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Frameworks for Guiding the Development and
Improvement of Population Statistics in the United Kingdom

James Raymer', Phil Rees®, and Ann Blake®

The article presents central frameworks for guiding the development and improvement of
population statistics. A shared understanding between producers and users of statistics is
needed with regard to the concepts, data, processes, and outputs produced. In the United
Kingdom, population estimates are produced by conducting decennial censuses and by
estimating intercensus populations through the addition and subtraction of the demographic
components of change derived from registers of vital events and from a combination of
administrative data and surveys for internal and international migration. In addition, data
cleaning, imputation, and modelling may be required to produce the desired population
statistics. The frameworks presented in this paper are useful for aligning the required concepts
of population statistics with the various sources of available data. Taken together, they
provide a general ‘recipe’ for the continued improvement and expansion of official statistics
on population and demographic change.
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1. Introduction

Population statistics are used by national governments to distribute money across local
governments for managing services, such as healthcare and education. They are used to
establish the boundaries for political constituencies and to provide denominators for other
measures, such as fertility or unemployment rates. They are used to manage and plan for
future water, power, and sanitation needs. They can also be used to decide the number and
types of homes to be built and design centres for shopping and leisure activities.
Companies use population statistics to target their goods and services at specific groups of
people (Boyle and Dorling 2004) and for workforce planning purposes. In other words,
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population statistics are central for understanding society and societal change and are
widely used in comparisons with other countries and areas within countries (Stone 1971;
United Nations 1975).

Published outputs of population statistics are the result of matching available data to
particular needs or concepts. The concepts are driven by user demand. In some cases, the
data are processed or combined with other information to make statistics. Furthermore, the
published statistics may not meet all of the needs of various user groups. As this article
highlights, there are many requirements and types of population statistics. However, there
are rarely single sources of information that cover a wide variety of needs. Instead,
population statistics bring together data from many sources, all with their relative strengths
and weaknesses.

The production of population statistics is further complicated because populations are
both dynamic and heterogeneous. They change continuously according to the addition of
births, subtraction of deaths and addition or subtraction of migrants. These processes are
influenced by the social and cultural environments, economic environments and natural
and built environments in which the populations live, as well the intersections between
them (Bycroft 2011). In order to understand population statistics, one must first realise that
they only represent a ‘snapshot’ of a population at a particular time or a flow between two
fixed time points.

With such a demand and need for information on populations and their demographic
behaviours, trusted, independent, and robust information about the size, structure and
characteristics of a population is seen to be an essential underpinning of a modern society
(Statistics New Zealand 2011). Such information is essential for improving the well-being,
prosperity and legitimacy of modern democratic institutions and society alike. It is
therefore vital not only that the statistics are reliable and robust, but also that users
understand how the different statistics are compiled, how they relate to each other and
what each variable actually represents. To achieve this, population information needs to be
publicly available, transparent and understandable.

To help with the task of assembling population statistics for a country, national statistics
offices require frameworks or agreed sets of concepts and methods, aligned to those
available through current collection instruments and databases. Shared understanding of
the frameworks within an organisation and across users facilitates the production and
improvement of population statistics. In this article, we show how frameworks for
population statistics can provide the main basis for achieving this. We use the United
Kingdom (UK) as the illustration, but the frameworks may be generalised or adapted to
other countries and data systems.

2. Frameworks for Population Statistics

In 1971, Richard Stone defined a system of social and demographic statistics, which he
then refined for the United Nations in 1975. The system covered the whole range of
government statistics, starting with demographic stocks and flows, moving on to families
and households, social class and stratification, income and wealth, housing and the built
environment, the use of time, social security and welfare, learning and educational
services, employment, health, and public order. Stone’s system also introduced the
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concept of the life course, which is so important in contemporary social science research.
Stone’s system represents an important and basic foundation for how we think about
official statistics today. Our frameworks presented in this article focus on demographic
stocks and flows, which form the basic elements of the wider design set out by Stone.

