A.3 Personal Questionnaire
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Appendix B

Demographic Estimations and Census
Counts

Demographic estimates of the population are available for Switzerland on the 31st of December
of each year. Estimates for the permanent resident population as well as for the resident pop-
ulation are published (OFS, 2002a, 2003c). Revisions occur after each decennial census. The
adjustment due to the census 2000 corresponds to a small decrease of about 0.1% see e.g. OFS
(2004).

The permanent resident population includes all people who maintain their civil domicile in
Switzerland for at least one year. People with seasonal and short-stay permits (A and L permits)
are not included. Similarly, people temporarily admitted (F permit) and applicants for asylum
(N permit) are not included, except children 0-4 years old.

The resident population includes all people who maintain their civil domicile in Switzerland at
a given time. The definition is similar to the definition used in the census, except the type of
domicile: civil population instead of economic population.

Comparisons between demographic and census data are not very reliable since the definition
of the population and the reference day are not identical. The demographic resident population
is however more usable than the demographic permanent resident population. The difference
between civil and economic population is not large at the national level.

A rough comparison shows that demographic counts are on the whole slightly larger than cen-
sus counts; see Table B.1. Demographic counts are smaller for Swiss citizens and larger for
foreigners. Non-negligible differences are observed for foreigners, with larger values for males
than females.
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Table B.1: Comparison between census (5 December 2000) and demographic estimates (31
December 2000, not revised) of the resident population. Census C and demographic D
counts, as well as the relative differences dreco = (D − Ceco)/D and drciv = (D − Cciv)/D
[%].

D Ceco Cciv dreco dreco

Total 7,304,109 7,288,010 7,287,357 0.22% 0.23%
male 3,583,886 3,567,567 3,567,327 0.46% 0.46%
female 3,720,222 3,720,443 3,720,030 -0.01% 0.01%
Total Swiss 5,779,685 5,792,461 5,791,768 -0.22% -0.21%
male 2,762,579 2,766,020 2,765,737 -0.12% -0.11%
female 3,017,106 3,026,441 3,026,031 -0.31% -0.30%
Total foreigners 1,524,424 1,495,549 1,495,589 1.89% 1.89%
male 821,307 801,547 801,590 2.41% 2.40%
female 703,116 694,002 693,999 1.30% 1.30%
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Appendix C

Swiss Coverage Survey

Questionnaire used for the CATI and CAPI data collection. In French with some technical
comments in German.
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Appendix D

More about Matching

For additional information about matching between the P-sample and the census; see Sec-
tion 10.1.

Matching Process

The match code match is the result of the matching phase processed by the census staff; see
Tables D.1 for non-movers and D.2 for movers.

The data set contains multiple entries for unresolved multiple matches (indicated as "provi-
sional" in the tables). Therefore, the total size of 50,266 is larger than the total P-sample sample
size of 50,070. The phases in the census data based are noted SQL and the phases in SAS are
noted SAS1 to SAS4.

The codes match can be aggregated into following groups:

• confirmed match (match in (101-116, 121-145, 157, 161, 163,
201-203, 211, 221-233)): 49,238 (98.0%)

• confirmed non-match (match in (117, 158-159, 162, 164, 212-213, 234)):
807 (1.6%)

• unresolved cases (match in (152-154, 156, 204-206, 999)): 217 (0.4%);

• cases that have to be excluded from the P-sample (e.g. doubles) (match in (151,
155, 160)): 4.
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Table D.1: Match code match for non-movers.

match Description Groups Nb
SQL in the census data base
101 match SQL match 44,519
102 match SQL match 198
103 match SQL match 104
104 match SQL, checked match 212
105 match SQL, multiple match 86
SAS for non match in SQL
111 match SAS1 match 73
112 match SAS2 match 60
113 match SAS3 match 54
114 match SAS4 match 69
115 match SAS4 match 2
116 match SAS4 match 41
117 non match non match 618
Matched in SQL but not right area
121 match SAS1 confirmed match 18
122 match SAS1 refused, SQL ok match 87
123 match SAS2 confirmed match 2
124 match SAS2 refused, SQL ok match 1
125 non match in SAS, SQL ok match 727
Matched in SQL in area but not PSU and not target population
131 match SAS1 confirmed match 86
132 match SAS1 refused, SQL ok match 3
133 same match SAS2 and SQL match 16
134 non match in SAS, SQL ok match 15
Matched in SQL in PSU but not target population
141 match SAS1 confirmed match 1000
142 match SAS1 refused, SQL ok match 27
143 match SAS2 confirmed match 121
144 match SAS1 refused, SQL ok match 1
145 non match in SAS, SQL ok match 191
Special cases
151 double entry in P-sample excluded 1
152 multiple match provisional 120
153 match but out of population provisional 29
154 multiple match provisional 18
155 double entry in P-sample excluded 2
156 non match provisional 8
157 match SAS1 match 9
158 match SAS1 refused non match 7
159 non match, multiple non match 69
160 double entry in P-sample excluded 1
161 match SAS match 19
162 match SAS refused non match 3
163 same clerical match and SQL match 4
164 non match non match 38
Total 48,659
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Table D.2: Match code match for movers.

match Description Groups Nb
SQL in the census data base
201 match SQL match 1152
202 match SQL confirmed match 1
203 match SQL confirmed match 2
204 match SQL, multiple provisional 36
205 match SQL, multiple provisional 1
206 match SQL, multiple provisional 3
999 match SQL, multiple provisional 2
SAS for non match in SQL
211 match SAS1 match 14
212 match SAS1 refused non match 4
213 non match SAS non match 67
Matched in SQL but not commune
221 match SAS1 match 55
222 match SAS1 refused, SQL ok match 28
223 non match in SAS, SQL ok match 191
Matched in SQL in commune but not target population
231 match SAS1 match 37
232 match SAS1 refused, SQL ok match 2
233 non match in SAS, SQL ok match 11
Special cases
234 non match in SAS, SQL refused non match 1
Total 1607
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Final Matching Codes

New steps are applied to get the final matching codes. These steps include information from
special cases and supplementary checks:

1. two P-sample people matched to one census entry (match_cont in (1001-1004));

2. some special changes (match_cont in (1005-1007));

3. one P-sample person matched with two or three census entries (multiple matches,
(match_cont in (1020-1023));

4. matches refused during the clerical checks and processed in a second phase (match_cont
in (1030-1033));

5. non-matched entries checked in order to detect people that should be excluded from the
P-sample (match_cont= 1040 and match_cont2 in (2040-2042)).

