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1. Introduction

1.1. Background, including the rationale for moving to a register-based
statistical system

1-1 Population and housing censuses play a vital role in any national statistical
system in the production of official statistics on a wide range of topics related to
the demographic, social and economic characteristics of the population and its
housing. There are various approaches to collecting the data for the purposes of
the census, involving either traditional collection directly from the public in a
field enumeration, or the use of exiting administrative register-based data
sources — or a combination of both. But, regardless of methodological
approaches, the crucial principle of providing detailed, multi-variate statistics,
particularly at a low geographic level, remains of paramount importance.

1-2  Administrative registers that are generated by government offices and
service providers are becoming an increasingly important source of data for
official statistics, and particularly for producing census information. The drivers
for using administrative sources in conducting censuses are that they offer many
potential opportunities for reducing costs, improving the quality of data and
producing more frequent information — in many cases on a yearly basis. Such
potential may be particularly relevant for the purposes of the annual monitoring
of Sustainable Development Goal (SDG) indictors. But there are also many
challenges relating, for example, to the quality of existing administrative
registers reflecting the fact that administrative data are not collected for
statistical purposes, the lack of a necessary legal framework to authorise the use
of individual records for statistical production, public acceptability, and the
institutional capacity for establishing and maintaining statistical registers.

1-3  Implementation of the 2020 round of population and housing censuses
has been significantly disrupted by the arrival of the Covid-19 pandemic.
National Statistical Offices (NSOs) have been challenged in their attempt to
conduct their census as scheduled in 2020 and 2021 to the extent that many
countries that undertake a traditional census or combined census involving a
large-scale field-based data collection operation have had to postpone their
censuses for more than a year. As a consequence, in order to reduce the impact
of the Covid-19 pandemic on the implementation of 2020 round of censuses
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(with a view, in particular, to avoid direct contact between enumerators and the
public), there is now more interest in the use of administrative data and online
data collection methods.

1-4 Changing the design of the census processes — particularly the data
collection operation - from traditional methods to other approaches that rely on
the use of administrative data is not an easy task and can be more complex
compared to the well-established design of a traditional census. When census
information is produced using only administrative registers (as has been the case
in the Nordic countries for several decades), the approach is almost unique to
those countries that basically collect information on individuals, households and
dwellings from existing administrative sources through linking different types of
registers. In these countries, population registers, building and dwelling
registers, business registers, tax registers, education registers, unemployment
registers and social security registers are of primary importance 2.

1-5 When administrative registers are used in combination with other data
collection methods, census processes and procedures can vary significantly from
one country to another. Depending on the quality and availability of
administrative sources and expertise in the use and management of
administrative data, the design of the census processes and procedures can be
sometimes unique to an individual country. For example, countries which do not
have reliable, or universal, population registers may use the combined census
with full-field enumeration for different purposes, including:

(i) improving the accuracy of population counts,
(ii)  wvalidating, checking and updating the data derived from administrative
sources,

(iii)  linking different administrative registers, and/or
(iv) adding new variables to a census database.

1-6 Alternatively, when administrative registers are combined with an ad hoc
survey or with existing household surveys, the design of census procedures will
be completely different compared to the combined method with a full-field
enumeration. Therefore, it is a challenge to categorize these approaches using
generally accepted data collection methods and census methodologies.

1-7 It should be noted that current international guidelines'? provide only
basicinformation for adopting different approaches in conducting censuses with
the use of registers. Such information needs to be further developed in order to
provide better guidance on possible options for designing census processes and
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procedures that use administrative data. The aim of this handbook is, therefore,
to provide a more detailed discussion on the census methodologies that rely on
the use of administrative registers either as the sole source of input data orin a
combined approach. The handbook aims also to elaborate on the key
considerations and requirements for transitioning from a traditional census to
other census methodologies, and the importance of building institutional
capacity and infrastructure for maintaining statistical registers for the successful
implementation of such a new methodology. At the more basic level, the
handbook may be particularly helpful as a reference to countries starting from
scratch or experimenting on the use of administrative registers for the purpose
of censuses.

1-8 The handbook builds on the work and outputs that have been prepared
by the Conference of European Statistics, most notably Guidelines on the use of
registers and administrative data for population and housing censuses and
Guidelines for assessing the quality of administrative sources in censuses; it also
incorporates practices, challenges and lessons learned by those NSOs with
previous experience in the use of administrative data for producing census
information.

1.2. Overview of the handbook and target audience

1-9 The concept of a register-based censes is not new. Denmark conducted
its first fully register-based census in 1981 following a combined approach in
1971. Norway conducted its first combined census in 1970. Building on the
experiences of these countries and others that have since then successfully
done so, the handbook is targeted at those NSOs that similarly wish to
transition from their traditional census methodology to one where the use of
data derived from administrative registers can be successfully developed and
implemented for future censuses as well as being integrated with their
statistical systems more generally. A number of key components to such a
transition will be discussed. These include:

Necessary pre-conditions for the use of administrative registers for population
and housing censuses

1-10 The conditions that should be met before NSOs attempt to use
information from administrative registers will usually include: having a clear
vision and a realistic long-term strategy for developing a register-based
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statistical system; government support; an appropriate legal framework in
which the role of the NSO is clearly established; public and stakeholder approval;
cooperation between the NSO and the relevant register-holders; knowledge of
administrative registers and quality assessment of base registers; a unified
identification system; and an appropriate institutional infrastructure and
capacity. These are discussed in detail in Chapter 2 - Moving to a register-based
approach, together with an exposition of the drivers for, and advantages of,
moving to a register-based statistical system and the difficulties and challenges
in doing so.

Establishing base and supplementary registers

1-11 Chapter 3 - Types of administrative sources discusses the role and
importance of:

(a) the base registers for used in censuses - the registers of population, buildings
and dwellings, and of business establishments and enterprises; and

(b) supplementary registers (sometimes referred to as ‘specialized registers)
such as education, social security or unemployment registers, in providing
specific topic-oriented data not held in the base registers.

1-12 The options if particular data are not available from administrative
sources are also discussed. For example, when information for some census
topics is not held in any administrative register or the quality is not sufficiently
good, information can be derived by integrating data collected from existing, or
ad-hoc, surveys.

Building comprehensive and reliable statistical registers for censuses and
combining with surveys

1-13 Depending on the quality and content of these registers, different
approaches for transitioning to a register-based census methodology are
discussed in Chapter 4 — The transition process. For example, a full-field
enumeration can be used to improve the quality of population register and
establish a link between persons and the address of their usual residence.
Alternatively, such a link may otherwise be established based on previous
censuses, civil registration and a register of unique personal identification
number or through linking existing reliable administrative registers.



1-14 Chapter 4 also discusses the linking of base registers with the
supplementary or specialized registers to produce a statistical database from
which output tabulations can be prepared. Such linkage offers a great
opportunity for producing statistics on a wide range of census topics as well as
for improving the coverage and content of the population register. When
register data are used for statistical purposes, and especially when data from
several registers are combined, problems concerning consistency and data
guality may be revealed.

Assessment of the quality of administrative data sources

1-15 An assessment of the quality of the census data has always been an
important and necessary task. Assessing the quality of a census that makes use
of a new data collection methodology is especially important, as it provides
relevant information on the reliability of the new census results, and how the
quality may differ from the results of previous censuses.

1-16 Chapter 5 — Quality assessment discusses the process and tools by which
the quality of data sources and the individual data items provided by data
holders can be assessed. For example, a dual system estimation approach might
be used to measure coverage errors in the population register. Another
approach is to compare the population register with a set of reliable registers or
other administrative data sets for checking the coverage errors of a census
(through identifying ‘signs of life’ activities). These approaches would be
supported by other quality assurance processes, for example demographic
analysis and comparisons with household surveys or other data sources. The
impact on the quality of the data as a result of the data processing operation
within the NSO is also covered.

Conclusions

1-17 It should be stressed that the handbook is not intended to set out specific
recommendations on how NSOs should (or should not) approach moving to an
administrative data-based census. Instead, Chapter 4 summarises some of the
processes and actions that NSO may wish to adopt in order maximise the
likelihood of a successful transition to such a census and how to resolve the
difficulties and challenges in doing so, based on the experience of others.
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Case Studies (in progress)

1-18 A number of case studies that will be prepared by the NSOs themselves
will be included in Appendix C to illustrate how particular issues and challenges
were met by some of those countries that have already transitioned to a
register-based or combined census, or are in the process of doing so.

1-19 The rest of this introductory Chapter sets the scene for the handbook by
attempting to define the concept of a register, setting out the essential features
of the census, and discussing the various methodologies for collecting census
data currently being adopted by different countries. A glossary of definitions of
terms and concepts used throughout the handbook is also included as an annex.

1.3. What is a register?

1-20 Inthe most general sense, a register is a systematic collection of unit-level
data organized in such a way that updating is possible, where ‘updating’ is the
process of adding or changing identifiable information with the purpose of
establishing, bringing up to date, correcting or extending the register - that is,
keeping track of any changes in the data describing the units and their attributes.

1-21 Administrative registers (whether held by public bodies or private sector
organisations) are produced for the purpose of effecting administrative
processes by recording information on units (such as persons and dwellings) and
variables that are defined by administrative rules and demands in a country.
Although the content and process of registers will differ from one country to
another, the types of the registers maintained are usually very similar. The
following definitions of the main concepts used in the system of administrative
registers refer to the UNECE’s 2007 report on register-based statistics as
developed in the Nordic countries®>. The more detailed descriptions of the
various registers that are used for the purposes of the census are set out in
Chapter 3.

1-22 Ideally, a register will contain information on a complete group of units,
referred to as the target population (such as persons, dwellings, buildings or
business organisations). Such units are defined by a precise set of rules in order
to fulfil the function of the register (for example, in order to identify the resident
population in a country), and the attributes are updated in line with changes
affecting the units.
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1-23 Information in registers can be stored in a variety of ways. It should be
stressed, however, that for use in censuses (and, indeed, any for statistical
purpose) in the data should be computer-based and available to the NSO in a
machine-readable (digital) form.

1-24 A key requirement is that each unit in the register should be uniquely
identified. This is best achieved by using a system of identification codes (keys),
but identification is also possible without such a code if sufficient information
on the units is available (for example, for persons such information would relate
to name, sex, address and date of birth). The role of such unique identifiers will
be discussed in Chapter 4.

1-25 Administrative registers are registers primarily used in an administrative
information system by public agencies (such as government or local authority
bodies) or private institutions or companies for their own specific purposes
(such as the monitoring of taxes, the allocation of pensions, the provision of
services, the production of goods, or the administering of bank accounts). In this
context, the term ‘administrative data’ refers to a set of units and data derived
from an administrative source. It follows from this definition that an
‘administrative data source’ is a data holding that contains information collected
primarily for administrative, rather than for research or statistical, purposes.

1-26 Administrative base registers are kept as a basic resource for public
administration. The function is to record and update the stock of the population
and to maintain identification information. Statistical base registers are based
on the corresponding administrative registers. Their principal tasks are to define
important populations and contain links to other base registers.

1-27 Specialized (or supplementary) registers are registers that, unlike base
registers, serve one or more specific purposes (such as the administration of
health or educational services or the allocation of state benefits). They often
hold information on the population and some basic data from a base register
but contain other data that are particular to their specific administrative
purposes and which are not held in other registers (such as a register of licensed
vehicle owners).

1-28 Statistical registers are usually created (typically by statisticians) by

processing data from administrative registers for statistical purposes in
accordance with statistical concepts and definitions. A statistical register could
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be based on one or more administrative registers. Statistical registers are also
referred to as secondary registers.

1-29 The distinction between administrative and statistical registers should
always be borne in mind, and particularly when the topic of population registers
is discussed in Chapter 3. A full definition of a population register is included in
that Chapter but, for the time being, it should be sufficient just to note here that
a ‘population register’ is a register that provides a frame of residents in a given
territory that also provides some basic demographic characteristics of individual
persons.

1.4. Definition and essential features of the census

1-30 The definition and essential features of the census are clearly set out in
the 3" revision of the UN’s Principles and Recommendations for Population and
Housing Census?, but it is helpful to be reminded of them here.

1.4.1 Definition of the population census

1-31 A population census is the total process of planning, collecting, compiling,
evaluating, disseminating and analysing demographic, economic and social data
at the smallest relevant geographical level pertaining, at a specified time, to all
persons in a country or in a well-delimited part of a country.

1-32 A description of the population of any country is basic to the production
and distribution of its material wealth. In order to plan for, and implement,
economic and social development, administrative activity or scientific research,
it is necessary to have reliable and detailed data on the size, distribution and
composition of population.

1-33 The population census is a primary source of these basic benchmark
statistics, covering not only the settled population but also homeless persons
and nomadic groups. Data from population censuses should allow presentation
and analysis in terms of statistics on persons and households and for a wide
variety of geographical units, ranging from the country as a whole, sub-national
and local administrative area, down to individual small localities or city blocks.
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1.4.2 Definition of the housing census

1-34 A housing census is (similarly) the total process of planning, collecting,
compiling, evaluating, disseminating and analysing statistical data relating to the
number and condition of housing units and facilities as available to the
households pertaining, at a specified time, to all living quarters and its occupants
in a country or in a well-delimited part of a country.

1-35 The census must provide information to inform the supply of housing
units together with information on the structural characteristics and facilities
that have a bearing upon the maintenance of privacy and health and the
development of family living conditions. Sufficient demographic, social and
economic data concerning the occupants should be collected to furnish a
description of the prevailing housing conditions and also to provide basic data
for analysing possible causes of housing deficiencies and for studying the
possibilities for remedial action. In this connection, data obtained as part of the
population census, including data on homeless persons, are often used in the
presentation and analysis of the results of the housing census, if both operations
are conducted together or there is a link between them.

1.4.3 Essential features of the census

1-36 The essential features of a population and housing census were originally
defined by the International Conference of Statisticians as early as 1853 in
Brussels, and by incorporating these features, countries have been able to carry
out censuses that have been internationally comparable in terms of
methodology and quality over time?. Nowadays, these essential features have
been redefined with the aim of ensuring the coherence of census data gathered
in different countries with varying levels of technical development and different
cultures. Adopting these features — regardless of the methodology of data
collection — enables National Statistical Offices (NSOs) to collect population data
of internationally comparable quality.

1-37 The five essential features of population and housing censuses are?:
e individual enumeration;
e universality within a defined territory;
e simultaneity;
e defined periodicity; and
e the capacity to produce small area statistics.
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1.4.3.1 Individual enumeration

1-38 The term ‘census’ implies that each individual and each set of living
guarters is enumerated separately and that their respective characteristics are
separately recorded. Only by this procedure can the data on the various
characteristics be cross-classified. The requirement of individual enumeration
can be met by means of:

e the collection of information through a questionnaire-based field
enumeration, carried out by means of either a paper or electronic/online
guestionnaire and which is administered either by an interviewer or self-
completion;

e theuse of information contained in an appropriate administrative register
or set of registers; or

e acombination of these methods.

1.4.3.2 Universality within a defined territory

1-39 The census should cover a precisely defined territory (for example, the
entire country or a well-delimited part of it). The population census should
include every person present and/or residing within its scope, depending on the
type of population count required - whether this is the population present (de
facto) or usually resident (de jure). The housing census should include every set
of living quarters irrespective of type. This does not preclude the use of sampling
techniques for obtaining data on specified characteristics, provided that the
sample design is consistent with the size of the areas for which the data are to
be tabulated and the degree of detail in the cross-tabulations to be made.

1.4.3.3 Simultaneity

1-40 Each person and each set of living quarters should be enumerated at the
same specifically defined point in time and the data collected should refer to a
clearly defined reference period. The time-reference period need not, however,
be the same for all of the data collected. For most of the data, it will be the day
of the census; but for some characteristics that are not specifically time
dependent - such as employment or migration status - it may be a defined period
prior to the census.
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1.4.3.4 Defined periodicity (or regularity)

1-41 Censuses should be taken at regular intervals so that comparable
information is made available in a fixed sequence. A series of periodic censuses
makes it possible to appraise the past, accurately describe the present, and
estimate the future. It is recommended that a national census be taken at least
every 10 years, though some countries may find it necessary to carry out
censuses more frequently because of the rapidity of major changes in their
population size and structure and/or its housing conditions. Regular intervals
such as 5 or 10 years also make it easier to study the development of age cohorts
of the population using characteristics such as educational development and
labour force participation.

1-42 The census data of any one country are of greater value nationally,
regionally and internationally if they can be compared with the results of
censuses of other countries that were taken at approximately the same time.
Therefore, the UN recommends that countries should attempt to undertake a
decennial census in years ending in “0” or at a time as near to those years as
possible. It is recognised, however, that legal, administrative, financial and other
considerations often make it impracticable for a country to adhere to a standard
international pattern in the timing of its census. In fixing a census date,
therefore, such national factors should always be given greater weight than the
desirability of international simultaneity.

1.4.3.5 Capacity to produce small area statistics

1-43 The census should produce data on the number and characteristics of the
population and housing units down to the lowest appropriate geographical level
that is compatible with national requirements, and for small population groups,
while at all times protecting confidentiality of the information relating to
individual persons and households.

1-44 Such ‘small areas’ may in some cases be the lowest level of the country’s
administrative geography, or are areas created specifically for the census. Use
of a grid square geography, which is being increasingly adopted by some
countries, offers both a greater level of international comparability at the small
area level and greater potential for the mapping of census data.
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1.5 Data collection methodologies

1-45 Since the 2000 round of international censuses, the methodology for
collecting census information has changed dramatically in many countries
throughout the world, but particularly in Europe. As noted at section 1.3 many
have moved away from the traditional wholly door-step collection by
enumerators and, instead, now adopt either a completely or partly register-
based approach in an attempt to reduce both costs and the burden on the
public, while at the same time producing more regular and up-to-date statistical
information. This section of the handbook describes the several types of data
collection methods that are currently adopted throughout the world, noting the
advantages that each method offers and the challenges that they may present

1-46 The three basic data collection methods are:

e the traditional census, typically exemplified by the collection of data
directly from respondents in the field by enumerators and/or through an
electronic/online questionnaire;

e the register-based census, in which all information is collected from
several independent administrative registers and then linked to create a
single statistical database; and

e the combined approach, in which elements of both the traditional and
register-based approaches are combined to an extent that suits national
circumstances.

1-47 These methods (and some variations adopted in particular countries) are
described in some detail in the UN’s Principles and Recommendations for
Population and Housing Census revision 3%, but it is helpful to summarise the key
points in the following sub-sections.

1.5.1 The traditional census

1-48 The traditional census approach usually involves a full field enumeration.
It comprises a complex operation of actively collecting information on a range
of topics from all individuals and households throughout the country (thereby
meeting the requirements of universality) or in well-delimited part of the
country. It is taken everywhere over a specified limited period of time
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immediately near to a given reference date (census day) in order to fulfil the
requirement of simultaneity. Data are generally recorded on census
guestionnaires, being either in paper or, increasingly, electronic format, or via a
secure online service provision.

1-49 There are two major methods of enumeration:
e where the information is recorded directly by an enumerator during a
doorstep interview with the household; or
e where the household members complete the questionnaire on their own
and return it either to the enumerator, or directly to the NSO via a postal
service, or online.
In either case, either a single long form is universally used (or a set of separate
forms for individuals, households and dwellings) which contain all the questions
on which information is required, or a combination of short and long forms are
used.

1-50 In the latter case, the short form contains only a selected set of key
questions intended for universal coverage, while the long form is used to collect
information on the full range of census questions (and covering more complex
topics such as fertility, highest completed educational qualification or mode of
journey to work) but from only a sample of households and dwellings in order
to reduce costs and the burden on the public and thereby minimise any potential
adverse effects on response rates.

1-51 Asvarious methods can be used for collecting the data - including a mailed
back or dropped-off questionnaire, the telephone, online response, personal
visit follow-up, or a combination of such methods - countries employing the
traditional design may utilize a multi-mode data collection approach to suit
different population groups and circumstances.

1.5.1.1 Necessary conditions for a traditional census

1-52 Questionnaires can be distributed either by post or by enumerators. In
the ‘more traditional’ censuses, addresses are pre-listed by enumerators prior
to the enumeration, but many traditional censuses now use either pre-existing
national address lists, or a register that is purpose-built for the census. The
method adopted will depend on whether the census address list is based on an
official postal address list or on the NSO’s own address database. It may also
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depend on the quality of the list(s); coverage may be weak or even entirely
missing in some parts of the country.

1-53 A postal service may be used to distribute the census forms but only when
a comprehensive up-to-date and nationally agreed list of addresses is available
or can be prepared. In traditional censuses, a big problem used to be how to
cover uniquely all addresses in the country since many types of address list may
have been created for different purposes. For this reason, it is necessary, in
some cases, to undertake a field verification of address lists before the census.
However, this is costly. Another option might be to pre-print the name and
address of the household members on the questionnaires, but this requires a
fairly mature population register.

1.5.1.2 Advantages and challenges of the traditional design

1-54 The key advantages of a traditional census are:

e the comprehensiveness of its coverage (thereby fulfilling the criterion of
universality);

e the fact that all the data are collected at, and refer to, the same time
frame (simultaneity);

e the flexibility in deciding the topics to be covered and design of the
questionnaire to meet ever-changing user requirements for data
(relevance); and

e the potential availability of multi-variate data for local geographic areas
and population sub-groups (capacity to produce small area statistics).

Moreover, the focused and time-bound nature of the field operation implies
that the data collection is completed in a relatively short period and does not
require long-term or constant monitoring.

1-55 A long-standing familiarity with the traditional census means that there
is, within the NSO, generally a good understanding of the methodology that
requires less cultural training among its staff. Furthermore, the census frame
can then become the base for subsequent sampling frames for the NSO’s
programme of regular and ad hoc surveys.

1-56 However, the biggest disadvantage of a traditional census is its
administrative complexity and associated cost. Traditional censuses are widely
recognised as the most elaborate, complex and costly data collection activity
that a national statistical office undertakes. Moreover, reliance on a postal
system as the cornerstone of census collection can be problematic as its
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priorities are shifting away from transactional mail (as this is increasingly carried
out online) to ad hoc parcel delivery. Furthermore, a significant cost is incurred
in providing the training necessary for temporarily employed field staff to attain
sufficient levels of expertise in administering the census questionnaires. And
where the census is carried out in a healthy economic environment, further
difficulties may be encountered in recruiting sufficient numbers of such field
staff.

1-57 But in addition to the cost, this complex task requires full awareness and
cooperation of the public to participate in it. Ever-falling response rates (due
both to the burden on the public and an increasingly less compliant society in
general) is a key factor in many countries’ decisions to move to alternative way
of collecting census data.

1-58 Moreover, because of their complexity and expense, such censuses are
usually carried out only once every ten years - or five years in a number of
countries. This, together with the relatively long data processing time required
(compared to the relatively short data collection period) means that even the
most recent census data available can be several years out of date, thereby
creating a challenge in fulfilling the criterion of timeliness. But significant
progress has been made in recent censuses in which census data have been fully
captured electronically during the field enumeration.

1-59 Finally, many countries are experiencing increasing difficulties in
traditionally enumerating specific population groups, such as those persons with
high mobility or with multiple residences, or who are hard to contact for other
reasons, such as the very elderly, people living in poor quality multi-occupied
housing, one-person households, students, the disabled and those with
language  difficulties (such as migrants, refugees, and other
cultural/racial/ethnic/religious minority groups groups).

1.5.1.4 Variants of the ‘traditional’ design

1-60 Two methodological variants of the ‘traditional’ design should be noted.
Annual updates

1-61 The first methodological variant — as adopted in the United States -

focuses on counting the population and collecting only basic demographic data
in the census year. A large household survey then collects and tabulates detailed
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demographic, social, economic, and housing data every year throughout the
decade, replacing the need for a census long form to collect this detailed data
from a sample of the population. The survey samples a percentage of addresses
each year to approximate a long form sampling rate over a certain period of the
census cycle (five years in the United States). To achieve increased reliability and
quality of the estimates for small administrative/geographical areas, larger
proportions of addresses need to be sampled. A fuller description of this method
it set out in the UNECE’s Recommendations for the 2020 Censuses of Population
and Housing®.

1-62 The primary advantage of this approach is to provide more frequent and
relevant data on population and housing than would be available when a census
is conducted only once a decade. In a traditional census design, even when
detailed data are released as soon as possible after the census year, data users
are required to work with results that are, throughout the decade, several years
out of date. The production of more timely data to support decision-making at
all levels of government is a major motivation for this approach, although the
essential feature of simultaneity is to some extent lost.

1-63 However, such a programme might be costly and technically difficult, as
it requires a multi-year round of comprehensive planning, development and
testing.

Rolling census

1-64 The second variant - referred to as a ‘rolling census;’ as adopted in France
- represents a further alternative approach to the traditional model by
conducting a cumulative continuous sample survey, covering the whole country
over an extended period of time rather than a single enumeration carried out
simultaneously in all areas relating to a specific reference date.

1-65 There are two main parameters that affect the design of a rolling census:
e the length of the period of time of the enumeration, which is linked to the
frequency of updates required; and

e thesamplerate, which depends on the budget and the geographical levels
required for dissemination (country, regions, towns, local areas, etc.).

For example, it is possible to build a sample framework in order to produce:

national results with a single annual survey; regional results by cumulating a few

consecutive annual surveys; and small area results by cumulating a more

substantial number of years’ data (five in the case of France). The annual survey
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may be conducted over the course of a year, or in a particular month or shorter
time frame.

1-66 The conditions necessary for the successful implementation of a rolling
census methodology depend on the complexity of the sample framework. If the
sampling units are addresses, a master address file is a necessary prerequisite.
But if the sampling unit is larger, for example at the municipality level, it is only
necessary to have enough information to spread the municipalities over the
different years as each will be representative.

1-67 The main advantage of the rolling census approach is the greater
frequency of updating data: a traditional census can provide only decennial, or
sometimes quinquennial, benchmarks, whereas the rolling census can provide
annual updates. Furthermore, it offers the possibility of:

e improving the census process year by year;

e introducing new topics as and when they become relevant;

e adopting new technologies as they emerge; and

e the deployment of permanent teams that can focus on the continuous

evaluation of data quality and the training of field staff.

1-68 A major disadvantage, however, is that the essential feature of
simultaneity is lost in that it no longer provides a snapshot of the whole
population, at any one time, thus complicating comparisons between areas due
to different enumeration periods. However, a range of mathematical techniques
(for example, averaging and/or projections and/or interpolation) may be
employed so that the data are a statistical depiction of the average situation at
any one specific point in time.

1-69 Also, as the rolling census is only able to cover the whole country over an
extended period of time, any respondents that move may be surveyed several
times, while some others will not be captured by the census at all, resulting in
the potential loss of another of the essential features of the census — universality
- unless careful methodological adjustments are made. For these reasons, the
rolling census demands a sophisticated methodological design, but one that has
to be readily comprehensible and acceptable to users. Indeed, a major challenge
of such a methodology is the necessity to explain to the users of traditional
census data what the consequences of moving to a rolling approach will be and
how they should interpret the data. It is important that users understand the
methodology (as is the case, of course, with any census design) so that they will
continue to have confidence in the data.
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1.5.2 Register-based census

1-70 A totally different approach from the traditional data collection
methodology is the register-based census. The concept of producing census-
type results based on registers developed in the 2000 round of censuses,
although it had been debated and tested to various degrees in the Nordic
countries since the 1970s. Denmark was the world’s first country to conduct a
fully register-based population and housing census in 1981, and several other
Scandinavian countries succeeded in using this approach to generate census
data in the 1990 round of censuses.

1-71 In this basic approach there is no field enumeration element (either full
or sample) at all, and the data to be collected are taken by the NSO solely from
information on individuals, households, dwellings and buildings held in
administrative registers (usually under the control of other government
departments or agencies). Data held in such registers are transferred to the NSO
and then linked at the unit record level to create a statistical database from
which the set of census-type cross-tabulations can be produced.

1-72 As noted a paragraph 1-21 above, administrative registers are produced
on the basis of administrative processes to record and store information on units
(persons and dwellings) and variables which are defined by the administrative
purposes for which the registers are maintained. Although the content and
processes of registers will differ from one country to another, the broad types
of registers are usually very similar.

1-73 All persons within the defined territory who meet the register’s rules are
enumerated. In concept, the enumeration is taken from a basic population
register in which the fields for different census attributes are populated from
the subsidiary registers relating to specific topics. Some of the many subsidiary
administrative sources that can be used for deriving census-type data are:

e Building, dwelling, or address registers

e Business or enterprise registers

e Taxation registers

e Employment/unemployment (job-seeker) registers

e Pension registers

e Social security or welfare registers
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e Student and/or education registers

e Heath care registers

e Registers of motor vehicle registrations
e Immigration registers

1-74 Information is extracted from the registers as it reflects the situation of
individuals at the pre-defined census reference date. The timing of the census
extraction may require careful thought where register update cycles vary.
Registration delays and administrative delays in updating between regional and
national databases can otherwise have a serious impact on the quality of the
output.

1.5.2.1 Necessary conditions for using administrative registers

1-75 The 3™ revision of the UN’s Principles and Recommendations on
Population and Housing Censuses® notes that among the key pre-conditions that
the country should have for conducting a register-based census are:

e a national legislation providing for the creation of a population register
and authority to use the data contained in it for statistical purposes;

e an established central population register;

e high-quality data in the population register with comprehensive
geographic coverage;

¢ an effective system of continuous updating of the population register;

e harmonized concepts and definitions adopted in the various registers
used;

e a universal personal identification (unique identity) system to facilitate
the effective linking of data;

e quality and consistency checks to verify the suitability of the data
contained in various registers, including the presence of a timestamp to
ensure that the location and characteristics of enumerated units relate to
the same reference point in time.

1-76 A more detailed discussion of the range of registers from which census-
type data are commonly derived and the necessary conditions for establishing a
register-based census methodology are given in Chapter 2. Quality issues will be
discussed in Chapter 5. However, some of the advantages and challenges are
summarised here.

1.5.2.2 Advantages of using administrative registers
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1-77 The primary advantages of a wholly register-based approach (and which
provide the key drivers for adopting such a method) are reduced long-term
costs, a greater frequency of the provision of statistical outputs, and eliminating
the respondent burden. Such reductions in costs result from the absence of any
field enumeration (usually the most costly and labour-intensive component in a
traditional census). For example, Spain has reported how resources to manage
the census have been reduced from 50,000 people in 2001, to 5,000 in 2011,
down to just 15 people working on the 2021 census. Processing costs can also
be reduced as a result of the need, for any particular census, to capture and code
only those data items that have changed since the previous census. Many
personal characteristics such as sex (as registered at birth), country of birth,
citizenship, religion, levels of completed education and qualifications, and
housing characteristics, such as period of construction, floor space and number
of rooms, change quite seldomly (if at all in some cases). However, it should be
recognised that the advantage (or driver) of reduced costs in moving to a
register-based system generally refers to the long-term costs of each census.
NSO should be reminded that the initial costs of setting up a register-based
system from scratch are not inconsiderable and may even amount to the cost of
a single traditional census.

1-78 However, it should be recognised at the outset that establishing and
maintaining administrative registers may involve higher costs than the census
alone may justify. The need for any register will largely be based on its
contribution to more reliable and efficient administration. Its subsequent use
for statistics may be valuable but is likely to be a secondary consideration.
However, perhaps a more relevant yardstick by which measure the advantage
of a register-based system is its cost-effectiveness; if the benefit gained
outweighs any additional expenditure incurred, then there may still be a cost
advantage of using a particular method.

1-79 Register-based statistics can be obtained for all geographical areas, since
registers aim to cover the target population in its entirety, and because detailed
geographical information can be obtained for all geographic units,
municipalities, and map grids of different sizes. Moreover, register-based
statistics are generally available every year. Ever-increasing demands for
information create new pressures to step up the production of regional
statistics, but regional data from a decennial population census may not be
sufficiently up-to-date to satisfy these needs.
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1.5.2.3 Challenges when using administrative registers

1-80 The use of administrative data sources, however, involves certain
drawbacks that need to be taken into account. One such disadvantage is the fact
that register-based characteristics have to rely exclusively on the information
held for the administrative purpose of the available register; this is invariably a
non-statistical purpose and may evolve over time. This imposes some
restrictions with respect to the variables that are available for analysis and may
also undermine international comparability. When potential sources are
identified, there is a need (as noted in section in 2.2.5) to communicate and
engage with administrators so that any changes to the required items for the
purpose of statistical compilation (such as definitions, coverage, frequency of
updates) can be discussed in advance with the NSOs in order to minimise the
effect of any break in data series or unexpected/unexplainable trends resulting
from how data are captured.

1-81 Moreover, when a registered data item is changed, new or updated
information is not always recorded immediately. In certain cases, such
information may not be registered at all. Where this occurs, the register
information will not accurately reflect real circumstances nor satisfy the NSO’s
requirements.

1-82 Furthermore, without a traditional census questionnaire, there may no
longer be any collection tool for meeting ad hoc users’ needs. In many countries
the population census system is an important vehicle of data collection that is
used to meet emerging information needs to reflect changing social conditions
(such as measuring economic migration or the impact of a pandemic). This
flexibility is often lost when data are no longer collected by means of traditional
guestionnaires and where the relevant information is not held in any
administrative source. This may be particular problem, for example, in the
identification of nomadic populations with no regular place of usual residence
or of undocumented migrants.