In this section, we first present a framework for official statistics and then illustrate how
this can be applied to produce statistics on the usual resident population. We also present
a framework for the underlying mechanism of population change. The frameworks are
designed to be general across the many different ways of producing population statistics.
For illustration, we describe how they are being used by the United Kingdom’s Office for
National Statistics (ONS) in their Beyond 2011 Programme, which is “taking a fresh look
at options for the production of population and small area socio-demographic statistics
for England and Wales” (ONS 2013a). This includes exploring options based on
administrative data (ONS 2013b).

2.1.  Official Statistics

In designing a framework for population statistics, it is useful to first think about the
activities and stages involved in producing official statistics (Laux 2002). In Figure 1, the
functions of Society, Concepts, Data, Processing, Outputs, and Validation are presented.
Society represents the economic and social conditions of the country producing the
statistics. It determines the type of information required. Concepts refer to particular
statistics of interest, such as the usual resident population, rates of unemployment, welfare
provision or persons present without citizenship. Data are any information gathered
concerning the required statistic, usually obtained from censuses, surveys or
administrative registers. Processing represents data cleaning, imputation, combining
two or more information sources through matching or proportioning, and statistical
modelling to ensure that the data more closely match the required concept. Outputs are the
published statistics or estimates. Validation is the procedure of assessing the quality of the
published statistics in relation to the concepts required, often resulting in periodic
revisions or improvements in data collection or processing.

| SOCIETY |

—>| CONCEPTS |

5 | DATA |
<
=
—

<| | PROCESSING |

} OUTPUTS |

Fig. 1. A framework for producing official statistics
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2.2.  Population Statistics

The general framework for official statistics presented in Figure 1 may be applied to the
production of population statistics. Many types of population statistics can be produced,
such as the population present at the time of a census or survey (de facto population), the
population considered permanent or usually resident (de jure population), the population
considered temporary (tourists, business travellers, short-term migrants), the population
born in the country (native born) and the population born abroad (foreign born). We focus
on the statistics that form the basic requirement for most national statistical offices, namely
the usual resident population by age and sex, living in area i at time 7. Adopting the United
Nations (2007) definition, usual residents are all persons who reside, or intend to reside, in
a place continuously for either most of the last twelve months or for twelve months or
more. This includes nationals, foreigners, undocumented persons, applicants for asylum
and refugees. Counts of usual residents provide “. . . the best indication of where people
will demand and consume services, and . . .is therefore most relevant for planning and
policy purposes” (United Nations 2007, 132).

To illustrate how the framework for official statistics can be applied in the production of
statistics of usual residents by age, sex and local authority in the United Kingdom,
consider the expanded framework presented in Figure 2. Here, more details are provided
under the main headings of society, concept, data, processing, and output. Validation is not
included in the diagram, but of course it is necessary for the continued improvement of the
population statistics over time. We also include two columns covering background and
other considerations, which may be interpreted as the context and specific factors for a
particular society, respectively.

There are many issues to consider in the production of population statistics, which are
largely driven by the need for distributing national resources, planning, and social welfare.
What makes the UK different from other countries is its economy and culture, and this
varies over time depending on, for example, the political climate and available resources.
The UK does not have a population register or common identification number or code
system (Poulain et al. 2006, 112—113), and has historically relied on decennial censuses to
produce population statistics, with demographic estimation (described in Subsection 2.3)
used to produce statistics for years between censuses. Note that care must be taken, when
comparing censuses, to allow for coverage differences as well as conceptual differences in
defining the population of interest. Very often, to aid these comparisons, several different
population bases will be provided by national statistical offices for the basic population
counts.

As mentioned previously, at any time, there are always several populations that may be
measured or conceptualised. In the UK, a midyear (30 June/1 July) ‘usual resident’
population estimate is produced. This statistic is recommended by the United Nations for
international comparability, although the practicalities of identifying usual residents may
differ from country to country. Furthermore, the size and characteristics of the population
may vary greatly, depending on both the time of day and day of the year measured. The
usual resident population represents a ‘night-time’ measure, which captures the population
where it sleeps. A ‘day-time’ measure captures the population where it goes to school, to
work, to shop or to pursue leisure activities. Finally, it is important to be clear about the
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Fig. 2. A framework for producing population statistics in the United Kingdom

criteria for the inclusion or exclusion of individuals. Business travellers and visitors are
usually excluded from official and international statistics on population and migration.
Temporary workers may be included in official estimates of short-term migrants, but not in
the usual resident population.