The match codes match_cont and match_cont2 are complementary codes that have pri-
ority over the code match; see Table D.3.

P-sample people with codes match in (151, 155, 160) or match_cont in (1002,
1005) or match_cont2 in (2041, 2042) are excluded from the provisional P-sample
(184 cases).

The final status of match matchG is equal to 0 for P-sample people out of the population, 10
for matches and 20 for non-matches; see Table D.4.

The identifier of the match Vzid in the census data set is vz_pers_id for SQL matches,
vz_pers_id_mac_p1 - p3 for SAS matches phase 1-3 and vz_pers_cont for the
complementary matches.
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Table D.3: Complementary match codes match_cont and match_cont2.

match_cont Description Number
Two P-sample entries with one unique match
1001 match 195
1002 P-sample people is double 170
1003 match with another entry 15
Special cases
1004 non-match 1
1005 P-sample people is double or born on 5 Dec. 2000 6
1006 match with another entry 4
1007 non match 4
Multiple matches
1020 match 21
1021 non match, double in census 6
1022 non match, partner in census 13
1023 non match, other 2
Matched refused and treated again
1031 non match but in P-sample 15
1032 match 110
1033 non match, double or partner in census 77
Non-matched entries to be checked for existence
1040 non match 692
Total 1331

match_cont2 Description Number
2040 in P-sample 689
2041 not in P-sample (non economic domicile) 3
2042 not in P-sample (collective household) 1
Total 693
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Appendix E

More about Variance Estimation

First Comparisons

Tables E.1 and E.2 show a comparison between variance estimation methodologies for the sim-
ple rate of correct enumeration R̂

(s)
ce and simple rate of correct match R̂

(s)
m ; see Section 6.1.

The notation is:

• n: number of persons;

• R̂ce: estimated rate of correct enumeration;

• R̂m: estimated rate of match;

• stdL: standard error for Taylor expansion without finite population correction (fpc);

• stdL(tot): standard error for Taylor expansion with finite population correction;

• stdJK1: standard error for classical jackknife;

• stdJKS: standard error for stratified jackknife;

• Dx = (stdx − stdJKS)/stdJKS , with x ∈ {L,L(tot), JK1} [%]: difference relative to
stratified jackknife.

Taylor expansion estimates are smaller than stratified jackknife (DL < 0 and DL(tot) < 0).
Larger differences are observed when including the finite population correction (fpc) (|DL(tot)| >
|DL|). However, the estimate with fpc stdL(tot) is probably unstable because (1) it takes into
account only the first sampling stage and (2) some strata have a large fpc. The large difference
for Ticino (NUTS=7, ling2=3 and var2=5) has to do with the small number of PSUs in the
sampling strata.

The stratification of jackknife has a non-negligible effect on standard error, especially in some
subgroups (e.g. outsour=2). The result is sometimes larger and sometimes smaller than the
classical jackknife. We observe that the differences are generally larger for R̂ce than R̂m with
an extreme value corresponding to a relative difference of -9%.
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Table E.1: Variance estimates of R̂
(s)
ce , with n the number of persons. The text contains a

definition of standard errors and differences in relation to the stratified jackknife.
Variable n R̂

(s)
ce stdL stdL(tot) stdJK1 stdJKS DL DL(tot) DJK1

Overall 55375 0.99601 0.000299 0.000285 0.000303 0.000299 -0.16 -4.83 1.19
sex 1 27374 0.99586 0.000393 0.000374 0.000394 0.000394 -0.19 -5.01 0.10

2 28001 0.99617 0.000324 0.000307 0.000334 0.000324 -0.11 -5.35 2.86
Cage2 1 6449 0.99742 0.000503 0.000476 0.000503 0.000504 -0.12 -5.48 -0.21

2 6689 0.99659 0.000579 0.000551 0.000575 0.000579 -0.05 -4.88 -0.78
3 8652 0.99028 0.000929 0.000876 0.000952 0.000930 -0.14 -5.84 2.38
4 12090 0.99651 0.000515 0.000493 0.000519 0.000516 -0.15 -4.42 0.64
5 10902 0.99745 0.000449 0.000424 0.000449 0.000450 -0.22 -5.77 -0.20
6 8802 0.9988 0.000286 0.00027 0.000286 0.000287 -0.18 -5.76 -0.01
7 1791 0.99218 0.001826 0.00174 0.001817 0.001830 -0.23 -4.93 -0.72

ausw2 1 45550 0.99613 0.000316 0.000302 0.000321 0.000317 -0.21 -4.63 1.45
2 6851 0.99629 0.000642 0.000603 0.000641 0.000644 -0.27 -6.32 -0.47
3 2974 0.99385 0.001114 0.001055 0.001105 0.001123 -0.83 -6.08 -1.60

ziv2 1 23515 0.99441 0.000468 0.000443 0.000467 0.000469 -0.18 -5.51 -0.36
2 26040 0.99761 0.000401 0.000387 0.000405 0.000402 -0.16 -3.64 0.86
3 5820 0.99556 0.000696 0.000657 0.000721 0.000697 -0.10 -5.70 3.49

ling2 1 36706 0.99611 0.00038 0.000366 0.000384 0.000380 -0.11 -3.79 0.96
2 16473 0.99612 0.000527 0.000501 0.000539 0.000535 -1.57 -6.43 0.63
3 2196 0.9944 0.001256 0.001076 0.001283 0.001262 -0.44 -14.71 1.67

