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The 2011 Census Model in Germany
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1 Overview of the German Census 2011

The concept of traditional censuses, as they were held in Germany before the recent
2011 census, is quite easy to understand. For every person living in Germany at the
reference day of the census, a paper questionnaire was used to gather information.
The data collection was conducted face-to-face by an enumerator, or respondents
returned a filled-in questionnaire which had been delivered by an enumerator. Tak-
ing part in the census was legally mandatory. The result was a data set with one
record for each person containing all census variables. As any statistical survey,
these censuses were not without errors. However, the errors were restricted to sys-
tematic errors. There were no random sampling errors, which only occur among
sample surveys.

In contrast to this direct approach of traditional complete enumerations, the
2011 census used different data sources and methods to collect information on
persons and households as well as on buildings and dwellings. The key concept of
the 2011 census was based on the idea of using the demographic basis information
retrieved from the decentralised population registers and complete — and where
necessary, correct — this data by merging it with information from other registers
and mandatory primary surveys.1 These surveys were designed as sample surveys
or as complete enumerations and were conducted as postal or oral interviews. By
merging different data sources and methods of automatic data generation, a dis-
tinct data record containing all required census information was created for each
person, each household and each building with dwellings. The results for buildings
and dwellings are subject to systematic errors only, which are common among all
statistical surveys. They are not subject to the random sampling errors of sample
surveys. In the case of data on individuals, this only applies to the demographic
basis information of selected subpopulations only for which data was collected by
complete enumeration.

1 A detailed description of the concept of the 2011 census is available in German in Statistische

Amter des Bundes und der Lénder 2015.
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In order to merge the data of the different parts of the census data collection, a
basic register was established, containing a list of all addresses where dwellings ex-
isted at the census reference day. This address and building register (AGR) was the
key link for all data collections during the census. It was also used as the statistical
population for the sampling procedure of private households and for the housing
census. The most comprehensive data for the AGR was derived from the Federal
Mapping Agency and included residential as well as non-residential buildings. Ad-
dress data from the decentralised population registers and the register of the Fed-
eral Employment Agency were also used. To prevent a systematic under-coverage
of the population all buildings relevant for the census had to be included in the
AGR. Therefore all addresses only existing in one data source were cross-checked
to confirm whether they contained dwellings or not. The AGR was furthermore up-
dated with additional data and information gathered during the mandatory primary
surveys (Kleber et al. 2009).

Data from the decentralised population registers maintained by the municipali-
ties at the date of the census reference day (9. May 2011) were the basis for the
calculation of the census population figure for each municipality and also the demo-
graphic structure of the population in private households by sex, age, legal marital
status and citizenship. The data from the population registers were collected at the
census reference day and were updated three months after the census reference
day in order to cover delayed register entries. These register data were merged to a
nationwide data set and it was subsequently tested whether people were registered
at more than one sole or main place of residence on the census reference day. If
such cases were identified in large municipalities (with at least 10.000 inhabitants),
they were automatically corrected by using the most current information. Multiple
residences in small municipalities (with less than 10.000 inhabitants) were investi-
gated using a postal inquiry. The same applies to cases where a person was regis-
tered at a secondary place of residence only (Dieh/ 2012).

For persons living in special facilities, e.g. a communal accommodation, care
institution, dormitory or similar types of housing, census information was collected
using a complete enumeration because fluctuation and missing registrations for
this sub-population lead to high rates of error in the population registers. Addresses
carrying stigmatizing information, e.g. in the case of psychiatric hospitals or prisons
(“confidential special facilities”), were distinguished from non-confidential special
facilities, e.g. student dormitories. In confidential special facilities, the privacy of
data collection was secured by a special procedure. Persons living at special faci-
lites were included in the test on multiple residences described above.

The household sample survey of almost 10 percent of the population was used
to ensure the quality of the register data in large municipalities which was already
corrected for multiple residences. For the calculation of the population of large mu-
nicipalities, the level of error of the population registers (over- and under-coverage)
was taken into account. Further, the sample survey was designed to collect addi-
tional information on the population in large and small municipalities which could
not be gained from registers. This applies to the complete enumeration as well,
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which was held in non-confidential special facilities.? The additional information
collected included the educational attainment, migration background, religion re-
spectively religious orientation and employment. The regional differentiation of this
information is restricted to large municipalities and NUTS-3-regions only.