Regardless of the population concept being measured, it can only ever represent a
snapshot of the continuous process of population change. This is further illustrated in
Figure 3, which shows how populations present in an area may change over time. If the
interest is tracking the changes of usual residents, each of the entry and exit components
needs to be defined accordingly. Here, for example, only those who change their country
of usual residence would be included as international entries or exits. All other
international entries and exits would be excluded from the official statistics. Likewise, the

Entries between 7-n and ¢

Actual population at time #-n Births Actual population at time ¢
Usual residents International moves Usual residents
Migrants Internal moves Migrants
Temporary workers Temporary workers
Business travellers Exits between #-n and ¢ Business travellers
Visitors Deaths Visitors

International moves
Internal moves

Fig. 3. The dynamics of actual population change for a geographic location within a country
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births, deaths and domestic movements of temporary workers, business travellers and
visitors would also be excluded.

There are two ways in which estimates of the usual resident population can be obtained:
(1) using a source or combination of sources that can be used to count the population at
a particular point in time and (2) combining sources of information on population stocks
(e.g., recent census) with information on demographic events over time (see Subsection
2.3). The sources of demographic data may be censuses or surveys, or may arise from
administrative processes including the registration of births and deaths or the need to
access healthcare or state benefits. Each data source has limitations with regard to
collection and storage. This usually concerns the amount of detail included and whether
it contains individual information or an aggregation of individual information. It also
concerns the amount of characteristic detail included in the data. Typically, censuses and
surveys include much characteristic information for understanding societal differences
and change, whereas administrative data contain only basic information necessary for
operational purposes (see Subsection 2.4).

It is difficult to design data sources to measure particular population concepts and to
capture all of the population required. Moreover, in the case of administrative data,
population measurement is not the primary purpose. Thus, national statistical offices often
use additional methods to improve the data, aligning the information with the required
concept. In the UK, for example, coverage surveys and imputation are used to produce the
census estimates (ONS 2013c). For estimates between census years, demographic event
data are combined with statistical estimation used to augment the data on internal and
international migration. Finally, there is an increasing need to provide measures of
uncertainty — or, conversely expressed, of accuracy — with the estimates so that they may
be interpreted correctly (see Section 3). The outputs or published statistics are estimates,
since they are only able to come close to the ‘true’ conceptual measure but do not match it
exactly. These statistics are also published with supporting information about how they
have been produced, allowing the user community to make informed judgements on the
current state of the population and its likely future.

To summarise, it is important to understand the various factors involved in producing
population statistics. The framework for population statistics starts with the societal
context and extends to the required published outputs. Next, we describe how the usual
resident population can be aligned with the underlying mechanism for population change,
involving the demographic accounting equation.

2.3.  Underlying Mechanism of Demographic Change

There are two ways that population statistics can be produced: enumeration and
demographic accounting. In practice, both are often used to understand the population
change occurring and to verify the quality of the estimates being produced. In the UK,
censuses are used to provide accurate estimates of the population every ten years. In
between censuses, midyear estimates are produced by rolling forward the age- and sex-
specific census estimates based on the number of births, deaths, domestic migrations and
international migrations that occur within each year utilising the demographic accounting
equation (see Figure 4 and equations below). To maintain an accurate picture of population
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Fig. 4. Overview of population estimation in the UK
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change over time, care must be taken to match the model used for demographic estimation
with the nature of the data available. Note that for the production of international migration
statistics in the UK, both survey (major source) and administrative (minor source) data are
used (represented by solid line and dashed line arrows, respectively).