NUTS 1 10901 0.99591 0.000633 0.000599 0.000660 0.000647 -2.14 -7.39 2.06
2 16039 0.99592 0.000864 0.000837 0.000884 0.000874 -1.20 -4.28 1.06
3 6592 0.99732 0.000399 0.000378 0.000411 0.000413 -3.43 -8.51 -0.51
4 8813 0.99646 0.000518 0.000489 0.000529 0.000530 -2.29 -7.76 -0.24
5 7856 0.99546 0.000694 0.000672 0.000718 0.000717 -3.14 -6.22 0.16
6 3478 0.99587 0.000704 0.000671 0.000754 0.000767 -8.20 -12.50 -1.62
7 1696 0.99438 0.001288 0.001103 0.001331 0.001293 -0.39 -14.70 2.96

taipop2 1 18668 0.99632 0.000557 0.00054 0.000566 0.000563 -1.06 -4.08 0.54
2 17013 0.99541 0.000682 0.000663 0.000704 0.000686 -0.59 -3.36 2.69
3 19694 0.99635 0.000312 0.000279 0.000311 0.000313 -0.25 -10.80 -0.62

urbrur2 1 12882 0.9958 0.000415 0.000366 0.000411 0.000420 -1.14 -12.82 -2.15
2 20733 0.99598 0.000585 0.000566 0.000601 0.000589 -0.69 -3.92 2.10
4 21760 0.99629 0.000434 0.000422 0.000437 0.000436 -0.45 -3.21 0.21

var2 1 11000 0.99578 0.000553 0.000508 0.000568 0.000561 -1.47 -9.49 1.25
2 5298 0.99598 0.000779 0.00074 0.000784 0.000781 -0.22 -5.22 0.46
3 37381 0.99613 0.000324 0.000311 0.000332 0.000324 -0.04 -4.05 2.39
5 1696 0.99438 0.001288 0.001103 0.001331 0.001293 -0.39 -14.70 2.96

outsour 0 13548 0.9949 0.000688 0.000596 0.000632 0.000696 -1.12 -14.34 -9.15
1 35599 0.99626 0.000333 0.000319 0.000334 0.000333 -0.01 -4.22 0.22
2 6228 0.99448 0.00154 0.00151 0.001797 0.001680 -8.33 -10.12 6.95
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Table E.2: Variance estimates of R̂
(s)
m , with n the number of persons. The text contains a

definition of standard errors and differences in relation to the stratified jackknife.
Variable n R̂

(s)
m stdL stdL(tot) stdJK1 stdJKS DL DL(tot) DJK1

Overall 49883 0.98359 0.00105 0.00098 0.001071 0.001051 -0.08 -6.74 1.94
sex 1 25319 0.9845 0.00103 0.000962 0.001047 0.001030 -0.05 -6.65 1.62

2 24564 0.98265 0.001324 0.001238 0.001344 0.001326 -0.19 -6.67 1.34
Cage2 1 5957 0.98537 0.00209 0.001965 0.002087 0.002096 -0.27 -6.24 -0.42

2 6189 0.987 0.001935 0.001817 0.001929 0.001936 -0.07 -6.17 -0.37
3 7339 0.96504 0.00335 0.003153 0.003328 0.003371 -0.62 -6.47 -1.28
4 10826 0.98349 0.001611 0.001492 0.001669 0.001612 -0.07 -7.45 3.55
5 10303 0.98821 0.001381 0.001312 0.001363 0.001382 -0.11 -5.10 -1.41
6 7879 0.99095 0.001349 0.001296 0.001406 0.001349 -0.03 -3.95 4.19
7 1390 0.98803 0.003139 0.002962 0.003124 0.003148 -0.27 -5.89 -0.74

ausw2 1 42629 0.98721 0.000942 0.000891 0.000964 0.000943 -0.11 -5.52 2.17
2 5443 0.98147 0.002921 0.002714 0.003046 0.002937 -0.53 -7.58 3.72
3 1811 0.91975 0.008485 0.007949 0.008508 0.008526 -0.49 -6.77 -0.22

ziv2 1 20814 0.97926 0.001757 0.001648 0.001789 0.001761 -0.24 -6.43 1.55
2 24207 0.98733 0.001062 0.000993 0.001054 0.001063 -0.14 -6.63 -0.85
3 4862 0.98401 0.002008 0.001906 0.002000 0.002010 -0.10 -5.17 -0.48

ling2 1 33724 0.98496 0.001104 0.001053 0.001158 0.001107 -0.24 -4.85 4.68
2 14177 0.98113 0.002443 0.00225 0.002536 0.002505 -2.46 -10.17 1.26
3 1982 0.9765 0.004964 0.003704 0.005137 0.004945 0.39 -25.09 3.88