In order to use the household sample survey to identify over-coverage as well as
under-coverage of the population, a random sample of addresses was used. For all
people actually living at these addresses the residential status was compared with
the respective information contained in the population registers. Sampling frame
were all addresses in the AGR except those with confidential special facilities.

The sample design was developed to ensure that the population figures of large
municipalities meet a 1 percent error margin target at a 95 percent confidence level.
In order to optimise the sample design, a stratified sample was used and the sample
size dedicated by the census law was distributed among the stratified subsamples
to attain the highest possible precision for the calculation of the population size for
each municipality. The information of the assumed amount of over- and under-cov-
erage in the population registers by municipality, which is of great importance for
the precision achieved by the 2011 census and therefore used for the optimisation of
the sampling process, was based on a census test held in 2001 (Statistische Amter
des Bundes und der Ldander 2004). However the actual amount of over- and under-
reporting by municipality could only be obtained in the census itself. The method
applied to optimise the sampling process was dedicated individually to each mu-
nicipality and the sample size ranged between 2.1 percent and 45.6 percent and
differed significantly even for municipalities of a similar size.

Register data of the Federal Employment Agency on employees subject to so-
cial insurance contributions and register data on the personnel of public employers
were used to supplement the individual demographic information of the population
registers, the survey of private households and the survey of addresses with non-
confidential special facilities. Together with the AGR, this information constituted
the reference data set (RDB) (Hirner/Stigimayr 2013). The RDB allowed the valida-
tion of the information contained in all data sources of the census and was used to
assign individual records to a geographical reference, such as administrative units
or a countrywide grid of 100 by 100 meters.

Merging data sets from different sources for individual persons was one of the
great challenges of the 2011 census, because it had to be accomplished without an
existing personal identification number. Individual and address-based information
such as name, sex, date of birth, municipal code, post code, street name, and house
number were used to link respective records of different data sets. Only 1 percent
of all records couldn’t be linked automatically and had to be matched manually.

2 The sample design and extrapolation model for the household sample survey was developed

by an external research project at the University of Trier and GESIS - Leibniz-Institute for Social
Science in Mannheim (see Mdnnich et al. 2012). The methods developed for the 2011 census are
described in Berg/Bihler 2011 and Berg/Bihler 2014a.
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Information on the number and structure of buildings and dwellings were col-
lected by a postal census held among all property owners. Information on the type
of building, year of construction, number of residential dwellings and heating sys-
tem was collected. For dwellings, additional information on the size and number
of rooms and the use of the dwellings was collected, among others (Statistische
Amter des Bundes und der Lander 2014). In small municipalities, the housing cen-
sus was also used to test and — where necessary — to make additional inquiries to
correct the data obtained from population registers. For single-family homes and
other addresses with one occupied dwelling, a positive correlation was predicted
between the additional effort of the inquiry and the effect of the potential correction
on the precision of the results. The impact of these corrections on the quality of the
information obtained from the population registers was expected to add up to the
level of precision gained from the random sample in large municipalities.

To obtain information on how persons live in households and on their hous-
ing conditions, an automatic procedure was used to combine the information of
persons with statistically generated household units. Therefore for each address,
population register data, which included information on the relation of family mem-
bers, were merged with information from the housing census.

In order to evaluate the population of large municipalities, a follow-up survey
of about 5 percent of the addresses of the household sample survey was held by
enumerators (K/ink/Bihler 2015).

2 Distinct features of the census data

All 2011 census data were collected by mandatory surveys. Only one question on
the religious orientation was optional. Nevertheless, data had to be validated and
corrected where necessary, e.g. if they were implausible or missing completely. To
this end, cold deck and hot deck as well as deterministic imputation methods were
used. For the housing census, 31 percent of the questionnaires were plausible and
complete. The necessary imputation was especially high for the indicator of own-
ership, which had to be imputed for 18.5 percent of all buildings and 45.3 percent
of all dwellings.3 All other questions on housing units had rates of imputation of
less than 16 percent (Grundwald/Krause 2014). The questionnaires of the household
sample survey were plausible at a level of approximately 50 percent. Among the
different thematic sections, questions on the activity status had the highest rate of
implausible records, reaching 25 percent (Statistisches Bundesamt 2016: 31). The
optional question on the religious orientation was answered by only 48 percent of
those respondents not belonging to an officially recognized religious community.
Because of the high item-nonresponse rate and the estimated large error margin,
the German Federal Statistical Office decided not to publish results on this variable.