1-83 However, where such deficiencies arise some countries can choose to
combine register-based data with information on some variables collected from
pre-existing surveys or other sources. Such a ‘combined’ approach is discussed
in the next section.
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1-84 The impact of introducing a register-based system on the essential
features of the census described in section 1.4.3 above will be discussed in
Chapter 2.

1.5.3 Combined approach

1-85 There are some standard data items that may have to be dropped from a
wholly register-based census system (as described above) either because the
quality of the administrative registers is not sufficient (at least for use for
statistical purposes) or the information for some census topics is simply not
available in any administrative register. In the latter case such topics may
include, for example, household composition characteristics, ethnicity, religion,
language, occupation, mode of transport to work, and (as is now becoming
increasingly fashionable) gender identity. An option would then be to collect
such information from other sources such as a reduced field enumeration or
sample surveys, but then the census becomes no longer wholly register-based,
but instead adopts the so-called ‘combined approach’ referred to earlier.

1-86 Essentially, the combined methodology makes use of registers relevant to
a census, complemented by surveys and/or a complete enumeration. The use of
survey/enumeration data is intended to:

e improve the accuracy of the population counts;

e provide information for census variables that cannot be reliably based
on administrative data;

e check, update and improve the quality of census data derived from
administrative sources;

e add additional variables to the census as and when demanded; and

e provide a linking frame in order to bring together different sources.

1-87 Conversely, use can be made of administrative sources as a contingency
where it is impracticable or to attempt to collect particular data items on a
guestionnaire in a traditional census or where respondents are reluctant to
provide such information themselves. Such has been the case in Canada where
information on income is taken from tax registers where respondents indicate
that they prefer not to disclose such potentially sensitive information.

1-88 The move to a combined-census approach is gaining popularity with many
countries. For example, in a review of practices in the 2010 round of censuses in
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50 countries in the UNECE region?, ten countries reported adopting a combined
approach compared with five in the previous 2000 round, while nine countries
carried out a fully register-based census compared with just three on 2000.
When asked about their plans for the 2020 round, some 12 countries reported
their intention to carry out a combined census with a further 13 reporting a
registered base census while the number reporting a traditional census falling
to 22 from a level 40 in 2000.

1.5.3.1 Methods using different field enumeration strategies

1-89 Information on individuals, households and dwellings is collected by
combining data from registers with data collected from one or more surveys.
Data collection may be based on (a) full field enumeration, (b) an ad hoc sample
or (c) existing survey methods. Data from registers are employed not only as a
sampling frame or to support field operations, but directly as the data source for
some census information.

1-90 The option of a register-based census with sample surveys or full-field
enumeration should be adopted where not all the necessary census information
is available from one or more of the administrative sources and it is therefore
necessary to collect other information in the field, and it is possible to link the
information from the different sources at the record level. During the process of
integrating individual records, care should be taken to check the accuracy of the
data and remove any inconsistencies and/or duplications prior to the production
of statistical outputs. Quality assessment issues will be discussed in detail in
Chapter 5.

1-91 (a) In those censuses where registers are used together with a full field
enumeration, data from the registers may be pre-filled in the questionnaires,
and respondents may be asked to check, update and confirm their details. This
is particularly useful if the PIN is also pre-printed on the questionnaire, but then
there are security issues to consider.

1-92 Variables not available from administrative registers can be obtained
through the field operation, as in a traditional census. The questionnaire used
for this purpose need then contain fewer questions compared to a traditional
census form, but still cover the whole population of individuals, households and
dwellings. In the 2010 round of censuses in Europe, countries that adopted this
approach included Estonia, Latvia, Liechtenstein and Lithuania®; Indonesia’s
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2020 census is another example. Over time, more countries may decide to adapt
this model, increasing the use of integrated administrative registers in
successive censuses and reducing the number of questions in the questionnaire
still further. Nevertheless, use of a field questionnaire continues to provide for
greater flexibility in content should there be a requirement for new census
characteristics not otherwise derivable from registers.

1-93 (b) A variation of the combined approach involves the use of an ad hoc
sample survey instead of a full enumeration. This option is (like the combined
census with full field enumeration described above) open to those countries that
do not have all census information available in its registers. In the 2010 round of
censuses, countries that applied this approach included Germany, Israel, Poland,
Spain, Switzerland and Turkey”. The base register can then be used as a sample
frame and also, as before, to prefill some information as is the case with a full
enumeration described above.

1-94 In such censuses, the ad hoc sample survey questionnaire can be
specifically designed to complete and statistically correct the data derived from
registers — covering those variables not available from the register. The sample
can be sized and stratified in such a way that data are available for small groups
and geographical areas.

1-95 If this option is chosen, some census data can be taken directly from the
relevant register, while for other census outputs, information from sample field
data have to be weighted to the population totals. In South Korea, for example,
the sample size is 20 per cent. This is, however, only one way to merge register
and survey data to obtain census-type results. Israel, for example, uses a
population register as the basis for a 100 per cent enumeration, and undertakes
a sample survey to evaluate the accuracy of the register.

1-96 (c) The Netherlands model represents another variant of the combined
approach. There, the census is carried out by combining data from population
and integrated administrative registers with existing sample survey(s).
Different data sources are integrated as part of what is termed a ‘virtual census’
process. The data for the census exercise are derived from many types of
registers and surveys, covering different population groups throughout the
country and its sub-regions. Compared to conventional census methods, this
process is lower in cost and staff requirements, and uses more frequently
updated data sources. More significantly, by combining data that are already
available from other sources, the virtual census in the Netherlands imposes no
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additional respondent burden, thus helping to increase public acceptability
(particularly in comparison with the widely reported protects that accompanied
the 1971 Census — the first time that personal information in the Netherlands
had been computerised).

1-97 When registers are used along with sample surveys, some census outputs
may be produced entirely from the information available from the registers,
while for other census data, information from the survey(s) duly weighted to the
population totals, can be used. The survey-based data can also serve as an
independent source to evaluate the accuracy of the register counts.

1.5.3.2 Necessary conditions

1-98 The necessary conditions for implementing such a combined census are
broadly similar whichever type of approach is adopted. Any one option can only
be adopted if all the necessary census information is available from one, or a
combination, of the sources, and it is possible to link the information from all
the different sources at the record level.

1-99 The data sources should include verified and accurate personal
information (name, ID number, date of birth, sex, marital status, family
structure, etc) and a dwelling register. In an ideal situation, a centralized 'base’
register can be envisaged to include unified identity codes for both people and
address components in order to link more efficiently the related register and
survey data.

1-100 As with a wholly register-based approach, the link between persons and
their dwellings is equally important in order to identify the household unit. All
the other conditions relevant to a register-based census discussed above will
apply to the register components of a combined census.

1.5.3.3 Advantages

1-101 A key advantage of the combined census with a full field enumeration is
that the population counts in this approach may be more precise than in a
wholly traditional census because of the generally more up-to-date information
contained in the population register that helps to minimise coverage error. It
may also be more accurate than in an exclusively register-based census because
of the checking against the actual reality that a complete enumeration provides
that can then correct for any accumulated errors in a population register.

30



1-102 Information not available from a combination of data taken from registers
is obtained from a traditional field operation approach, thus permitting
maximum geographical and statistical detail.

1-103 The longitudinal perspective that the use of registers provides is also
present in this census approach, for example, by using the population register
as the frame.

1-104 The advantages of a combined census with sample field data are that it is
much less costly than any census with an element of full field enumeration and
imposes less of a burden on respondents (and enumerators). A traditional
census can face many privacy objections to the seemingly intrusive collection of
personal (and sometimes potentially sensitive) information. This increases the
extent of non-response. There are generally fewer objections, and less risk of
non-response, to a combined census in which data are collected only from a
sample of the population. It may be the case that data from such a combined
census will provide sufficiently reliable results, because they are derived to some
extent at least from registers covering the whole population.

1.5.3.4 Challenges

1-105 The combined approach with a full enumeration is much more expensive
than a wholly register-based census, because of the cost of the field
enumeration component. However, the field costs will generally be less than for
a traditional census since the knowledge of the location where every person is
registered facilitates the use of more efficient collection methods. Where only a
sample field enumeration is carried out the cost will be proportionately less than
for any census with an element of a full enumeration.

1-106 Response burden for a combined census is less than in a traditional census
with full enumeration and no administrative information support, but more than
for a completely register-based census with no field collection. Where only a
sample field enumeration is conducted through ad hoc surveys, public
awareness of the census and their obligation to participate is significantly
reduced.
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1-107 A further disadvantage of the ad hoc survey approach is that this option
requires more processing to produce the tables from the unit record information
as weighting problems may arise.

1-108 The use of pre-existing surveys also presents a number of problems
compared to the use of ad hoc surveys. The timing, content, statistical
definitions and sampling approaches used in an existing survey may not be
appropriate to allow the data to be readily combined with data from the
administrative source(s) resulting in poor coherence between the different data
sources. For example, many major household surveys are not designed to cover
persons living in institutional households (such as student accommodation,
hospitals and nurses living accommodation, old-age care homes, prisons, and
military establishments), thereby requiring additional sources of information for
such residents.

1-109 A weakness of the use of sample data is that for the variables derived from
the surveys the sample size may not be sufficient to offer the geographically
detailed outputs that are an essential feature of the census. Importantly though,
the use of data from existing regular surveys will often mean that time series of
data are available. By combining samples for several survey exercises, it may be
possible to produce reliable estimates for small geographical areas.

1.6 Current profile of global censuses

1-110 In its role as the Secretariat to the 2020 World Programme, the United
Nations Statistics Division (UNSD) has undertaken a variety of activities aimed at
ensuring that countries undertake a census during the 2020 round, covering the
period 2015-2024. It prepared the methodological framework for 2020 round
population and housing censuses that was anchored by the revised Principles
and Recommendations for Population and Housing Censuses® issued in 2015.
This has been supported by a set of additional handbooks on:

e population and housing census management®;

e the use of contemporary technologies for population and housing census
data collection’;

e the use of censuses in measuring international migration®; and
e population and housing census editing, including real-time editing®.
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1-111 As part of its responsibility to monitor and regularly report to the UN
Statistical Commission on the implementation of the 2020 World Programme,
UNSD developed and launched a short, 11-question survey sent to all NSOs in
July 2019, the purpose of which was to collect information on countries’ plans
and outcomes of the 2020 round of censuses.

1-112 The results of the survey!® show that the traditional census, based on full
field enumeration, is still the predominant methodology in conducting
population and housing censuses (see Table 1). Out of 158 countries that
responded to the survey, 112 countries (71 per cent) reported that they had
used, or will use, the traditional approach to data collection in the 2020 round.

1-113 Only 16 countries (10 per cent) reported carrying out a full register-based
census, though a slightly larger number (29 countries, 18 per cent) have adopted
or are planning to adopt a combined approach by either carrying out full field
enumeration (13 per cent) or by conducting sample surveys (5 per cent) to
collect those data on census topics that are not available in the registers.

Table 1- Main census methods for 2020 round population and housing censuses

Latin
All 15? Africa Asia Europe America and Nonhgm Oceania
responding 38 (36 @1 the America (11
countries (8) ) ) Caribbean “4) )
(28)
Number
Traditional census 112 37 25 12 28 1 9
Fully register based census 16 0 3 12 0 1 0
Combined census - Registers
and full field enumeration 21 1 5 11 0 2 2
Combined census - Registers
and sample survey 8 0 3 5 0 0 0
Rolling census 1 0 0 1 0 0 0
Other 0 0 0 0 0 0 0
Percentage

Traditional census 71 97 69 29 100 25 82
Fully register based census 10 0 8 29 0 25 0
Combined census - Registers
and full field enumeration 13 3 14 27 0 50 18
Combined census - Registers
and sample survey 5 0 8 12 0 0
Rolling census 1 0 0 2 0 0
Other 0 0 0 ] 0 0 0
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1-114 It should be noted, however, that this apportionment of register-based
and combined censuses is not global. The majority of countries that are using
administrative registers to a greater or lesser degree in the 2020 round (28 out
of the 45) are in Europe and 11 of the others are in Asia. According to the survey
results, although several countries throughout Africa, Latin America or the
Caribbean were planning to use administrative registers in the current round,
no country was able to do so at the time of this draft. They may be planning to
change their census methodology in the next round. Moreover, in Europe the
use of administrative registers - either in a wholly register-based methodology
or in a combined approach - is now becoming common methods rather than the
exception, with more than two thirds of responding European countries
reporting these data collection methods in their 2020 round of censuses
according to the UNSD survey.

1-115 This change of approach in Europe has been developing since the 2000
round where the methods adopted for collecting information in population and
housing censuses have been evolving continuously over the past decades in
order to:

e adapt to changes in society, especially in public attitudes and behaviour,
and in greater levels of mobility;

e meet the ever-demanding requirements of data users;

e capitalize on opportunities offered by technological innovations and
development, and statistical modelling techniques

e take advantage of new or different wide-ranging data sources such as
registers and administrative files and Big Data; and

e reduce costs.

1-116 Moreover, the unprecedented circumstances of the global Covid-19
pandemic in 2020/21 have no doubt accelerated this transformation in the
method of collecting census information that was already underway in many
countries. The days of waiting a year or two for cleaned, quality assured, tabulated
census data to be made publicly available may be coming to an end, as
researchers, policymakers and other census users demand, and come to except,
short-time data availability with, perhaps, less requirement for 100 per cent
accuracy.

1-117 This move away from the traditional census, particularly in UNECE countries
in the first decades of this century, is evident from the profile of the censuses
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reported by member states in a number of UNECE surveys on the 2000-2030
rounds (see for example UNECE (2008)!, UNECE (2014)*?and UNECE (2016)*3).

1-118 The most recent of these surveys was carried out in September 2018 and
was reported in a paper presented to the Conference of European Statisticians by
the Steering Group on Population and Housing Censuses and which was published
in August 2020 under the title New Frontiers for Censuses Beyond 2020

1-119 As can be seen in Table 2, some 35 countries (two thirds of those in the
UNECE region) conducted a traditional census in the 2010 round. This was, at
that time therefore, still the preferred general methodological approach
throughout the region, but was less so than in the 2000 round in which over four
fifths of countries adopted this approach.

1-120 Among the other countries in the 2010 round, 10 carried out a census
combining the collection of data through field enumeration with use of
administrative register - this was double the number that did so ten years
earlier. And the number of countries that had moved to a wholly register-based
system tripled from 3 to 9.

1-121 Ten years on, the continued decline in the traditional census is evident.
Only 14 countries are conducting (or have conducted) a traditional census in the
2020 round (just of a quarter of the countries that responded to the 2018 UNECE
survey) and almost the same number have moved to a wholly register-based
approach. Thus the largest proportion of countries (over two thirds) are
adopting either a combined or a fully register-based census.

Table 2 Type of census, 2000-2030 rounds, UNECE countries

Type of census 2000 2010 2020 2030
Traditional census* 40 35 14 2
Combined census 5 10 17 14
Register-based census 3 9 13 23

* Including the Rolling Census in France
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1-122 By 2030 our world may look very different — as a result not only because of
the coronavirus pandemic but from climatic change. The ability to collect
information from a wider variety of sources, more rapidly, more efficiently, and
with minimal direct public involvement, is increasing all the time. Knowing this,
citizens may rightly wonder why so much time, effort and money should be spent
on asking them to complete a questionnaire — invariably including the same
questions - every ten years.

1-123 The broad overview is that for the 2030 round, 23 countries report that
they plan to undertake a wholly register-based census. This represents a half of
all the countries that responded to the survey and shows a clear paradigm shift
in data collection methodology. In addition to the 13 countries where the use of
administrative data as the almost exclusive source of census information is now
fully established, a further ten countries plan to adopt a register-based census
in the 2030 round, including two who plan to move directly from a traditional
census in one go. However, the majority of countries who plan to move to a
register-based census in the next round will do so from a position of having
already laid the foundations with the use of administrative data to a varying
degree in the 2020 round.
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2 Moving to a register-based approach

2.1 Introduction

2-1  As discussed in Chapter 1, the adoption of a register-based census
methodology offers a number of potential advantages to an NSO including
decreased costs. While the COVID 19 pandemic may have provided further
incentive (indeed in some cases a necessity) for some NSOs to consider the
adoption of a register or combined census methodology, strategically the
consideration of such a move should be set within the context of a wider
discussion on the use of unit record administrative data in their statistical
systems more generally.

2-2  However, any such move needs to be carefully managed, and there are
necessary conditions relating to data, technology, legal and stakeholder issues,
and financial and human resources that must be considered for a successful
transition from a traditional to a combined or register-based census. This
transition may therefore give rise to some challenges. For example, although
many NSOs may have a long history of aggregating data taken from
administrative sources for producing vital statistics that are derived from a civil
registration system, they may have only limited or no experience of using unit
level administrative records for other statistical purposes.

2-3  Such challenges are set out in section 2.4 and can present significant
obstacles for some countries. But, before these are discussed, section 2.2
examines those pre-conditions that have to be in place before any register-
based system can be planned (such as a legal framework, stakeholder and public
support, access to appropriate registers, data protection methodology and
technical expertise). The particular circumstances that would enable a specific
register-based census to be conducted are then discussed in section 2.3. These
include specific census legislation, knowledge of users' requirements, and the
ability to create population and address registers of sufficiently good quality,
and access to the relevant administrative registers, including specialized
registers.

2-4  The chapter concludes with a brief exposition of the effect that moving to

a register-based statistical system has on the essential features that define a
census.
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2.2 Necessary pre-conditions

2-5 This section of the handbook examines those pre-conditions that should
be in place before any census that is to be undertaken within the framework of
a register-based statistical system can be planned and implemented. Such pre-
conditions can be classified into four broad headings: strategic vision; political
support and legal framework; public support, confidentiality issues and user
engagement; and operational considerations.

2.2.1 The NSO’s long-term strategic vision for a register-based statistical system

2-6 In many countries, the move to a register-based (or combined) census is
a core part of the strategy for the NSO to develop or adopt a register-based
statistical system. This strategy will transform the statistical production system,
and so represents a paradigm shift for all functional aspects of the NSO. Indeed,
it may often be the case therefore that the transition to a register-based census
is only the first step in the NSO’s long-term vision for a more widely register-
based statistical system. The initial costs and resources required to develop and
implement such a system for a census is only likely to be fully justified once it
has been applied to the NSO’s other core activities.

2-7 Indeed, one of the United Nations Fundamental Principles of Official
Statistics’ concerns cost-effectiveness and suggests (at Principle 5) that “Data
for statistical purposes may be drawn from all types of sources, be they statistical
surveys or administrative records”, taking due regard to quality, timeliness, costs
and the burden on respondents. An explanatory note to Principle 5 also stresses
the importance of cost-effectiveness, and goes on to say that: “Statistical offices
must be cost-effective, making the best choice of concepts, sources and methods
by balancing quality, timeliness, costs and the reporting load of respondents ......
The overall cost-effectiveness of an agency is influenced by organizational
planning and operation, the sound application of statistical methodology,
exploitation of information and communication technology and also access to
administrative records”.

2-8 As UNECE has noted® a purely register-based statistical system could be
defined as one in which all statistics (for a particular domain or set of domains)
are produced exclusively from administrative sources that have been combined
into two or more linked statistical registers or files. In practice, such a purely
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register-based statistical system is relatively rare, as small-scale statistical
surveys are often needed for quality assessment or to overcome coverage issues
for specific variables or sectors of the population. A more pragmatic approach is
therefore to use the term ‘register-based statistical system’ to refer to a system
based primarily on administrative data that have been organized into statistical
registers or files that can be linked.

2-9 However, such a strategic move requires a number of other pre-
conditions to be in place. These pre-conditions (described below) can also be
seen as the fundamental building blocks for the register-based system. Without
these, it is not feasible to consider a register-based census in the short-term
option. However, it may be possible to use the census project to establish these
necessary pre-conditions.

2.2.2 Political support and the legal framework

2-10 Political support for moving to a register-based statistical system is
essential. This includes support for the overall approach as well as for the
necessary legal changes and for removing any barriers that might prevent or
inhibit register holders from providing the NSO with the required data from the
registers either for the census or any other statistical activity.

2-11 Whatever type of census the NSO conducts requires a legal framework.
This is normally set out in a Census Act or is encompassed within the more
general provisions of a national Statistics Act. Such legal frameworks for many
NSOs have been designed for statistical systems mainly based on traditional
censuses and surveys. The legal framework for a register-based system requires
a different approach, recognizing that the system has moved to a register-
centric model, where administrative data (whether taken from public or
commercial agencies) are transformed to meet statistical needs.

2-12 To be able to conduct a register-based or combined census there must be
legal provisions that prescribe the access to, and protection of, such
administrative data. Notwithstanding the existence of a generic census law or
more widely encompassing primary statistics legislation, all countries are likely
to require a specific law and/or government regulations relating to each
particular census. In some countries, such an existing legal framework may
allow the NSO only to conduct a traditional census with a field enumeration. In
these cases, it will be necessary to amend the census-specific legislation to
ensure that the NSO has a clear legal mandate to use administrative data for the
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purposes of the census, subject to any other requirements or restrictions set out
in other statistical legislation. If not already provided this may need to include
the obligations on the relevant administrative agencies to provide the required
administrative unit record data and any relevant metadata and give the NSO
legal authority to access the relevant administrative data, ideally free of charge,
from any relevant public authority source. To avoid legal uncertainty or dispute,
such legislation may need to stipulate any exceptions to such a right of access in
circumstances that would risk the protection of public order or national security.

2-13 Depending on the local legislative environment and country practices,
such census legislation may specifically prescribe the census reference date, and
the topics or variables that will be collected. Where a combined census is being
mandated it will be necessary to distinguish between those data items that are
to be collected directly from households through the use of a questionnaire and
those which are to be derived from administrative sources. Moreover, NSOs
conducting combined censuses will also need to ensure that the new or
amended legislation provides the authority to link administrative data with data
collected using traditional methods.

2-14 A further key element is that the legal frameworks should empower the
NSO with some influence or authority in the creation, revision or deletion of
administrative data in order to ensure that the data to be used by the NSO in
carrying out its designated statistical functions are relevant, consistent and
reliable.

2-15 In turn, the NSO should be subject to a legal obligation to: use the data
only for statistical purposes and/or for approved research; protect the
confidentiality of the administrative data it obtains; and adhere to a ‘one-way
traffic’ only principle. Essentially, the relevant legislation should specifically
prohibit access to the data held in the NSO’s statistical registers by any other
person or body, except for bona fide researchers working on projects approved
by, or on behalf of, the national institution. It is recognised, however, that in
some countries (Norway and Indonesia are examples) there may be particular
circumstances in which the NSO is permitted — subject to strict confidentiality
provisions —to report errors to unit record data held in administrative registers.

2-16 Such legislation needs to prescribe the functions and legal responsibilities
not only of the NSO, but also for the administrative data suppliers, as well as
being consistent with wider government frameworks covering privacy/data
protection and data security. Typically, the responsibility for maintaining,
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updating and ensuring the quality of the administrative registers will rest with
the relevant data holder, while the management of any statistical registers will
be undertaken by the NSO. In addition, some countries may have local
frameworks (in the form of specific state laws, for example) as well as wider
regional commitments. For example, it may be the case that are legal
restrictions that data can only be used for specific statistical purposes, and that
the confidentiality of individual records should be maintained. Thus, there may
be specific restrictions on the use of data on non-corporated businesses,
particularly sole-proprietorships, where business data could be considered to be
personal data relating to the owner of the business. Many (if not all) countries
have data protection legislation covering information about individual citizens,
therefore it is important to make clear distinctions between what constitutes
business and personal data in such cases®.

2-17 In moving to a register-based system, it may therefore be necessary for
the legislation to be updated or amended. While the NSO will focus on the
specific legislation necessary to enable it specifically to establish a register-
based system, it is possible that agencies providing the administrative data may
also seek to have their own legislation amended accordingly in order to ensure,
for example, that it enables and supports the supply of unit records and their
associated metadata to the NSO for statistical purposes and within the context
of specific data protection/security legislation.

2-18 UNECE has produced useful guidance on modernizing statistical
legislation®®to which NSO may wish to refer to ensure that any revisions that are
necessary to implement a register-based statistical system are consistent with
the Fundamental Principles of Official Statistics, the European Statistics Code of
Practice (where appropriate) and the OECD Recommendations on Good
Statistical Practice.

2-19 However, it must be emphasised here that changing legislation and
creating organisational frameworks takes time —in some instances a lot of time!
This needs to be factored into the census plan. While in some countries (such as
Norway and other Nordic countries) there has been considerable support for the
use of administrative registers for statistical purposes, this is not always the case
in those countries where statistics may often be regarded as a relatively low
priority by legislators, and where a sustained period of lobbying politicians and
highlighting the benefits of using administrative data may be necessary. In the
UK, France and Germany for example, historically there has been political and
popular opposition (born out of long-standing concerns about privacy and
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national security) to moving to a register-based statistical system. In the case of
the census, this means that the NSO needs to ensure that key stakeholders —
particularly politicians - are well informed about the impact of the change in
methodology on the census process as well the likely impact on census statistics.

2-20 Given all the efforts that are usually needed to introduce or revise
statistical legislation, it is therefore necessary to make the most of the
opportunity. In particular, it is essential to avoid the mistake of proposing
legislation that just meets current requirements. It may be ten or more years
until the next opportunity to revise legislation, so it is necessary to have a long-
term strategy for the use of administrative data, and to ensure that the
legislative proposals meet all envisaged requirements for the foreseeable
future. In this way, legislation can be seen as a short-term barrier, but a long-
term opportunity.

2.2.3 Public support, confidentiality and user engagement

2-21 The political decisions concerning the use of administrative data in a
census can be highly influenced by public opinion. Indeed, in many countries,
the attitude of the public to data linking and sharing between government
agencies is a key factor in determining the extent to which administrative data
can be used for statistical purposes. Such public opinion varies considerably
from country to country. While the law might give a legal licence for the NSO to
conduct a combined or register-based census, public approval is also necessary
to ensure that such a census is acceptable. This is often easier said than done
and might be more difficult to achieve than establishing the legal base.
Engagement with the public is therefore vital.

2-22 While in some countries people may get the impression that, in the course
of a traditional census, ‘Big Brother’ is watching you’, elsewhere people may feel
uneasy about, or even object to, information from different administrative data
sources being reused and linked in a registered-based census. It may not be clear
to them that in the census the information is anonymised and only used for
statistical purposes. If census forms are not required and only registers are used,
the public will generally be less aware that a census is being conducted.
However, the absence of any public reaction should not be misinterpreted as
public approval.

2-23 Indeed, in many countries people have become increasingly sensitive
towards the collection and analysis of personal data by governmental
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authorities. (For example, some countries have much debated the use of data
collected in COVID-19 tracing operations.) In addition to outlining the general
benefits and risks of the use of administrative data, information given to the
public should focus on the confidentiality of the linked individual data from
different sources. To demonstrate that NSOs will make proper use of
administrative sources and take adequate measures to protect the data, they
might want to establish some form of ethics committee and should engage
independent privacy professionals since they are the people that may better
influence public opinion. This issue is discussed as a particular challenge to
overcome at section 2.3.9 below.

2-24 The use of administrative data in the census must be consistent with the
Sixth Fundamental Principle of Official Statistics, which requires that “the use by
statistical authorities of individual data, whether they refer to natural or legal
persons, be strictly confidential and used exclusively for statistical purposes”?’.
This includes ensuring that individual data collected for statistical purposes is
not passed onto other government authorities. As a consequence, it means
that, as noted at paragraph 2-15 and subject to any particular exceptions, the
NSO should ensure that none of the edited or linked unit record administrative
data is returned or passed back to government agencies or authorities.

2-25 There must also be strict rules around access to the administrative records
within the NSO (often set out in the relevant statistical legislation) and equally
importantly, effective statistical practices to preserve the confidentially of unit
record information in statistical outputs, including where NSOs provide access
to anonymised microdata files for researchers. Such ‘safe’ practices should cover
five key elements:
e safe data: data are treated to protect any confidentiality concerns;
e safe projects: research projects are approved by data owners for the
public good;
e safe people: researchers are trained and authorised to use data safely;
e safe settings: a secure laboratory environment prevents unauthorised
use; and
e safe outputs: screened and approved outputs that are non-disclosive.

2-26 It is particularly important in this technological age that security provisions
should endeavour to ensure that the IT infrastructure is agile and robust enough
to protect against cyber attacks, as well as insider and external breaches of data
security, and that the environment is compartmentalized so that no one
individual can have access to everything.
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2-27 Inatraditional census, privacy concerns may lead to lower response rates
or the deliberate disclosure of incorrect information (relating, for example, to
the level of household income or employment in the black economy - or even
for women to understate their age). It is becoming more and more difficult to
correct for such unit and item non-response. So, on the one hand the public
might prefer a situation where fewer questions are asked if the equivalent
information is already available from administrative sources. Where public
opinion generally accepts, or is in favour of, data sharing, the increased use of
existing data sources can help to enhance the prestige of the NSO by making it
more efficient and cost-effective.

2-28 The details of the methodology should be known, accepted, and even
applauded by academia (including urban planners, demographers, sociologists)
- as well as the privacy professionals referred to at paragraph 2-22 above - since
they represent a crucial element in the formation of public opinion on the
census. It is therefore very helpful to maintain communication forums with
these groups in which the census design is presented in detail, suggestions are
welcomed and reviewed, and the particular possibilities and benefits offered by
the new methodology are promulgated. Engaging academia to act as a partner
in promoting public acceptance of a register-based census in this way may be
highly beneficial.

2-29 But notwithstanding the methodology, all censuses should be based on a
clear set of data user requirements, including information needed for planning,
policy modelling, defining electoral boundaries, etc. Such requirements will be
transformed into a series of census outputs (tables, analyses, maps, etc.). Users
typically want each census to provide at least the same level of detail of
information as in the previous census. However, this is not always possible when
the census methodology changes radically.

2-30 Whenever statistical methodology changes, it is good practice to be
transparent and share with users any information on the potential impact.
Moving to a register-based statistical system may occur over a long period of
time, and have significant implications for users in particular, to the quality and
consistency of census outputs over time.

2-31 Theviews of users are, therefore, important in helping to determine if the
benefits (less cost, less response load, improvements in timeliness, improved
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consistency) balance any discontinuity in outputs and time series due to changes
in methods, concepts and definitions.

2-32 It is important to inform and consult users (as, indeed, all stakeholders)
before any census. The census will probably not be relevant if the NSO only
produces statistics that are based on easily accessible registers. Therefore, it is
critical to have a clear set of user requirements before beginning the process of
assessing the quality of the administrative data sources. Users will become
disappointed if their expectations are not met. Even well-informed users can
become very critical if they believe that they are going to lose some of the
information that they had access to in the previous census. However, it is
usuallynot possible to satisfy all users, and some disappointment is often
unavoidable when adopting a new census methodology. For example, historical
comparability is key for many census users but the value of this balanced against
relevance (which requires content adjustments). Either way some users will be
disappointed. In order, therefore, for the census to be relevant to users and
other stakeholders, their requirements should drive the detail and structure of
data items to be derived from the registers.

2-33 It is necessary, therefore, to have a communication strategy for
stakeholder engagement that should encompass some, or all, of the following
goals:

e create a transparent environment concerning the plans of the NSO

e assure users that their requirements will be taken into consideration;

e promote the benefits of using administrative data and demonstrate that
the information collected will continue to be kept secure;

e strengthen partnerships with stakeholders so that the NSO can benefit
from outside expertise;

e make stakeholders part of a successful transition to a new census
approach.

2-34 Openness and the clear identification of new opportunities and benefits
for stakeholders will help to gain their acceptance. It is particularly important
that there should be adequate consultation on any change in the provision of
those statistics that have financial consequences for stakeholders (such as
transfers of money to municipalities).
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2.2.4 Operational considerations

2-35 Once the legal frameworks to permit the use of administrative data are in
place, it is necessary to consider the organisational arrangements necessary to
facilitate data flows™.

2.2.4.1 Cooperation between NSO and register-holders

2-36 Good cooperation between the NSO and other (mainly government)
authorities is vital for using administrative data sources in statistical systems,
and for the census in particular. Notwithstanding any legal obligation that may
be imposed on government agencies and other authorities to provide the NSO
with the requisite data as and when required, the use of registers requires good
on-going working relations between the NSO and the administrative register-
holders. This will help to engender a better understanding among administrative
agencies of the role that their data play in the statistical system, and the
importance of keeping the NSO informed about any changes to the
administrative unit record data and metadata. It should be noted that, in turn,
there are benefits to the administrative authorities from the statistical use of
the data by the NSO since the quality of the data will be improved through the
detection of any errors.

2-37 For example, it is necessary that the NSO should know when the relevant
administrative unit records (and any accompanying metadata) can be made
available before any register-based statistics can be produced. Particularly for
the purposes of a combined or wholly register-based census (and particularly so
in the case of the latter) the NSO is heavily dependent on administrative data
holders to comply with their agreed or legal obligation to provide good quality
data on time. If data holders fail to deliver, it is usually the NSO that is held
responsible for the failure to publish census statistics punctually. Only with
regular contact between the NSO and the administrative data holders can the
success of any register-based statistics be maintained.