NUTS 1 9486 0.97814 0.003699 0.003469 0.003778 0.003812 -2.97 -9.01 -0.89
2 13870 0.98606 0.001426 0.001351 0.001453 0.001453 -1.88 -7.04 -0.05
3 6056 0.98496 0.002594 0.002429 0.002683 0.002674 -3.00 -9.17 0.32
4 8835 0.98423 0.001877 0.001769 0.002022 0.001922 -2.36 -7.98 5.18
5 6935 0.98706 0.002293 0.002197 0.002358 0.002346 -2.28 -6.37 0.49
6 3150 0.98433 0.002363 0.002208 0.002620 0.002522 -6.29 -12.44 3.92
7 1551 0.97624 0.00518 0.003863 0.005395 0.005158 0.42 -25.11 4.58

taipop2 1 18306 0.985 0.001488 0.001437 0.001498 0.001502 -0.93 -4.32 -0.24
2 15845 0.98676 0.001634 0.00159 0.001668 0.001642 -0.49 -3.17 1.59
3 15732 0.97994 0.001875 0.001693 0.001883 0.001884 -0.46 -10.13 -0.02

urbrur2 1 10295 0.98036 0.001624 0.001438 0.001663 0.001660 -2.18 -13.38 0.20
2 18295 0.98508 0.001868 0.001731 0.001912 0.001890 -1.19 -8.43 1.16
4 21293 0.98441 0.001678 0.001632 0.001722 0.001682 -0.26 -3.00 2.36

var2 1 8694 0.98093 0.002815 0.002548 0.002775 0.002815 -0.01 -9.50 -1.43
2 4940 0.98934 0.002294 0.002146 0.002597 0.002440 -6.00 -12.06 6.43
3 34698 0.98381 0.001114 0.001047 0.001138 0.001115 -0.11 -6.12 2.05
5 1551 0.97624 0.00518 0.003863 0.005395 0.005158 0.42 -25.11 4.58

outsour 0 10487 0.97933 0.002788 0.002216 0.002754 0.002794 -0.21 -20.68 -1.42
1 33784 0.98392 0.001121 0.001051 0.001157 0.001122 -0.11 -6.35 3.12
2 5612 0.98462 0.003905 0.003783 0.004341 0.004209 -7.22 -10.12 3.14
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Splitting of PSUs

Splitting of PSUs is tested for the P-sample and E-sample.

PSUs are selected in two phases. First, we select the set of strata stradap with a PSU sam-
pling rate larger than 20%. Second, we select the PSUs from this set with at least 300 elements.
The selection leads to 43 PSUs in the P-sample and 45 PSUs in the E-sample; all in the same
5 strata. Splitting is applied randomly into two fictitious equal-sized PSUs. This gives us
303+43=346 PSUs for the P-sample and 303+45=348 PSUs for the E-sample.

Splitting has a slight impact for most of the subgroups (between -1% and 1%). However, split-
ting clearly increases the standard error of categories related the Ticino. The effect is larger for
classical jackknife (4%) than stratified jackknife (1.4%).

Stratified jackknife is expected to be more stable than classical jackknife in subgroups of the
population observed in only few PSUs.

Alternative Correction of the Weights in Stratified Jackknife

Stratified jackknife with a weight correction that depends on the weights (and not only on the
number of PSUs in the stratum) leads to a decrease in estimated variance.

The relative difference to reference stratified jackknife ranges between -0.1% and -23.7% with
an overall value of -2.3%. Larger differences are observed for the categories relating mainly to
Ticino and outsour=0.

The reference stratified jackknife estimate is more conservative than the estimate with the alter-
native correction. This is due to the added variability of the stratum size.

Checking P-sample Weights

The P-sample weights wp,j are checked for extremely influential elements; see Section 12.1.

The minimum min, the maximum max, the range R = max−min, the coefficient of variation
CV , the first quartile Q1, the third quartile Q3 and the interquartile IQR = Q3 − Q1 are used
for the tests. Note however that the statistics based on the quartiles or the CV are not reliable
in many strata or PSUs because the weights have only few different values (e.g. 87 units with
weight 10, 134 units with weight 34 and 3 units with weight 198).

The results of the checks on the P-sample may be summarized by:

• Overall, wp,j varies between min = 5.2 and max = 489.2 with a coefficient of variation
of 56% and the interquartile IQR = 155.7. The 290 weights larger than Q3 + 1.5 IQR
are grouped in stradap=19, that contains weights between 310.3 and 489.2. Therefore,
these overall extreme values are not extreme at the stratum level.

• A group of three PSUs have large variability between the weights: PSU=N461300 in
stradap=17, PSU=N541300 in stradap=15 and PSU=N811200 in stradap=17.
Excepted PSU=N461300, the extreme values within the PSUs are not extreme at the
stratum level.
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• We detect 4 strata with possibly very influential elements. They are grouped in one
particular PSU in each stratum: PSU=N507400 for stradap=9 (10 cases in 130),
PSU=N192300 for stradap=11 (3 cases in 31), PSU=N461300 for stradap=17
(73 cases in 112) and PSU=T5150 for stradap=102 (3 cases in 40).

Based on the checks, we define the trimmed weights weiPo= w
(t)
p,j . With w

(t)
p,j 6= wp,j for 89

P-sample elements weiPo=weiP;

if stradap=11 and PSU=’N192300’ and weiP>80 then weiPo=50;

else if stradap=9 and PSU=’N507400’ and weiP<6 then weiPo=30;

else if stradap=17 and PSU=’N461300’ and weiP>370 then weiPo=300;

else if stradap=102 and PSU=’T5150’ and weiP>300 then weiPo=160;.

The effect of weight correction is negligible for the R̂m and standard error estimates stdL, stdJK1

and stdJKS (relative absolute differences smaller than 0.4%).

Although weight variability was reduced, we unexpectedly observed a small increase in vari-
ance as a whole and in most of the subgroups (maximum 0.35%).

As a result, correction of the most influential weights has no positive impact on the estimates.

General Remarks about R̂ce and R̂m

Based on the results from trimming weights, alternative weight correction and splitting PSUs,
we can consider the reference stratified jackknife as a somewhat conservative and reliable esti-
mate. This methodology is used for the results presented in Chapters 11 and 12.