When producing estimates based on demographic accounting, it is important to take into
consideration the close dependence between the migration definition and the demographic
accounting model. There are two types of migration data: events and transitions. Events
refer to the number of moves that occur within a particular time period, whereas transitions
refer to data collected on places of residence at two points in time. The demographic
accounting model essentially rolls forward the population estimate from the last reliable
estimate (e.g., census) to successive years until the next reliable estimate, where the error
of the process can be assessed. The same demographic accounting process is also used for
estimating future population totals (i.e., population projections), except that observations
on fertility, mortality and migration are replaced with estimated future (projected) figures.

Demographic change accounts based on events are presented in Table 1. These accounts
represent an extension of those originally developed by Stone (see United Nations 1975).
The variable M; represents internal migration events from one area i to another area j. The
n subscript denotes the number of areas. Note that we ignore internal migration events
when i = j. Instead, we enter terms R;, which are accounting balances, the result of
subtracting from the start population all possible exit events. Total (internal) outmigrations
from each area are denoted by M;, and total (internal) inmigrations to each area are
denoted by M ; (see the Table 1 notes for explicit definitions). Here we use the subscript i
as a general index for a region. The I; variable signifies the number of immigration events
from outside the system of interest and E; tabulates the corresponding emigration events.
The vital events of death, D;, and birth, B;, complete the flows in the table. The sum of the
numbers in the rows adds up to the populations at the beginning of the time interval, P,(¢).
The balancing term is obtained by subtracting the total number of outmigrations,
emigrations and deaths from the population at the beginning of the time interval, that is,

R =Pi(t) —M;y — E; — D;. (D
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The variables in the columns of Table 1 add up to the populations at the end of the time
interval. We can compute these by adding to the balancing term the total inmigrations,
immigrations and births, that is,

Pit+1)=Ri+My;+1; + B, (2)

If we combine these two equations, the balancing term cancels out, and we obtain the
familiar components of the population change equation:

Pit+1)=Pit) —Miy —E; —D;+M; +1; + B;. (3)

Although the demographic accounting model is applied similarly, it is important to
understand how the movement and transition concepts of migration differ. To illustrate,
consider Figure 5, where the vertical axis represents space and is divided into two regions
and the horizontal axis represents time (one time interval). The lines on the graph (A, B)
plot the location of two people. Person A starts in Region 1 and migrates to Region 2 at
time ¢ + 0.7 and then remains there to be recorded in Region 2 at time ¢ 4 1. Person B
starts in Region 2 and migrates to Region 1 at time 7 4 0.2 but then migrates back to
Region 2 at time ¢ 4 0.4. These two persons make one move from Region 2 to Region 1
and two moves from Region 1 to Region 2. Person A makes one transition, from Region 1
at time ¢ to Region 2 at time ¢ 4 1. Person B is recorded in Region 1 at time ¢ and at time
t 4+ 1 and so fails to make a transition. Note that the net migration between regions is + 1
for Region 2, whether migration is measured as a move or as transition.

The demographic accounts in Table 1 are specified for the whole population (all ages).
When the population is rolled forward from one year to the next, the accounts and
associated population change equations can be specified for each age, using period
cohorts. The only difference is that the birth terms are omitted from the accounts and
instead are used as the starting population in the accounts for the new-born period cohort.
Furthermore, Table 1 is specified for one country with several subnational regions and one

A

Region 1

Space

t t+1

Time ———»

Fig. 5. A time-space diagram illustrating different migration measurement concepts
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external region, the rest of the world. However, this spatial system can be expanded to
include a large number of areas. The system can also be collapsed to estimate the national
population change. Furthermore, the demographic accounting framework could also
designate internal regions as separate countries (e.g., the 28 members of the European
Union) or a combination of both national and subnational units can be employed (see, e.g.,
Kupiszewski and Kupiszewska 2008).

If an end of interval population, Pt + 1), is independently available from a population
register or an end-of-decade census, then the error of estimation may be calculated. To
reconcile population change through the interval with the start and end population stocks,
some corrections must be made to the component terms using assessments of the likely
errors involved. To estimate the population at time ¢ + 1, the demographic accounting
model therefore requires a population stock at time ¢ and information about births and
deaths (natural increase measures) and domestic and international migration between time
tand r + 1.