2-38 It is vital to inform administrative data holders how important their data
are for the NSO and how they are to be used for statistical purposes. In return,
the NSO needs detailed information from data holders on how their respective
administrative systems are organised and what (if any) changes are being
planned or anticipated. Such collaboration often takes place within the frame
of a national forum of register keepers but can also be conducted bilaterally.
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2-39 In addition to a legal framework and good contacts with other authorities,
signing cooperation contracts or service level agreements could help in
supporting the NSO’s statistical programmes and particularly the census
process. Typically, such agreements should cover and number of key features of
which the following are the most important:

o Detailed description of data covered: This will include information
identifying the data set and the variables contained within it.

e Frequency of data supply: This will specify when and how frequently the
administrative organisation will supply data.

e Quality standards: These set the parameters for the quality of the data
supplied. Examples might include requirements for addresses to be in
certain standard structural format, or for a maximum proportion of
missing or erroneous variables, to ensure that the data received are fit for
purpose. The priorities assigned to different variables, and hence the
amount of effort put into quality assurance, will often differ between
administrative and statistical organisations, therefore an agreement on
common standards can be difficult.

e Provision of metadata: It is important that data flows are accompanied by
the relevant metadata, which can include dates of both the occurrence of
events and of their registration, descriptions of any codes used,
information on the units used, etc.

e Confidentiality rules: It is important to set out what the data can be used
for, what rules and procedures will be in place to prevent disclosure, and
in what circumstances any microdata can be passed on to the NSO’s users.

e Technical standards: Technical frameworks refer to the mechanisms by
which data are transferred, as well as any relevant data or metadata
standards. Data transfer mechanisms can take any form of a secure
electronic link, such as real-time or periodic (weekly or monthly) updates.
There are a number of international standards for data and metadata
transmission, including XML and SDMX (see Glossary) to name just two.
Some countries also have national versions, particularly for data transfers
within government. It is therefore important to agree which standards are
to be used.

e Period of agreement: Agreements may be for a fixed period, but if so, they
should include provisions to renew or extend them as necessary. An
alternative approach is to have an agreement that is considered valid until
one of the parties wants to make a change.
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e Contingencies for changes in circumstances: It is important for the
statistical organisation to have advance warning of changes affecting the
administrative source. The agreement should specify that any proposed
changes are communicated to the statistical organisation as soon as
possible, to allow the impact of the changes on statistical outputs to be
minimised.

e Procedures for resolving disputes: The agreement should specify the
method to resolve any disputes between the statistical and administrative
organisations, which will normally be to escalate issues to senior
managers, or possibly even to the relevant ministers.

2-40 Intheory, administrative data sources from non-governmental authorities
could also be used in the census, but this often creates particular privacy and
data quality concerns and involves commercial considerations; private sector
data are more often than not only acquired at a substantial cost to the NSO.

2.2.4.2 Knowledge of the relevant administrative registers and initial
assessment of their quality

2-41 Most countries that are contemplating the move to a register-bases
statistical system will have an extensive range of administrative records and
registers, many of which may be suitable for use in such a system. When a
country wants to move from a traditional census towards a combined or
register-based census, building up a wide-ranging knowledge of the data held in
administrative sources that are both relevant and fit for purpose is important
before making the move. This includes assessing possible sources for all the
census topics required by users, as well as sources for the base registers. The
assessments will include identifying the availability, accessibility and suitability
of different sources (and ultimately each variable within each source).

2-42 Although building up such knowledge should occur early in the census
planning, the effort needed to make this process successful should not be
underestimated. Many lessons about failures and successes can be learnt from
countries conducting combined or register-based censuses, but the national
context should always be taken into consideration. It is never advisable for an
NSO to simply adopt the methodology of another country when setting up a
combined or register-based census. However, by learning from the experiences
of others the transformation period can be shortened drastically.
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2-43 An initial assessment of quality of the data sources needs to be
undertaken as a pre-requisite to determine whether or not the administrative
registers are of potential value for statistical purposes. As the Eurostat Concepts
and Definitions database notes, in the context of their use for statistical
purposes, such registers should have a number of essential features:

e they should be 'systematic' (that is, regular and organized);

e the data held should be at the 'unit record level'; and

e they should be capable of being updated.

2-44 As will be discussed in Chapter 3, suitable administrative sources should
also have a comprehensive coverage of the target populations. The existence of
large numbers of unregistered units (for example undocumented migrants,
nomads or businesses operating in the informal economy), will make it
extremely difficult to produce meaningful register-based statistics.

2-45 It is also important that data sources are available to the NSO in digital
format. This helps in the transfer of data to the NSO, but most importantly is
fundamental for the statistical transformation (that will be discussed in more
detail in Chapter 4). Where only paper registers are available, it will be
necessary to create digital versions. This can be an expensive and time-
consuming task, but it will benefit the source agency as well as the NSO.

2-46 The initial assessment will be followed by more in-depth statistical quality
assessments of the definitions, concepts, content, reference date, coverage,
accuracy, etc, whether the administrative registers contain identifiers and are
available (or could be made available) in digital formats, and how the data will
be shared. Furthermore, such assessment of the registers should also determine
whether or not sufficient metadata (data that define and describes the record
data) exists that can be provided by the register holders to allow the NSO to
understand the register, the purpose of collecting the data, contents, creation
and updating processes. These issues are discussed in more detail in Chapter 5
within the context of assessing the quality of administrative sources and data
for the purpose of the census.
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2.2.4.3 Unified identification system

2-47 To facilitate the linkage of administrative data from different sources that
relate to the same unit, it is preferable (if not necessary) to have unique ID-
numbers at the unit record level that are common across all respective registers
(although it is recognised that this is not always the case). In the absence of such
unified systems it is extremely difficult and laborious, if not impossible, to link
unit data reliably from different registers (as is noted in the section 2.4.6 below).

2-48 However, it may be too much for the NSO to expect, as a necessary pre-
requisite, that each administrative data source will adopt a unique ID for each
unit record that is common across all data sources. This might be perceived as a
privacy risk. Instead, the application of a unique (statistical) ID should occur
during data integration and pre-processing within the NSO. One possible
solution is to let each administrative source use its own unique ID in its data sets,
for their own administrative purposes. Then, during data integration, the NSO
can link that source ID to a common statistical ID in the NSO’s statistical register.
More is said about in the discussion on the linkage of data sources in Chapter 4.

2.2.4.4 |Institutional infrastructure and capacity

2-49 In order to move to a register-based system, it will be necessary for NSO
staff to develop beforehand a full range of appropriate skills. These include
relationship management, information management, data mining and analysis,
data protection, communication, and associated subject matter skills.
Specialized statistical skills will also be needed to support the data linking
processes. While NSOs generally have a long-standing expertise in information
management, it is important to recognise that a register-based statistical system
will require statistical knowledge and expertise, particularly in the linkage and
matching of data in general, as well as specific subject matter knowledge and
experience.

2-50 Thereis a wide variation between countries in terms of the availability and
quality of administrative registers and the capacity of national statistical systems
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to make best use of administrative data for statistical purposes. Therefore, there
is an urgent need to strengthen the capacity of national statistical offices or
census agencies, especially those in developing countries, to improve uses of
administrative registers for small area statistics. Capacity is needed to identify
administrative registers that can be used for censuses, to assess the quality in
terms of completeness and coverage of administrative registers and to analyze
possible options and design census processes with an appropriate methodology
taking into account specific conditions at the national context. It should be noted
that a long-term perspective is needed for the development of a register-based
census through the development or improvement of key registers in the
country.

2-51 Itis, therefore, necessary for the NSO to develop an infrastructure, and to
implement a training programme, that is designed to help staff acquire the
requisite statistical and IT skills to support the necessary transformation
processes. Knowledge of official statistics systems will be particularly relevant.
Capacity is needed to be able to identify those administrative registers that can
be used for censuses, to assess their quality in terms of completeness and
coverage, and to analyse possible options and design census processes with an
appropriate methodology taking into account specific conditions of the national
context.

2-52 Ideally, the administrative registers and their variables should have
concepts, definitions, classifications, data formats and reference periods,
consistent with the NSO’s statistical requirements. In practice, this is unlikely (as
noted in Section 2.4), and so the NSO will need to prepare systems and
processes to transform the administrative data into statistical records.

2-53 ltis, therefore, necessary for the NSO to have the requisite statistical skills
and infrastructure to support the necessary transformation processes. Such
transformations will include:

e coding to standard statistical classifications;

e editing records, including correcting errors in identifiers;

e linking unit record data between registers; and

e creating new variables from data from different sources.

Without these skills and expertise, including a good understanding of the
existing variables, definitions and coverage of the registers that are necessary in
transiting to a register-based system, it may not be possible to produce trusted
statistical outputs.
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2.3 Difficulties and challenges — and solutions

2-54 Despite the undenied advantages that moving to a register-based census
offers (as discussed in Chapter 1) such a change in methodology also presents
the NSO with a number of challenges and risks that need to be addressed. Some
of these have already been alluded to, but this section discusses them in more
detail and offers some solutions.

2.3.1 Greater dependency on public authorities

2-55 In moving to a register-based or combined census, the NSO becomes
heavily dependent on those public authorities holding the relevant
administrative records as the prime source of information. NSOs should
recognise that, for such authorities, the production of statistics is not a core
activity to which they would normally give priority. This could cause delays in
the delivery of the relevant administrative data and metadata to the NSO
despite any legislative obligation put on them to do so in a punctual manner. For
the NSO, any failure or shortcomings in the administrative registers will affect
the quality (and particularly the timeliness) of the statistical outputs, for which
it alone must take responsibility.

2-56 Moreover, the fact that, for wholly register-based censuses, the NSO has
to rely exclusively on the information originally collected for administrative,
non-statistical, purposes inevitably imposes some restrictions with respect to
the variables that are available for analysis. This may also undermine
international comparability. However, solutions to these potential restrictions
can be sought by using information collected from pre-existing national surveys
(such as a Labour Force Survey) and weighting the results to population totals in
order to derive census variables that are missing from their registers (as is done
in the Netherlands, for example). However, in such cases NSOs should be aware
that the level of geographic detail in any subsequent analyses of such variables
will be limited by the sampling fraction of the survey.

2-57 The use of registers also imposes on the statistical agency a dependency
on the authorities responsible for the structure and maintenance of the registers
as well as on any changes in legislation and administrative policy and practices.
It should always be remembered that public sector administrative sources are
generally set up for the purposes of organising public services, collecting taxes
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or monitoring government policies. This means that they are susceptible to
political changes. If a policy changes, administrative sources may be affected in
terms of coverage, definitions, thresholds etc., or possibly even abolished
completely. Changes to the computer systems used to store and process
administrative data may also have an impact on the supply of data for statistical
purposes.

2-58 Such changes may happen suddenly with little warning, particularly at
high-risk times immediately after a change of government, a change of minister,
or a change in legislation. But even private sector sources (if they are to be used)
are not immune to this sort of changes, though in this case, change is more likely
to be driven by changing market factors.

2-59 Reliance on a particular source will always, therefore, carry a certain
degree of risk. These risks can be managed to some extent by legal or
contractual provisions. As noted at section 2.2.5, the best way in practice to
avoid (or at least minimise) such problems tends to be through regular contact
with those responsible for the administrative source, to ensure they are aware
of the statistical requirements, and to try to influence, and get early warning of,
any possible changes. ldeally, where changes to the content and/or structure of
those administrative registers being used for the census are being considered,
the NSO should be consulted in advance. Where there is a strong reliance on a
particular source, it is also worth preparing contingency plans setting out what
could be done if that source became unavailable. It is clearly better to be
proactive beforehand than have to react after the event.

2.3.2 Differences in concepts and definitions

2-60 The data held in administrative registers are not, as a general rule,
collected for statistical purposes. Consequently, registers and other
administrative data sources often adopt different concepts and definitions of
population-related variables than those that internationally apply in censuses
(such as the concept of ‘usual residence’ or ‘unemployment’ or the definition of
a ‘household’). NSOs should be aware that such differences may exist and
decide whether or not these differences are acceptable within the national
context. What may, in one country, be considered an acceptable difference
when assessing the balance between the continuity and coherence of the
resulting statistics and the reduction in field costs, may be considered
unacceptable to users elsewhere.
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2-61 One common example is related to the concept of unemployment. The

standard statistical definition of ‘unemployed’is:
“The ‘unemployed’ comprise all persons above a specified age who during
the reference period were: (a) ‘without work’, that is, were not in paid
employment or self-employment; (b) ‘currently available for work’, that
is, were available for paid employment or self-employment during the
reference period; and (c) ‘seeking work’, that is, had taken specific steps
in a specified recent period to seek paid employment or self-
employment.”?

2-62 However, definitions of ‘unemployment’ in administrative sources are
more often based on the number of people claiming unemployment benefits, or
those registered as looking for work. Some people who are out of work may not
register as unemployed if they expect to find work quickly, and in some cultures
there may be a social stigma attached to claiming unemployment benefits. On
the other hand, some people claiming unemployment benefits may not be
available for work or actively seeking work, so should not be counted as
statistically unemployed.

2-63 The first step towards solving the problem is to try to understand the
differences and quantify the impact. Some differences may have no real impact
in practice, so could be safely ignored, others may be systematic, so could be
resolved through adjustments to the data. It may be the case that appropriate
definitions and concepts can be approximated by derivations from different
sources or by editing information from newly acquired census sources. In some
cases, it might be possible for the NSO influence the administrative definition®®.

2-64 However, such solutions may not be possible and the NSO should then
weigh up the balance between the acceptability of the differences and the costs
of conducting a field enumeration for selected variables.

2.3.3 Classification systems

2-65 As is the case for particular variables, the classification systems used
within administrative sources may be Do different from those recommended for
the census. But, even if they are the same, they may be applied differently
depending on the primary purpose of the administrative source, perhaps
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focusing on specific attributes of the unit. For example, an administrative source
concerned with licensing, health and safety or environmental protection may be
more interested in those economic activities of a commercial business that are
of most concern to that source rather than the main economic activity of a
business that, generally, is required for census purposes.

2-66 In other cases, classifications in administrative sources may not be applied
at the level of detail required for statistical purposes (such as the 3-digit level of
the International Standard Classification of Occupations 2°), or the classification
may simply not be a priority variable for the administrative source at all,
resulting in quality deficiencies.

2-67 Where classification systems or versions are different, the usual solution
is to construct conversion matrices to map the codes in the administrative
classification to those in the statistical classification. Such mapping may be one
to one, many to one, one to many, or many to many. In the latter two cases,
some sort of probabilistic allocation may be required.

2-68 Where accuracy is required at the micro-data level, the conversion matrix
approach has severe limitations. Various other methods may be possible
depending on resources and data availability, but a useful first step is always to
gain a detailed understanding of how the classification data are collected and
processed by the administrative source, and the nature of the administrative
functions for which they are used (as noted at Section 2.3.4 above).

2-69 In some cases, other variables may be available within the administrative
source could be used to improve the likelihood of selecting the correct statistical
code. One such variable could be the text description from which the
administrative code was derived. If this is available, it is potentially of more use
to the statistician than the administrative code itself, because the statistician
could apply manual or automatic techniques to derive the correct statistical
code directly from the description. This method can be used in conjunction with
the conversion matrix approach, such that text descriptions are only coded in
cases where there is not a one-to-one correlation between administrative and
statistical codes, though there is a risk of potential bias if the quality of coding is
different between the administrative and statistical systems.

2-70 One approach that has been used successfully in several countries is to
develop an automatic coding tool for use in both statistical and administrative
systems. This ensures a high degree of consistency of coding, and strongly
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encourages (but does not necessarily enforce) the use of a common
classification system. In addition to the use of common coding tools, the
provision of coding expertise and training to administrative data suppliers can
help to improve coding consistency.

2-71 At the same time, it is always helpful for the statistician to stress the
advantages of using a common classification system. It also helps to give early
notice of any revisions to the classification system, and to provide as much help
as possible to administrative data suppliers during the implementation of the
resulting changes.

2.3.4 Inconsistency between registers

2-72 To compound the challenges arising from any differences in definitions
and classifications between those adopted by the NSO for census purposes and
those that are generic to particular administrative registers, there may also be
problems where there are inconsistencies between the registers themselves.
Data from one register, for example, may appear to contradict those from
another due either to different definitions or classifications (as previously
discussed), or to differences in timing, or simply to an error in one source. The
data on employment as recorded in a social security register, as one example,
may not use the same business code as the taxation and business registers, and
therefore extra processing is needed to link individuals to the company where
they are employed. As another example, the linking of business enterprises to
the building where they are based is not always straightforward since the
company address data may not necessarily be fully accurate, or they may differ
from the information in the building register.

2-73 To resolve such conflicts it is necessary to establish priority rules, by
deciding which register is most reliable for a particular variable®. Once a priority
order of sources has been determined for the variable, it should then be possible
to ensure that data from a high priority register are not overwritten by a lower
priority source. This process is made much easier if source codes are stored
alongside variables for which several sources are available. The use and storage
of date of the most recent update of a variable can also be helpful, as even when
one source is thought to be more reliable than another, data from that source
that are ten years old may regarded as being of poorer quality than data for the
most recent period from the (otherwise) less reliable source. A simpler method
- that may be appropriate in some cases - is to load data in reverse priority order,
allowing data of higher quality to automatically overwrite those of lower quality.
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2-74 Statistics Canada has developed an alternative method that encompasses
three factors:

e the reliability of the source,

e the timeliness of the source, and

e how many times the unit-level data concurs across multiple sources.
For example, good-quality data from the tax system will have a higher ‘weight’
than low-quality data from a different source. A more recent data point will have
more weight than an older one. A data point that occurs across several sources
will have more weight than one that only appears in a single source. The various
weights given to each of these factors will be to the NSO to determine, but each
one can be tested empirically by comparing administrative data with known
census data.

2-75 In many cases, there will be several variables of interest, and it is likely
that the priorities will differ from variable to variable. For example, a register of
employed persons is likely to give reasonable estimates of lawful employment,
as that variable is closely related to the core function of the source. It may not,
however, be so good for determining the economic activity of the employer, as
this may be only of secondary importance to the register holder. Thus, if multiple
registers are used to derive employment data, it would be necessary to consider
the relative quality of each variable in each source in order to derive the optimal
statistical data set.

2-76 The more data sources that are used, the more complex this comparison
process becomes, but having multiple sources often helps to validate data
quality. In some cases, certain sources may not be used directly for statistical
production, but purely for benchmarking purposes as part of a quality assurance
process. The resulting knowledge about the quality of various sources can also
be fed back (at aggregate rather than unit level, to protect statistical
confidentiality) to the source, and can provide a basis for discussions about
improving the quality of that source.

2-77 A more detailed discussion on assessing the quality of administrative data
sources is set out in Chapter 5.
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2.3.5 Timeliness and reference periods

2-78 As has been made persistently clear in this handbook, public authorities
responsible for maintaining administrative registers do not primarily hold the
data for statistical purposes, and, as a result, will have other priorities that could
cause delays in the delivery of the relevant administrative data and metadata to
the NSO. This can cause issues for the NSO regarding the timeliness of their
register-based statistics, particularly where the timeliness of the delivery of data
from different sources varies considerably.

2-79 There are three separate issues relating to timeliness that create
challenges to the use of administrative data for statistical purposes. These refer
to the fact that the administrative data:

e may not be available in time to meet data processing deadlines;

o from different sources may relate to different periods that do not coincide
with the census reference date (as the result, for example, of the time at
which the data was collected or the frequency with which it is updated;
or

e may be measured over a period, while the NSO’s requirement is usually
(at least for census purposes) for a specific point in time.

2-80 Considering the first issue, there will generally be some sort of lag
between any event happening in the real world, and it being recorded by an
administrative source before the data are made available to the national
statistical organisation. This may be compounded by a further time lag caused
by delays that might be experienced in the delivery of data by the register holder
to the NSO referred to at section 2.4.1 above.

2-81 Lags relating to births, deaths and changes to place of residence are a
major source of coverage errors. If these lags are measured, allowance can be
made for them in any census data derived from registers. However, in reviewing
the data sources and the legislation to facilitate the sharing and use of such data,
it may be relevant to see if data holders are able to adopt processes to ensure
more timely updates (for example, a legal requirement for births and deaths to
be reported within x days, so as to reduce such lag), particularly if these are
beneficial for their administrative purpose. Register holders would, however,
need to be convinced of the benefits of such more up-to-date data from both
an administrative and statistical perspective.
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2-82 By analysing lags in this way, it is possible to produce summary statistics
to estimate their impact. For example, it may be determined that two-thirds of
births are registered within 40 days of their occurrence or that the median delay
between occurrence and registration is 25 days. This sort of analysis is clearly
important to help the NSO understand the nature and impact of the lags in the
sources used to compile the census data. It also gives information that can be
used to inform adjustments to improve the quality of the statistical outputs.

2-83 A further problem that NSOs encounter when moving towards a
combined or register-based census is that different sources of administrative
data often have varying reference dates. Sometimes a source gives the option
of distinguishing clearly between reference dates and dates of events, but this
good practice does not always apply. If these problems cannot be resolved
sufficiently well, the risk is that not all sources will be harmonised to the same
reference date and the key features of simultaneity will be lost (see section 2.5.2
below for a further discussion).

2-84 Then the question ‘What is an acceptable difference in reference dates?’
arises. However, the answer to this is dependent on the variable concerned.
Some key variables (such as sex, date of birth and address) are relatively stable
over time such that a small difference in reference date is normally not a
problem. But large differences in reference dates are always unwanted.
However, it should perhaps be remembered that even in a traditional census,
not all information may in practice refer to the single reference date of the
census. If responses are received weeks after census day, recall effects may play
a role and respondents may not always give answers specific to the census
reference date.

2-85 The third issue concerns the difference between data referring to a
specific point of time and data relating to an extended period. For example,
there will usually be a census requirement for employment data to refer to a
specific reference date or a short reference period immediately prior to census
day (usually a week), whereas administrative data may only provide monthly or
annual averages.

2-86 As in previous examples, the first step is to analyse the impact of the
difference, and determine whether or not it is significant enough to require
further action. One possible solution is a model-based mathematical adjustment
— for example if the census reference date is near the start of the month, then a
model that takes into account the average figure for the previous period may be
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appropriate. An alternative approach may be to use the results of a relatively
small survey to adjust the administrative data.

2.3.6 Lack of a unified identification system

2-87 All statistical units in a register-based census should be linked to one
another by means of identification systems: there should be the capacity to link
persons to household-dwelling units and to the dwellings and buildings in which
they live, and for employed persons to be linked to their employers. Employers
and buildings also need to be linked in order to determine workplace.

2-88 As has already been noted (at sections 2.2.7 and 2.3.6), one major factor
that facilitates the linkage of disparate administrative data records is the
application of unified identification systems across different sources. The data
linkage must occur at the individual level. While it is theoretically possible to link
records on the basis of name and other unique details of the individuals (such
as date of birth, sex and address), the existence of a unique identification
number for each individual, household and dwelling allows a much more
effective and reliable linkage of records from different registers. Indeed, in the
absence of such a unified system and an established central population register
it is extremely difficult and laborious, if not impossible in some countries, to link
data from different registers which is a pre-requisite for register-based statistical
production. Similarly, all units should be geographically located by using local
area codes or map coordinates.

2-89 There are, however, alternative approaches to linking data sources that
can be adopted where unique ID number do not exist. These are discussed in
Chapter 4.

2.3.7 Missing data and the under-coverage of some populations

2-90 The problem of missing data is not unigque to administrative sources. It
can also be due to full or partial non-response to statistical surveys, or even to
the removal of data values during the editing process®. However, with
administrative sources, the issues can sometimes be different, particularly as
the problem of missing data can often be more systematic.
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2-91 The main reasons for this are that a particular variable may not be
collected for the entire target population but only be collected for certain
categories of units for which there is a specific administrative requirement, or
may not be collected at all by the administrative source. The variable may also
simply be a low priority for administrative purposes, so the owners of that
source do not see missing data as a problem. Moreover, even for those countries
that use sample surveys to collect data on information not available in
administrative sources, it is sometimes difficult, or even impossible, to produce
accurate outputs for small areas or specific sub-groups of the population
because of the size of the sample population.

2-92 Some of the standard solutions for dealing with non-response in statistical
surveys can also be used to solve the problem of missing data in administrative
sources. Various imputation methods, such as deductive, ‘hot-deck’ or ‘cold-
deck’ imputation are often suitable where the problem only affects some of the
units. In cases where most, or all, of the units are affected, a modelling approach
may be more appropriate. (Data quality issues are discussed in more detail in
Chapter 5.)

2.3.8 Maintaining IT infrastructure

2-93 In countries that conduct censuses with long time intervals between
them, it may be difficult to retain staff at the NSO with the necessary experience
and expertise to keep the knowledge and IT infrastructure up-to-date during the
inter-censal period. However, when yearly census updates are introduced
(made possible with the use of regularly updated registers) this difficulty is
minimised.

2-94 |t is generally recognised that the numbers of IT staff (and, indeed, other
staff) required to manage a register-based census on a day-to-day basis can be
significantly fewer than for a traditional census. However, in reducing the staff
numbers required to a minimum, the NSO may lose much long-acquired
experience in, and knowledge of, the census that will need to be replaced
through appropriate training - as noted at paragraph 2-35 above. Remember,
however, that wherever a significant element of a traditional field operation is
retained (in a combined census approach) the level of previously acquired IT
skills and experience necessary for data collection and processing will need to
be retained.
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2.3.9 Privacy and security concerns

2-95 As noted briefly at section 2.2.4 the existence of more and more
administrative registers in society may trigger discussions on privacy issues. If
the public attitude should become negative, politicians may become reluctant
to establish new registers or upgrade existing ones. It is extremely important,
therefore, that the general public appreciates and understands the benefits of
using register sources for statistical purposes. It is vital that the national register
legislation is up-to-date and that the work of the register authorities is open and
transparent.

2-96 Although there is often a general unease amongst the public about data
sharing, there are also contradictory pressures to improve the efficiency of
government, particularly if this results in lower taxes or more funding for key
services such as health or education in voter-popular areas, or in improved
public services because of the administrative system, such as extended use of
the PIN. Political slogans such as ‘joined-up government’ are often appealing to
the public, and can help to counter fears of loss of privacy. Thus, the extent to
which improvements to public image can be seen as an advantage of using
administrative sources depends heavily on how that use is presented to and
perceived by the public. As Wallgren and Wallgren have noted??, if the NSO has
a good reputation for trustworthiness (through demonstrating intent and
competence), it will be easier to gain public acceptance of the use of
administrative data for statistical production. However, one indiscretion in the
protection of its integrity can easily destroy any such reputation.

2-97 People can perhaps be educated to appreciate that administrative
authorities are already collecting, as a matter of course, the same data that the
NSO could use for statistical purposes — for example: the tax authorities hold
information on everybody’s employers and earned income; work and
employment authorities hold information on all the working hours of
employees; labour market authorities hold information on length of
unemployment; and pension institutes hold information on old age and other
pensioners. In this situation it is possible to encourage the public to accept the
argument that using such administrative data for statistical purposes has the
benefits of cost efficiency, reduced public burden, and improved data security
(because of the reduction in the number of persons handling the data, both
within the NSO and externally, and that all such data are now in an electronic
format).

62



2-98 However, it is important that the statistical agency always remains on its
guard in this respect. It is very easy to lose the confidence of the general public,
but it is a major effort to regain it. NSOs should therefore be prepared to
respond to specific concerns about privacy, confidentiality and security issues in
conducting a register-based or combined census. Where a combined census is
being contemplated a discussion can be expected about which variables are to
be included on the census questionnaires and which variables are to be derived
from administrative data sources.

2-99 Clear and well publicised protocols in the use of administrative registers
for statistical purposes are vital for this support. Strong frameworks and clear
provisions for protecting confidentiality and assuring privacy of individuals
should be reinforced by robust practices and infrastructure. This should include
very explicit provision on access, as well as clear oversight, redress and
correction processes if things go wrong®®,

2.3.10 Resistance to change

2-100 One of the main barriers to the more effective use of administrative
sources in official statistics and the census in particular, and perhaps one of the
least recognised, can come from within the NSO itself. Statisticians brought up
on traditional data collection methods may resist the use of administrative
sources because they do not trust data that they have not collected themselves.
They often focus on the negative quality aspects of administrative data, and they
have an over-optimistic view of the quality of data collected in the field®>. They
may also fear the threat of their own redundancy.

2-101 The solution to such resistance is better education of statisticians
regarding the possibilities offered by administrative sources, encouraging them
to take a wider view of all the dimensions of quality, and to focus on the impact
on data suppliers and users. In this context it is important to determine the real
relative quality of traditionally collected and administrative data. For example,
it is often assumed that data from administrative sources do not meet the
requirements of statistical definitions, whereas those from specifically design
censuses do. Indeed, sections 2.4.2 and 2.4.3 suggest that this is often the case.
However, there may not be any real difference in practice, particularly if
respondents to self-completion census questionnaires do not read the often-
lengthy notes about how a particular variable should be defined for census
purposes.
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2-102 A further way to help break down the barriers of internal resistance is to
show that cost savings from using administrative data do not necessarily mean
staff reductions. The resources saved can, at least partly, be used to improve
quality or increase the range or frequency of outputs.

2.3.11 Diminishing interest

2-103 In countries where censuses are carried out using questionnaires, not only
the users but the general public itself will be interested in knowing the results.
However, in register-based census countries, where people no longer complete
census forms, there is often a decline in public interest in (or even awareness of)
the census and its results. As a consequence, national interest in, and perceived
importance of, the census is greatly reduced.

2-104 Users will still have an interest in the statistical outputs, though evidence
from register-based census countries suggests that their interest in the choice
of original sources and the methodology used to produce the census data
diminishes over time. This is also due to the fact that in those countries other
outputs are often available earlier than the official census results. Such
diminishing interest is seen by some as a harbinger of the end of the census as
the principle source of socio-demographic information in the long term. But, of
course, some NSOs may very well welcome this change of emphasis.

2.4 Impact on the essential features of the census

2-105 In moving towards a register-based (or combined) census methodology,
NSOs will want to assess the impact that reliance on administrative data sources
will have on the essential features of the census discussed at section 1.4.3.

2.4.1 Individual enumeration

2-106 The principle of individual enumeration is a fundamental feature for any
population and housing census of population. Traditionally, this has been
ensured by providing questionnaires that ask questions of each individual within
a household. In the case of register-based or combined censuses a different
approach is adopted for which it is important that each census unit (that is, the
individual person, household, or dwelling) has a special, uniquely identified

record in the registers used. Typically, therefore, while a traditional census tries
64



to deal with under-coverage by finding ways to increase the level of
enumeration of all units in a population, a register-based census has the
challenge of linking and reducing the many records associated with a single unit
to avoid duplication.

2-107 If a single identifier for a particular unit does not exist across a range of
registers, it is necessary to create a new statistical identifier (based on a group
of identifying variables) to link the variables held in the respective registers, and
to carefully check its quality (for errors and uniqueness).

2-108 Sometimes it is necessary to derive census variables by combining
information from several administrative registers using special algorithms. This
is possible (but as noted above, not only possible) if the units in all these
registers are uniquely identified by the same identifier. In this case the variable
created in such a way should be uniquely identified as well and saved in a
statistical register.

2-109 Subiject to this ability to link data and the caveats noted in this Chapter,
the feature of individual enumeration is satisfied in the register-based census
approach as separate information is collected regarding the characteristics of
each enumeration unit.

2.4.2 Simultaneity

2-110 Traditionally, to ensure simultaneity, the enumeration is carried out over
a very short time frame, ideally during one day only, but generally this is not
practicable. Though most modern-day enumerations are usually conducted over
a two-or three-week period (though some non-response follow-up activities
may take a little longer), all the data collected should refer to the same specified
reference period. This essential feature should be respected also in the case of
a register-based or combined census. However, the concept of simultaneity may
require careful consideration, since even if data are extracted from the various
registers at the same time, register update cycles vary and the data may not
always relate to the same reference date.

2-111 If the administrative registers in use are regularly updated, then it is
necessary to fix the census period and to take the data from all registers with
reference to this period. Sometimes the registers are updated regularly at some
specific date such as the beginning of a year, and then it is possible to use this
date as the census period, and the simultaneity of the census is guaranteed. In

65



the case of a combined census, it is important that the census reference period
to which the questionnaires refer and the reference period of the information
taken from the registers are the same or as close to each other as possible.

2-112 When several administrative registers are used in the census, it is
important that all data taken from them have the same reference period (but
not necessarily so if the register’'s metadata allows the NSO to determine the
state of the unit or attribute on the requisite reference date). Usually, census
variables that are derived via special algorithms take some time to calculate;
hence those census variables are only ready for publishing sometime after the
census period.

2-113 For some specific variables in combined or register-based censuses,
different reference periods may be defined for the particular administrative
purpose of the register. For example, there may be some seasonality or annual
cycles to demographic and employment trends.

2-114 For some administrative registers, it may not be possible to have census
day as a reference day. For example, education registers often have relevant
education data (referenced to a day early in the academic year) that may differ
from a chosen Census Day. In such cases, the NSO may wish to take education
data with a reference day as close as possible to Census Day as a compromise.

2.4.3 Universality

2-115 To ensure the universality of the traditional census the questionnaires
used in the enumeration process are the same for all households and individual
persons.

2-116 If the administrative registers used in the census are common for the
whole country and all population groups, or if the enumeration is taken from a
population register in which the fields for attributes are populated from
subsidiary registers relating to specific topics, the criterion of universality may
be regarded as being met. However, if there are different administrative data
sources in different areas or for different population groups (such as separate
population registers for citizens and non-citizens, or for an urban population
register and a rural population register, or if different registers are maintained
in different cities), then it is necessary to analyse the possible discrepancies
between the different administrative sources and find a way to define common
census variables using these different administrative sources. In this case
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plausible results can be derived from these newly defined variables (via an
appropriate algorithm in a statistical register).