Remark about R̂net

The classical jackknife estimated standard errors of R̂net are 2-7% larger than the given stratified
jackknife. The larger difference is observed for ziv=4 (7.2%). We also have differences that
exceed 6% for the French speaking region NUTS=1 and corresponding language ling2=2
and for the Italian speaking region NUTS=7 and corresponding language ling2=3 and census
methodology var2=5.
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Appendix F

Detailed Results for Estimation Cells

List of the 121 estimation cells (post-strata) with:

• Post-stratum ID: e.g. A1Z1T 3L12C 67S12 for ausw3=1 (Swiss), ziv3=1 (single), taipop3=3,
ling3=1 or 2 (all languages), Cage2=6 or 7 (60 and older), sex=1 or 2 (male and fe-
male);

• C= C(pop): census count (target population);
• Np= np: number of elements in the P-sample;
• M=

∑
P

(s)
m,j : number of simple matches;

• CVp: variation coefficient of the weights wp,j (P-sample) [%];
• rateM= R̂

(s)
m : weighted rate of simple match [%];

• Ne= ne: number of elements in the E-sample;
• CE=

∑
P

(pop)
ce,j : number of correct enumerations (multiple entries in the population);

• CVe: variation coefficient of the weight we,i (E-sample) [%];
• rateCE= R̂

(popR)
ce : weighted rate of correct enumeration [%];

• Rnet=rateM/rateCE= R̂net: rate of net coverage [%];
• Run=1-Rnet= R̂under: rate of net undercoverage [%];
• Rnetse: standard error of Rnet= R̂net and Run= R̂under [%].