Perhaps the most accurate information we have is on the number of live births and
deaths for locations in the UK over time. This is because all births and deaths have to be
registered by law. Births are published according to the sex and birthplace of the child
and the age and residential location of the mother. Deaths are recorded for all persons by
age, sex and residential location. Migration data, on the other hand, are obtained from
general-purpose censuses, surveys or administrative registers. Unlike fertility or
mortality, the practical measures of migration obtained from these sources often do not
coincide with theoretical or contextual definitions of migration (Bell et al. 2002). For
example, Raymer and Smith (2010, 703) describe migration as “a loosely defined
process that represents the relocation of people during a period of time that causes them
to relinquish the ties with their previous locality.” Migration can involve people moving
within a country and within localities, as well as across international borders. The factors
that separate migration from other forms of mobility (e.g., daily commuting, weekday/
weekend commuting, holiday visits or seasonal moves) are generally the distance travelled
and the length of time spent in the destination (or away from the origin). In practical terms,
migration can be defined as relocations between administrative areas and mobility as
relocations within areas. Intra-area migration is not required for population change accounts
(Table 1). ONS does not restrict the spatial scale of residential migration, as any such
classification would be arbitrary. Therefore, a residential migration within the same suburb is
still a migration that may have relevance for the estimation of the population of very small
areas, such as output areas or postal sectors.

2.4.  Population Characteristics

Users of population statistics are interested in the characteristics of the population and
how those characteristics change over time. Age and sex are considered the baseline
characteristics required for population statistics because many other attributes have a close
relationship with them. For understanding change or differences between population
groups, it is useful to have more detailed attribute information, depending on the need or
users. For example, for those interested in the integration of immigrants, information on
the foreign population, their levels of education and their occupations are useful. For those
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wishing to set migration policy, understanding the reasons or drivers for migration is
important. For provision of services, information on population health, number of children
and economic activity are useful. The availability of data on characteristics will depend on
the type of information required and the data available to meet the need.

2.5. Geographic Classifications

Geographic classifications are fundamental for understanding society and population
change. There are many different ways of representing geography, depending on the
location information available in the data source. Statistics are usually produced for local-
authority districts, counties and regions in England and Wales, and electoral wards and
council areas in Scotland. Sometimes, the actual geography is not of interest but rather the
area type, such as urban, rural or coastal. Geographic information is important for planning
schools, hospitals, workforces, as well as for comparing different spatial patterns of
residence according to ethnicity or density.

3. Output Uncertainty

Information about uncertainty in the published statistics can help users to gain a better
understanding and use of the statistics. If the sources of uncertainty are known, they can
also be used to inform data providers where improvements can be made to their data
collection or estimation methodologies and to evaluate the scale of improvement achieved.
For example, in 2009, the UK Statistics Authority report “Migration Statistics — The Way
Ahead?” recommended that “ONS should flag the level of reliability of individual local
authority population estimates.” As part of the Migration Statistics Improvement
Programme, ONS responded by developing methods for measuring error and defining
confidence intervals for the England and Wales local authority midyear population
estimates (ONS 2012b). They also developed a table of key indicators, which can be used
to identify local authorities with characteristics associated with greater likelihoods of
uncertainty in their midyear estimates, such as the proportion of students present.

Uncertainty can come into the population estimation model in many ways. At the onset,
the base population taken from, for example, a recent census may contain error. The
components of change may contain errors. For example, in the UK, internal migration and
international migration are considered the most problematic in terms of population error.
Registrations of births and deaths, on the other hand, are considered highly reliable since
they have a very clear legal framework and long history of data collection. The degree of
uncertainty in the time series of population estimates is most often revealed when the
results of the next census become available and often, as a result, the annual population
estimates are revised to coincide with both the most recent and the previous census. To
achieve a fully consistent time series of population change, it may also be necessary to
revise the components of change. The vital statistics (births and deaths) normally do not
need revision, though the associated demographic rates are often revised as a result of
changes to the population at risk.