2.4.4 Defined periodicity

2-117 Periodicity is clearly satisfied, since through a register-based approach
extraction of the data and hence publication of the statistical results can be at
any desired frequencies, including the traditional five- or ten-year cycle. Indeed,
a key advantage of a register-based census is the opportunity to conduct the
census (and hence release the results) more often than the traditional decennial
cycle, as register data are permanently available and more regularly updated.
Then the periodicity between censuses can be ten, five, two or even single years
— or (in principle) months. In Norway, for example, population statistics are
published four times a year.

2-118 It is also possible to produce some census updates with a reduced list of
variables (but long enough to meet users’ requirements), which could save
resources. From this it follows that in countries where a regular decennial census
will be continued (when using a combined methodology for example), a
shortened list of variables derived from administrative data sources can be
updated more often.

2.4.5 Small area data

2-119 Providing detailed information for small geographic areas and small
population sub-groups (generically referred to here as ‘small area data’) is a key
objective for a census of any kind, as there is generally no other single source of
comparable data available to the NSO. The demand for geo-referenced data on
populations, buildings and dwellings has increased significantly in recent years
to the extent that has resulted in the introduction in the UNECE’s
recommendations for the 2020 round of censuses of a new ‘population grid’
non-core topic>.

2-120 In the context of register-based or combined censuses, small area census
data can be derived from administrative data providing the coverage is high,
preferably covering the whole population. If there are some small areas that are
poorly covered, resulting in the administrative data lacking some information
(and thus showing poor universality), it will be necessary to seek to improve the
administrative dataset before it can be used as a source for the census. Such
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poor coverage is likely to be a problem for the every-day usage of the
administrative data, and so it should be improved anyway. Improving the
statistical register can sometimes be done by adding information from another
source, providing that linkage through common IDs is possible.

2-121 Sometimes there might be special administrative data for some small
hard-to-enumerate sub-population groups (such as refugees, nomads or the
homeless). In that case it will be necessary to combine these different
administrative sources. If the result is satisfactory, this combination is useable.

2-122 In the case of a combined census, it is also possible to supplement the lack
of information in administrative sources with a survey that, if necessary, may
use different data collection methodologies, such as doorstep or telephone
interviews, or self-completion with paper or online questionnaires, to suit
different areas. However, in this case where a sample survey is used rather than
a full-field enumeration, problems can still arise with the coverage of small area
data. In such circumstances, users’ needs regarding the required level of detail
of the census outputs should be taken into account before any decision is made
on the sample size of the census survey.
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3 Types of administrative registers and other data sources
3.1 Introduction

3-1 Integrating data from various sources in a population and housing census
is becoming the increasingly adopted approach among NSOs worldwide. In
countries with administrative registers that use unique identifiers for unit
records, it is important to distinguish between the base registers and
supplementary registers (which are sometimes referred to as specialised or
subject-matter registers).

3-2 Base registers are those that hold the basic information relating to the
stock of the entire set of ‘population’ units that are being counted in the census
— typically persons, dwellings and buildings. Each unit is usually identified by a
unique number such as a PIN, real property number or a dwelling number. The
specialised registers hold the record for each unit, often identified by the same
unique number as in the base register, with information necessary for the
specific administrative function of the data holders, and from which one or more
of the characteristic variables that may be required for the census (such as
educational attainment, occupation, disability or income) can be derived. Such
specialised registers may not necessarily cover the whole of a census’s target
population.

3-3 This chapter focuses on the content, structure and requirements of the
base registers and use of the other specialised registers for the purpose of
deriving census attributes. It concludes with a summary of the design of
personal identification numbers used in the linkage of information contained in
such registers.

3-4 However, it should be noted that for the purposes of the census it may be
necessary to integrate data not only from other administrative registers but also
(as in the case of a combined census methodology) from other data sources,
such as a field enumeration, on-going sample surveys (such as a labour force
survey), ad hoc surveys or a longitudinal study of a census-based sample. The
integrated dataset from such sources assumes the form of a statistical dataset
by which is meant a database that can be used in the further process of
compiling and maintaining data for the purposes of a census (or for any other
statistical purposes).
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3.2 The base registers

3-5 When transferring from a traditional census to a combined or register-
based census methodology, the establishment of base registers, in particular a
population register and building/dwelling registers, is of fundamental
importance.

3-6 As noted above base registers are those that hold the basic information
relating to the stock of the entire set of ‘population’ units that are being counted
in the census — typically persons, dwellings and buildings. Base registers are
created and then linked at the unit record level to the information taken from
specialised registers from which one or more of the characteristics that may be
required for the census can be derived in order to create the requisite census
attribute variables of the population and dwellings from which the census
statistics are then produced.

3-7 This section of the handbook discusses the base registers that are most
commonly used for the purpose of the census, namely:

e Population register — records all residents in the country, together with their
basic demographic information, and updates for births, deaths, changes of
marital status, international migration (both into and out of the country), and
internal migration (by recording changes of address within the country).

e Building and/or dwelling register - usually held by land and property
valuation agencies or by local or municipal authorities responsible for the
development of housing policies and urban planning. They can provide
information on the location of all places where people might live (by
distinguishing between wholly residential, partially residential and non-
residential buildings) as well as some of the core census housing topics such
as ownership, type of housing (for example whether a detached house,
terrace house, or apartment), whether or not the housing is rented, living
area, number of rooms, condition concerning availability of electricity,
bathroom, kitchen, and toilet, and year of construction. With respect to a
register-based population census such registers are of fundamental
importance in the harmonisation with the population register, in that every
person that is allocated a dwelling number can be associated with a particular
housing unit, and (in some cases) a distinct household.
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e FEstablishment (or business) register - usually contains information about
business establishments (including their industry, institutional sector, size of
workforce, and location), used in census tables.

e Address register — records all addresses, by location, and identifies whether
the address is used for accommodation, commercial (business) or office
purposes. The address register may also include links to the building (such as
an apartment building) and/or the dwelling.

3-8 Without these base registers, it is very difficult to conduct a fully register-
based census. However, even without a population register, it may still be
possible to conduct a combined census, using data from other registers and
information collected in a field enumeration, as some of the examples in
Chapter 4 will show.

3-9  While the final composition of these base registers, and their creation
methods, will be country specific, there are some key pre-requisite
requirements for their use for the purposes of the census:

e Full coverage. It is critical that the base registers meet coverage
requirements. Examples of common coverage issues that would need to be
resolved are the inclusion of people who are national citizens living in
another country, and the exclusion of (a) people who usually live in the
country but who have not yet established their residency status, and (b)
children and young people. Similarly, where it is planned to create the base
register from multiple sources, there must be a method for identifying and
resolving duplicates or major gaps in coverage. Measures in assessing
coverage are discussed in Chapter 5.

e Appropriate updating methods. All base registers must accurately represent
the situation at the census reference date, and not only at the date of
registration. This can be a challenge for register sources which are not
updated on a continuous basis, or where the updated reference date is not
the same as the census reference date. For example, education registers are
usually only updated at the start or end of the academic year. Where an NSO
plans to use a previous census as the base for the statistical register, then it
is necessary to determine how the register will be updated for all subsequent
events.
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e Metadata. As noted at paragraph 2-37 in order for the NSO to properly
understand the data, it is critical to have metadata that describes the sources
and relevant variables.

3.2.1 Population registers

3.2.1.1 The concept of a population register

3-10 The term ‘population register’ was originally defined by the UN as “an
individualized data system, that is, a mechanism of continuous recording, and of
coordinated linkage, of selected information about each member of the resident
population of a country in such a way to provide the possibility of determining
up-to-date information concerning the size and characteristics of that
population at selected time intervals”?'. However, such a definition is not
necessarily universally adopted. For example, the Organisation for Economic Co-
operation and Development describe population registers as: "Accounts of
residents within a country. They are typically maintained via the legal
requirement that both nationals and foreigners residing in the country must
register with the local authorities. Aggregation of these local accounts results in
a record of the population and population movement at the national level”?°,
while the World Bank prefers the definition: ”A database of every individual that
has the right to reside in the country, including citizens and non-citizens, children,
and adults. Population registers typically contain demographic data and life-
event information that is the basis of or exchanged with other identification
systems and databases such as national ID systems, civil registers, and others”%.
A further variant is defined by the Organisation for Security and Cooperation in
Europe as: “the system provided for in a consistent legal framework setting out
terms and conditions to continuously register eligible persons within a specific
area of a public authority with the purpose of establishing their identity, civil
status (including vital life events) and place of residence, and to provide them
with proof thereof on the basis of documental evidence.”

3-11 Put more succinctly, and for the purposes of this handbook, a population
register is taken to mean an administrative register primarily used in an
administrative information system by public agencies for their own specific
purposes such as establishing personal identification, voting, education and
military service, social insurance and welfare, and for police and court reference.
Register information is also utilized for issuing documents needed for the
admission of children to nurseries, kindergartens and schools, and the
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assignment of residents to health clinics. Such a register provides a frame (or
list) of the resident population (however defined) in a given country or area.
Additionally, it usually provides some demographic characteristics of individuals
such as date of birth and sex (see paragraph 3-16 below).

3-12 It should be noted that the concept of the term ‘resident population’
referred to in the previous paragraph varies from one country to another,
depending on the purported use of the population register. The register
normally includes citizens and non-citizens who are legal residents of the
country, and may in some cases include citizens living abroad (though such
persons will not be considered as residents for the purpose of the census).
Individuals residing temporarily in a country are, however, not included among
the ‘resident population’. For people to qualify for inclusion, a minimum period
of stay within the country is commonly specified.

3-13 Thus, a population register is the product of a continuous process, in
which notifications of certain events, which may have been recorded originally
in different administrative systems, are regularly recorded in the register. The
method and sources of updating should cover all changes so that the
characteristics of individuals in the register remain current. Because of the
nature of a population register, its organization, as well as its operation, should
have a legal basis.

3.2.1.2 Purpose and content of a population register

3-14 In their administrative form, population registers are usually held by
national or local government departments or authorities for use particularly in
programme planning, budgeting, civil registration, and taxation. They provide a
systematic list of persons - usually residents of the country, but in some cases
only national citizens (see sub-section 3.2.1.3 below). They are typically
maintained to fulfil any legal and administrative requirements that both national
citizens and foreigners residing in the country should register with local and
national authorities. It is important, therefore, that such registers are
continuously updated. Where local authorities administer the population
register, then an aggregation of the local registers results in a record of the
population at the national level (assuming that such registers are harmonised to
avoid any duplication of unit records).

3-15 Such registers are also useful in other administrative areas, such as:

73



e establishing personal identification;

e the administration of pensions, health, educational and other services;

e establishing ownership of a residence or the right to work; and/or

e creating lists of electors for the purpose of the management of voting at
elections or in a referendum.

3-16 The basic individual characteristics that may be included in a population
register are determined by the particular political and/or administrative use to
which the register is put. The most commonly used variables are:

® name,

® sex,

e date and place (or country) of birth,

e marital status,

e personal identification number,

e citizenship, and

e address of usual residence and date of arrival at, or departure from, that
address.

3-17 The registers in some countries may also include details of any spouse,
any children and in many cases the names (or IDs) of parents if these are
required for the purposes of identification. The Nordic countries, for example,
include the PINs of the parents as these are important for many administrative
functions. They are also useful for making family statistics and for scientific
research — for example on hereditary diseases.

3-18 Other countries, however, may prefer to include as little information as
possible in the population register in order to avoid recording characteristics
that are liable to change, thereby reducing the amount of effort required to keep
the register up-to-date. In such cases there would need to be a much greater
reliance on, and linkage to, specialised registers to provide the requisite census
characteristics.

3.2.1.3 A centralised population register

3-19 A centralized population register can be a network of local registers that
are linked in a coordinated way. Although the national population register may
be a virtual entity based on the linkage of population registers established at the
local level (decentralized system), the overall geographical coverage must be of
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the entire territory of the country. If this condition is not met, the national
population register will not be an appropriate system for the production of
statistical data for the country.

3-20 Likewise for the territory, the entire population must be included in the
population register(s), either central or local. On the other hand, a population
register may induce over-coverage errors if data are not properly filtered during
the data compilation process. For instance, a decentralized system based on
local registers may incur a higher risk of duplication of records of individuals
when aggregating data to the national level.

3-21 The historical development of a central population register in different
countries has depended heavily on national circumstances. In many countries
the creation of such registers was to satisfy the several requirements and
administrative responsibilities of local and national authorities.

3-22 The initial step towards the establishment of a population register is to
build a stock of the existing resident population. There are two ways of doing
this: (a) by using existing databases to consolidate a list of residents; or (b)
registering eligible residents through a one-time mass registration. Some
countries (Norway is a case in point) created a purpose-built population register
from the information collected in its previous population census, including all
persons that had been enumerated. However, the use - for any administrative
purposes - of a register created in such a way would require particular national
legislation and would, it should be noted, now be contrary to current
internationally accepted good statistical practice. Indeed, it especially important
for the NSO to maintain a high level of data protection and to ensure that the
information collected for the purposes of the census in particular cannot (and
will not) be used by the NSO for anything other than statistical analysis.

3-23 However created, when centralised, a population register is now used in
many countries as a base register for statistical purposes and provides a key
component of any register-based statistical system. It can provide the basis for
determining the demographic profile of the population at any point in time as
well as measuring the components of population change — births, deaths and
migration (both internal and international) - in order to produce national and
local population estimates and projections. To fulfil these functions, and
especially for using the register as the base for a census, it is necessary for the
NSO to ensure that the register is regularly updated (see section 3.2.1.5 below).
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3-24 Adiscussion on the creation of a statistical population register within the
NSO is given in Chapter 4. However, it can be noted here that any statistics on
population and vital events derived for the population register for the purposes
of the census should refer to the usually resident population. While for
administrative purposes it may be legitimate to include in the register persons
who are not usual residents of the country (such as citizens living abroad and
temporary residents), for census purposes care should be taken to identify the
correct target population, especially if the statistics are to be used for
international comparisons.

3.2.1.4 Who is to be included in a population register: the problem of
establishing the place of usual residence

3-25 As noted above, a population register will usually be required to include
all national citizens and other residents who live in the country (or in specified
local area). Ideally, coverage should be comprehensive but, inevitably, there will
be a degree of under-coverage arising from omissions due, in the main, to the
difficulty in recording international migrants (especially undocumented
immigrants), nomadic people and the homeless, and of over-coverage arising
from duplications where, for example, the same individuals are not uniquely
identified in different registers, particularly where they have more than one
residence.

3-26 For each person in the register a specific place of residence must be
recorded — but the criteria for determining place of residence and the level of
geographic detail (for administrative purposes) will vary from country to
country. Even determining whether or not a person qualifies as a resident in the
country may be problematic.

3-27 Within Europe, for example, countries adopt different concepts for
defining the resident population for the purpose of the census, reflecting the
administrative use to which the information is put. Some use the current
internationally accepted statistical concept of usual residence based on an
established period of actual stay or intended stay, usually 12 months
(sometimes referred to as the de jure population) while others adopt the
concept of legal residence where the legal population is defined as those
persons who are entitled to be settled in the same country at the census
reference time. Those countries where registers are used for the census may,
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instead, choose to adopt a registered residence concept in which the population
base comprises those persons who are listed in one or more registers as living
in the country at the time of the census whether or not they are actually in the
country.

3-28 Citizens who are living abroad will include some persons who should be
treated as only temporarily absent if their stay away from home is shorter than
the defined period that would qualify them as an emigrant. Such persons (such
as students who travel overseas for further education or people who work
overseas for less than the minimum duration required to be a resident) should
continue to be included in the register. But those who have left the country with
the intention of staying away for a longer period should, in principle, be removed
from the register (and thus not recorded in the census). However, in practice
this often does not happen since there may be few incentives for emigrants to
report their intentions to the relevant administrative authority. In addition,
many emigrants may still retain active links to their home country (through, for
example, home ownership, tax obligations or family commitments) that
discourage them from considering themselves as being usually resident abroad).
Moreover, in some countries, residents are never deleted from the register at
all, even if they emigrate or die — only their status is changed. This means that a
returning emigrant will continue to be included in the register with no need to
allocate a new ID.

3-29 Conversely, foreign citizens living in the country (and any national citizens
returning from abroad) should be included in the register if their length of stay
(or intended length of stay) exceeds the qualification period for residency, but
excluded otherwise. In most cases the coverage of foreign nationals in the
population register is comprehensive since it is generally to their advantage that
their residency in the country is officially established in order, for example, that
they can obtain work permits or entitlement to benefits and access to health,
education and other services. However, it should be noted that the recognition
of the presence of refugees, stateless persons and undocumented migrants —
even if permanent — presents particular problems for many countries.
Moreover, as in the case with national citizens who emigrate, there is the
possibility that some registered foreign citizens who subsequently return to
their home country without informing the administrative authorities, will be
erroneously retained in the register.

3-30 Clearly then, the NSO needs to fully understand the rules and practices
that apply in the creation of the population register, and to determine the extent
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to which additional work will be needed to ensure that they meet the statistical
requirements.

3.2.1.5 Population registers and civil registration and vital statistics systems

3-31 The foundation of a population register is based upon a civil register that
maintains records of vital events such as live births, deaths, marriages, and
divorces, and which can be used to derive statistics on demographic flows. While
a civil register on its own is not a population register, it provides a fundamental
element of a functioning population register in that, as a minimum requirement,
all births and deaths should be registered. If vital events are not registered and
the records are not reflected in the population register, then the ability to
update the register in order to generate census statistics is limited*®.

3-32 Consequently, while the primary purpose of a population register must be
administrative, it is also a potentially excellent source of data for generating vital
statistics and key demographic indicators. Furthermore, some population
registers need to increase coverage and data quality in order to be a suitable
data source. Generally, where population registers are founded on well-
functioning civil registration systems, it becomes possible to expand the
accuracy, reliability, granularity and scope of the statistics which can be derived
from them.

3-33 A significant advantage of using population registers to compute vital
statistics is the possibility of directly calculating specific demographic rates with
potentially no numerator-denominator bias. For instance, it could be possible to
compute age-specific fertility rates, parity progression ratios, or life expectancy
by marital status.

3-34 This requires full matching between civil registration and population
register data, with the civil registration data serving as a fundamental data
source for the population register. Additions to the register through births and
immigrants and removals through deaths and emigrants are thus fundamental
movements that need to be recorded; completeness of the register is key to the
production of good quality vital and demographic statistics. Moreover, the same
level of detail of information should be contained in both sources, meaning that
the certificate of the event (birth, etc.) must contain the same classification of
information as that available in the population register. In general, the use of
the population register provides a broader opportunity to correctly identify the
population segment at risk of an event. The timeliness of the updating of the
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population register and the accuracy of the information recorded therein are
therefore factors critical to the quality of the statistics to be computed3!.

3.2.1.6 The role of population registers in measuring migration

3-35 In addition to recording the stock of population in any country, one of the
major purposes of a population census is to provide statistics that give an insight
into the size and distribution of the population and its changes. Moreover, an
important feature of a census is that it can (and indeed must) provide statistics
for small areas and regions.

3-36 Though not considered a vital event (as described in section 3.2.1.5
above), migration is also a critical data element in a population register whose
inclusion enables the size of population to be accurately derived at any given
point in time and for given geographical units. If the census is going to be based
on registers (either wholly or partially), the major data source will be a
population register that can provide reliable and continuous data on where
people live at any point in time, preferably the address or dwelling number, or
at least the locality, such as village or municipality. As noted at section 3.2.1.5
above this source would have to be kept up to date with data on births and
deaths from the country’s civil registration system (CRS). However, the third
component of population change — migration (which in some countries may be
as significant an element in population growth as births and deaths) - is usually
not recorded by the CRS.

3-37 Migrations are generally more complicated to define and record than
births and deaths. Most births and deaths occur in health institutions -
depending on the local situation - and professional personnel are usually
involved in the issuance of notifications or certificates of these events. Changes
of address, on the other hand, often have to be registered by the migrants
themselves, and thus involve subjective judgments and actions. Unfortunately,
there are fewer incentives for registering migrations - in particular emigrations
- than for births and deaths. There may even be incentives for not registering a
migration under particular circumstances (as noted above) - often driven by the
fear of losing social and financial advantages that are associated by being
registered in a country or a region within a country.

3-38 Another complication is that the duration of stay of any move determines
whether the change of residence may be classified as a migration or not. In
principle, it is the duration of stay (that includes the duration of intended stay)
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of the move that is significant in this respect. According to a recently revised
conceptual framework®® an international migrant is defined as a person who has
changed his or her country of residence (as defined by the UN Principles and
Recommendations for Population and Housing Censuses®) and has established a
new residence in the country within a given year. For internal migrations the
definition is also based on a change of place of usual residence using the same
criteria as recommended by the UN. It should be noted that for both
international and internal migration, countries may use different criteria
depending on their national legislation and practice.

3-39 The most important source of information on internal migration is self-
reported change of address. This is done in many countries, including Norway,
Bahrain, Kyrgyzstan, Turkey and the Republic of Korea. Moves are usually
reported to the same population registry that registers the vital events of births,
deaths and marriages. This may be a legal requirement, but there may also be
incentives for doing this in order, for example, to be employed, or to access
social services such as health and schooling, or to receive utilities such as water,
gas and electricity. Migration numbers can be estimated from such notifications
according to the definition of usual residence and the desired category of
internal migration - between regions, counties, municipalities. Migration within
the same administrative area may also be estimated if the information on
address is sufficiently specific.

3-40 Possible sources of migration data include:

e immigration departments or agencies, including offices issuing visa and
residence permits;

e passport control authorities at border posts at airports, seaports and
elsewhere (see also section 3.4.6 below);

e cooperation between countries in exchanging information on
immigrations and emigrations - examples of this is the cooperation
between the five Nordic countries and between the three Baltic states.

e tax agencies, particularly for internal moves; and

e individual reporting of internal or external moves.

3-41 Inprinciple, it is possible to estimate annual migration flows by comparing
the addresses of everybody in the population register at the beginning and end
of the year. However, it would usually be easier to use the notifications or
records that are used to update the address data in the register as described
above.
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3.2.1.7 The role of population registers in identity management

3-42 Legal identity is acknowledged to be catalytic for achieving at least ten of
the Sustainable Development Goals (SDGs). Data generated from civil
registration and population registers support the measurement of over 60 SDG
indicators. As civil registration establishes the existence of a person under the
law, it has traditionally been the fundamental means of granting legal identity.
Such identity has a critical role to ensure the global community upholds its
promise of leaving no one behind as espoused in the 2030 Agenda and should
be inclusive of all people from birth to death??.

3-43 While there is no internationally agreed definition of legal identity
management, the term refers to the issuance of a proof or legal identity to each
individual and the maintenance of systems for managing information and
documents associated with such identity. It also comprises verification,
registration, management, and conservation of personal data of citizens (as well
as non-citizens) within the state territory with the goal of establishing a unique
legal identity credentials.

3-44 The United Nations Legal Identity Agenda, launched in May 2019, consists
of a holistic approach to civil registration, vital statistics and identity
management and represents a model that can used by all member States. The
population register is a major component in that model (where it exists) and
there should be full interoperability between these functions in a simultaneous
manner, according to international standards and recommendations and in
compliance with human rights of all people concerned, including the right to
privacy. The essential premise is that the civil registration system is uniquely
positioned to provide legal identity data to be entered into the population
registers including additional layers of identity data as a consequence of
registration of vital life events through lifetime.

3-45 The UN recommends that all Member States should adopt and implement
this agenda as a systematic and perpetual mechanism for ensuring legal identity
for all*2. The graph below represents the model of a holistic approach to civil
registration, vital statistics and identity management.

3-46 Once established, legal identity information in the personal record in the
register is subject of continuous updating of the facts of births, deaths,
adoptions, legitimations, marriage, divorce, annulments and judicial
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separations, change of name or sex, and change of residence. An efficient
connection with the civil registration authority is therefore a fundamental
element for the proper functioning of the population register.
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3.2.1.8 Updating and ensuring the quality of a population register

3-47 Once the stock of all currently living residents is established, it is
continuously (in some cases in real time) updated, using a flow of information
on vital events registered in the civil registration system, as well as records of
migrations into or out of the country. A resident is entered in a population
register when her/his birth or in-migration is registered, and is retired from the
register (that is, marked as dead or moved out of the country) when his/her
death or out-migration is registered (as illustrated in the Figure below). Note
that no record should be entirely deleted from the population register; records
of the deceased and out-migrants should, however, be appropriately marked?’.
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3-48 In addition to the information from the civil registration of births and
deaths of residents, characteristics of these events, such as sex, date and place
of occurrence, are also recorded in the civil registration and vital statistics (CRVS)
system and transferred to the population register. New entrants, other than
new-borns, such as those left out during the establishment of the register and
new in-migrants, are registered in the population register, based on the
submission of documents as specified in the relevant law and issued by
designated authorities.

3-49 While the establishment and maintenance of population registers rely on
information collected by administrative databases (mainly the civil register and
immigration database/register of residents), the registers should not be seen as
a stand-alone database that permanently copies information from other
registers. Rather, they can constitute one coherent database or a system of
interconnected and interoperable databases, often at different locations and
operated by different authorities. For example, in the Nordic countries, the civil
register and population register are one entity and any changes in civil status
are directly entered in the population register.

3-50 As noted at section 3.2.1.5 a population register cannot be described as
such without it being linked to the civil registration of vital events, which
constitute information fundamental to its continuous updating, together with
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changes in the physical address. It should be noted that the physical address
should be accompanied by geographic location particulars, such as province,
district, name of the village or town (or even ward within the town). However,
it is recognised that many low- and middle-income countries may not have any
physical address system, particularly in rural areas, in which case just the
location particulars mentioned above are required. The geographic location
codes should be part of the database so they can be used for compilation of
statistics at various geographic levels (see also section 3.2.4 on Address
registers).

3-51 Also, as noted at section 3.1.2.6, a population register should maintain
information about an individual’s current residential address and records any
changes in address resulting from entry into a country or change of residence
within a country. While maintaining such updates of internal movements
remains a vital aspect of maintaining a population register, a change of
residence or address within a country is usually voluntarily reported. This makes
it difficult to maintain accurate records and data on internal movement. In a few
countries, however, it is a legal requirement to provide formal notification of
one’s departure and to register at one’s new place of residence. There are also
countries where addresses in the population register are updated using the
information in address databases maintained by separate agencies designated
by law.

3-52 In general, the quality of central population registers is constantly
improved as the result of feedback from users who have access to the database
on a continuous basis. It is clearly in the interest of both local and national
administrations to ensure that the status of the individuals recorded
corresponds to reality — as well as to the law.

3-53 But no matter how much care is taken and how many checks are made,
errors occur, sometimes on a recurrent basis. These can be due to incorrect
information either reported by the individuals or recorded by administrations
concerned, or resulting from a failure to report, as in the case of emigrations.
Although in most countries the data recorded in the administrative register are
not the responsibility of the NSO, statisticians need to thoroughly examine the
data provided by the register owners and inform them of the extent of any
deficiencies or inconsistencies that they discover.

3-54 In reporting any such inconsistencies, it should be stressed that the
guiding rule is that the NSO should only advise the administrative agency about
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systematic issues and (in order to uphold the Sixth Fundamental Principle of
Official Statistics by protecting the confidentiality of census information) should
never report instances of errors or omissions relating to individual unit records
(subject to any specific national exceptions that may be prescribed as noted at
paragraph 2-15 and 2-24).

3-55 All or most of the data items held in the administrative registers are
recorded on the basis of reliable documentary evidence, as for example those
related to vital events as noted in section 3.2.1.5 above:

e births (including, name, sex, date and place of birth, and details of
parents);

e marriages (including names, date and place of occurrence and previous
marital status);

e deaths (including name, sex, age and date); and

e divorce (including date if occurrence, names, date and date of marriage).

3-56 The same is the case for key variables such as citizenship (as recorded, for
example on a passport), place/country of birth, and date of entry into the
country and previous citizenship if applicable. Errors are mostly limited to
mistakes in coding or transcription (except perhaps in cases of deliberately
fraudulent reporting). In many instances such errors tend not to persist very long
in a system that is frequently accessed and reviewed.

3-57 However, it should be noted that in many countries there are systematic
errors in the register, that may not be easily corrected. For example, people
who do not have a birth recorded, or genuinely do not know their date of birth
will have a default date of birth — often recorded as 1 January for the nearest
approximate year of birth. Demographic analysis by the NSO will highlight this
as an error, but the administrative data holders will not necessarily be able to
correct it. Where the administrative register is shown not to be perfect, the NSO
will have to manage any errors, omissions or other shortcomings using statistical
processes.

3-58 On the other hand, some data held in the population register, such as
place of residence, are in many countries usually self-reported. While a country
may impose penalties for false declarations, the data quality still depends on the
diligence of individual residents if they have the opportunity and incentives to
do so.

85



3-59 The matter of assessing the quality of population registers is discussed in
more detail in Chapter 5.

3.2.2 Building and dwelling registers

3-60 Building and/or dwelling registers (referred to in some countries as real
estate registers) are registers usually held by land and property valuation
agencies, land survey authorities or by local or municipal authorities responsible
for the development of housing policies and urban planning. With respect to a
register-based population census such registers are of fundamental importance
in the harmonisation of the population register, in that every person that is
allocated a dwelling number can be associated with a particular housing unit,
and (in some cases) a distinct household.

3-61 Such registers will often contain information on:

e the location of the building (usually as a formal address but this may also
be in terms geo-coordinates),

e the type and purpose of each building (identifying in particular those
that are used wholly or partially for residential purposes and whether
they are occupied or vacant, or are non-residential); and

e the characteristics of these buildings that might include, for example,
details of the age, layout, size and water, gas and electrical installations.

3-62 In respect of dwellings specifically, the register may include information
relating to, and the characteristics of, the individual dwellings or housing units
within each building, such as:

e the ownership or tenure,

e size (in terms of either useful floor space and/or number of rooms),

e floor level (in the case of apartments), and

e physical construction (such as the materials used and any technical
specifications such as the degree of seismic protection).

3-63 The data for residential dwellings may be used by the NSO to create
statistics relevant to the needs of a housing census. However, it may be the case
that the characteristics held in the building/dwelling register can only be used
as proxies for the requisite standard housing variables, such as type of dwelling,
floor space, number of rooms, floor level, construction materials and period of
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construction. Moreover, such information will not usually relate directly to the
persons living in them, and thus, if so, the NSO will need to establish a link
between the location of the dwelling and the place of usual residence in the
population register. When combined with the population register in this way,
the building register data can be used to provide statistics on the size of
dwellings in terms of both the number of persons per dwelling and on the
number of square metres per person, both important indicators to measure
levels of over-crowding.

3-64 The essential statistical requirements which any building/dwelling
register must fulfil are:

The number of buildings and dwellings must be recorded in a reliable way.
In particular, there must be neither double counting nor omissions in the
register that would lead to over- or under-estimates of the number of
buildings or dwellings.

It is particularly important that each dwelling is assigned a unique and
unambiguous identification number. Such an identification number might
refer not only to a geographical reference (in terms of the administrative
area of location, or the postal code, or the global positioning system
coordinates, or all of these) but also, for example, to the Building Number;
an Entrance Number (which is useful in the case of large apartment
blocks); and the Dwelling Number within the building (which may or may
not include an identification of the floor level). In some countries such
identifiers remain on record and are not reallocated even after their
reference building or dwelling has been demolished.

The information should be complete, plausible and current. In other
words, all required data must be available without inconsistencies and
must be updated regularly so that, for example, the register includes
newly constructed buildings, and reports when or old buildings have
either been expanded or demolished. There should be administrative
routines for this.

3.2.3 Enterprise (business) registers
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3-65 Enterprise or business registers (sometimes referred to as ‘company
registers’ or ‘establishment registers’) hold information to administer the
provision of a range of services that can vary from country to country, but most
principally their aim is for taxation purposes and include registering, monitoring
and storing corporate information, such as a company's legal status, its
headquarters, capital and legal representatives.

3-66 In their statistical form, business registers are regularly updated,
structured databases of economic (or legal) units in a territorial area, maintained
by the NSO, and used for statistical purposes. Such business registers play a
central role in the NSQO’s system of official economic statistics. Traditionally the
function of the statistical business register (SBR) has been to provide a
population of economic units from which frames and samples for business
censuses and other economic surveys can be drawn?%4,

3-67 More recently, however, the SBR fulfils two other important roles. Firstly,
it is crucial in the integration and use of data from administrative and other
sources. Secondly, a well-developed SBR with a comprehensive list of
enterprises and other statistical units, and information about their
characteristics, can be used as a source of economic statistics in its own right.
Particularly for the purpose of the census, the NSO may be able to use the
register to derive data on some of the core economic topics, particularly place
of work and industry of occupation that may not be available from any other
administrative source.

3-68 The coverage of SBRs will vary from country to country. In principle, and
typically, an SBR should record all institutional units in the national economy
that are engaged in economic activities. Ideally, the SBR should also include all
households involved in some form of economic production. In practice, however
it is impossible to identify administrative sources that cover all such small units.

3-69 The sort of characteristics that the SBR usually contains serve a number
of purposes — both functional (for the purposes of managing the register and
linkage with other data sources) and statistical, but only a few of which are likely
to be of any practical use within the context of the census. These would include:

e physical address, including an official geographic code at the most
detailed level:

e nstitutional sector and sub-sector, used for distinguishing between
market and non-market activities and between public and private
enterprises;
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e principal and secondary economic activities, used to assign industry in
accordance with the Standard Industrial Classification at the 3-digit level;
and

e the size of the workforce in terms of numbers of persons employed and
employees.