Obs poststra C Np M CVp rateM Ne CE CVe rateCE Rnet Run Rnetse
1 A1Z1T 1L 1C 1S 1 49572 720 712 96.18 98.93 662 661.5 95.88 99.81 99.12 0.88 0.60
2 A1Z1T 1L 1C 1S 2 47662 655 649 96.87 98.38 663 662.5 93.14 99.98 98.40 1.60 0.79
3 A1Z1T 1L 1C 2S 1 54334 774 769 97.20 99.46 824 823.0 97.83 99.82 99.64 0.36 0.39
4 A1Z1T 1L 1C 2S 2 50819 698 692 100.7 99.68 695 694.0 96.47 99.81 99.88 0.12 0.23
5 A1Z1T 1L 1C 3S 1 40543 535 521 92.82 97.67 529 524.5 94.22 99.17 98.49 1.51 0.88
6 A1Z1T 1L 1C 3S 2 29122 389 379 98.17 97.70 435 429.0 97.31 98.85 98.84 1.16 1.37
7 A1Z1T 1L 1C 45S12 40867 503 497 93.52 98.63 533 528.0 96.54 99.30 99.32 0.68 0.76
8 A1Z1T 1L 2C 1S 1 31677 461 456 97.66 98.63 445 443.0 115.3 99.87 98.76 1.24 0.98
9 A1Z1T 1L 2C 1S 2 30072 401 400 94.68 99.93 424 423.0 114.2 99.92 100.0 -0.01 0.05
10 A1Z1T 1L 2C 2S 1 30265 455 447 95.00 98.68 400 398.0 108.6 99.64 99.04 0.96 0.69
11 A1Z1T 1L 2C 2S 2 28927 408 401 97.16 98.15 396 395.0 116.7 99.92 98.23 1.77 0.88
12 A1Z1T 1L 2C 3S 1 23693 293 285 98.72 96.85 374 367.8 111.8 97.88 98.95 1.05 1.93
13 A1Z1T 1L 2C 3S 2 17917 214 207 94.96 96.32 211 208.5 103.4 99.20 97.10 2.90 1.85
14 A1Z1T 1L 2C 45S12 25073 296 286 93.22 97.40 369 367.5 108.1 99.60 97.79 2.21 1.32
15 A1Z1T 1L12C 67S12 17960 205 201 97.42 97.83 233 231.5 103.4 99.41 98.40 1.60 1.46
16 A1Z1T 2L 1C 1S 1 91105 595 588 46.09 98.88 571 567.5 40.03 99.49 99.38 0.62 0.46
17 A1Z1T 2L 1C 1S 2 86778 556 553 39.71 99.57 526 524.5 40.19 99.67 99.90 0.10 0.35
18 A1Z1T 2L 1C 2S 1 102328 600 595 40.54 99.48 620 617.0 39.14 99.55 99.93 0.07 0.39
19 A1Z1T 2L 1C 2S 2 96688 575 570 39.72 99.22 551 549.5 45.97 99.67 99.55 0.45 0.51
20 A1Z1T 2L 1C 3S 1 87591 546 534 43.30 97.36 569 562.5 39.50 98.78 98.56 1.44 1.18
21 A1Z1T 2L 1C 3S 2 69504 419 411 42.02 97.90 408 403.0 41.29 98.67 99.22 0.78 1.31
22 A1Z1T 2L 1C 45S12 90529 525 515 42.56 97.90 560 558.5 38.23 99.71 98.19 1.81 0.78
23 A1Z1T 2L 2C 1S 1 26310 257 254 49.15 98.63 273 271.5 55.20 99.51 99.11 0.89 0.88
24 A1Z1T 2L 2C 1S 2 24731 250 247 50.74 99.28 245 245.0 61.20 100.0 99.28 0.72 0.55
25 A1Z1T 2L 2C 2S 1 25886 285 284 53.04 99.57 301 300.0 55.88 99.57 100.0 0.00 0.55
26 A1Z1T 2L 2C 2S 2 25352 250 247 48.79 99.31 314 313.5 55.62 99.82 99.49 0.51 0.53
27 A1Z1T 2L 2C 3S 1 23543 232 225 57.16 96.78 272 268.5 57.98 98.77 97.99 2.01 1.90
28 A1Z1T 2L 2C 3S 2 19528 188 183 50.85 97.53 215 212.0 57.17 98.23 99.29 0.71 1.41
29 A1Z1T 2L 2C 45S12 23916 179 174 50.77 97.19 245 243.0 59.17 98.83 98.34 1.66 1.52
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30 A1Z1T 2L12C 67S12 23680 134 133 50.13 97.93 185 185.0 54.75 100.0 97.93 2.07 2.08
31 A1Z1T 3L 1C 1S 1 84547 368 359 13.99 97.79 458 456.0 12.23 99.55 98.23 1.77 0.70
32 A1Z1T 3L 1C 1S 2 80335 379 374 14.26 98.56 470 469.0 12.06 99.79 98.77 1.23 0.68
33 A1Z1T 3L 1C 2S 1 93261 474 470 17.22 99.24 483 481.5 10.56 99.74 99.50 0.50 0.42
34 A1Z1T 3L 1C 2S 2 91029 450 444 15.48 98.85 480 479.5 9.33 99.89 98.96 1.04 0.52
35 A1Z1T 3L 1C 3S 1 127403 610 590 16.36 96.60 765 760.5 11.28 99.40 97.18 2.82 0.90
36 A1Z1T 3L 1C 3S 2 112746 603 584 14.58 97.08 691 685.5 9.63 99.24 97.82 2.18 0.71
37 A1Z1T 3L 1C 4S 1 68752 348 345 14.91 99.13 455 453.0 9.20 99.56 99.57 0.43 0.50
38 A1Z1T 3L 1C 4S 2 50750 269 265 11.76 98.40 332 330.5 11.48 99.54 98.86 1.14 1.04
39 A1Z1T 3L 1C 5S12 50572 255 249 7.13 97.66 336 335.0 9.79 99.70 97.96 2.04 1.13
40 A1Z1T 3L 2C 1S 1 29131 186 185 12.81 99.45 151 151.0 18.97 100.0 99.45 0.55 0.59
41 A1Z1T 3L 2C 1S 2 28267 166 164 19.31 98.68 178 177.5 17.79 99.56 99.12 0.88 1.19
42 A1Z1T 3L 2C 2S 1 28604 166 162 14.42 97.37 226 226.0 16.71 100.0 97.37 2.63 1.69
43 A1Z1T 3L 2C 2S 2 28573 172 169 16.98 98.41 224 223.5 18.80 99.80 98.61 1.39 1.05
44 A1Z1T 3L 2C 3S 1 39157 184 175 20.50 95.32 257 253.0 17.05 98.31 96.96 3.04 1.47
45 A1Z1T 3L 2C 3S 2 36997 190 179 21.75 94.78 246 243.5 18.29 99.07 95.67 4.33 2.24
46 A1Z1T 3L 2C 45S12 43793 233 227 22.18 97.61 278 277.0 22.17 99.60 98.00 2.00 1.13
47 A1Z1T 3L12C 67S12 48429 226 222 17.23 97.92 330 329.5 16.43 99.85 98.07 1.93 1.03
48 A1Z2T 1L 1C 4S 1 63284 916 912 91.70 99.23 891 887.5 95.87 99.85 99.38 0.62 0.42
49 A1Z2T 1L 1C 4S 2 72605 1045 1038 93.78 98.87 1052 1050.0 95.57 99.83 99.04 0.96 0.52
50 A1Z2T 1L 1C 5S 1 71513 1035 1029 97.55 99.09 1018 1017.5 95.06 99.99 99.10 0.90 0.42
51 A1Z2T 1L 1C 5S 2 69582 1042 1038 98.03 99.51 1073 1071.5 95.73 99.96 99.55 0.45 0.29
52 A1Z2T 1L 1C 6S 1 51077 738 730 94.24 98.91 705 705.0 97.99 100.0 98.91 1.09 0.50
53 A1Z2T 1L 1C 6S 2 58882 828 824 93.94 99.38 834 834.0 92.96 100.0 99.38 0.62 0.37
54 A1Z2T 1L 1C 7S12 21957 266 261 98.39 97.12 292 292.0 95.50 100.0 97.12 2.88 1.49
55 A1Z2T 1L 1C 123S12 26693 368 363 98.93 98.99 374 371.5 90.30 99.56 99.42 0.58 0.76
56 A1Z2T 1L 2C 4S 1 37605 522 519 96.27 99.84 512 509.8 114.6 99.81 100.0 -0.03 0.16
57 A1Z2T 1L 2C 4S 2 43688 587 584 94.83 99.56 615 613.5 110.6 99.60 99.96 0.04 0.52
58 A1Z2T 1L 2C 5S 1 44236 604 599 96.44 99.16 594 592.5 118.9 99.71 99.44 0.56 0.41
59 A1Z2T 1L 2C 5S 2 46522 626 623 95.41 99.69 586 585.0 109.2 99.78 99.91 0.09 0.29
60 A1Z2T 1L 2C 6S 1 33793 470 464 93.90 97.59 448 447.0 118.3 99.94 97.65 2.35 1.17
61 A1Z2T 1L 2C 6S 2 40054 561 550 90.74 98.41 542 542.0 113.7 100.0 98.41 1.59 0.84
62 A1Z2T 1L 2C 7S12 16170 164 163 96.43 99.60 207 206.5 109.1 99.38 100.2 -0.22 0.76
63 A1Z2T 1L 2C 23S12 19317 242 235 99.99 97.41 249 246.0 123.1 98.73 98.66 1.34 1.84
64 A1Z2T 2L 1C 4S 1 119927 752 748 43.47 99.42 751 747.5 41.25 99.59 99.82 0.18 0.36
65 A1Z2T 2L 1C 4S 2 140070 855 850 43.10 99.28 833 829.5 38.58 99.58 99.69 0.31 0.41
66 A1Z2T 2L 1C 5S 1 147892 884 879 40.53 99.45 869 866.5 38.30 99.63 99.81 0.19 0.30
67 A1Z2T 2L 1C 5S 2 152611 895 891 37.11 99.38 826 825.0 40.38 99.81 99.57 0.43 0.35
68 A1Z2T 2L 1C 6S 1 108093 658 655 46.05 99.50 680 678.5 41.44 99.81 99.69 0.31 0.31
69 A1Z2T 2L 1C 6S 2 129011 794 789 44.48 99.56 750 749.0 37.55 99.92 99.64 0.36 0.28
70 A1Z2T 2L 1C 7S12 46311 196 193 37.17 99.27 296 295.5 41.63 99.81 99.46 0.54 0.59
71 A1Z2T 2L 1C 123S12 50154 320 315 41.69 98.54 307 303.0 39.62 98.87 99.66 0.34 1.27
72 A1Z2T 2L 2C 4S 1 31296 328 327 54.84 99.95 330 330.0 58.94 100.0 99.95 0.05 0.05
73 A1Z2T 2L 2C 4S 2 38128 372 371 49.12 99.70 378 378.0 56.57 100.0 99.70 0.30 0.31
74 A1Z2T 2L 2C 5S 1 39942 380 373 55.27 98.06 407 407.0 61.84 100.0 98.06 1.94 0.81
75 A1Z2T 2L 2C 5S 2 45807 450 446 56.89 99.01 440 439.0 59.10 99.73 99.28 0.72 0.65
76 A1Z2T 2L 2C 67S12 91304 813 801 49.57 98.63 928 927.0 55.55 99.87 98.75 1.25 0.54
77 A1Z2T 2L 2C 123S12 17123 194 186 53.62 95.71 200 200.0 64.65 100.0 95.71 4.29 2.24
78 A1Z2T 3L 1C 4S 1 116734 524 516 14.41 98.49 609 607.5 11.54 99.80 98.69 1.31 0.63
79 A1Z2T 3L 1C 4S 2 140138 666 656 14.53 98.63 750 749.0 12.49 99.90 98.72 1.28 0.43
80 A1Z2T 3L 1C 5S 1 159999 816 809 11.75 99.11 844 842.5 9.93 99.82 99.29 0.71 0.33
81 A1Z2T 3L 1C 5S 2 183494 905 898 14.60 99.20 1021 1020.5 9.09 99.95 99.24 0.76 0.29
82 A1Z2T 3L 1C 6S 1 150812 685 681 15.92 99.39 812 811.5 10.45 99.94 99.45 0.55 0.30
83 A1Z2T 3L 1C 6S 2 199380 892 889 14.56 99.65 1127 1127.0 11.69 100.0 99.65 0.35 0.20
84 A1Z2T 3L 1C 7S12 82104 337 334 12.51 99.09 450 450.0 12.12 100.0 99.09 0.91 0.51
85 A1Z2T 3L 2C 4S 1 33901 169 163 18.57 96.71 247 246.5 19.27 99.81 96.89 3.11 1.10
86 A1Z2T 3L 2C 4S 2 42969 255 251 17.52 98.48 275 274.5 18.01 99.82 98.66 1.34 1.13
87 A1Z2T 3L 2C 5S 1 45525 270 267 20.09 99.03 317 315.5 17.63 99.54 99.49 0.51 0.55
88 A1Z2T 3L 2C 5S 2 58767 312 306 18.30 98.07 374 372.0 20.33 99.45 98.61 1.39 0.81
89 A1Z2T 3L 2C 67S12 135081 676 670 17.43 99.22 937 934.0 21.57 99.70 99.52 0.48 0.39
90 A1Z2T 3L12C 123S12 72397 340 329 17.01 96.77 392 389.5 14.55 99.40 97.35 2.65 1.02
91 A2Z1T 3L 1C 1S12 78878 260 253 14.22 97.49 366 365.0 8.93 99.72 97.76 2.24 1.29
92 A2Z1T 3L 1C 2S12 67459 256 252 11.20 98.53 346 345.5 9.15 99.85 98.68 1.32 1.06
93 A2Z1T 3L 2C 1S12 40908 183 176 18.66 96.02 334 334.0 19.67 100.0 96.02 3.98 2.39
94 A2Z1T 3L 2C 2S12 34727 150 144 20.43 95.38 240 239.0 20.49 99.60 95.76 4.24 2.00
95 A2Z1T 3L12C 3S12 91775 380 362 17.59 95.08 600 595.0 17.38 99.13 95.92 4.08 1.60
96 A2Z1T 3L12C4567S12 57235 294 279 11.72 94.63 347 345.5 20.15 99.50 95.10 4.90 1.81
97 A2Z1T12L 1C 1S 1 27846 156 153 54.67 99.07 197 197.0 52.33 100.0 99.07 0.93 0.77
98 A2Z1T12L 1C 1S 2 26071 160 154 54.04 97.07 202 201.5 59.09 99.69 97.37 2.63 1.71
99 A2Z1T12L 1C 2S12 49207 260 251 57.72 96.69 329 327.0 57.78 99.53 97.15 2.85 1.45