Within the area of survey methodology, the framework for survey error provided by
Groves et al. (2009) provides a useful basis for considering the errors underlying data
collected by surveys. The framework is also useful when considering data generated by a



710 Journal of Official Statistics

MEASUREMENT REPRESENTATION
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< Adjustment
error
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v

Survey statistic

Fig. 6. A framework for survey error. Source: Adapted from Figure 2.5 in Groves et al. 2009, 48

census or administrative system. Figure 6 sets out the framework, showing the processes
used in gathering population data and where errors arise. Errors may be systematic or
random, and they affect the uncertainty of the statistics in two different ways:
systematically or randomly. An important purpose of including uncertainty measures
in official statistics is to prevent users from making inferences that are not supported by
the data.

3.1. Accuracy

Accuracy refers to the closeness of the estimates to the true values. When producing
population estimates, we know that accuracy is greater for larger populations as it takes
more to influence their population change. We also know that accuracy decreases the
further away in time the estimates are from a census. For example, in the UK, we would
expect the 2012 population estimates to be considerably more accurate than the 2020
population estimates will be when they are produced, because the most recent (available)
census occurred in 2011.

Bias, which is caused by systematic errors, refers to whether the estimates have higher
or lower values on average in comparison to the true values. The sources of bias include
both those that are known beforehand and those that appear unexpectedly. In general,
the known biases are those that involve areas that are difficult to count, such as those with
highly mobile populations, including students, migrants, homeless persons or armed-
forces personnel, and those with high deprivation, unemployment or crime. These areas
contain populations that are less likely to fill in questionnaires or register in an
administrative source. For example, the age profile of internal migration in England and
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Wales, as measured using data from the National Health Service Central Register
(NHSCR), exhibits a markedly lower level for males than females aged 15-29 years
(Raymer et al. 2011, 80—81). In 2007, there were 55 per cent more females in the 20—24
year old age group changing their General Practitioner than males. If we believe the two
levels should be similar for these ages, then overall, it can be said there is a 15 per cent
undercount of males or about a seven per cent undercount for all migrants in the NHSCR
data. Overcounting may also be an issue in some administrative sources as a result of lags
or failures in deregistration. Finally, unexpected biases may result from a particular
methodology used to estimate the population totals or to a change in the way data are
collected. For example, when net migration rates are used in demographic accounting
models instead of origin-destination-specific rates, there is a tendency to overestimate
areas of growth and underestimate areas of decline (Rogers 1990).

Information on the potential sources of inaccuracy (due to systematic or random errors,
or both) can help users understand the range of plausible totals for a particular area and
the reasons why their area or group is considered to be estimated with more or less uncertainty.
These two aspects of uncertainty — size and causes — can also point to areas where
methodology could be improved or where additional data should be gathered. They also
provide a more realistic picture of population change. Furthermore, as national statistics
offices continue to improve their methodology for estimating populations, the availability
of measures of uncertainty could inform the extent of the improvement. The actual measures
of uncertainty may vary from probabilistic predictive intervals to summary statistics, for
example, Mean Algebraic Percentage Error for systematic deviation (bias) or Mean Absolute
Percentage Error as a measure of precision, or spread, due to random variation. Finally,
difficulties may arise in calculating the uncertainty measures, especially for population
estimates where no information exists on the true values (e.g., postcensus population
estimates and projections). Here, statistical models may be used to estimate the uncertainty.

3.2.  The Challenge of Measuring Migration

Measuring migration is particularly difficult, and deserves special treatment here. First,
long-distance migration is a relatively rare event in the lives of most people. Second, many
data sources are not designed to capture migration specifically; rather, migration measures
are a by-product obtained by additional analyses of administrative or general purpose
databases. This has implications for measurement (duration, coverage), accuracy and
detail. Thus, when considering appropriate data sources to measure migration, there are
inevitably a number of obstacles to be overcome:

1. Difference between what the available data measure and what is required by the
population estimation model (Rees 1985).

2. Small sample size of most survey data sources. Because most people do not migrate
within a given time period, small sample size leads to estimates with very high
standard errors and, consequently, the inability to use sample data for subnational
areas without auxiliary information.