3.2.4 Address registers

3-70 As noted in Chapter 2 in some countries a prerequisite for any inclusive
and successful census (whether traditional or register-based) will be the
availability of a comprehensive, high-quality address register covering all
households, communal institutions and non-residential buildings. It should be
noted that there are no internationally agreed formal definitions of an ‘address
register’, and indeed the relationship between address and building/dwelling
registers (discussed above) are country specific. Some countries many have the
address as an attribute in building and dwelling registers; other countries may
have the building or dwelling as an attribute of addresses in their address
register; some other countries may treat each of them separately.

3-71 Whatever the national circumstances, the key factor is that a country has
to be able to have a list of places where people might live, be able to assign a
location, and link the place to the population register. The need to ensure that
every household and housing unit is included in the census is, more than ever, a
key driver in ensuring that everyone is counted in the right place, and that
housing units and households are also counted in the right places. These are
critical to ensure that the census statistics accurately reflect the geographic
distribution of the population. In countries where the description of an address
may change (such as a change of street name or postal code) the register should
be structured and managed in such a way that the records of all persons at that
address are automatically amended.

3-72 In traditional censuses, use of a comprehensive address register may
enable NSOsto create lists of dwellings and households from which
enumeration areas and statistical areas can be constructed and mapped so that
they can provide:

e the key to accurate delivery, collection and follow-up of questionnaires;
e balanced workloads for enumerators;
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e a consistently-sized output geography in which areas are not too big to
mask significant local variations in character and not too small to risk
statistical disclosure; and

e stratified sampling designs for post-enumeration or other inter-censal
sample surveys.

3-73 However, in countries where comprehensive address lists are either
incomplete or non-existent, maps created from aerial or satellite imagery can
often provide a workable alternative for some of these functions.

3-74 In register-based or combined censuses in which all or some of the data
are derived from a range of administrative registers, an address register helps
to ensure harmonisation and completeness of coverage. This becomes
increasingly important as census data are produced for an ever-widening range
of geographies to suit different user requirements.

3-75 The creation of such a purpose-built address list by the NSO or a
government or private institution may involve the amalgamation of data from
several separate and independent registers (that may have been constructed for
different administrative purposes) in order to minimise under- or over-coverage.
For example, lists of registered electors used for national and local voting
purposes or lists of dwellings used by local authorities for assessing rateable
values, may not include all postal addresses used by national or commercial mail
carriers. (In England and Wales, for example, the Office for National Statistics is
using a product called AddressBase as the core dataset for the address register
for the 2021 Census. AddressBase is maintained by GeoPlace, a joint commercial
venture between local government authorities and the Ordnance Survey (the
UK’s national mapping agency) drawing of data from four different sources.)

3-76 Where such a register is compiled from disparate sources (or in countries
where a variety of address formats may be adopted) it should contain addresses
that are in standard format that is harmonised for the purposes of the census in
order to help avoid duplication issues which can occur with complex addresses
or communal institutions.

3.3 Specialised or supplementary registers
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3-77 In addition to the base registers described above, there will be other
specialised (or supplementary/subject-matter) administrative registers
available to the NSO that contain records relating to those characteristics for
which census information is required and from which the requisite variables for
core and non-core topics can be derived using the PIN for record linkage. They
may also help to identify issues of coverage by, in particular, identifying ‘signs of
life’ activities (as discussed later in Chapter 5). Such registers may include the
following:

3.3.1 Social security or pension registers

3-78 These are registers held by official bodies typically for the purposes of the
administration of national social insurance programmes and the allocation of
benefits and allowances that encompass, for example, the unemployed,
families, pensioners, people undertaking parental care, and the disabled and
long-term sick. The data from such registers may be used to derive census
attributes for such topics as sex, age, marital status, unemployment status,
income and disability/health status.

3.3.2 Tax registers

3-79 These are registers held by national and local tax authorities for the
purposes of the administration and collection of income tax, purchase taxes,
property and wealth taxes, building rates and other national and locally-
imposed taxes. The data from such registers may be used primarily to derive
census data on personal or household income and wealth that might otherwise
be difficult, or too sensitive, to collect directly on a household questionnaire.
Other information held in such registers may also include details of sex, date of
birth, marital status, employment status, occupation, place of work and place of
usual residence.

3.3.3 Employment, unemployment and jobseeker registers

3-80 These are sources of information from which the country’s official
employment and unemployment figures are usually taken, although it should be
recognised that the concepts of employment and unemployed adopted in
national registers may not be consistent with the concepts recommended by the
International Labour Organization for the purposes of producing labour force
statistics. The data recorded may nevertheless enable the NSO to derive census
figures relating to the key socio-economic topics of economic activity (now often
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referred to as labour force status), employment status, occupation, hours of
work and place of work.

3.3.4 Education and student registers

3-81 These are maintained both centrally and by individual educational and
academic establishments for the purpose of registering admissions and the
performances of students as well as the employment of teaching staff. Such
registers may also record the details of students living in halls of residence or
other institutionally-registered accommodation. The data held may be used by
NSOs to create census statistics on attendance, literacy and highest level of
educational attainment — though it should be recognised that in some countries
such available data may often only refer to the current student population. If
this is the case, data on such topics with respect to persons no longer formally
attending an educational establishment must therefore be obtained from other
sources.

3.3.5 Health registers

3-82 These are registers (usually) maintained by national or local health
authorities for the purposes of providing health-related services, whether these
are within the context of a nationally-managed health service or provided by
insurance-based private agencies. The raw information they contain are usually
treated as confidential but can be anonymised to a sufficient extent to allow
them to be used by the NSO to create data on health status, domain and level
of disability, and number of liveborn children. Health registers can also be used:
(a) to identify population sub-groups living in health-related institutional
establishments including long-term inpatients and residential student nurses;
and (b) for improving the quality population registers based on ‘sign of life’
approach (see section 4.5). Some countries may have other health-related
registers such as patient registers, prescription registers, and special registers
for conditions such as tuberculosis, cancer or heart disease.

3.3.6 Border control data

3-83 Section 3.2.1.6 above discusses the role of the population registers in
measuring migration — and their particular shortcomings in recording
international migration. Many countries, however, collect at least some data on
international migration at the borders of, or points of entry into, the country,
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although there is considerable variation in the degree of coverage of
international migration by such sources?. These sources, in combination with
the data held in the population register (or collected in a traditional field
enumeration) have the potential to create a means of investigation of the scale,
patterns and impact of migration.

3-84 This is because they can provide —theoretically at least — a picture of the
inflow and outflow of international migrants for a particular country over a
specified period of time (one year, five years, etc.), and can include details on
the type and nature of migration (such as type of visa, country of citizenship and
country of origin/destination), especially if those are verified through document
checks at a country’s border or at a point of entry or exit.

3-85 As noted above population registers alone cannot measure the quantity of
movement over a particular period of time reliably because people who
emigrate may not easily be identified. Under-registration varies from country to
country and with factors such as country of destination and the citizenship of
the migrants. For example, all emigrations from one Nordic country to another
Nordic country are registered due to the exchange of information between
Nordic population registries.

3.3.7 Other supplementary registers

3-86 NSOs may also be able to access data from a range of other administrative
sources either to provide topic-related census variables or to identify particular
population sub-groups that are traditionally hard to count accurately (and for
whom full information may thus not be recorded in the population register),
such as the institutional population. For example (and this is by no means a
complete list):

e clectoral registers will identify households containing those residents

entitled to vote (based on age and residency qualifications);

e registers of motor vehicles may allow the collection of data on car
availability;

e registers of foreign nationals or of residence permits may provide
information on migrants, year of entry into the country, citizenship and
refugees/asylum seekers; information on refugees may, additionally, be
taken from administrative records of persons in camps established to
house refugees or other displaced persons;
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e ists of military service personnel may (if access by the NSO is permitted)
will indicate employment within the armed forces;

e prison registers can provide some basic information on members of a
population group that is particularly difficult to enumerate in any type of
census operation;

e registers of building permits can provide indicators on the extent, type
and timing of future dwelling construction;

e farm registers will contain information relating to households with access
to, or usage of, agricultural holdings that may be useful for linking the
country’s population and agricultural censuses; and

e registers held by public facility service providers may offer information on
the availability of household amenities such as piped water supply,
electricity and/or piped gas, and sewage and waste disposal facilities.

3.4 Options if data are not available from administrative sources

3-87 As has been made clear in the chapter, register-based censuses are
generally based on a statistical population register created by the NSO from the
integration of the unit record data from two or more of the types of
administrative registers described above. Usually, where the census is wholly
register-based, no other sources of information are used.

3-88 More often than not, however, it is neither practicable nor even possible
to collect all desired census variables from registers. There will always be
circumstances in which it is difficult, impossible, too costly, or even unlawful to
obtain some variables from registers and where countries must rely on other
data sources either to supplement such data in order to report on those census
characteristics and variables that cannot be derived from the registers
themselves or to improve the quality of the data obtained from administrative
registers. For example:

e Information on the inter-relationships between household members
(such as cohabitation outside marriage) or even the more basic
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relationship to a single household reference person) that is necessary to
derive household and family composition status, may not be held on any
administrative register.

Because of the subjectivity (and sensitivity) of cultural-related
characteristics, such as ethnicity, religion and language, few (if any)
administrative registers hold such data —indeed, in some countries it may
even be unlawful for public bodies to collect or hold such information
relating to identifiable individuals.

Characteristics that relate to events that occurred abroad, such as highest
level of foreign education obtained may not be recorded in domestic
registers. Moreover, register-based information on education-related
variables (such as literacy and highest level of education attained) may
often relate only to those persons attending formal educational
programmes.

Variables that are based on behavioural patterns are difficult to register,
such as: the housekeeping concept of the household definition (and
where the dwelling concept may have to be adopted instead); and
information on mode of transportation to work (although data from public
transportation companies toll stations and mobile telephones may, in the
future, be used for modelling this — see section 3.5 below.

Administrative sources relating to the economic activity of the labour
force (such as employment or business registers) will very often not hold
a sufficient level of detailed information on type and place of work, or on
workers in the informal sector, to enable NSOs to create occupation and
industry classifications that conform to international standards;

Key housing variables such as number of rooms or bedrooms or presence
of lift or disability access may not be held on any administrative dwelling
registers; and

Situations or events occurring before the register was created are likely
not be recorded, and data from registers that have only recently been
created quite recently, may not be reliable since it takes time to establish
sufficiently good data quality.
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3-89 Where such circumstances occur, alternative sources of data might
include the use of:

e existing sample surveys carried out by the NSO (such as a Labour Force
Survey, Annual Population Survey, Household Income and Expenditure
Survey, or International Passenger Survey);

e a purpose-built sample census or population coverage survey or other
demographic survey; or

e commercial data sources, possibly including Big Data (see section 3.5
below).

Or, alternatively, data relating to such elusive topics may be dropped from the
census outputs altogether. However, where data are taken from sample surveys
or such various alternative sources there may be the risk of a loss of correlation.

3-90 Resorting to the use of such alternative sources may be particularly
necessary in the case of those variables necessary for the NSO to derive the
indicators by which the Government can monitor its progress towards meeting
one or more of the Sustainable Developments Goals (SDGs). Of course, some of
the 17 SDGs and many of the 169 accompanying targets and 230 indicators,
cannot reasonably be measured by, or derived from, information collected in
the census whatever methodology is adopted. For example, none of indicators
needed to monitor Goal 2 (To end hunger, achieve food security and improved
nutrition, and promote sustainable agriculture) or Goal 13 (To take urgent action
to combat climate change and its impacts) are traditionally derived from data
collected in the census.

3-91 But many other Goals (in particular 1, 3-9, 11 and 17) can be informed, to
a greater or lesser extent, by collecting information in the population and
housing census33. For example, national progress towards meeting Goal 1 (To
end poverty in all its forms everywhere) can be measured by four key indicators
derived from information that can be collected in the census.
(a) The proportion of the population below the international poverty
line, by sex, age, employment status
(b) The proportion of the population below the national poverty line, by
sex and age
(c) Proportion of men, women and children of all ages living in poverty
in all its dimensions according to national definitions
(d) The proportion of the population living in household with access to
basic services
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3-92 Where NSOs start to rely increasingly on administrative registers to collect
its census information they will want to be assured that such data sources will
contain the relevant variables so that the measurement of progress towards
meeting the relevant SDGs is uninterrupted.

3-93 The range and choice of such sources is likely to differ for each country in
order to comply with the essential features of the census outlined in Chapter 1.
For those conducting a combined census, the key factor is the inclusion of census
data derived from either a sample or full field enumeration for a selection of
variables for which data are not available from registers or where the existing
registers are of insufficient coverage or quality.

3-94 For example, there are no pre-existing registers of buildings and dwellings
covering the whole of Germany and, as a result, the census outputs required for
the 2011 housing census (in addition to some auxiliary information relating to
household composition) were obtained from data collected through a postal
survey. And the Dutch virtual census still relies on existing surveys to collect
information on a person’s occupation and industry — economic characteristics
that are not available from any administrative register in the Netherlands.

3-95 Where such alternative approaches are followed, NSOs should be aware
of the need to take into account the degree of error that will be introduced into
the data depending on the level of any sampling adopted. This is particularly so
with respect to those statistical outputs relating to the lowest level of
geographic areas for which the number of collected data items is likely to be
small. Of course, some SDG indicators may only be required at the national
level, in which case this may not be an issue. However, the potential problem of
the bias that may be introduced in the linkage of data obtained from different
sources also needs to be considered.

3.5 Big Data

3-96 Over the last two decades more and more data have been generated on
the web and produced by sensors in the ever-growing number of electronic
devices. The amount of data and the frequency at which they are produced have
led to the concept of ‘Big Data’, a term now used to describe data sets of
increasing volume, velocity and variety - the three Vs?®.
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3-97 Sources described as ‘Big Data’ are often largely unstructured, meaning
that they have no pre-defined data model and/or do not fit well into
conventional relational databases. Nevertheless, in addition to generating new
commercial opportunities in the private sector, Big Data (particularly where it
relates to individual units) is also of much potential interest to NSOs as an input
for official statistics, either for use on its own, or in combination with more
traditional data sources and administrative registers. Big Data has the potential
to produce more relevant and timely statistics than traditional sources of official
statistics.

3-98 Census statistics (as with most other official statistics) have traditionally
been based almost exclusively on field-based data collections and/or, more
recently, on the acquisition of administrative data in government programmes.
But this is not the case with Big Data where most data are readily available or
held by private companies. As a result, the private sector may take advantage of
the Big Data era and produce more and more statistics that attempt to compete
with, if not better, official statistics on timeliness and relevance.

3-99 Itis unlikely that, as a result of this, NSOs will be deprived of their ‘official
statistics’ trademark but they could slowly lose their reputation and relevance
unless they get on board. One big advantage that NSOs have is the existence of
infrastructures to address the accuracy, consistency and interpretability of the
statistics produced. By incorporating relevant Big Data sources into their official
statistics systems, NSOs are best positioned to measure their accuracy, ensure
the consistency within the entire system of official statistics and provide
interpretation while constantly working on relevance and timeliness. The role
and importance of official statistics will thus be protected.

3-100 In general, Big Data sources can be classified as follows?’:

e sources arising from the administration of a programme, be it
governmental or not, such as electronic medical records, hospital visits,
insurance records, bank records and food banks;

e commercial or transactional sources arising from the transaction between
two entities, such as credit card transactions and online transactions
(including from mobile devices) for the production of economic statistics;

e sensor network sources, such as public surveillance cameras, satellite
imaging, road sensors and climate sensors, for a range of geo-spatial
analyses in, for example, environmental and land use studies and in the
measurement of urban growth;
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service provision sources such as electricity or water metres that can be
used to model household unoccupancy patterns;

tracking device sources, such data from mobile telephones and the Global
Positioning Systems to monitor, for example, commuter and other
transportation flows, and the measurement of daytime and night
populations as alternative population bases;

behavioural data sources comprising, for example, online searches (about
a product, a service or other types of information); and

social media such as Facebook and Twitter to gauge public opinion and
estimate demographic and cultural profiles such as age, ethnicity and
language spoken.

3-101 However, the idea of utilising Big Data is still rather novel for many
statistical organizations, and there is uncertainty about what it really means for
official statistics, and how best to react. Moreover, harvesting the information
from Big Data and incorporating it into a statistical production process,
particularly the population and housing census, presents even greater
challenges compared with using registers and administrative files held by
government sources. For example:

Big Data sources can produce large amounts of timely, sometimes real-
time data, usually generated at minimal cost to the provider. Such data
will require new tools, methods and IT expertise to capture, manage, and
process in an efficient way which may not be within the competences of
the NSO and may therefore need to be done in cooperation with or
outsourced to academia or the private sector.

The use of estimation approaches may be required in the production of
multivariate outputs. Different methods would be required for topics with
varying degrees of missing data, as will often be the case when using
multiple data sources.

Issues of bias and the lack of unique identifier to enable linkage with
administrative data will also need to be taken into consideration.

The information may not be accompanied by adequate metadata, making
it more difficult to assess the quality or the completeness of the data
source.
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e The inherent concepts related to the files may also not be consistent with
the data that are available from some registers or the information
collected directly from respondents and a traditional enumeration.

e There is usually a (sometimes significant) cost involved in obtaining the
data from commercial sources, and the NSO would thus need to assess
the cost benefit of doing so, unless the pertaining statistical legislation
prescribes that such sources have an obligation to transfer data to the
NSO free of charge.

e And finally, in order to use such data and integrate them with
administrative data for statistical purposes, public acceptability is needed,
and a legal basis with respect to the access to, ownership of, and
protection of, the data has to be developed if it is not already established.

3-102 So, in summary, the statistical community needs to adequately address
issues pertaining to methodology, quality, technology, data access, data
protection and privacy, management and costs, and provide a clear business
case with adequate cost-benefit analyses before venturing into the relatively
uncharted territory of a Big Data-based census for the future.

3-103 But any further discussion about Big Data does not fall within the remit of
the rest of this handbook.
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4 Transforming administrative data into census data
4.1 Introduction

4-1 The most common use of administrative registers for the purposes of a
census is as a source of data from which the required output variables can be
derived without having to collect the relevant information directly from the
public. The type, structure and content of such registers will, of course, vary
from country to country depending on the administrative purposes for which
the data are used by the data owners.

4-2  Chapter 3 describes the different types of administrative registers that are
most commonly used by NSOs from which population base data and the
requisite census characteristics may be derived. In that chapter such registers
were characterised as being either:

e base registers - those that hold the basic information relating to the stock
of the entire set of ‘population’ units that are being counted in the census
— typically persons, dwellings and buildings, and businesses; they are
characterized by being of the highest quality in terms of completeness,
timeliness and coverage:
or

e specialised/supplementary registers from which one or more of the
characteristic variables that may be required for the census and which are
not contained in the base registers (such as educational attainment,
occupation, disability or income) can be derived.

4-3  This chapter discusses how the data held in the administrative registers
are transformed into a statistical database from which the census outputs and
analyses required by users can be produced. It covers:

e asummary of the various administrative registers that are likely to be
used;
e creating a statistical population register;
e constructing integrated statistical registers for the purpose of census,
involving;
- the linkage of data from different registers;
- duplication;
- conflict resolution;
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- updating using ‘signs of life’ markers;
- editing and imputation; and
e research and testing.

4.2 Creating a statistical population register

4-4 The statistical population register is a systematized and indexed collection
of individual records for every resident (including nationals and foreign citizens)
of the country. Where developed and functioning, it represents the backbone of
the compilation of official statistics and represents a master population frame
as well for designing and running statistical surveys. Connected on a regular
basis and under the provisions of the law with administrative registers, starting
with the administrative population register, it should be regularly updated with
pertinent information. The legal framework for establishing, maintaining and
exploiting the national statistical population register must ensure that it is used
solely for compiling aggregate statistics and that it cannot be accessed for any
other purposes either within or outside of the national statistical authorities
except for approved research.

4-5 Creating a Statistical Population Register (SPR) is a crucial step towards
achieving the use of administrative data for census purposes. It should be noted
that it is important to distinguish between the registration of an individual unit
(person) in the population register and the inclusion of that record in the
computation of internationally comparable statistics on the stock of population
and its basic characteristics, such as age and sex. While the listing of those
person in the register will be in accordance with national legislation for the
requisite administrative purpose, for statistical purposes only those persons
meeting the requirements of being residents of the country should be included.
For instance, persons who have left the country but are still holding a permanent
residence permit should be still listed in the population register, but they should
be excluded from the census population of usual residents. Particular care
should then be applied to properly classifying registered persons who have
emigrated, especially in those countries where there is no incentive to declare
the emigration to the authorities.

4-6  An SPR is usually generated from the existing administrative population
register by the NSO. In countries that have a reliable population register (for
both nationals and foreigners), a statistical population register is easily
generated and updated from the existing population register. For example, in
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Austria, the local population registers were replaced by the Central Register of
Residents (ZMR) maintained by the Ministry of Interior. On the basis of the ZMR,
Statistics Austria set up a separate database, the Population Register (POPREG)
which has been the main data source for producing statistics on the resident
population and for producing migration statistics since then. Other registers
established or in the process of being established include the register of enrolled
pupils and students, the register of educational attainment, the housing register
of dwelling and buildings, and the business register and their local units of
employment3?,

4-7 On the other hand, if there is no centralized population register, a
statistical population register can be constructed by integrating local population
registers and linking them with other existing registers.

4-8 Thus, establishing a national statistical population register may involve some
investment in collecting records from different existing administrative registers
and/or administrative data sources, harmonizing them, linking information from
different registers and running complex editing procedures to ensure the
consistency and quality of individual records. Once established, and under the
protocols spelled out in legal provisions, the national statistical population
register is updated from administrative registers on a regular basis.

4-9 If the existing population register is relatively good in terms of the
coverage of people living in a country, but some key variables (such as place of
usual residence) are not of good quality or just not available, a full field
enumeration can be conducted for improving the accuracy of the stock
population at local level and linking individuals to their place of residence. In
this approach, where the existing population register is used together with a full
enumeration, data from the population register may be pre-filled on to the
census questionnaire, and respondents may be asked to check, update and
confirm their details. Other questions relating to fields not available in the
register may also be canvassed during the enumeration. In the case of new
individuals, households or dwellings that do not feature in the register, all fields
of information that are required for the register and the census must then be
canvassed afresh to create the statistical population register.
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4.3 Constructing integrated statistical registers for the purpose of
census

4-10 Typically a register is some sort of structured list of units, containing a
number of attributes for each of those units, and having some sort of regular
updating mechanism. In this way, many administrative data files can be
considered to be registers, but the results of one-off data collections are not?®.

4-11 A statistical register is a register that is constructed and maintained for
statistical purposes, according to statistical concepts and definitions, and under
the control of statisticians. Administrative registers can therefore be used as
sources for statistical registers, but the reverse would normally be seen as
contradicting the principle of the ‘one-way flow’ of data as prescribed in the
Sixth Principle of Official Statistics'’.

4-12 A statistical register typically plays the role of a data coordination tool,
integrating data from several sources, both statistical and administrative. This
may be done by linking records using common identifiers or by using matching
techniques (as discussed in section 4.5 below). It may sometimes be easier to
use data from a single source, but in such cases it is often difficult to check the
accuracy of that source. When several sources are used and integrated within a
statistical register it is possible to have a much better view of the accuracy of
the data. Unfortunately, the negative side of this is that it becomes necessary to
have a strategy for dealing with conflicting data from different sources.
However, if variables in statistical registers are stored with source codes and
dates, automated algorithms can be used to prioritise sources and resolve most
data conflicts.

4-13 As well as integrating data from different sources, a statistical register
may also provide the possibility of deriving new (census-related) variables not
otherwise available from any one single register (such as industry of occupation,
level of overcrowding or a housing quality index.)

4-14 Traditionally, statistical registers have been used as sampling frames for
surveys, but as has been already noted, a statistical population register is at the
very heart of a register-based census. A population register may be established
inside a statistical institute for statistical purposes. However, it is more common
(and far simpler) for the statistical agency to transform the administrative
register into a statistical register owned and managed by the NSO, if permitted
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by law and the NSO has the resources to do it. This transformation process is
usually a relatively simple task and may include editing, correcting, removal of
duplicates, and translating the administrative ID into a statistical ID.

4-15 The NSO may also then integrate data that the administrative register
does not have with authenticated evidence of data from other sources (such as,
for example, country of birth for people immigrating before the administrative
register was established). The statistical population register should be updated
regularly. In Norway, for example, it is updated five days a week with new
transactions from the administrative register.

4-16 In addition to identifying the data sources to be used for any particular
statistical operation (section 4.2 notes those sources that are more commonly
used in a register-based census), some of the key processes®® involved in the
construction of a statistical register are:

e data quality management;

e linking the unit records from these sources;

e dealing with duplications;

e resolution of conflicting information relating to the same data items in
different linked sources;

e updating; and

e editing and imputation.

4-17 Each of these are discussed in the following sections of this chapter. The
tools for assessing the impact on data quality of each of these processes are
discussed in section 5.4.

4.3.1 Data linkage

4.3.1.1 Linking data through a common identifier or alternative means

4-18 It should be remembered that it is not a necessary condition that all the
information required for a population and housing census be physically
recorded in a single register. What is necessary, however, is the coordinated
linkage of the population register with any other register containing the required
information (preferably in electronic format) through the means of a common
unique identification system. These other registers may, for example, be
structured differently; they may report on units other than individuals; or they
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may refer only to subset(s) of the population, such as the employed, students,
the retired, or benefit recipients; or they may only cover local or regional areas
which only when aggregated will cover the entire country.

4-19 Therefore, if data from several administrative sources are used to
populate a statistical register, the national statistical organisation will need to
find some way of linking those data. This will typically take the form of matching,
which can be defined as the linkage of data records from different sources based
on common features present in those sources?.

4-20 This process of record linkage can be done by matching individuals based
on name, sex, date of birth, and address. But in practice this is complicated and
time-consuming and far from perfect because many people may share some of
the same characteristics and/or because some of the data may be missing,
incomplete or erroneous for some of the variables. The assignment of a personal
or unique identification number (PIN or UIN) to everybody, and the use of these
in administrative and statistical registers, makes the matching significantly
easier, faster and less costly.

4-21 If these common features include some sort of reference or identification
number (referred to as a common ID), the process can be referred to as ‘exact
matching’, and is relatively easy. In exact matching there are two possible
outcomes, either two records from different sources match exactly on the basis
of the common IDs used, or they do not. In other words, a record with the ID
number 123456 will match to a record relating to the same unit in a different
source with the same ID, whereas it will not match to a unit with the ID number
123457.

4-22 Exact matchingrelies on the quality of the matching variables used in each
source. If there are errors in the common IDs in at least one source, there is a
high risk of either matching the wrong units, or failing to match units that should
be matched. For this reason, even when common IDs exist in all the files to be
matched, it may not be sufficient to rely on exact matching alone.

4-23 Sometimes identifiers can include check digits, that is one or more
characters that are generated according to a standard algorithm based on the
other digits in the identifier. If check digits are present, they should help to
guarantee a certain level of quality by eliminating most typing or reading errors.
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4-24 A method to increase personal data protection is to encrypt the ID
numbers in different registers to prevent information from being read by
unauthorised parties, and where matching can only be done by decryption.

4.3.1.2 Identification numbers

4-25 As noted above, a pre-requisite for implementing a register-based census
is thus the ability to link accurately unit record data from different
administrative sources that refer to the same enumeration unit, usually an
individual person, household or dwelling. In most countries this can be achieved
by means of a unique identifier that is common across all the relevant registers.
There is likely to be a significant difference in the accuracy of the linkage
between administrative sources — and hence the quality of the census data —
where a unique identifier is employed compared to those countries where no
such key is available.

4-26 In some countries ID numbers have been introduced for statistical
purposes but more often they have been created for administrative purposes to
be used in population registers, civil registers, national identification systems or
other administrative registers for the purposes of, for example, work, taxation,
receipt of benefits, health care, educational services or other government-
related functions including the issue of passports or other ID cards or identity
documents. In such cases the design and use of such numbers are likely to have
been unique to each specific purpose and not adopted for wider and more
general usage. In Norway, for example, the impetus came from employers in
order to facilitate the registration of employees for tax purposes, while in Gulf
Cooperation Council (GCC) countries, employment is linked to the ability to
reside in the country, and a national identification system is of fundamental
importance to managing this link. In other countries - South Korea, for example
- the administrative ID number is transformed into a statistical ID number.
Moreover, some countries use different ID numbers in different administrative
(or statistical) registers. If links between the different number series are known,
records from different registers may be matched. (See also Box A for more
examples.)

4-27 The ways in which an ID number is implemented vary among countries,
but in many cases, citizens are issued an identification number upon reaching
legal age, or when they are born. Persons may be registered as non-citizens and
issued such a number when they enter the country, or when granted a
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temporary or permanent residence and/or work permit, or at birth if born to
non-citizen parents.

Box A: National Identity numbers

National Identity (ID) numbers — more often referred to as Personal Identification Numbers
(PINs) - are commonly used by the NSO in many countries as a means of linking the information
held in different registers that relate to the same unique person for statistical purposes. They
will, in most cases be the same ID that is generally used by national governments for purposes of
identifying their citizens, permanent residents, and temporary residents for the purposes of
work, taxation, receipt of benefits, health care, and other government-related functions
including the issuance of passports or other ID cards or identity documents .

The ways in which such a system is implemented vary among countries, but in most cases,
citizens are issued an identification number upon reaching legal age, or when they are born.
Persons may be registered as non-citizens and issued such numbers when they enter the
country, or when granted a temporary or permanent residence and/or work permit.

Many countries issue such numbers for a singular purpose, but over time, they become a de
facto national identification number. For example, the United States developed its social security
number system as a means of identifying and paying social security benefits. However, the
number has become increasingly used for other purposes to the point where it is almost
essential to have one for the purposes of, for example, opening a bank account, driving a car, or
to obtain a credit card.

4-28 There are two different principles for the design of a PIN. The firstis where
the PIN comprises digits that relate to date of birth and sex, often place of birth
or registration, and sometimes on citizenship or name. This is the case in the
Nordic and many other countries. The advantages of this are that it is relatively
easy to remember the number and to spot errors. The disadvantages are that it
may reveal personal information that is regarded as sensitive, and that it cannot
be accurately determined if the date of birth is not known. Inclusion of place (or
country) of birth in the PIN may under special circumstances facilitate
discrimination of persons born in certain areas (or countries). Moreover, the
whole number has to be changed if it is later found that the date of birth is
wrong. It also happens, although rarely, that a person changes sex and
consequently needs a new PIN.

4-29 The second case is where the PIN is a unique information-free random or
serial number, where the digits have no specific meaning. The advantage of this
is that privacy is better protected. In addition, information-free numbers require
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fewer digits than those that include date of birth, etc. All required information
about a person can be stored in a database, typically the population register,
where it is available for legitimate use. Such allocated numbers do not usually
change with personal circumstances — although in Spain, for example, the
acquisition of Spanish citizenship requires a corresponding change in the PIN.
Such information-free numbers are less prone for misuse, since information
about a person cannot be detected from the number alone, but such numbers
may be more difficult to remember.

4.3.1.3 Linking datasets without a common ID

4-30 There is likely to be a significant difference in the quality of the linkage
between different administrative data sources with and without common IDs. If
there is a unique identifier in all or most of the records, the linkage becomes
relatively easy and the level of successful linkage is normally high (although the
quality of the variables in the statistical register should still be assessed).

4-31 However, the NSO will need to develop alternative methods to link
records for census use either when:
(a) the unit record data from registers are being combined with the
information that is collected directly from individuals and households in a
field enumeration (as in the case of a combined census) and where the ID
number is not reported on the questionnaire: or
(b) thereis alack of any unique identifiers across administrative data sources
(as in the United Kingdom and New Zealand for example).

4-32 Such methods may involve either:

e Deterministic method in which a number of match-keys (such as name,
sex, date of birth and postcode) are used to link records across the
administrative sources. The same set of match-keys is produced for each
dataset. If the match-keys are the same on each source, a link is made -
nevertheless, the link may not be unique.

e Probabilistic method that identifies links between records in two datasets
by comparing and quantifying the relative similarity of records and
assigning a ‘similarity score’ — a process that is sometimes referred to as
‘fuzzy matching’. This has the benefit that, compared to the deterministic

109



method, it does not require record values to be identical in both records.
However, the disadvantage here is that some links may be wrong — but
this may have little effect on the overall statistical results.

e A combined approach of first using deterministic linking as much as
possible, and only then try to link the remaining records probabilistically.

4.3.1.4 Linking persons to dwellings

4-33 The basic counting units of a population and housing census include not
only persons, but also households, families, and dwellings (whether occupied or
vacant). All of these units require identification, but there is no need to use all
the different identification variables. The minimum necessary identifiers are for
persons (person ID) and dwellings (dwelling ID).

4-34 These IDs must be linked with each other, so that a dwelling ID is assigned
to each person. This ensures that each occupied dwelling is associated with a list
of person IDs of all of its occupants. The dwelling ID makes use of the address
code, which may also contain spatial coordinates.