100 A2Z1T12L 2C 1S12 26483 204 198 56.55 96.12 284 283.0 67.21 99.53 96.57 3.43 1.45
101 A2Z1T12L 2C 2S12 23096 194 188 49.31 98.01 235 234.0 70.94 99.94 98.07 1.93 0.87
102 A2Z1T12L12C 3S12 46592 284 262 57.02 91.65 405 402.5 61.06 99.18 92.40 7.60 2.13
103 A2Z1T12L12C4567S12 27048 156 150 68.49 95.40 222 219.5 68.78 98.83 96.52 3.48 2.32
104 A2Z2T 3L 1C 4S 1 69014 244 237 13.16 97.07 350 348.5 9.15 99.56 97.50 2.50 1.34
105 A2Z2T 3L 1C 4S 2 59427 213 206 13.89 96.54 305 304.5 11.92 99.83 96.70 3.30 1.34
106 A2Z2T 3L 1C 5S 1 52665 224 217 11.91 96.59 267 267.0 13.96 100.0 96.59 3.41 1.52
107 A2Z2T 3L 1C 5S 2 37080 166 163 10.68 98.18 206 206.0 12.86 100.0 98.18 1.82 1.04
108 A2Z2T 3L 2C 4S 1 37272 177 172 19.76 97.54 242 242.0 19.61 100.0 97.54 2.46 0.99
109 A2Z2T 3L 2C 4S 2 33437 151 145 20.41 96.36 224 222.5 20.41 99.37 96.97 3.03 1.86
110 A2Z2T 3L 2C 5S12 51476 241 235 18.74 97.24 319 318.0 23.36 99.70 97.53 2.47 1.01
111 A2Z2T 3L12C 67S12 73661 277 275 15.44 99.24 432 432.0 21.41 100.0 99.24 0.76 0.52
112 A2Z2T 3L12C 123S12 101751 390 370 16.46 94.47 601 597.5 16.86 99.47 94.97 5.03 1.16
113 A2Z2T12L 1C 4S 1 45658 270 265 59.26 97.34 336 335.0 61.72 99.59 97.74 2.26 1.24
114 A2Z2T12L 1C 4S 2 39773 259 246 62.08 95.61 348 346.5 62.08 99.76 95.84 4.16 1.54
115 A2Z2T12L 1C 5S12 54331 314 308 60.76 97.78 367 364.0 59.12 99.55 98.22 1.78 1.18
116 A2Z2T12L 1C 123S12 44795 272 255 54.31 94.20 344 339.5 62.49 98.60 95.54 4.46 1.72
117 A2Z2T12L 2C 4S 1 26736 209 203 57.99 96.95 278 275.5 71.72 99.50 97.43 2.57 1.48
118 A2Z2T12L 2C 4S 2 22213 180 175 56.83 98.86 220 220.0 64.62 100.0 98.86 1.14 0.82
119 A2Z2T12L 2C 5S12 35143 265 261 57.61 98.86 327 323.5 65.31 99.65 99.21 0.79 0.71
120 A2Z2T12L 2C 123S12 20093 168 160 56.84 95.12 233 231.0 65.54 99.04 96.04 3.96 1.98
121 A2Z2T12L12C 67S12 45510 297 289 49.21 98.00 319 318.5 60.23 99.96 98.04 1.96 0.86
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Appendix G