3. Coverage differences between the populations targeted in survey and administrative
sources and the coverage needed in the model for generating population estimates or
projections.
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4. Underreporting of migrations (as events), which also manifests itself as excessive
lags in the reporting of address changes. Underreporting may occur as there is no
legal requirement to report a migration event in the UK, and individuals may be slow
to advise administrations of changes of address where either (a) there is no incentive
to do so or (b) there is no need for them to access a particular service.

5. Misreporting of destinations or origins of migration, depending on the data set
involved. Misreporting occurs for several reasons, and is primarily related to survey
or census data. Respondents arriving in the UK may be unsure or vague about their
destination. Respondents to household surveys or the census may inaccurately recall
where they were living some time ago, particularly if they have experienced high
mobility in between.

What consequences does a migration measure have for population estimation? Rees (1985)
points out that you need to match the concept used to measure migration with the concept
used in the population estimation equation. The standard estimation equation assumes that
migration is measured as a count of relocation events alongside the event counts of births
and deaths. It is possible to develop a population estimate equation that uses migration
measured as transitions, but the model is complicated for the UK for two reasons. First,
there is no population register from which transitions can be counted for the population as a
whole. In the UK, a census is administered only once in ten years and the main migration
question captures transitions only for the year prior to the census. Second, the system of
population statistics used by ONS is based on the movement concept using data on events.
This is why ONS applies adjustment factors to the Patient Register Data System (PRDS)-
derived migration measures which are based on the transition concept. The adjustment
ratios are computed by comparing counts of moves (migrations as relocation events)
between Former Health Authorities in a data set based on the NHS Central Register against
the counts of transitions aggregated appropriately from the PRDS system (ONS 2012c).

3.3.  The Challenge of Measuring Special Populations: The Armed Forces and Prisoners

The population estimation methods described above depend on being able to measure all
demographic components of change for all population groups. This is often true for births
and deaths, where the registration has a legal basis. For the internal and international
migration components, some populations may be left out. For instance, the NHS register
does not report the movements of the Armed Forces or the prison population. The current
approach to estimating populations is to subtract, at the start-of-time interval, the Armed
Forces population and the prisoner population from the start population stock and then add
fresh stock estimates to the end population. The data for these populations are supplied by
the Ministry of Defence and the Ministry of Justice, respectively.

4. Applications of the Population-Statistics Framework

In this section, we illustrate how the frameworks presented in Section 2 can be applied to
local area immigration statistics and to combine various administrative data sources to
measure the usual resident population.
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4.1. Immigration to Local Authorities in the United Kingdom

As an illustration of how the population statistics framework may be applied, consider the
user requirement for the population within a particular local authority in 2010. The need
could be conceptualised as “the usual resident population within local authority j, 2010”.
Here, data are required that match the concept of “all migrants arriving in the UK and
residing for at least a year in local authority j, mid-2009 to mid-2010” to allow estimation of
the population. Next, assume that there are only two sources of information available:
migrants identified in the International Passenger Survey (IPS) and National Insurance
Number (NINo) registrations to non-UK nationals. As shown in Figure 7, the IPS identified
536 (95% confidence interval: 506 to 566) thousand persons coming from abroad between
mid-2009 to mid-2010 who intended to stay at least twelve months (ONS 2013g) (Note that
this estimate of immigration was revised upwards after the 2011 Census to 579 thousand).
They were surveyed at the point of arrival and were asked about their destination in the UK.
However, because of the relatively small sample size, this information is only reliable at the
national level. For the same period, there were 668 thousand new NINo applications
recorded for foreign citizens aged 16 years or over. The information was collected at the
time of registration with reliable address information but no information on length of stay.