4-35 For those countries conducting a traditional census, information about
households is usually collected on the basis of the housekeeping concept. This
definition can be achieved through asking a specific question, but is more
challenging for countries conducting a register-based census. Many such
countries instead use the household dwelling concept, which considers all
persons living in the same housing unit to be members of the same household.
While adopting this definition may have a minimal impact on the total number
of private households, it can have a larger impact for certain household types,
such as one-person households. This bias in the number of private households
and in the estimated structure of the household types depends on the traditions
of the country and on living conditions. These challenges for register-based
censuses also extend to the construction of families within households using
relationship information.

4-36 In some countries (such as Slovenia) a distinct household register exists.
The existence of such a register eases the organisation of a register-based
census, especially when household IDs are included in the register, when there
is then accurate information available about which person ID belongs to which
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household ID. A household register might therefore improve the quality of a
register-based or combined census significantly. However, the situation of
Slovenia is not commonly adopted.

4-37 Sometimes it is useful to use identification numbers for other units such
as enterprises and organisations. If these are linked with person IDs and dwelling
IDs they form a helpful tool for deriving other census characteristics, such as
commuting patterns between place of residence and place of work.

4.3.2 Dealing with duplication in the statistical population register

4-38 Duplication of persons in the statistical population register can result, for
example, from loading information for a given person from multiple data
sources that do not carry the same unit identifier. If good record linkage
methods are not in place, information from a second data source may not be
associated with the person present in the statistical population register and thus
results in creation of a new person that duplicates the existing person.

4-39 Duplications can be removed through a record linking/matching process if
all units in the statistical population register are matched with one other. This
search for, and the elimination of, duplicated persons ensures that newly
created units are true births or immigrants, and deleted persons are true deaths
or emigrants. This is essential in constructing longitudinal data. Skipping this
step may lead to the duplication of persons and create coverage error.

4-40 It would be useful if the NSO is able to maintain a log of changes to the
register to hold as a back-up and so that the status of the unit records at any one
particular date can be reported retrospectively.

4.3.3 Confiict resolution

4-41 As noted at section 4.3.1 above, when combining administrative data to
create statistical registers there may be inconsistencies in the values of key
variables across different sources. For example, once a decision has been made
on which administrative records to include for the usually resident population,
if their address on two or more sources are different (a common occurrence
where there has been a delay in individuals communicating a change of address,
or where there have been administrative processing delays, or in the incidence
of second/multiple homes), the NSO may need to decide at which single address
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the records should refer. In Poland, for example, the address selection algorithm
is characterized by high complexity based on the order of choice of addresses
from individual sources. Its main components are:
e data source timeliness;
e type of address (residential, temporary registered, permanent registered,
correspondence); and
e internal level of cohesion of address variables.

4-42 Conflicting (or multiple) address information and any related decision may
cause under-coverage in some areas and over-coverage in others. When
aggregated at the national level this may not be an issue because whichever
address is reported, individuals and households may only be counted once; but
at the sub-national level, and particularly so at the small-area level, this may
matter, if the two addresses are located in two different areas, as it will cause
over-coverage in one area and under-coverage in the other.

4-43 With this particular example of conflict in mind, a common approach is to
choose which source is considered the most likely to be up to date, based on the
characteristics of the individual or the administrative variables. This approach
could also include using additional data sources where the same individual
appears.

4-44 Similar approaches in using quality information/indicators on individual
sources to measure the quality of attributes in statistical registers, when the
same attribute is available in different sources, have been used in other UNECE
countries. For example, the Spanish population register lacks information on the
legal marital status (LMS) of individuals. To estimate LMS, therefore, several
registers are used to obtain complete information, including data from the Tax
Agency, the Civil Register, the Social Security database and the Central Register
of Foreign Nationals. Since an individual may appear in multiple data sources
with conflicting information, decisions rules are applied to determine the most
plausible value. The decision rules are applied for each person after which a
value for LMS may be given. If cases remain unassigned, a value is imputed
depending on age, information in past censuses, and number of household
members. The results generated by this method are promising. In Austria,
similar research is on-going®“.
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4-45 Possible solutions to resolving other areas of potential conflict associated,
for example, with differences in definitions, classifications, reference periods
and other inconsistencies between sources, are described in section 2.4.

4.3.4 Updating and the ‘Signs of Life’ methodology

4-46 The basic minimum input for keeping population registers up-to-date is
the information obtained from the civil registration of births, deaths and
marriages, and of any changes of address resulting from either internal or
international migration. However, an increasingly commonly used tool to help
minimise the almost inevitable shortcomings in coverage in the statistical
register is the so-called ‘signs of life’ (SOL) method in which a number of ‘activity
rules’ are adopted to ensure that only persons who are alive and meet a set of
pre-defined residency criteria are included in the census. The data from those
administrative data sources to which the NSO has access can be cross-checked
to improve the coverage of statistics derived from a population register by using
the information from the different registers that relate to the activity (signs of
life) of the same resident at a particular period in time. Methods of assessing the
quality of the registers are described in more detail in Chapter 5.

4-47 Based on such information it is possible to update the statistical register
so that revised estimates of the size, migration, household structure and spatial
distribution of the population in the country can be made. As an example, when
using household data from registers (where a household equates to those
persons living in the same dwelling), it may be that the distribution of different
household types seems to be biased when comparing it with earlier census data
or data from household surveys. In this case, it may not be necessary to
recalculate all families, households and their dwellings, but only correct the
seemingly biased results. To improve this bias, the signs of life markers from
different data sources maybe used.

4-48 A list of such markers can never be absolute but the more markers that
can be used (such as registering with a doctor, enrolling in course of formal
education, or receiving any social support such as unemployment benefit) the
more accurate will be the judgment (with lowest probability of error) that a
revision to the statistical register should be made. In making such statistical
decisions, it is useful to use the information about markers relating not only to
the most recent situation but also to previous activities.
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4-49 To use these markers two key pre-conditions need to be satisfied, at least
at the national level:
(a) a set of administrative registers should be held in which,
- all persons in all registers are identified by their unique ID codes; and
- all living quarters (dwellings, family houses, etc.) in all registers are
identified by their unique address IDs;
(b) all registers should cover the whole population and be regularly updated
(at least annually)

4-50 In Spain, for example, such signs of life are determined by using data from
a number of administrative sources (including tax registers, social security files
and the national unemployment database) together with movements detected
within the local population register, the Padrdn. These administrative sources
are linked at the individual and household level, and persons who exceed a
particular SOL threshold level, indicating an ‘active’ presence in the country, are
included in the population count, while all the others (the ‘inactive’) are
excluded. A short case study from Spain relating to the use of signs of like
markers (and which has been previously illustrated by UNECE?®) is set out in Box
B below. Singapore uses a similar ‘no interaction’ approach, while Poland
adopts a slightly different concept — see Box C.

4-51 Though the use of existing SOL markers in a data source may allow the
optimal use of data already held, NSOs should investigate carefully the actual
content and coverage of the markers from a national perspective to ensure
consistency and harmonisation, particularly in respect of frequency, timeliness
and the data collection methodology.

4-52 The use of markers from administrative data sources gives a different
view on known datasets and allows a comparison of multiple sources. However,
identifying events that are systematically missed, when no comparison is
available, remains challenging.
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Box B: Signs of life in administrative data sources - Spanish case study

To identify which individuals are usually resident, the ‘signs of life’ (SOL) method is applied. All individuals
are analyzed within the available administrative data sources and the movements are detected in the
Padron for the months following the reference date. The four key administrative sources used to assess
SOL are:

1. Tax Agency and local tax files.
2. Social Security Insurance Database that includes individuals with insurance and beneficiaries
(employees and pensioners).
3. Labour market-related sources including:
a. Unemployment National Service Database that provides a job seekers file to include
individuals unemployed.
b. Social Security Affiliation Registers that provide affiliation information of the employed
population.
c. Public Aids Database that provides information about benefits recipients.
4. Central Registry for Foreign Nationals Database that provides supplementary information about
foreign nationals living in Spain such as date of application for residence permit, licence or
rejection of residence permit, expiration dates residence checks, etc.

Through using the SOL method, individuals who reach the threshold of presence signals within
administrative data will be identified as ‘active’ and will be included in the population counts. In addition,
individuals not meeting the threshold will appear ‘inactive’ and will not be included. These SOL from
administrative data can also be compiled at individual and household level, therefore information is
available about how many household members are ‘active’.

Furthermore, for both Spanish and foreign nationals, the movements in the Padrdn are taken into account
in the following months after the reference date. There are certain movements that require the direct
intervention of the person, or a residence check made by a municipality, which generates a high probability
of the person to be residing in Spain at the reference date. Also, other movements are good indicators of
a person not residing in Spain at the reference date. These movements can be used to identify individuals
that are ‘usually resident’.

For children, it is considered to be a sign of life if an adult in the same household shows a sign of life.
Children who do not meet this requirement are currently excluded from the population, though the
possibility of using information about enrolled students in official studies is currently being analysed.
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Box C: Signs of life concept - Polish case study

Statistics Poland develop population register as a part of work on the Statistical Census Database (SCD).
The target population is made up of people living in Poland, i.e. the population (permanent residents and
arrivals from another place, including foreigners) which, according to administrative registers, has a place
of residence in Poland. The population register includes each statistical unit only once and concerns the
same moment in time.

The concept of the population register assumes that the target population is not just a simple result of
collecting all PIN numbers from selected administrative sources. It is also necessary to carry out measures
to minimize the error of over-representation - the occurrence in the target population of too many people
than is due to the actual situation (population balance method).

Therefore, several criteria and other registers have been applied to eliminate those who do not meet the
definition of the target population. Multiple administrative data sources and algorithms were used for
the elimination this groups (sign-of-life-concept).Out of all collected unique PIN numbers, excluded from
the target population are:

— persons declared as dead (validate with register);

— persons aged 90+ and probably dead (validate by algorithm),

— persons residing outside the territory of the Republic of Poland (validate with register);

— persons residing and receiving benefits (like pension) outside Poland (validate with register);
— persons appearing in only one register (validate by algorithm);

— children who do not fulfill the school obligation in Poland (validate with register).

The SCD allows for a quick and efficient use of a wide spectrum available administrative data and the
generation of results consistent with the expectations of the recipient of statistical data i.e. reliable,
current, high frequency and low (currently unavailable for representative research) level of spatial
aggregation. A novelty in the approach guaranteeing reliability and the high quality of the resulting data
is also the development of the method and then the use to present the results of the information about
the actual place of residence and not the declared place of registered residence.

4.3.5 Editing and imputation

4-53 The editing of administrative-based data is usually the last step in the
process required to produce a statistical register. The assessment of quality of
the source and input data will inform whether or not the administrative data
requires editing (to correct values that are either clearly erroneous or
implausible) and/or imputation (to insert plausible values where data items are
missing). Editing and imputation may be required both in any single source and
the integrated database.
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4-54 One of the most important and resource-consuming processes in the
creation of statistical registers is the verification of the basic data taken from the
administrative data sources and the correction of any errors (through editing)
and the replacement of any missing values (through imputation). However, it
should be noted that unlike the information recorded on questionnaires in a
traditional data collection operation, in a register-based census any one
particular data source should have already been checked and edited (to some
degree) by the data holder in order to fulfil the administrative purposes for
which the register itself is used.

4-55 This means that the focus of any such checks will be on the variables that
are most important for the work of the administration. As noted by UNECE® the
data that are to be used subsequently for statistical purposes may not be
controlled as carefully. It is vital therefore that the NSO has good knowledge of
the metadata of these editing procedures (as noted at section 2.2.6) in order to
fully understand any systematic limitations. Thus, it is the function of the NSO
to edit the data to the extent necessary to ensure that they are of sufficient
quality (in terms of accuracy) for statistical use.

4-56 The metadata that accompanies the supply of the data and/or discussion
with the register holders should provide an indication of degree of such editing.
Thereafter, the NSO will need to check and, if necessary, edit the data further in
order that it is fit for the purposes of the census — or any other statistical
operation undertaken by the NSO. (See the UN’s Handbook on Population and
Housing Census Editing, Revision 2° for a general discussion on data editing
within the context of a traditional census.)

4-57 Where data from several sources are edited simultaneously, consistency
checks can discover further errors or inconsistencies in any of the sources that
may not be evident from a single register alone, since the coverage of different
sources will often vary. Such ‘consistency’ checks are usually not applicable in
traditional censuses where only one source of data is used, but are a key
component of the editing process in a register-based census as they can identify
errors not only in attribute data items but also in the statistical units themselves.

4-58 The statistical register should ideally be clean and consistent, so that there
are no conflicts between individual data items. Improbable and/or missing
values information must be investigated. In this process it is not unusual to
discover systematic errors in the administrative registers, though these should,
preferably, have been identified prior to data processing in the extracts that the
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data supplier makes before the NSO receives the full dataset (see section 5.3.1
in the next chapter).

4-59 Within the context of a traditional census (or a combined census) where
all (or some) of data are collected by means of a field enumeration or survey,
errors are normally identified as being coverage errors or content errors, where:

e Coverage errors arise from omissions or duplications of persons or
housing units in the census enumeration. The causes of coverage error
may arise from:

- incomplete or inaccurate maps or lists of enumeration areas or living
quarters, or

- the failure of enumerators to canvass or interview all the units in their
assignment areas or where such units are enumerated more than
once;

- the omission of persons who are unwilling to be enumerated or are
hard to find;

- the erroneous treatment of persons whose residency status may be
difficult to determine, such as visitors and non-resident foreigners; or

- loss or destruction of census data prior to data processing;

and where:

e (Content errors arise from the incorrect reporting or recording of the
characteristics of persons, households and housing units. Such errors
may be caused by:

- poorly designed questions or poor sequencing of the questions,

- poor communication between respondent and enumerator, leading
to either enumerator or respondent error;

- the information being provided by proxy on behalf of a person who is
unable or incapable of answering for himself/herself; or

- mistakes in coding and data entry.

4-60 Where census data are taken from administrative registers, many of these
causes of error are reduced but not entirely eliminated. Errors may continue to
consist of a failure in the information to meet the statistical requirements for
the purposes of the census. It is crucial that any systematic types of error
occurring in the administrative registers from which data are extracted for
statistical purposes should be corrected. This can only be achieved by close
contact with the authorities responsible for the register. Consequent
improvements in the way that data are collected and correctly recorded in the
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administrative register can only be to the benefit of the register holder, the NSO
and the data subject®.

4-61 Where isolated errors are detected, they may in certain cases be
corrected by direct reference to the source registers. However, in practice, as
most administrative data sources cover the total population, the possibilities for
the data holders to contact individual units to correct the original information
are very limited (and in any case would be very time consuming). This is
particularly the case when the units are individual persons. The main method
for control and corrections is therefore computerised, logical editing.

4-62 To adjust the statistical register to minimise the effect of missing data, the
missing values can by replaced (or imputed) with synthetic but plausible values
that are formed either by:

e statistical estimation (such as hot-deck or logistic regression) using one or
more probability distributions:

e using a deterministic model exploiting the relationship between the
unknown value and other known variables; or

e some form of statistical matching.

4-63 Whatever imputation process is employed, the aim should be to fulfil a
number of quality-related criteria, notably:

e predictive accuracy by which the imputed values should be as close as
possible to the true values;

e ranking accuracy by which the order of imputed values (for attributes
which are at least ordinal) should be preserved;

e distributional accuracy by which the distribution of the true data values
should be preserved; and

e the plausibility of the imputed values.

4.4 Research and testing

4-64 Itis inadvisable for new administrative data sources to be integrated into
census production without prior feasibility research by NSOs. The quality of a
data source may be established by acquiring ‘test data’ and assessing its quality
at the various stages suggested in this handbook. This will aid the design of a
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census methodology that makes the most of the available administrative data
and considers the impact of its use on the quality of the census overall.

4-65 Firstly, the feasibility research involves developing a detailed
understanding of the administrative authority’s data collection processes, the
population covered, and the variables included within the administrative source
as well as how accessible these data are (see section 5.3.1 for a more detailed
discussion). Secondly, supply, acquisition and ingestion of test data should be
rehearsed, and test data examined in detail to identify quality issues and define
cleaning and harmonization, along with validation checks (discussed in section
5.3.2).

4-66 When data from multiple registers are combined, they can be used for
verifying data quality on the one hand, and, on the other, for selecting the most
reliable variables and values, in accordance with the developed methodological
rules. Finally, estimates produced using test data can be compared with previous
census estimates or any other such source that the NSO considers to be a ‘gold
standard’, contributing to an assessment of the overall quality of the output.

4-67 Generally, census characteristics cannot be acquired directly from
administrative data sources, because they have been designed for other, non-
statistical purposes and thus most of the definitions and classifications used by
administrative authorities are different from standard statistical definitions. As
such, data from multiple registers may be used in order to construct or derive
certain census characteristics, while other characteristics may be covered by
duplicate information in several registers. This makes feasibility research a key
stage for developing methods for the derivation of census characteristics.

4-68 NSOs should address the following main challenges when deriving census
characteristics:

e ascertain theinternational census standard (definition, classification, etc.)
applicable to the target census characteristic;

e compare and contrast census definitions and classifications with the
definitions and classifications used in the administrative source;

e test the accuracy of the administrative data recorded against alternative
sources and work collaboratively with data suppliers to
eliminate/mitigate any shortcomings;

e determine which, and how many, sources are required to derive and
assure the quality of each target census characteristic;
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e establish optimal rules for deriving each census characteristic and develop
the necessary data processing software, optimised for the quality of
outputs sought; and

e where characteristics are not covered by any administrative sources, take
steps to ensure creation of the necessary register or register part (e.g.
suggest amendments in register procedures, the legal environment, etc.).

4-69 Reaching an adequate harmonization of register and census concepts can
be a complex and time-consuming activity which should not be underestimated.
As such, itis recommended that the inclusion of administrative data sources into
census production should be preceded by adequately resourced feasibility
research which provides a ‘proof of concept’ for the planned integration of
administrative data into the census production.

4-70 In addition, making the four stages of quality assessment (to be discussed
in Chapter 5) an integral part of feasibility research will enable NSOs to directly
apply the learning from such research to the census production context and to
better inform users on the quality of data sources (as noted at section 5.4
(Reporting quality).
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5 Quality assessment

5.1 Introduction

5-1 Census outputs are produced for a wide range of users who will often
have different levels of expertise, understanding and expectations. Therefore,
in transitioning to a register-based (or combined) census methodology, NSOs
should aim at establishing a high level of user acceptability of the outputs that
such a census can offer. The overall quality of the census data should at least be
as good as that achieved in previous censuses, while the use of administrative
data can provide the opportunity to increase the range and periodicity of
statistical outputs. In particular, a big advantage of register-based data is that
they offer information about the entire target population on a regular basis
(annually or, in some cases, even more frequently). This means that a register-
based system is very suitable for producing statistics on small population groups
and for small geographic areas more frequently than is possible with a
traditional census, subject, of course, to the usual requirements to protect
confidentiality.

5-2 However, as a result of the transition, there may be some changes to
definitions of variables, population bases and output classifications. The impact
of these changes on the quality of statistical outputs should be investigated and
assessed by means of a thorough testing and evaluation programme (as noted
in Chapter 4), and the outcomes explained to users.

5-3 It is often the case, however, that assessing the quality of the statistics
produced using administrative sources presents a particular challenge due to
the complexity and multi-dimensionality of the data used: indeed, many factors
affecting quality are not quantitatively measurable. Moreover, being ‘fit for
purpose’, means, by definition, that what high quality statistics should look like
will necessarily vary from one user to another; for example, while some users
will regard accuracy as being of prime importance, others may prioritise
timeliness and accessibility.

5-4 Regardless of the data collection methodology, assessing the quality of
the output of census data has always been an important and necessary task.
There are several different methods to assess the quality of statistics and
particularly the quality of census outputs. It is always useful if more than one
method is adopted.
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5-5 This chapter discusses how NSOs can assess the quality of data obtained
from registers with the aim of producing good quality statistical outputs as
measured against a number of standard quality-related dimensions. It begins by
reviewing the key dimensions of quality, before describing how these
dimensions can be assessed in the four stages of quality assessment in the
census process (source quality, input quality, process quality and output quality).
The key tools and indicators that can be utilised to quantify the assessment of
quality at each of these stages are then discussed.

5-6 More detailed information is available from the recently published UNECE
guidelines for assessing the quality of administrative sources for use in
censuses®® (from which much of the material in this chapter has been taken) and
from the second revision of the quality assurance framework of the European
Statistical System?3®.

5.2 Quality dimensions

5-7 There are several internationally accepted dimensions that can be applied
to aid NSOs in their assessment of the quality of census data and processes to
enable both producers and users to understand the quality of a statistical
output. These key dimensions are (in no definitive order of priority):

e relevance,

e accuracy and reliability,

e timeliness and punctuality,

e coherence and comparability, and
e accessibility and interpretability.

5.2.1 Relevance

5-8 ‘Relevance’ is defined as the degree to which statistical outputs meet
current and potential user needs. It should be noted therefore that a census
programme should maintain a close relationship with the users of census
information, and it is one of the crucial steps in the preparations for any census.
This dimension may require NSOs to adjust the direction of their output
programmes over time, as user requirement change. However, assessing
relevance is subjective because it often depends on varying user needs. The
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challenge for any census programme is to balance, as evenly as possible, the
often conflicting requirements of different census use while keeping within tight
resource constraints.

5-9 To be deemed relevant, census outputs should, for example, not only
contain the information sought about the target statistical units, for the target
reference period, but also be congruent with the reasons for transitioning to the
new methodology (such as reducing costs and response burden, etc.).

5-10 Users’ requirements for data should be determined through consultations
early in the planning phase of the census operation as they are key in shaping
the design and content of the census. Such requirements will, in turn, determine
the particular registers that the NSO will want to use.

5-11 Intransitioning to a register-based census it is particularly important that
users should be aware of any changes both to the definitions of variables and to
the output classifications. It will be important that users should understand that
administrative data have not (in general) been collected for statistical purposes
and that the relevance (and indeed several of the other quality dimensions) of
the data will be highly dependent on the importance of the data to the
administrative authority’s function.

5-12 As a consequence, a register-based census may:

e not always have the same range of variables if the data are not available
in any administrative source;

e have to adopt different concepts and definitions, particularly in the way
that different populations bases (such as ‘usual residents’ and the ‘labour
force’) are defined and counted;

¢ have to manage sources with different reference periods;

e have limited coverage of the target population for particular sub-groups
of the population; and

e also be subject to changes over time and inconsistencies in the way the
data are collected across units of the population.

Therefore, there may be disruptions in any time series that span the period of
transition, the effect of which will need to be communicated to users.
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5-13 Cognitive research within focus groups and qualitative testing, among
other tools, can be used to understand the range of administrative registers that
will be necessary to satisfy users’ needs. Though there will likely be a set of core
topics on which NSOs will want to collect information - either to fulfil
international obligations (such as the EU Census Regulations) or to conform to
the UN’s global recommendations - the use of some administrative registers (or
other data sources) may need to be assessed to meet purely national and local
requirements.

5.2.2 Accuracy and reliability

5-14 The ‘accuracy’ of statistical information is defined as the degree to which
the information correctly describes the phenomena it was designed to measure.
It is determined by the closeness between an estimated result and the unknown
true value. It is usually characterized in terms of error in statistical estimates
and is traditionally broken down into bias and variance. However, that latter
concept is relevant only in situations where (in a combined census) some of the
data are collected for a sample of persons or households, or where only a sample
of records is processed.

5-15 In several countries the overall accuracy of census data has traditionally
been based on dual system estimation (DSE) which involves conducting an
independent large sample post-enumeration survey immediately after the
census data collection operation. The process then relies on a capture-recapture
methodology to estimate coverage errors (due to either under- or over-
coverage) and content errors (arising from any misreporting or mis-recording of
data items). (More details on the methodology and processes of post-
enumeration surveys can be found in the UN Technical Report on Post
Enumeration Survey Operational Guidelines®.)

5-16 However, such a method may not always be appropriate or applicable in
a wholly register-based statistical system in which such an independent field
operation is not practicable, and therefore new or revised methods are needed
for register-based censuses. An example of this is the methods that some
countries have developed to reduce over-coverage, through the ‘signs of life’
methodology, discussed at section 5.3.3.2 below.

5-17 ‘Reliability’ is the degree of closeness of initial estimates to subsequent
estimated values measured over time and different geographies. This dimension
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is also closely associated with ‘comparability’ (as discussed at section 5.2.4
below).

5.2.3 Timeliness and punctuality

5-18 ‘Timeliness’ generally refers to the delay between the date to which the
data refer (usually referred to as census day) and the date on which the
information becomes available. In the context of a register-based census,
timeliness of the data can also be taken to refer to the length of time between
the date of the event recorded in the register and the census reference date, or
the length of time between the most recent updating and when the data are
delivered to the NSO. In contrast, ‘punctuality’ refers to degree to which the
actual delivery of the administrative data to the NSO differs from the date that
has been pre-agreed between the NSO and the data administrator.

5-19 Often in any census output timetable, there are several release dates to
be considered. Typically, there is a trade-off between timeliness and accuracy in
that the more attention that is given during data processing to producing
accurate results the longer that processing usually takes. In some cases (and
depending on the users’ primary needs) it may be preferable for the NSO to wait
to get higher-quality input data, or a second data supply for the same reference
date. Timeliness can also have an impact on relevance of the data to users.

5-20 A number of other key factors should be considered when assessing
timeliness and punctuality. These are discussed at paragraph 5-44 below.

5.2.4 Coherence and comparability

5-21 ‘Coherence’ refers to the degree to which data that are derived from
different sources or methods, but which refer to the same phenomenon, are
similar. More specifically, within the context of the published results, it also
refers to the degree of consistency in the value of a count or estimate where this
appears in different outputs (see section 5.3.4 below).

5-22 ‘Comparability’ can be seen as a special case of coherence that refers to

the degree to which data can be compared over time and domain; it is closely
associated with the dimension of ‘reliability’ as noted at section 5.2.2 above).
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5-23 By its nature, a census that uses various administrative data sources will
face the challenge of maintaining coherence and comparability. The key factors
to be considered are related to:

e Differences in concepts: The variables in the administrative source may
use somewhat different concepts than required by the NSO (such as the
definition of ‘usual residence’ or a ‘household’).

e Differences in reporting methods: For example, education or employment
status recorded in the census using register-based data may give different
estimates than those in reported directly by the householder in field
enumerations or sample surveys.

e Change in methods over time: The move to using (more) administrative
sources in itself creates a change in data collection methods that is likely
to affect comparability.

e Changes in the administrative sources: Changes in the administrative
sources over time should be carefully monitored in order to avoid, or
minimize, negative impacts on coherence and comparability (such as
changes in the legal or administrative requirements concerning the
collection of the data by the administration, or changes in the processing
by the administration).

5.2.5 Accessibility and interpretability

5-24 ‘Accessibility’ is defined generally as the ease with which users are able to
access census data, including the ease with which the existence of the data and
metadata can be ascertained by the user as well as the suitability of the format
and/or medium through which this information can be obtained. In this context
it should be emphasised that the term ‘census data’ usually refers to the
aggregated statistical output as opposed to the unit record microdata, although
it is often now the practice for NSOs to grant authorised researchers access to
anonymised microdata within a strictly controlled secure environment.

5-25 Within the production process the concept of ‘accessibility’ can be applied
to the input datasets from which the output statistics are created. Additionally
—and specifically within the context of a register-based census —it can also refer
to the ease with which the NSO can obtain the input data in their entirety from
the data holder.
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5-26 ‘Interpretability’ (sometimes referred to as ‘clarity’) relates to the
availability of any supplementary information or metadata that may be
necessary of help the user to interpret, understand and utilise the published data.

5-27 Some key factorsin the context of using administrative data for the census
are:

e Availability of metadata concerning the administrative sources: If the
metadata of an administrative source is not available, or is insufficiently
detailed, the usefulness of that source for its intended use (by both the
NSO and the end user will be reduced.

e Proper documentation of the production process: Not maintaining and
updating the metadata at each stage of the production process, especially
when several sources are combined, will reduce the clarity of outputs.

e Complexity: Special attention should be paid to explaining the complexity
of the sources and of the production process to the user. There is often a
trade-off between the number and complexity of sources to be used and
the difficulty of understanding by users of how the final output was
produced and how good it is. Indeed, the complexity of the administrative
data, and the availability and completeness of the associated metadata,
will impact on the ability of the NSO itself to understand, access and use
an administrative source. For example, administrative data can be held in
large, complex data structures, posing significant technical challenges for
the NSO to overcome.

5.3 Stages of quality assessment

5-28 The assessment of the quality of administrative registers and the census
data derived from them can be carried out in four stages, broadly corresponding
to the stages of the statistical processes of the census: data collection, data
processing, output production and evaluation.

5-29 While the statistical design of any census is never entirely linear (in the
sense that the stages do not run consecutively) considering the stages of quality
assessment in this way should enable NSOs to identify the key quality
considerations at each stage of the census production cycle. These four
assessment stages refer to:
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e source quality: a metadata-based quality assessment of new or existing
administrative data sources to be used in the census;

e jnput quality: an assessment of the raw administrative data as it is
supplied to NSOs by the administrative authorities;

e process quality: the assessment of changes in the quality of the data which
results from integration and processing of the administrative data within
the NSO;

e output quality: the overall quality assessment of the statistical results as
disseminated to users.

5.30 It should be noted that the information and insight gained through the
assessment of the quality of administrative sources and the input data is useful
not only to determine whether a particular source should be used in the census,
but also to determine the necessary processing of the administrative data for
use in a census. As has been previously noted, administrative data cannot be
usually be used directly in a census, due to conceptual and definitional
differences and due to limitations of coverage, completeness and accuracy. It is
therefore necessary to transform the data taken from administrative sources
using the information gained at the Source and Input data stages.

5-31 The following sections of the handbook discuss, for each of these stages:
the relevant key quality dimensions; the means of assessing quality and the
criteria against which such assessment may be carried out; and a summary of
the key tools and indicators that can be applied in such assessments. A fuller
description of these tools and indicators is set out in the recently published
UNECE Guidelines for Assessing the Quality of Administrative Sources for Use in
Censuses®.

5.3.1 Source quality

5-32 In the transition to a register-based (or combined) census methodology
from a traditional approach, it is necessary to assess the quality of the
administrative registers at the earliest possible stage. Indeed, as noted in
Chapter 2, it is a pre-requisite that the NSO should undertake research into the
feasibility of using any register prior to the completion of the census design. This
stage does not necessarily require NSOs to be in possession of the actual data
items but is critical for the stages that follow.

5-33 But even where data from a particular register has been used before,
further re-assessment should be made prior to each census as the data might
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have since been updated and suffered changes in terms of concepts,
classifications, coverage and collection methods. Remember, apart from their
use in the census, the NSO may also wish to use such administrative data sources
to produce other types of outputs as part of a general register-based statistical
system.

5-34 The methods of assessing the quality of data sources may be grouped in
four main categories:

e Management and planning: This covers those activities that relate to the
relationship between the NSO and the data suppliers. It requires the
establishment of governance and rules, maintaining good
communication, and the management of agreements, policies, and
delivery plans. Any data exchange agreements will need to consider not
only any relevant legislation and confidentiality constraints but also the
level of public approval of the use of a particular data source.

e Organization and responsibilities: This covers the aspects associated with
the establishment of responsibilities of working with data sources. In
particular, it is important that the supply of data from different providers
is coordinated to ensure a timely delivery.

e Processes: This deals primarily with the systems that provide for the
transfer of (usually large volumes of) data, for which exchange systems
have to be established and tested. Data transfer has to be managed in a
secure environment that provides the necessary levels of privacy and
confidentiality.

e Tools: This covers those aspects associated with adoption and
development of tools to support data source quality. Standards for data
formats, data models, data transfer protocols, established
documentation of the administrative sources (metadata) describing the
objects (units, events) and variables with their classification. A privacy
impact assessment is, for example, a tool that is relevant for assessing
public acceptability, and a legal framework is necessary for ensuring the
authority of the NSO to acquire and use the data.

5.35 All but one of the quality dimensions described above are pertinent in the
assessment at this stage (relevance, timeliness, coherence and accessibility) plus
an additional key element — the institutional environment — which is discussed
below. The guantitative dimension of accuracy refers principally to the data
items themselves rather than to the quality of the register as a source. This
dimension comes into its own later in the discussion on input quality at section
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5.3.2. However, the quality of the administrative register as a source can be
guantitatively measured by the aggregate quality of all the data items it
contains.

5.3.1.1 Relevance

5-36 An understanding of the differences between the administrative
population and the required census population, and between the
measures/variables in the administrative source and the required census
characteristics is important in assessing relevance. The errors arisings from
these differences can be referred to as ‘representation’ and ‘measurement’
errors respectively.

Representation errors

5-37 Representation errors are those that relate to the population unit of
interest — sometimes referred to as the ‘target population’, which, for the
census, will usually be persons, households, dwellings or buildings. In assessing
the register, the NSO is aiming to understand whether the register will provide
relevant information for the target population — including whether or not the
register includes relevant units and excludes those not required for the census.

5-38 To assess relevance, the NSO must determine whether or not the set of
objects in an administrative data source align with the population of interest for
the census (the target population). An ‘object’ in this context is the basic
element of the population on which information is collected; this could be a
person, household or dwelling.

5-39 Two key representational indicators are proposed here for establishing
relevance of an administrative source for which the following questions are
suggested to help guide the assessment:

e Alignment of the objects in the register with the census target units

- What definitions, methods and processes are used to identify and
include an object in the source?

- What laws or regulations define the objects?

- What checks are carried out by the data holder to ensure that the
definitions hold?