List of SAS Programs

1. Data:

• Census data sets: people, households and buildings:
...\DSE\ProgSAS\VZsurUnix\lecVZpers.sas

...\DSE\ProgSAS\VZsurUnix\lecVZhh.sas

...\DSE\ProgSAS\VZsurUnix\lecVZbat.sas

• Imputation flags from the census data set:
...\DSE\ProgSAS\Matchs\matchFlag.sas

• Geographical data and construction of the analysis area:
...\DSE\ProgSAS\VZsurUnix\domaines.sas

2. Search for matches:

• Matching results from the census staff
...\Estimations\sysVZ\reprisematch\base.sas

• Correction of matching codes:
...\Estimations\sysVZ\reprisematch\adapt.sas

• Final matching codes:
...\DSE\ProgSAS\Matchs\repriseM.sas

3. Search for CE/EE:

• CE/EE results from the census staff and additional steps:
...\Estimations\sysVZ\repriseEE\baseE.sas

• Final CE/EE codes:
...\DSE\ProgSAS\EE\repriseE.sas

4. Results about CE and EE:

• Simple status and population:
...\DSE\ProgSAS\EE\repriseE.sas

• Location:
...\DSE\ProgSAS\EE\EEArea.sas
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• Population, location and partners:
...\DSE\ProgSAS\EE\EEDomArea.sas

• Variance:
...\DSE\ProgSAS\EE\EEvar.sas

5. Matching results:

• Simple status and population:
...\DSE\ProgSAS\Matchs\repriseM.sas

• Comparison of characteristics:
...\DSE\ProgSAS\Matchs\matchDemo.sas

...\DSE\ProgSAS\Matchs\matchDemoComp.sas

• Location:
...\DSE\ProgSAS\Matchs\matchArea.sas

• Population, location and partners:
...\DSE\ProgSAS\Matchs\matchDom.sas

...\DSE\ProgSAS\Matchs\matchDomArea.sas

• Variance:
...\DSE\ProgSAS\Matchs\matchVar.sas

6. Estimation cells:

• Selection of variables:
...\DSE\ProgSAS\poststraDSE\poststraChoix.sas

• Construction of cells:
...\DSE\ProgSAS\poststraDSE\poststraConstrSex.sas

7. DSE estimation:

• Overall results:
...\DSE\ProgSAS\poststraDSE\poststraConstrSex.sas

• Results with variance:
...\DSE\ProgSAS\Var\DSEVar.sas

8. Others:

• Various calculations in the census data sets:
...\DSE\ProgSAS\divers.sas

• Checks and outliers:
...\DSE\ProgSAS\Outlier\checks.sas
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Coverage of the Swiss population census is estimated for the first time for the cen-
sus 2000. Both undercoverage and overcoverage are analyzed apart and then combined 
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Similar to results in other countries, we determined that 1.6% of the resident popula-
tion were overlooked in the census (undercount) and that 0.4% were counted erroneously 
(overcount). The resulting overall rate of net undercoverage is 1.4% with larger values 
for some subgroups of the population such as 20-31 years-old people (2.8%) or for eigners 
(2.9-3.5%).

Other types of errors were analyzed such as error in the type of domicile, time delay 
between census day and effective data collection day for movers around the census day, 
or potential misclassification variables. The results and experience gained during the 
project can be used to improve the subsequent censuses.
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