3 The high value is due to an error of the questionnaire design. The question on ownership was
misleading, but the response to this question does not affect the quality of the survey as a
whole.
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The census population figure for large municipalities originates from two differ-
ent parts. The population at addresses with special facilities was calculated based
on a complete enumeration (enumeration section). For all other addresses, the pop-
ulation of the population registers, corrected for multiple residences, was adjusted
by the rate of over- and under-coverage extrapolated from the random household
sample survey (adjustment section) (Berg/Bihler 2014b). Both sections add up to
the population figure of a municipality. The rate of over- and under-coverage for
each municipality was derived from the estimation of the population contained in
the population registers at the census reference day and the number of persons
who were correctly registered. This method was deemed preferable to a direct es-
timation of the rate of over- and under-coverage because the estimation error was
expected to be lower. Part of the extrapolation procedure was a test if the precision
of the calculated population size meets the intended target. In fact, the target could
only be met in 37 percent of the municipalities because the assumptions underlying
the sample design were too optimistic (Statistisches Bundesamt 2016: 7).

For small municipalities, the population figure of the 2011 census was calcu-
lated by counting the persons living at addresses with special facilities, which were
enumerated completely, and the population register data which was corrected for
cases of over- and under-coverage. These corrections were based on the above
mentioned inquiry investigating implausible cases in small municipalities.

The correct interpretation of the 2011 census data on individuals requires con-
sidering the data sources from which the information was retrieved. Those results
stemming from the household sample survey, and not from register data, are not
available for persons living in confidential special facilities. In those cases where
data based on the random household sample survey were compiled together with
demographic basic variables, the latter were also derived from the random house-
hold sample survey and the totals can therefore differ from the demographic basic
results based on register data. The data on employment were partly collected from
registers and partly from the household sample survey and from the data collec-
tion at addresses with non-confidential special facilities. The data on activity and
occupational status and the classification of economic activities can be counted for
employees subject to social insurance contributions and for the personnel of public
employers, and have to be extrapolated for all others. In cases where these data
were compiled together with data from the household sample survey, they were
also estimated from the household sample survey. This might result in differences
compared to the register-based results (Sedmihradsky et al. 2012).

Data based on the complete enumeration or registers can be counted directly,
data from the household sample survey have to be extrapolated. Therefore, differ-
ent procedures to safeguard the confidentiality of the data are required. The data
protection of the results of the housing census, of the automatic household gen-
eration procedure and data from the population registers as well as data collected
at the addresses with non-confidential special facilities was guaranteed using the
SAFE procedure, which modifies the reported data (G/eB8ing et al. 2014). For all mu-
nicipalities and for all districts of Berlin and Hamburg it was assured that the cell fre-
quency of each combination of individual variable values and each combination of
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variable values from the housing census as well as the automatic household genera-
tion was three or more. In contrast to this procedure, the total population figure of
the municipalities was calculated without modifying the data. The ratios published
by the statistical offices were also calculated based on unmodified population data.
In these cases, the privacy of the data is protected by rounding the division results.

For the extrapolated results, no separate procedure of disclosure control was
used. If results were subject to a relative standard error of more than 15 percent,
they were regarded as unreliable and were not published. In cases where results
were compiled from both counted as well as extrapolated data, the respective con-
tribution of both parts to the final result was considered for the decision on whether
to publish the data or omit it. All results derived, in part or fully, from extrapolated
data were rounded to a multiple of 10 to indicate that the figure is not a precise
value. The combination of sampling errors, omission of data cells and rounding
guarantees statistical disclosure.

The demographic results of the 2011 census for each municipality, differentiated
by sex, age, marital status and citizenship, are the basis for population estimates
used until the next census results are available. They are prepared by updating the
census population data with information from vital and migration statistics. The
census population figures and their differentiation by demographic variables that
feature as a basis for the population estimates were calculated by a specific pro-
cedure which might, for particular municipalities, result in demographic structures
differing from the general census results. However, the total population size is not
affected by this potential deviation. Using a different procedure was necessary be-
cause the census extrapolation method was optimised to attain the highest possible
precision for the population size. In some municipalities the procedure resulted in
suspicious figures for certain combinations of age and sex. Without an adjustment
this would not only negatively affect the future population estimates until the next
census but would also have a negative impact on the calculation of demographic
indicators such as birth and death rates (Statistisches Bundesamt 2015).
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