- In the case of misalignment with the census units, is a transformation
possible that could meet the census needs?
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e (overage (of the set of objects) against the census target population

- Does the coverage of the objects meet the needs of the census?

- Is there evidence of under-coverage (where objects that missing from
the source - such as undocumented migrants - but which are part of
the census target population, depending on the definition of the
population base) and/or over-coverage (objects that are in the source,
but are not part of the census target population) that would impact
the usefulness of the source?

- Are there any differences across geographical areas due to differences
in practices by the data holder or due to legislation that need to be
considered?

- Are there any rules, legislative or regulatory requirements, including
penalties for non-compliance, that may impact on the inclusion and
exclusion of objects on the source?

- What methods and processes are adopted by the data holder to
include (through registration) new objects that meet the required
inclusion criteria/definitions and to remove objects (through de-
registration) that no longer align with the target population for the
administrative source?

- In the case of coverage errors, are there other data sources that could
be used in combination with the administrative register to overcome
under- or over-coverage in the source?

Measurement errors

5-40 Measurement errors refer to the extent to which the particular data items
of interest held in the register do not conform to the concepts and definitions
of the census topics (such as citizenship, employment status, household size,
tenure status, etc.). Thus, the NSO should determine whether or not the
information collected about the objects meets the needs of the census, with
respect to the target concepts (such as citizenship, employment status,
household size, tenure status, etc.).

5-41 More generally is it also useful to know the purposes for which the
register holder collects the data, since any policy requirements, legal
obligations, targets or incentives (or lack of incentives) could also influence the
quality of the data items. Moreover, the possibility of processing error incurred
by the data holder in maintaining and updating the register needs to be
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assessed. Thus, the sort of information that the NSO will need to know in its
assessment are:

e whether or not the register includes the variables/characteristics needed
for the census;

e whether or not the administrative concepts, definitions and classifications
for such variables are consistent with those adopted in the census;

e any differences between the data holder’s intended target concepts and
what is actually achieved in the register;

e in the case of inconsistency with the census concepts, definitions and
classifications, whether or not a transformation of the variables/
characteristics is possible to satisfy the requirements of the census;

e the frequency of collection for a variable/characteristic and whether or
not each relates to the relevant reference period (and whether or not an
indication of the period to which a data item relates, together with the
date on which that data item was registered, is recorded in the register);

e any known delays between a unit (or event) being captured in the register
(such as registration of a birth being up to several weeks after the birth
itself);

e what incentives (such as benefits) are there for a data subject to provide
complete and accurate information to the data holder or update their
information, or disincentives (such as penalties) for not doing so, as and
when their circumstances change;

e whether or not the data holder’s collection process raises any concerns
about the quality of the variables, such as the potential for any bias or
misreporting arising from the data being recorded by proxy;

e the procedures that are in place to validate and check data on entry by
the data holder;

e whether or not data are edited or imputed, and if so, when and how, and
if there is an indicator to identify when such an edit and imputation has
taken place;

e if there any rules, regulations or incentives for the data holder that may
impact on the way data are processed; and

e whether or not the processing carried out by the data holder ensures that
the quality of the resulting data will meet the needs of the census, and
what checks are carried out by the data holder to assure quality of the
administrative data.
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5.3.1.2 Timeliness and punctuality

5-42 Even if an administrative register may cover the relevant time period for
the census, to be useable the data must also be available and delivered to the
NSO on time within the census schedule. It is important that the difference
between the reference date to which the data refer and the date on which they
are supplied to the NSO is kept to a minimum, since the longer the delay the less
relevant those data become, even though they may still be accurate. However,
such accuracy may be affected by any delay between the date of an event and
the date in which that event is recorded in the register. If possible NSOs should
encourage register holders to record both dates.

5-43 Punctuality — the difference between the expected date of delivery and the
actual date of delivery — is also an issue since the NSO will usually have a
responsibility for producing its census output to an agreed schedule and would
not want any delay in the production of the census data to affect this.

5-44 A number of key factors should therefore be considered when assessing
timeliness and punctuality of the data source:

e Time lag at data source: Besides aiming for a prompt delivery, the
frequency of record maintenance and updating of the data by the source
keeper can be a key factor in achieving timeliness. Another element that
comes into play is the obligation and incentives of the individual to
register or deregister with the authorities (such as where there is a change
of usual residence).

e Alignment of data availability with census requirements: When
considering administrative data-based censuses, if the timeliness of
supply does not align with the required publication date then there will
be inherent issues in the data quality

e Tentative date of acquisition: The identification of the dates on which the
data from the administrative sources may be available will depend on the
processing and format of the data that the administration needs to
provide.

5-45 As indicators to assess timeliness and punctuality of the data source the
NSO will therefore need to know:

e what the time lag is between an event or phenomenon occurring and
being captured in the register (as also noted under ‘Relevance’);

134



e how the date to which the administrative data refers compares with the
census reference date;

e whether or not the register has been completely updated when provided
to the NSO - and if there is a lag for more complex cases, which might
introduce bias;

e what the time lag will be between the end of the register’s reference
period and the date that is can be made available to the NSO;

e how frequently the data can be supplied to the NSO, set against the needs
of the census;

e whether or not data formats and structures, and the method of delivery,
meet with the NSO’s requirements that could, otherwise, impact on the
data supplier’s (and hence the NSQ’s) timeline; and

e jf the NSO can, after delivery, transform and process the data in time to
meet the census timetable.

5-46 In instances where the data are unlikely to be available in time, the NSO
may wish to establish whether a provisional version of the dataset can be made
available ahead of schedule. In such cases, however, the dataset may be
incomplete and subject to higher levels of error. There may therefore be a trade-
off to consider between the timeliness of the data and accuracy.

5-47 When assessing the dimension of Institutional Environment (discussed at
section 5.3.1.5 below), it is important to include the delivery dates against the
data reference periods within any formal agreements with the data supplier.
Although the data may be available on time to meet the requirements of the
register holder, they may not necessarily be delivered to the NSO in time to meet
the requirements of the census —the timely delivery of which the NSO must take
sole responsibility.

5.3.1.3 Coherence and comparability

5-48 ltis important to assess the degree to which an administrative source can
be successfully linked and combined with other data sources for use in the
census. The information in assessing relevance - including information about the
differences in the underlying concepts, definitions, classifications and collection
methods - can also be used to assess coherence.

5-49 As has been noted above, data held in administrative registers are subject
to changes over time and across domains due to changes in policy, legislation,
and procedures. Such changes can affect the concepts, definitions,
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classifications and coverage of a source, and can impact on all of the
representation and measurement indicators outlined under the dimension of
relevance. This is of particular importance for the census, where stability over
time is a key concern.

5-50 In assessing the extent of any lack of coherence or comparability that the
NSO can use as indicators, the NSO will need to know what changes there have
been in the register over time or what differences across domains (such as
geographical areas or sub-populations) that may affect:
e the definition and coverage of a unit that is relevant to the census;
e the concepts, definitions and classifications associated with the variables
in the administrative source that are relevant to census; and
e the data collection, processing and quality assurance procedures that
could impact on the quality of register for census purposes.

5-51 A further key consideration in assessing the coherence and comparability
dimension of the data source is the ease with which the data in any one register
can be linked with other datasets that are relevant to the census through, for
example, the use common unique IDs or, if not, a combination of other
identifying variables such as name, sex, date of birth and address of each data
subject. (This element of linkability is particularly important in the assessment
of the quality of each characteristic to be used as a census variable and will be
discussed further at the input quality stage in the next section.)

5-52 As indicators of linkability the NSO will want to identify:

e The presence of a common unique ID key, by asking:

- Does the source include a unique identifier that is common with the
unique keys required for the census linkage?

- If so, is the identifier available for all of the relevant objects on the
source? And if not:

e The presence of a common unique combination of variables by asking:

- Does the source include a unigue combination of variables (such as
name, date of birth and address), which could be used for the census
linkage?

- If so, are the unique combination of variables present for every object
on the source?

5.3.1.4 Accessibility and interpretability
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5-53 Anumber of indicators can be developed for the assessment of the quality
as determined by this dimension.

What restrictions are there on the supply to, and use of the data by, the NSO?

5-54 |t is important to identify any restrictions that may impact on the NSO’s
ability to acquire and use an administrative source. For example, existing data
protection restrictions embedded in legal acts can impose certain limitations on
the data acquisition and processing. Such legal acts may be specific to particular
data sources or may be more generic allowing the NSO access to such data
sources as and when required, subject to the agreement of the register holder.

5-55 However, the register holders themselves may also impose further
restrictions on the supply of data and the permitted use. These can include:

e suppression of records or variables;

e disclosure treatments (pre-delivery), such as encryption of identifiers,
perturbation, banding or top-coding of the supplied data;

e restrictions on how the data can be used;

e restrictions on the retention of data and rules on deletion/disposal of the
data;

e rules on disclosure methods that must be applied by the NSO, affecting
the census outputs.

5-56 The NSO should establish and describe any restrictions that apply, on
which an assessment can be made as to the impact (and risks) of the restrictions
on the use of an administrative source in the census. As part of the assessment,
the NSO should also consider whether or not it has the capability of applying the
necessary technical and procedural safeguards to comply with any such
restrictions abide by the restrictions. The safeguards often form part of a
Memorandum of Understanding (MoU) or Data Security Agreement with the
data holder.

What is the level of public acceptability?
5-57 Whether or not an NSO decides to access a particular data source for use
in the census may also depend on public acceptance. The NSO should therefore

be transparent about the use of administrative sources in the census,
highlighting the benefits to the public, whilst providing assurances of privacy and
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security. To assess public acceptability, the following tools or processes can be
used:

e A public consultation or engagement programme may be carried out by
the NSO on the use of administrative data in the census (or for statistical
research or other outputs). This can take various forms, including formal
consultations, questionnaires (through surveys or via the NSO inviting
feedback via its website), and/or qualitative research into public attitudes
by bringing together members of the public - selected to be
representative of the population, or to reflect different population groups
of interest - to assess their views and opinions.

e As a risk management tool, used in the planning phase of the census, a
Privacy Impact Assessment may be carried out to assist organizations to
consider more fully the privacy implications of the way that the data are
collected and processed.

e Alternatively (or additionally) a data ethics assessment might be carried
out to establish whether the access to, and the use and sharing of public
data, for research and statistical purposes, is ethical and desirable for the
public good. For this purpose, NSOs may chooses to employ a formal and
independent body to provide expert advice or endorsement, such as a
National Data Ethics Advisory Committee (if such bodies exist within the
country).

How easy is it to transfer data?

5-58 The data supplier might adopt very different data models, formats,
schemas, software and hardware to that with which the NSO is familiar. This
includes how data are held and transmitted, including the security
arrangements for transmission. The data structures could also be complex and
file sizes extremely large (particularly for transaction data). It is important that
the NSO understands such differences and complexities, in order to assess
whether or not it is feasible to receive and transpose the datasets into the NSO’s
systems. This process can also include negotiations with the supplier on the
development of processes and systems to facilitate the transmission of datasets
in a format that meets the needs of the NSO. However, this can be a time
consuming and costly process.

5-59 More generally, cost is a key factor to be considered when assessing ease
of access. This can include costs imposed by the data supplier, or costs incurred
by the NSO in developing its capability to receive and secure an administrative
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dataset (for example, if new software or hardware needs to be purchased). The
importance of establishing a firewall as a safety barrier between networks
cannot be over-emphasised.

5-60 It is important to assess any costs against the expected value a new
administrative source will bring.

5-61 In practice, details of the arrangements for the transmission of data to the
NSO (including the files structures and format, the variables, the frequency of
supply and dates for delivery, data standards and agreed costs) should be
included in appropriate Data Sharing or Delivery Agreements between the NSO
and the supplier.

Is there clear and comprehensive metadata?

5-62 An assessment of interpretability relates to the existence and availability
of comprehensive and clear metadata and documentation about the
administrative source. Without this, it is not possible to understand and assess
the administrative source against the intended use. The metadata should
include details about the:
e administrative organization and the purpose of the collection
e concepts, definitions, classifications and protocols used
e collection, processing, validation and quality assurance methods and
procedures
e reporting units and variables; including data dictionaries, file structures,
formats and relationships within the data

5-63 This information is also important for the assessment against the other
guality dimensions discussed in this chapter. It will often be the case that clear
and complete metadata will not exist for all aspect of an administrative source
in the initial phase of exploring the source for use by the NSO. It is therefore
necessary to work with the data supplier to build the relevant metadata. This
relies on good communication with the supplier and a willingness of the supplier
to work with the NSO (see section 5.3.1.5 below). Depending on the complexity
of an administrative source, an NSO may decide to appoint staff to work within
the administrative organization to develop an in-depth understanding of a
source.
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5.3.1.5 Institutional environment

5-64 In moving to a register-based methodology the NSO becomes reliant on
the data holders to collect, process, and deliver the administrative data to the
quality expected and to the agreed timetable. It will be beneficial for the NSO to
determine rules and processes to ensure interoperability not only between
information systems in public administrations, but also to facilitate access to
administrative data for statistical purposes.

5-65 Such processes will include the development of appropriate
infrastructures or mechanisms, such as the compilation of inventories of
registers that cover the relevant administrative data collections across the
whole realm of public administration - as has been developed in Hungary and
Estonia for example. In Estonia, in particular, changes in the administrative
databases are recorded centrally and are communicated to the NSO by the
relevant authority. In Norway, a central hub has been created in which all the
administrative data held by public authorities are deposited, and where no
information that is already held by the hub should be collected again a public
authority directly from citizens, households or enterprises. In Cyprus, a central
government data warehouse exists where most of the administrative
information is collected and maintained, and which is accessible by the NSO and
all public authorities. In France there are policies for publishing government data
in open formats, while in Poland and Moldova are developing the technology for
standardised systems that would enable interoperability among government
databases.

5-66 The NSO is also reliant on the quality of the metadata that the data
supplier provides about the dataset (as noted at sub-section 5.3.1.4 above) and
about any expected changes to the data. It is therefore important to assess
confidence in the data supplier’s ability to meet these needs.

5-67 Therefore, in order to assess the ability of the register owner to provide
the data necessary for the purpose of the census, the NSO should develop a
good working relationship with the supplier with the aim of:
e ensuring that the NSO’s requirements and quality standards are known to
the supplier;
e establishing whether or not any issues have arisen regarding the quality
of previous supplies of data;
e determining if there are any changes or proposed changed (relating to,
for example, the legal basis, concepts, classifications, or the processes and
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procedures for the collection, management, supply and protection of the
data) that might affect the quality of the data source; and
e feeding back findings to the supplier that could result in improvements to
the source.
A number of indicators are therefore suggested for the assessment of the
institutional environment:

The strength of the inter-relationship

5-68 There should be processes in place for managing the relationship with the
data supplier; ensuring there is a continuous dialogue. These should include
mechanisms for:

e the communication of the NSO’s requirements to the supplier

e the timely communication (by the supplier) of any changes that might
affect the data source (such as changes to the legal basis for the data, to
concepts and classifications and to the processes and procedures for data
collection, management and supply);

e raising any questions with the supplier about the data source; and

o feeding back findings to the supplier that could result in improvements to
the source.

Previous experiences

5-69 The NSO should assess how responsive a supplier has been to any
previous requests for data, whether or not any issues (such as late delivery, poor
data quality) have arisen with any such previous supplies of data

Formal agreements

5-70 The NSO should seek to establish or develop written agreements (legal or
otherwise) covering:

e roles and responsibilities of the NSO and supplier, including whether or
not the NSO has arole in the approval of any changes to an administrative
source used (or to be used) in the census;

e the legal basis for the supply of data and any security/confidentiality
requirements; and

e the specification of requirements, as set out in any Sharing/Delivery
Agreement noted at sub-section (3) above.

The status of the supplier
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5-71 Therisk associated with the status of a supplier should be assessed by the
NSO, considering whether or not the supplier is an established, stable and
reputable organization. This should consider whether there is any legal or
regulatory basis to the administrative function the supplier carries out that
would give confidence in the sustainability and quality of the source. Risks
associated with the complexity of the supplier organization(s) involved in the
collection, processing and delivery of the source should also be considered. For
example, there could be multiple bodies or organizations involved, each
impacting on the quality of the final data supply.

Supplier’s quality standards

5-72 An assessment of whether or not the supplier can meet the quality
expectations of the NSO should be made. This should consider the information
on the principles, standards and guidelines adopted by the supplier for assuring
quality, including the procedure in place covering collection, processing and the
supply of data to the NSO. Evidence of how the supplier checks whether the
standards are being met (for example, whether through internal or external
audits by regulators or professional bodies) could be valuable. The supplier may
also produce quality reports, which should be reviewed by the NSO. A more
detailed assessment based on key aspects of the administrative source is
included under the relevance quality dimension above.

5.3.2 Input quality

5-73 The quality of the register data to be used in the census can be affected
by several factors. In addition to those that may influence the quality of the
register as a source in general, other factors will influence the quality of the
supplied data units and variables. The assessments of these are summarised in
this section with respect to the relevant quality dimension in each case.

5.3.2.1 Accuracy and reliability

5-74 As noted at sub-section 5.3.1.1 above, in assessing the accuracy of the
input data NSOs should distinguish between ‘representative errors’ (those
relating to the coverage of target population —as noted in the previous section)
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and ‘measurement errors’ (those relating to the particular variable being
considered).

5-75 Representative errors might occur if units are not reported correctly or
promptly to the administrative authority (as a result, for example, from delayed
entry in, or removal from, the register) or if some data records are not
transmitted to the NSO because of technical problems. The extent of such errors
can be assessed by estimating the level of over-coverage (duplicate entries) or
under-coverage (missing entries) by comparison with other data sources. For
example, comparing the population and social security registers may reveal that
deceased persons are still being reported by a country’s population register
though identified as deceased in a social security register. And school-aged
children in the statistical population register should be largely covered by the
register of enrolled pupils and students.

5-76 To assess measurement errors the NSO will need to be able to estimate,
for any particular variable, the number and percentage of both missing values
and those values that are out of range or invalid (such as an age recorded as
120). Statistical techniques and metrics, such as frequency distributions, can
reveal unexpected patterns and outliers which might indicate systematic
measurement errors.

5-77 A number of indicators can be used to measure the accuracy of the
supplied units for an assessment of any representation and measurement errors
in the data (as described at section 5.3.2.1 above).

Assessment of representative errors

5-78 Basic indicators to assess representation errors include:
e the total number of units received (for comparison against expected
count);
e the percentage of duplicate units.

5-79 A broad assessment of under- and over-coverage of the data can be made
by computing and comparing the total number of units, as well as cross-
tabulations of frequency/percentages across key characteristics (such as sex,
age, geography) on an aggregate level, between the administrative source and
other/alternative sources taken as reference or a comparative ‘gold standard’.

5-80 A key indicator in assessing under-coverage in this way would be:
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e the percentage of units in the reference source (the register) that are
missing in the supplied (administrative) source.
while over-coverage can be assessed by:
e the percentage of units in the source that are not included in the register
population; and/or
e the percentage of units in the source not belonging to the target resident
population of the NSO.

5-81 This approach is subject to two assumptions. Firstly, a complete base
register (the register that is assumed to have the most relevant coverage of the
target resident population, including the target population of the input data)
must be available to compute over-coverage. For instance, immigrants may not
be included in a country’s population register but may be identified as new
residents in residency permit records. Secondly, it should be clear which units of
the complete base register should be included in the input data to compute
under-coverage. For instance, school-aged children in the statistical population
register should be largely covered by the register of enrolled pupils and
students.

5-82 Another approach in assessing under- and over-coverage is to conduct a
special sample survey that provides two possible ways to make comparisons:
(a) conducting an independent coverage survey to measure under-coverage;
and (b) checking a sample of the supplied source in the field to measure over-
coverage.

5-83 Finally, comparisons can be made at the unit record level to determine
the percentage of units that are consistent within and across sources, described
elsewhere as a measure of their ‘authenticity’. An example of inconsistent units
might be where two records relating to the same person have different periods
of registration or refer to different addresses. The percentage of inconsistent
units provides an indicator of error or conversely, accuracy. However, unit-level
analysis has its limitations as sources may differ at the micro level but may
nevertheless result in similar statistical measures such as means, medians, etc.
In addition, where unit-level comparisons are made between multiple sources,
it is important to note the possible impact of selectivity bias within the linkage
process on any resulting differences.

Assessment Of measurement errors
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5-84 Basic indicators to measure the completeness of the characteristic
variables supplied within administrative datasets at the aggregate level (such as
age, sex, ethnicity, etc) include following:

e number and percentage of missing values within key variables (such as
date of birth and sex);

e number and percentage of out-of-range values within key variables (for
example a recorded age of 120 years);

e number and percentage of implausible values (based on, for example,
cross-tabulations of different variables);

e prevalence of unexpected frequencies, patterns or outliers, based on
frequency/distributional analysis of key variables (aggregate comparisons
with external sources, as well as expert knowledge, can also be used to
identify data oddities);

e the degree of consistency of the supplied data at the aggregate level -
namely that relationships between related variables are consistent,
plausible and provide a measure of the accuracy of variables.

5-85 Statistical techniques and metrics, such as frequency distributions, can
reveal unexpected patterns and outliers. For example, a cross tabulation of age
and marital status may lead to the identification of implausible cases, such as a
5-year old child that is recorded as married.

5-86 Similarly to the assessment of representation error, an efficient way to
assess variable accuracy, especially in the preliminary analysis of data and/or the
very first time the data are used, is the comparison of data; that is, where the
input data (at the macro level) are checked by means of comparison with other
independent sources that contain the same variable. Suitable independent
sources for comparison could include a national survey (such as a labour force
survey) or a previous census.

5.3.2.2 Timeliness and punctuality

5-87 It is important that the difference between the reference date to which
the data refer and the date on which they are supplied to the NSO is kept to a
minimum, since the longer the delay, the less relevant those data become, even
though they may still be accurate. This gap between reference date and
acquisition by the NSO is referred to as timeliness. However, punctuality — the
difference between the expected date of delivery and the actual date of delivery
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— is also important as the NSO will usually have a responsibility for producing
census outputs to an agreed schedule and would not want any delay in the
supply of the census data to affect this.

5-88 Measures of timeliness can be determined relatively easily by comparing
the reference date, the specified delivery date, and the actual delivery date of
the data. Thus, two aspects of timeliness can be assessed by:

e the difference between the date of capturing any change to the data in
the source by the register holder and the date on which the change
actually occurred in the population; and

e thedifference between the date of receipt of the data by the NSO and the
date of the reference period to which the data refers,

whereas punctuality can be simply assessed by any delay suffered in the receipt
of the data by the NSO from that originally agreed with the register holder.

5.3.3 Process quality

5-89 As data held in an administrative source will usually not have been
collected for statistical purposes, they must be transformed by the NSO in some
way for use in the census. Such transformation processes will usually include (as
discussed in Chapter 4):

¢ linkage to the data across different administrative sources;

e integration into a statistical register or file;

e duplicates and conflict resolution;

e updating registers using a ‘signs of life’ approach

e cleaning and editing (to rectify errors in the data); and

e imputation (to resolve missing values and inconsistencies).

5-90 Each of these processes is informed by the information gained through
the source and input quality stages. For example, if a data source is found to
have erroneous or missing values at the input quality stage it may be necessary
to edit or impute the data for use in the census.

5-91 These processes are, of course, designed to improve the quality of data
and to make the output products fit for purpose. However, data processing in
itself may introduce a degree of uncertainty in the data (either inadvertently or,
in the case of statistical disclosure control, deliberately) that, if not controlled,
can reduce the quality of the output. The change in quality due to the
implementation of such processes is referred to as ‘process quality’. This section
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focusses on some of the key considerations around these processes that may
affect the accuracy and completeness of the data.

5.3.3.1 Accuracy and record linkage

5-92 As noted in the discussion on source quality above, if the NSO relies on
more than one source of administrative data for its census dataset, it is
necessary to be able to link the unit record data from the different sources. The
degree of linkability will affect the accuracy of the input data. The quality of the
linkage of unit record data from different sources is (as noted in Chapter 4)
dependent on the availability, uniqueness and prevalence of common
identifiers.

5-93 For countries that adopt a unique identifier that is common across their
administrative registers the process is relatively straightforward. Such an
identifier reduces the effort required to interlink the data by, in particular,
easing the process of evaluating completeness and accuracy. To assess this
dimension of coherence in the data from different sources the NSO will need to
determine the number and percentage of records supplied where such a key is
missing and, in such cases, ensure there is no systematic error.

5-94 But where such an identifier does not exist, the quality of the linkage can
be a major concern. In such cases, record linkage using match keys (that is,
variables that are common to the units in each data source - typically, name,
date of birth, sex, and address) may be possible but this is usually more time
consuming and yields more uncertain results. In this case, the NSO needs to be
assured that such ‘linking’ variables have excellent quality in all sources,
otherwise the quality of the subsequent linkage, and thus the reliability of the
data, will suffer. The risk of false matches (and, conversely, false non-matches)
should be assessed. (For more detail see the ESS Handbook for Quality
Reports®°.)

5-95 The match keys may be linked using deterministic linkage (where the
same set of match-keys exist on each dataset being linked) or by probabilistic
methods (where exact matches are not possible and where links are made
based, instead, on comparing and qualifying the relative similarity of records
across the identifying variables). It is important that these variables are accurate
and complete to ensure a high quality of record linkage. The accuracy of linkage
can be assessed through differences between the characteristics of linked and
unlinked records.
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5-96 One additional linkage method that can be applied to unlinked records
after deterministic and probabilistic methods have been applied, is clerical
linkage, which involves a visual inspection of the unlinked records, but this can
be laborious and time consuming, and, moreover, is not possible when the data
are ‘hashed’, that is when an algorithm is applied to each data item in the
original data to create a code that uniquely identifies the information but masks
the identity of the original data.

5-97 Linkage error can occur through unlinked records that should have been
linked (also known as ‘false negatives’) and linked records that should not have
been linked (also known as ‘false positives’).

5-98 The more common methods for assessing linkage quality are:

e Determining the proportion of records that are not, or cannot be, linked.

e Estimation of false positive and false negative rates, through for example
a clerical review of a sample of linked records, although it should be noted
that such a review can only be done when the data are not hashed. If the
data are hashed, the NSO should try to obtain access to a sample of the
linked records with all the original information on the data to assess the
linkage.

e Comparison of the distributions of characteristics of linked and unlinked
records, by for example such variables as age, sex and ethnicity.
Differences in characteristics suggest that some bias is introduced by
linkage error, resulting from the fact that certain types of unit records)
will not be linked because they are more difficult to link.

5-99 Regardless of whether a unique key or identifier variable is available or
whether several variables will be used in combination to identify matches in the
linkage process, there should be indicators to assess the quality of linkage
variables supplied, such as:

e the number and percentage of duplicate linkage keys, which can be
calculated for a single identification variable (such as a personal
identification number), or a combination of variables which provide the
linkage key (such as age, date of birth, address); and
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e accuracy indicators as described in previous sections (including the
absence of linkage keys, or the number of missing or implausible values)
which may show the extent to which measurement errors are not
random — for example where there is evidence of any systematic biases
(for example where certain population groups may be subject to greater
error against the linkage key variable(s)). Therefore, it is important to
calculate these indicators by geographic areas and population sub-
groups.

5-100 Finally, if and where the linkage variables have been provided to the NSO
in an encrypted or ‘hashed’ form (that is masked using a one-way algorithm to
protect the privacy of the data subject), it must be verified that the hashing
performed by the supplier matches the hashing algorithm used at the NSO,
otherwise, it will not be possible to link the data supplied to other data sources,
undermining the relevance of the data.

5-101 But a word of caution here - the more registers that are linked together
in this way for the purpose the census, the higher the possibility that the timing
of their updates may be a risk factor in ensuring quality of the information —
particularly in respect of the dimension of simultaneity. NSOs should therefore
be kept informed of the timing and frequency of updates for all the relevant
registers to ensure synchronization of the input data.

5.3.3.2 Assessing over-coverage in statistical population registers by using signs
of life

5-102 Coverage issues can arise in any administrative source (as noted in the
section on input quality) and coverage checks are necessary before data
integration can take place. In addition, coverage issues can also arise following
the integration of administrative sources when constructing statistical registers
(see section 4.3). Within the process quality stage, NSOs should pay particular
attention to assessing (and reducing) over-coverage as this greatly impacts on
the dimension of accuracy.

5-103 An increasingly used tool to help minimise over-coverage is the so-called
‘signs of life’ (SOL) method in which a number of ‘activity rules’ are adopted to
ensure that only persons who are alive and meet a set of pre-defined residency
criteria are included in the census. The data from those administrative data
sources to which the NSO has access can be cross-checked to improve the
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coverage of statistics derived from a population register by using the
information from the different registers that relate to the activity (sign of life) of
the same resident at a particular period in time (see section 4.3.4 for more
details of the application of the SOL methodology).

5-104 The success of a SOL method relies on the availability of good indicators
of signs of activity in the individual or combined administrative data. The
application of the method typically involves making some assumptions, which
determine who is considered as active and who is not. The choice of signs of
activity indicators (or decision rules) should be informed by an assessment of
quality at the source and input data stage (sections 5.3.1 and 5.3.2 respectively),
including consultation with data suppliers, cross-validation between sources
and over-time, and expert opinion.

5.3.3.3 Assessing coverage in statistical population registers by using
independent surveys

5-105 In addition to the signs of life approach there are several other methods
that are available to estimate the coverage (and, indeed, content error) of
censuses. These include: simple quality assurance techniques such as internal
consistency checks; demographic analyses; comparisons with data from other
sources including previous censuses and/or current household surveys; and
post- enumeration surveys. Such methods will be appropriate regardless of the
census methodology adopted, but it is perhaps worth stressing the role that a
post-enumeration survey can play in the assessment of the quality of the
statistical register.

5-106 The post-enumeration survey (PES) is a complete re-enumeration of a
representative sample of the census population followed by matching each
individual enumerated in the PES with the data collected from the census
(whether that is through a field enumeration or derived from registers). Using
dual system estimation (DSE) processes, the results of the comparison are
mainly used to measure coverage (and content) error in the census. It is
desirable to design the survey so that reliable estimates of under-count or over-
count are obtained for sub-national geographic areas as well as for the country
as a whole. In addition, some estimates can be made through post-stratification
by forming subpopulation groups specified by sex and age group. The survey
may also be used to measure levels of agreement for the data collected on
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selected characteristics, such as sex, age, marital status, or relationship to the
reference person or head of household.

5-107 Itisimportant, however, that in order to avoid the same systematic errors
that might be present in the census data itself, the PES should be conducted
independently from the management of the statistical register. However, it
should be recognised that because of the very different methodologies used to
collect the data, NSO’s should take care in comparing the results of any field-
based survey with the unit records held in the statistical register. Indeed, NSOs
that carry out a fully register-based census may take the view that a PES is not
relevant for assessing quality since the methods and sources are too different to
yield meaningful results and that the additional costs involved do not justify the
effort.

5-108 It is not intended that the remit of this handbook should discuss in any
detail the indicators that will demonstrate how, generally, the PES and DSE
methodology can be used to quantify the level of under- or over-coverage in the
census. Instead, readers are invited to refer to the UN’s Post Enumeration
Surveys Operational Guidelines Technical Report®®. 1t will be sufficient perhaps
just to note here that the basic stages to measure and adjust for the number of
people and households not counted in the census, or counted in the wrong place
as recorded in the statistical register, generally comprise:

e matching the PES records with those recorded on the statistical register
using a combination of automated and clerical matching;,

e using the matched records and the DSE technique to estimate the
number of people and households missed by both the census and the
PES;

e searching for duplicates in the register and in the PES to estimate the
level of overcount (those counted more than once);

e estimating the populations for each local area by age and sex by
balancing over- and under-estimates, using a combination of statistical
regression and small area estimation techniques; and (if necessary)

e imputing the missing people and household into the census
database/statistical register.
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5.3.3.4 Methods for deciding on variables reported in different sources and
conflict solutions

5-109 When using data from multiple sources, methods are required to assess
the quality of — and hence inform the choice of - variables where the same
attribute is reported in different registers. For example, the Spanish Padron does
not record a person’s legal marital status. So, in order to assign this attribute,
data from several different registers are used. But because an individual may
appear in multiple data sources with conflicting information, rules are necessary
(as with the SOL method described above) to determine which value is accurate.

5-110 As noted at section 4.3.3, there may also be a need to resolve conflicting
descriptions of addresses recorded in different registers and to identify the most
accurate information. Such differences may arise, for example, from delays in
individuals reporting a change of address or reporting the address of a second
home. Conflicting (or multiple) address information and any related decision
may cause under-coverage in some areas and over-coverage in others. The NSO
will therefore need to decide to which address the census information should
refer (perhaps by using, for example, the most recently reported address).

5.3.3.5 Assessing the quality of the editing and imputation process

5-111 Editing and imputation is an iterative process of reviewing the data in
order to correct any errors resulting from invalid, inconsistent or implausible
recorded entries and the subsequent substitution of these, together with any
missing data items, with plausible values, thereby improving the accuracy and
coherence of the data and making them suitable for the purpose for which they
were collected.

5-112 In this process, the data are first edited - in other words, checked - for
missing, invalid or inconsistent values, and then imputed for resolving such
problems, and finally validated for ensuring the quality of imputation. Data
editing must be repeated after the data are imputed, and then again if the data
are subsequently further altered during any process for protecting individual
information (statistical disclosure control)®

5-113 Editing and imputation may be required both on the single source and the
integrated data. As has been previously noted, base registers are used mainly to
provide information on the population count and basic information on the

respective census topics. Other specialised or supplementary registers are used
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for providing the information on particular census variables, and sometimes for
providing data that are either fully or partly missing in the base registers. Such
specialised registers are also used for validation purposes by which the dataset
that has been combined from the base and other registers (referred to as the
‘integrated statistical register’) is enhanced with imputations for item non-
response and implausible values, thereby creating the final dataset from which
the final census outputs are produced.

5-114 The quality of the editing and imputation processes should be
systematically monitored and evaluated. It is suggested that the original value,
edited value, type of error, and data on failed checks should be monitored for
analysis of editing changes. For every cycle of editing and imputation, change
analysis should be undertaken based on the following types of information:

i) frequency and type of edit flags;

ii) magnitude of change; and

iii)  extent of redundancy in consistency checks.

5-115 For monitoring the application of editing rules and imputation
procedures, a number of indicators can be used. The following indicators are
suggested:
(a) Edit failure rate: This is the number of resolved errors divided by total
errors (resolved and unresolved errors) in the input file. This indicator varies
between 1 and 0. High value means the editing rule is properly defined as a
criterion for error detection. If it is low, then the rule fails and must be
improved.
(b) Adjustment rate: This is the number of households or people created
under absent household imputation (if used) divided by total the number of
households or people.
(c) Imputation rate: This is the percentage of imputed records in the total
number of records. This indicator should be calculated for each variable.
Imputation rates are key quality indicators for the census as a whole, and for
data users. Unit imputation must follow a statistically robust, transparent
process, and be well documented.
(d) Dissimilarity index: This represents the degree of change of two
distributions (observed and total including imputed values) at the variable
level. This index, calculated as:
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(where: k = categories of the variable: f= percentage distribution of the
variable before imputation; f*= percentage distribution of the variable after
imputation) ranges from 0 to 100, where 100 implies maximum dissimilarity.

5.3.4 Output quality

5-116 Regardless of the type of data collection methodology used for the census
- traditional, register-based or a combined approach - it is equally important for
NSOs to assess the quality of the output so as to ensure that the census produces
high quality data that are fit for purpose. The methods of doing so will be broadly
similar whatever the type of census. However, it will be helpful in the context of
this handbook to consider the issues of output quality within the context of a
register-based system since it is particularly important for those NSOs that have
moved to a register-based or combined census data collection methodology to
assess these issues in order to determine whether or not the transition has
affected the overall quality of the outputs.

5-117 Assessing output quality should not be restricted to the estimation of
overall uncertainty of the estimate (the accuracy dimension) but should also
include an assessment across all other quality dimensions. The introduction of
administrative data will likely lead to initial gains in some dimensions and losses
in others. Achieving the right balance across the quality dimensions is therefore
the key to best meeting user needs.

5-118 It is therefore necessary not only to consult users throughout the census
design process, but also to give them access to the general information and
specific metadata they need to understand the quality of the data. The
opportunity to then provide feedback on the NSO’s quality assessments will
assist the processing of improvement in output quality in subsequent censuses.

5.3.4.1 Relevance

5-119 As defined at paragraph 5-8, ‘relevance’ refers to the degree to which the
census outputs meet the needs of users in terms of both coverage and content.
This dimension may require NSOs to adjust the direction of their output
programmes as user requirements develop over time. However, assessing
relevance is subjective because it often depends on varying (if not conflicting)
user needs. The challenge, therefore, for a census output programme is to
balance any conflicting user requirements and to go as far as possible towards

meeting the most important needs within resource and other constraints.
154



5-120 The three most common approaches to assessing relevance are:
e to ask users directly either through a user needs survey (before the
census) or a user satisfaction survey (after the census);
e toinstigate ongoing stakeholder feedback mechanisms; and/or
e by analysing the uses made of the data in a census use study by, for
example, reviewing published reports and papers and/or downloads of
data from the NSQO’s website and requests for commissioned outputs.

5-121 The level of compliance with international recommendations (or
obligations to supply statistical data to fulfil international commitments) can
provide some measures of relevance at the global level.

5.3.4.2 Accuracy

5-122 Measuring the overall accuracy of final census counts has traditionally
been based on the dual system estimation (DSE) which (as noted at paragraph
5-16) usually involves carrying out an independent large sample post-census
coverage survey (Post-Enumeration Survey) and then adopting capture-
recapture methods to estimate under- and over-coverage. The resulting
estimates can then be adjusted based on administrative data on births, deaths,
and migration flows, for each year between decennial censuses. Additionally,
some NSOs have traditionally carried out smaller sample post-census quality
check surveys in which data are collected on all the census questions and then
matched to statistical dataset, in order to measure respondent error.

5-123 In a register-based census methodology, the traditional methods for
determining overall coverage and quality are, to a certain extent, still applicable.
However, in the case of census counts produced solely from administrative
registers, new or revised methods are necessary. In particular, the traditional
DSE method does not deal well with over-coverage, as it introduces bias.
Moreover, after the several processes to assess quality in the source, input and
process stages, some NSOs may adopt a strategy that demands less (if any)
reliance on the DSE approach to assess coverage — relying more on the quality
of the maintenance and updating of the population registers to do so. Many
countries, for example, have attempted to develop methods which aim to
reduce virtually all over-coverage through ‘signs of life’ methods noted in the
previous section.
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5-124 Though such new and revised methods are of increasingly significant
interest among NSOs, with ongoing developments across a number of countries
(see The Survey Statistician®® for a summary of new and emerging methods). It
may, nevertheless, still be advantageous to adopt traditional DSE methods as
well.

5-125 However, one further measurable process - applied to the census outputs
prior to their public release - that may also affect the accuracy of the data
encompasses the measures adopted to ensure confidentiality by protecting
against statistical disclosure. Ensuring data quality and protecting the
confidentiality of personal information are in some sense conflicting aims, but
both are essential aspects of census output. It is important to understand that —
regardless of methods of data collection - it is difficult, if not impossible, to
publish completely accurate outputs (especially for small areas) while, at the
same time, adopting sufficient levels of disclosure control to ensure the
protection of confidentiality. (For more information about statistical disclosure
control methodology see the ESS Handbook on Statistical Disclosure Control*L.)

5.3.4.3 Timeliness and punctuality

5-126 As noted at section 5.3.2, ‘timeliness’ refers to the lapse of time between
the date to which the census data refers and the date of publication of the data.
A combined or register-based census offers the potential for census outputs to
be produced in a more timely and frequent manner than in a traditional
decennial census — indeed, this is one of the principal advantages of the
transformation from a traditional to a register-based system.

5-127 In light of this, the timeliness of estimates that can actually be produced
should be a key quality consideration. Of course, the timeliness of the outputs
is to a large extent determined by the timeliness of the delivery of the input data
(as discussed above) and the time taken by the NSO to do all the data processing.
However, there is often a trade-off between timeliness and accuracy since,
generally, the more time allocated by the NSO for ensuring the accuracy of the
data during processing the longer it takes to deliver the outputs to the user. In
some cases, it may be preferable for the NSO to wait to get higher-quality input
data, or a second data supply for the same reference date. Moreover, it may be
the case that different users will have different views on the balance between
the timeliness versus accuracy.
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5-128 Quantitative indicators can be applied to measure the timeliness of the
final results including any delays between data collection, data acquisition, data
linkage and publication of statistics. For example, the overall timeliness may be
calculated as the period of time from the end of reference period to receiving
the administrative data, divided by the time from the end of reference period to
the publication date, multiplied by 100 per cent?3%37,

5-129 The related dimension of ‘punctuality’ can be more easily assessed by
simply determining the difference between the planned date of delivery of the
outputs and the date that such delivery was actually achieved.

5.3.4.4 Coherence and comparability

5-130 Measuring the extent to which census counts produced using
administrative data are internally and externally coherent and comparable is an
important aspect of output quality. Such estimates should be coherent with the
known characteristics of the population both longitudinally (by comparing one
census with another) and geographically (by comparing one area with another)
as well as being internally consistent with the outputs from the NSO’s other
statistical data operations. It is also important to assess the extent to which
output data are comparable to, and consistent with, international standards.

5-131 Demographic analysis (DA) is one particular approach that can be applied
to assess the coherence and comparability (as well as the accuracy) of census
outputs. DA involves systematic comparisons, establishing thresholds of
acceptability, and understanding any significant discrepancies. The census data
that integrate administrative data are validated against alternative sources —
such as survey data, previous census data or alternative sources. When using
DA, itisimportant to keep in mind that estimates in two sources can be different
across different sex-age groups or other distributions. These differences could
be caused by:

o different target populations,

o different reference dates or population changes (particularly when
comparing to historical census data),

e conceptual differences and variations in classification between the
variables being compared across different sources, and/or

e differences in sampling, collection methods and approaches to data
processing.
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As such, any such comparisons must be made in light of the results of the
assessment at the source and input data stages.

5.3.4.5 Accessibility and interpretability

5-132 Within the context of the dissemination of outputs, accessibility refers to
both the ease with which the existence of the data can be ascertained by the
user, and the suitability of the means and formats by which the data can be
made available to the user. Interpretability — or clarity - relates more to the
availability of any supplementary information or metadata that may be
necessary to help the user to interpret and understand the statistical outputs.

5-133 These dimensions can be readily assessed by comparing the means of
dissemination with the initial set of users’ requirements determined through
consultation beforehand. It is often helpful for the NSO to develop a user
satisfaction survey and/or convene an expert review panel once the output
programme has been completed to assess the degree in which accessibility and
clarity (as well as relevance as noted at section 5.3.4.1 above) have been met
from the users’ perspective.

5.4 Reporting quality

5-134 Whether or not administrative data are used in statistical production,
assessing the overall quality of estimates produced should take into account
each of the quality dimensions discussed in this chapter. This includes not only
the accuracy dimension — the aspect which is most often reported in relation to
census methodologies — but also the remaining quality dimensions. In a census
context, the overall quality of estimates is thus about establishing the balance
across the quality dimensions which best meets the needs of census users. To
achieve this, it is necessary to consult users throughout the census design
process, but also to give them access to the general information and specific
metadata they need to appraise quality decisions and feedback on quality
assessments undertaken by the NSO.

5-135 NSOs must always bear in mind that the end users of the statistics must
have confidence in the methods used and the quality of both the source data
and the statistical outputs. This requires the use of reliable methods that can be
readily understood by users. As such, quality reporting and quality metadata are
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essential. In order to enable the producers and users of statistics to appraise and
feedback on quality decisions and determine whether the right balance has
been achieved across the quality dimensions, sufficient metadata on the quality
assessment is necessary. One of key objectives for the NSO as a test of the
quality of register-based data should be to at least prepare, if not publish, as
soon as possible annual statistics taken from the population and other base
registers.

5-136 Thus, the final activity of the quality assessment process - covering all the
stages from source to outputs - should be for the NSO to publish a report as part
of its output programme to document the results of quality assessment and
assurance throughout the census production cycle. This report should not only
include information relevant to each quality stage but should include
recommendations for improvements for future censuses based not only on the
NSO’s own assessments but also on the feedback from users and external
experts.
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6 Conclusions and recommendations

6.1 Summary conclusions

6-1 Administrative registers generated by governments and service providers
are becoming an increasingly important source of data for official statistics. In
this context, there is a growing interest in the use of administrative sources for
producing census information. Administrative data can be used across the
different census methodologies (traditional, register-based or the combined
approach) and to support all stages of the census process, including constructing
an address frame, supporting field operations, enumerating the population,
collecting census variables, quality assurance, editing and imputation, and
estimation.

6-2 Their use can provide more frequent and timely statistics (and updates)
about the population; improvements in accuracy and reliability; and significant
reductions in costs and respondent burden. Many countries that have used a
traditional census or combined censuses with a large-scale field data collection
have faced particular challenges in doing so during the Covid-19 pandemic and
have had to postpone their censuses for more than a year. In order to reduce
the impact of similar disruptions to the planning of future censuses, there is now
more interest in the use of administrative data together with online data
collection methods. However, it should perhaps be recognised the quality of the
registers themselves is likely also to be affected as the results of any similar
pandemic through delays in the registration of particular events, especially in
developing countries where the use of digital registers may not be so prevalent
and there is continued reliance on clerical systems.

6-3 But there are also many challenges to be faced in moving to a register-
based statistical system that are related to the quality of existing administrative
registers, establishing the necessary legal framework for the use of individual
records for statistical productions, and developing the institutional capacity for
establishing and maintaining statistical registers. But perhaps, the most
significantis that administrative data have, in general, not been collected for the
purpose of a census. As such, the NSO may have little control over the concepts
and definitions used; the target population; the collection, processing and
guality assurance procedures; and the data methods, structures and systems
used.
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6-4 Moreover, changing the design of the census processes — particularly the
data collection operation - from traditional methods to other approaches with
the use of administrative data is not an easy task and can be more complex
compared to the well-established design of traditional census. In particular
there are a number of necessary pre-conditions that need to be in place before
any such transition to a register-based methodology can be attempted, among
which are:

e the existence of the legal authority of the NSO to receive and use
administrative data for statistical purposes, and the requisite political
support for the NSO to do so;

e public approval for the use of personal information for such statistical
purposes;

e good cooperation between the NSO and the holders of the administrative
data; and

e apopulation register and an established system for accurately linking unit
records between (potentially) many different data sources.

6-5 With this last point in mind, it should be noted that for the purposes of the
census it may be necessary to integrate data not only from other administrative
registers but also from other data sources, such as a field enumeration, on-going
or ad hoc sample surveys, or a longitudinal study of a census-based sample.
Where administrative registers are used as the primary source of census
information, these will comprise a combination of ‘base registers’ (those that
hold the basic information relating to the stock of the entire set of ‘population’
units that are being counted in the census — typically persons, dwellings and
buildings), and ‘supplementary or specialised registers’ from which one or more
of the attributes that may be required for the census can be derived.

6-6 More often than not, however, it is neither practicable nor even possible
to collect all desired census variables from registers. There will always be
circumstances in which it is difficult, impossible, illegal or too costly to obtain
some variables from registers, and where NSOs must rely on other data sources
either to improve the quality of the data obtained from administrative registers
or to supplement such data in order to report on those census characteristics
and variables that cannot be derived from the registers themselves.

6-7 The process of linking unit records from different data sources can be
done by matching individuals based on name, sex, date of birth, and address.
But in practice this is complicated and time-consuming and far from perfect
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because many people may share some of the same characteristics and/or
because some of the data may be missing, incomplete or erroneous for some of
the variables. The assignment of a personal or unique identification number to
each individual enumeration unit, and the use of these in administrative and
statistical registers, makes the matching significantly easier, faster and less
costly.

6-8 No new administrative data source should be integrated into the census
process without prior feasibility analysis. The quality of a data source may be
established by acquiring ‘test data’ and assessing its quality at various stages in
the census production cycles. This will aid the design of a census methodology
that makes the most of the available administrative data and considers the
impact of its use on the quality of the census overall.

6-9 Regardless of the data collection methodology, assessing the quality of
the output of census data has always been an important and necessary task.
There are several internationally accepted dimensions that can be applied to aid
NSOs in their assessment of the quality of census data and processes to enable
both producers and users to understand the quality of a statistical output. These
key dimensions are (in no definitive order of priority):

e relevance,

e accuracy and reliability,

e timeliness and punctuality,

e coherence and comparability, and
e accessibility and interpretability.

6-10 There are several different ways and methods to assess the quality of
statistics and particularly the quality of census outputs. It is always useful if more
than one method is adopted. It is often the case, however, that assessing the
guality of the census data produced using administrative sources presents a
particular challenge due to the complexity and multi-dimensionality of the data
used: indeed, many factors affecting quality are not quantitatively measurable.
Moreover, being ‘fit for purpose’, means, by definition, that what high quality
statistics should look like will necessarily vary from one user to another (for
example while some users will regard accuracy as being of prime importance,
others may prioritise timeliness and accessibility).
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6.2 Recommendations

6-11 NSOs will need to plan and design any programme to transition from a
traditional census to one that adopts a register-based (or combined)
methodology in full accordance with national requirements and circumstances
(for example, in utilising the available method and process for establishing
unique identifiers for the purposes of linking records). There is no one size of
design that fits all. However, this Handbook concludes by recommending a
number of key activities and processes that NSO would do well to attempt to
follow in order to make any such transition as smooth and effective as possible,
and to ensure high quality statistical output.

6-12 The NSO should in the earliest stages of planning, seek to identify the
administrative sources that may be relevant to their census, set against a range
of different user requirements. It is important to set out what the expected or
required outcomes of using each source would be, against which an assessment
of relevance can be made. This should include improvements to the efficiency
of the census operation, particularly in terms of reductions in cost and
respondent burden; improvements to the quality of the census; or the delivery
of new or enhanced census outputs. Central to such assessment is setting out
what the administrative source needs to deliver in terms of the target
population and the required variables relating to this population.

6-13 The relationship between the NSO and the administrative data supplier
should be supported by robust mechanisms of communication, written
agreement and an excellent understanding of the needs of both parties. There
must, by necessity, be a legal basis for the supply and use of the data. To help
build the relationship and secure the data supply, the NSO should identify areas
of benefit to the supplier, and develop feedback mechanisms to help the
supplier better understand and, ultimately, improve, the administrative data.

6-14 The NSO should engage with the supplier to gain an in-depth
understanding of the data source. Since administrative data are not collected
for the needs of the census, it is important for the NSO to understand and assess
differences between the required populations, concepts, definitions and time-
related dimensions. This will usually require access to clear and comprehensive
metadata about the administrative source. The metadata will provide a useful
reference both for the census and for any other statistical programmes that
might benefit from use of the source. More generally, a thorough assessment of
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the coherence and comparability of the administrative source, along with its
limitations across the various quality dimensions, is essential. This includes the
linkability of the source if this is a requirement for use in the census

6-15 It is important that the public and data users understand how and why
administrative data are being used in the census. The NSO should, therefore, be
transparent about the use by providing a clear justification of the benefits set
against any risks and costs, and, in particular, by making unequivocal assurances
about maintaining confidentiality. This can be achieved through good
communication, including the publication of the procedures and policies in
place that support the effective use and protection of data.

6-16 The transition of integrating administrative data sources into the census
process should be preceded by adequately resourced feasibility research that
provides a ‘proof of concept’. It is advisable that the NSO carries out a number
of test runs (using real data) well in advance of the main census to ensure any
unforeseen issues are identified, allowing enough time to correct or adjust the
methods, processes or systems. A key objective for the NSO as a test of the
quality of register-based data should be to at least prepare, if not publish, as
soon as possible annual statistics taken from the population and other base
registers. The most viable data for this purpose might be the basic statistics on
population change and population stock by age, sex and region.

6-17 The NSO should record and publish the results of any quality assessment
and assurance of all stages throughout the census production. This will enable
producers and users of the census to assess and provide appropriate feedback.
This is important in order to ensure that users understand the strengths and
limitations of the data, and can help determine whether the right balance has
been achieved across the dimensions of quality in order to inform the
improvement of future censuses

6-18 In conclusion, the over-riding recommendation is that any move from a
traditional to a register-based census methodology should represent only one
element of the NSO’s long-term vision for a developing a more general
register-based statistical system. To achieve such a vision it should be
recognised that while NSOs generally have a long-standing expertise in
information management, establishing a register-based statistical system will
require statistical expertise, particularly in the linkage and matching of data in
general. Accordingly, it will be necessary to develop beforehand a full range of
specific skills. These include relationship management, information
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management, data analysis and associated subject matter skills. Specialized
statistical skills may also be needed to support linking processes.

6-19 Moreover, as the UNECE has observed?®, it should be emphasised that,
though a register-based statistical system may clearly be the ultimate goal when
considering the greater use of administrative data for statistical purposes - and
particularly so for the census - in many countries it may seem a very distant goal,
perhaps not attainable for many years. Nevertheless, by adopting a strategic
plan based on step-by-step improvements towards creating the necessary pre-
conditions, it will be possible to move gradually closer to this goal.
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Annex A Definitions of terms and concepts

The following terms, concepts and definitions are adopted in this Handbook

Accessibility: The dimension of quality that is defined generally as the ease with
which users are able to access the data.

Accuracy: The dimension of quality that refers to the degree to which the
information correctly describes the phenomena it was designed to measure.
More simply put, accuracy is the proximity between an estimate and the
unknown true value.

Address: A number or similar designation that is assigned to a dwelling, business
or any other structure. As well as serving postal delivery, addresses are also
important for both administrative and statistical purposes, such as in civil
registration systems and the census.

Address register: A register of residential addresses, often used for the purposes
of creating enumeration areas comprising comparable numbers of dwellings. In
cases of multi-occupied dwellings there can be more than one dwelling under a
given residential address.

Administrative data: Data held on registers and other administrative sources
relating to information collected by government and/or other organizations
primarily for administrative (not research or statistical) purposes, such as
registration, transaction and record keeping, usually for the provision of public
services.

Administrative (data) source: A data holding that contains information
collected primarily for administrative (not research or statistical) purposes. Such
sources include administrative registers (with a unique identifier) and possibly
other administrative data without a unique identifier.

Administrative register: A systematic collection of unit-level data organized in
such a way that updating is possible (where ‘updating’ is the processing of
identifiable information with the purpose of establishing, bringing up to date,
correcting or extending the register. Such registers are primarily used in an
administrative information system in which the data are used in the production
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of goods and services in public or private institutions or companies.
Administrative registers used for statistical purposes are normally operated by
the state or jointly by local authorities, but some registers operated by
private/commercial organizations may also be used.

Administrative units: The units for which administrative data are recorded.
These may or may not be the same as those required for the statistical output
(which are referred to as statistical units).

Attribute: A socio-demographic or economic characteristic relating to an
administrative or statistical unit for which information is required for the
purpose of the census.

Banding: The merging of variable categories into broader groups for the
purposes of protecting the confidentiality of small cell data in outputs; a
common example is the banding of single years of age into quinary age-groups.

Base registers: Those registers (sometimes referred to as ‘key registers’) that
hold the basic information relating to the stock of the population or the set of
other key units at any given time. Examples of base registers are population
registers and dwelling or building registers. Such registers can be either:
administrative base registers kept as a basic resource for public administration
with the function of keeping stock of the population and to maintain
identification information; or statistical base registers that are based on the
corresponding administrative registers and whose principal functions are to
define important populations and contain links to other base registers.

Benchmarking: Comparing data, metadata or processes against a recognised
standard.

Big Data: Large, often unstructured data sets that are available, potentially in
real time, but which are difficult both to process efficiently and quality assure
using traditional methods and technologies. The amount and variety of data
available is growing rapidly, and such data sets are available in many formats,
including audio, video, computer logs, purchase transactions, sensors and social
networking sites. Some of these data are freely available on the web, whereas
others are held by the private sector to which there may be no free access.
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Building: Any independent structure containing one or more dwellings, rooms
or other spaces, covered by a roof and enclosed within external walls or dividing
walls which extend from the foundations to the roof, whether designed for
residential or for agricultural, commercial, industrial or cultural purposes or for
the provision of services. Thus, a building may be a detached house, apartment
building, factory, shop, warehouse, garage, barn, etc.

Building (and/or dwelling) register: Registers usually held by land and property
valuation agencies, land survey authorities or by local or municipal authorities
responsible for the development of housing policies and urban planning that
provide information on the location of all places where people might live as well
as some of the core census housing topics.

Business (or Enterprise) register: A register of business organisations that can
provide the location of places of work and information on the industrial sector
in which the workforce is employed. A statistical business register has a different
purpose than a company register. While a commercial/trade register serves a
purpose of protection, accountability and control, a statistical register plays a
central part in a system of official economic statistics.

Census day: The date of the reference period for the census as a whole,
irrespective of when the data are collected.

Census estimates: A term used by some countries to describe the census output
data to reflect the fact that the published figures do not purport to be true
counts and that there must always be some degree of uncertainty (however
small) in the accuracy of the numbers.

Clarity: See ‘Interpretability’.

Coherence: The dimension of quality that refers to the degree to which data that
are derived from different sources or methods, but refer to the same topic, are
similar.

Combined census: A census based on a combination of data taken from
administrative registers and collected on questionnaires.

Comparability: The dimension of quality that refers to the degree to which data
can be compared over time and domain.
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Core topics: Those topics or data items that are regarded as being essential for
providing key census information that meets most national and local user
requirements.

Coverage: Coverage refers to the proportion of the population that a register or
any statistical output aims to cover. Over-coverage is the error due to the
inclusion in a sample or an administrative dataset of elements that do not
belong there. Under-coverage is the failure to include required units in the
frame, which results in the absence of information for those units.

Data: A generic term used to denote microdata/unit record information (unless
otherwise specifically indicated).

Data controller: See ‘Register holder’.

Data editing: The process by which data that exhibit errors, logical
inconsistencies and spurious values are detected and corrected.

Derived variable: A new variable formed by using the data from other variables.

DSE (Dual System Estimation): A statistical method, based on a capture-
recapture technique, applied to estimate the size of a population.

Dwelling: A room or suite of rooms - including its accessories, lobbies and
corridors - in a permanent building or a structurally separated part of a building
which, by the way it has been built, rebuilt or converted, is designed for
habitation by one household all year round. A dwelling can be either a one-
family dwelling in a stand-alone building or detached edifice, or an apartment in
a block of flats. (See also ‘Housing unit’.)

Dwelling register: See ‘Building register’

Encryption: The process of converting information or data into a code for the
purpose of preventing unauthorised access or disclosure.

Enterprise register: See ‘Business register’.

Estimates: The term is sometimes used in this report to refer to the statistics
produced in census outputs, and reflects the processes undertaken by NSIs to
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adjust the input data to take account of under- or over-coverage, errors, missing
counts and measures to control statistical disclosure.

Extensible Markup Language (XML): A mark-up language that defines a set of
Rules for encoding documents in a format that is both human-readable and
machine readable.

Field enumeration: The process of collecting information on individual persons,
households and/or housing unit covering the whole population (or a sample of
it) using questionnaires

Frame: Any list, material or device that delimits, identifies, and allows access to
the elements of the target population. A statistical register is a specific example.

Housing unit: A separate and independent place of abode intended for
habitation by a single household, (sometimes referred to as a ‘dwelling’) or one
not intended for habitation but occupied as living quarters by a household at the
time of thecensus. Although intended for habitation by one household,
a housing unit may, at the time of thecensus, be occupied by one or
more households.

Imputation: The process by which missing input data items are replaced with
plausible and consistent values.

Input data: The data (sometimes referred to as ‘raw data’) derived from an
administrative source, before any data processing or validation by the NSO.

Input quality: The quality of the raw administrative data as it is supplied to the
NSO by the administrative authority

Interpretability: The dimension of quality that relates to the availability of any
supplementary information or metadata that may be necessary of help the user
to interpret and understand the accompanying data.

Key registers: See ‘Base registers’.
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Linkability: The ability to link data from several different administrative data
sources to the same unit, usually by means of a unique identification number or
code.

Macrodata: Aggregated data, generically referred to as ‘statistics’.

Metadata: Data that describe or define other data. This broadly refer to
anything that users need to know to make proper and correct use of the real
data, in terms of accessing, processing, interpreting, analysing and presenting
the information. Metadata include, for example, file descriptions, codebooks,
processing details, sample designs and fieldwork reports. Metadata should be
distinguished from ‘Paradata’ which generally refer to the details that describe
the process by which the census data are collected, either from admin sources
or a field enumeration/survey.

Microdata: Data relating to individual units. Within the context of the handbook
the term is used to refer to both: (a) the information in a register relating to a
single entry; and (b) anonymised data on the characteristics of units of a
population, such as individual persons, households or establishments, collected
in the census.

Non-core topics: Those topics or data items whose inclusion in the census may,
in general, be considered less vital than the core topics, though, because of
particular national circumstances and requirements, may regarded by the NSO
as equally important.

Output data: The processed data as it is used in statistical outputs.

Output quality: The quality of the processed data as it is used in statistical
outputs.

Over-coverage: See ‘Coverage’.
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Padron (Spain): The Spanish population register, usually compiled for each
Municipality.

Paradata: See ‘Metadata’.

Periodicity: Within the context of the supply of administrative data, this is the
time period between reference dates for consecutive input datasets. For the
census more generally, it is the time between the dates of consecutive censuses
(Census days).

Perturbation: The process of falsifying the data before publication by
introducing an element of error for the purpose of preserving confidentiality.
This error can be inserted either in the cell values after the table is created, when
it is referred to as ‘output perturbation’, or the in the input data at the unit
record level, referred to as data perturbation.

Primary data source: The source of data collected by, or given to, the NSO for
use in deriving the statistical data. This can be a census questionnaire or an
administrative register (either a base register or a specialised register)
regardless of whether or not the register is itself the original source of the
administrative data.

Privacy Impact Assessment (PIA): A process which assists organizations in
identifying and managing therisks to privacy arising from new projects,
initiatives, systems, processes, strategies, policies and business relationships.

Process quality: The effect of changes to the quality of data being used for the
purpose of the census during the processing of the raw data by the NSO.

Punctuality: The dimension of quality that relates, when referring to data, to the
time lag between the planned (and often pre-announced) publication dates and
actual publication dates. In the context of the administrative source, it relates
to the time lag between the expected (or contracted) date of the delivery of the
data to the NSI and the actual date of delivery.

Raw data: See ‘Input data’.

Register: A systematic collection of unit-level data organized in such a way that
updating is possible. Updating is the processing of identifiable information with
the purpose of establishing, updating, correcting or extending the register.
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Register-based census: A census where all data are collected from
administrative registers. A census based on combination of data taken from
registers and questionnaires is called a ‘combined census’.

Register keeper: See ‘Register holder’.

Register holder: The authority responsible for keeping and maintaining an
administrative register (also referred to as the ‘Register keeper’ or ‘Data
controller’.

Regularity: See ‘Periodicity’

Relevance: The dimension of quality which, when referring to data, refers to the
degree to which they meet the needs of users in terms of coverage and content.
When referring specifically to data sources, the dimension refers to the degree
to which such sources contain data that meets the needs of the NSO with
respect to their intended use.

Reliability: The dimension of quality that refers to the degree of closeness of
data values to earlier or subsequent data.

Rolling census: An alternative approach to the traditional model of census
taking by means of a cumulative continuous survey, covering the whole country
over a period of time, rather than on a particular day. There are two main
parameters to consider in a rolling census: (a) the length of the periodicity,
which itself is linked to the frequency of updating required; and (b) the sample
size, which depends on the budget and the level of geographical analysis
required for dissemination.

SDMX: See ‘Statistical Data and Metadata eXchange’.

Secondary register: See ‘Statistical register’.

Signs of life: An indicator used to minimise the over-coverage of persons
recorded on different administrative registers derived by applying strict criteria
or ‘activity rules’ to ensure that only living individuals who are usually resident

are included in the census estimates.
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Source quality: The quality of administrative sources from which data are
supplied to NSO for the purpose of the census.

Specialised register: A register (sometimes referred to as a supplementary or
subject-matter register) that contains information relating to the characteristics
of unit records of interest that are not otherwise available in the base registers.

Statistical Data and Metadata eXchange (SDMX): An international initiative
that aims at standardising and modernising the mechanisms and processes for
the exchange of statistical data and metadata among international
organisations.

Statistical disclosure control: The process(es) by which the raw data taken from
an administrative source or collected in the field is modified during data
processing in order to avoid the disclosure of information about identifiable
individual persons or households.

Statistical population register: A statistical register and a frame of persons
usually resident (however defined) in a given country. Additionally, it often
provides some demographic characteristics of individuals.

Statistical register: A register processed for statistical purposes. A statistical
register could be based on one or several administrative registers. Statistical

registers are also referred to as ‘secondary registers’.

Statistics: Numbers made from aggregation of micro or macrodata and
presented in a table, graph or as a single number.

Subject-matter register: See ‘Specialised register’.
Supplementary register: See ‘Specialised register’.

Target population: The universe for which information is required. The target
population is the set of the statistical units.

Timeliness: The dimension of data quality that refers to the lapse of time
between the period to which the data refer (in the case of census data this is
usually Census Day) and the date of publication of the data. In the use of
administrative data, timeliness also refers to the length of time between the
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date of the event recorded in the data source and the date when the data are
delivered to the NSO.

Top-coding: A process by which an upper limit is imposed to the published value
of a variable (such as an age value of ‘90 or over’). Any value greater than this
upper limit is replaced by the upper limit or is not published at all. Similarly, a
bottom-coding is the process by a lower limit is imposed on all published values
for a variable.

Under-coverage: See Coverage.
Unit: The smallest entity to which any administrative data item refers. For the
purpose of the census, units may refer to individual persons, households,

buildings or dwellings.

XML: See Extensible Markup Language.
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Acronyms used in this Handbook

CAxI: Computer assisted multi-mode interview (Poland)

CES: Conference of European Statisticians

CRS: Civil registration system

CRVS: Civil registration and vital statistics

ESS: European Statistical System

EU: European Union

FPC: Precensal file (Spain)

GCC: Gulf Cooperation Council - aregional inter-governmental political and
economic  union consisting of Arab states of the Persian
Gulf - Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab
Emirates.

ILO: International Labour Organisation

IT: Information technology

INSEE: The French National Institute of Statistics and Economic Studies

LMS: Legal marital status

NSI: National Statistical Institute

NSO: National Statistical Office

OECD: Organisation for Economic Cooperation and Development

ONS: The United Kingdom’s Office for National Statistics

PIN: Personal identification number

SBR: Statistical business register
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SPR: Statistical population register
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