The main advantage of the IPS is that it measures “all migrants arriving in the UK intending
to stay for at least a year.” The main advantage of the NINo registration is that it measures
those “residing in local authority j.”” Neither of these sources alone can provide data that meets
the concept above. Additional information about the number of visitor and migrant switchers
(i.e., those changing their intentions) for the IPS data and the lag between arrival and
registration and the duration of stay for the NINo data would be required. The two data sources
can be aligned by separating the foreign citizens aged 16+ years from the rest of immigrants
in the IPS. It is then possible to produce estimates of “foreign citizens aged 16+ years arriving
in the UK for at least a year residing in local authority j, 2010.” This illustration shows how the
framework may be used to take a user requirement and align the available data to the concept
needed; it also shows the obstacles and limitations that often occur with such a process.

Figure 7 represents an illustrative example based on the more complex estimation
process described in ONS (2011) based on work by Boden and Rees (2010), which has
improved estimates of immigration to local authorities in England and Wales. The method
divides the national estimate of immigration into different flows by purpose of
immigration — for work, for study, as returning citizens or residents, and as dependants.
Different administrative sources are used to distribute each “purpose group.” For example,
higher-education records, which cover all newly registered foreign students, are used to
estimate the local-authority distribution of foreign student arrivals. This method replaces a
less accurate process that hierarchically distributed yearly IPS immigration totals: (1) into
regions according to three-year averaged Labour Force Survey estimates; (2) into
‘intermediate’ geographies based on IPS estimates; and (3) into local authorities based on
the previous Census (2001) counts.

4.2. Combining Administrative Data to Estimate Usual Residents by Age and Sex

In this subsection, we describe how ONS is exploring the quality and application of
administrative data sources, including combinations of them, to estimate usual resident
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CONCEPT
All migrants arriving in the UK in local authority j between mid-2009
and mid-2010, residing for at least a year

DATA
Source International Passenger Survey National Insurance Number

Period Mid-2009 and mid-2010 Mid-2009 and mid-2010

Coverage | Sample of all arriving passengers, a | All foreign nationals aged 16 years

subsample of which intend to stay at | or over who registered for a NINo

least 12 months in the UK (long-term
international migrants)

Geographic coverage National National and subnational
Total number 536000 6680007
PROCESSING
Step 1: Adjust IPS and Estimate visitor and migrant Adjust for arrival date where
NINo switchers and identify foreign available

nationals 16+ years

Step 2: Combine sources Apportion IPS data using proportion of NINo registrations in local
authority j

OUTPUT
Estimate of foreign citizens 16+ years arriving in local authority j in
the UK and residing for at least a year, mid-year 2009 to mid-year 2010

}

VALIDATION
Compare estimates with census population and immigrant stock

benchmarks

Fig. 7. Application of the population statistics framework to combine International Passenger Survey (IPS) and
National Insurance Number (NINo) registrations to measure international migration in the UK. Note: (1) Total
immigration estimated by factoring up sample count; (2) a full count of new NINo registrations by foreign
nationals.

populations as part of their ‘Beyond 2011’ programme (ONS 2012a). Administrative data
may be used to directly or indirectly inform annual population estimates by age, sex and
geography. Here, it is useful to refer to the frameworks presented in Figure 1, Figure 2 and
Figure 6, as well as those presented in Zhang (2012). These frameworks can be used to
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assess how the data sources relate to the concepts we are concerned with, including how
they capture information about location, births, deaths and migration, and to determine
where potential sources of error may arise, respectively. The assessment may be conveyed
visually using Venn diagrams as outlined in Figure 8 below. The aim of these diagrams is to
illustrate how the concept of the usual resident population relates to the population covered
by the administrative source (or sources) in a specific area j at a specific point in time 7.

To understand the relationship between a particular administrative data source and
the usual resident population, consider the UK National Health Service’s patient
register. General Practitioners (GPs) are the first point of contact for nearly all UK
National Health Service (NHS) patients (NHS 2011). Most individuals and households
are registered with a GP near their home. The NHS patient registers are used to
maintain an accurate list of all persons registered with a GP, allowing the timely
transfer of medical records and correct payments to doctors. ONS receives a list of
everyone who is registered with a GP in England and Wales. This source of individual-
level data has a specific administrative purpose and is not designed to specifically
measure the populations.

The patient register contains the address details of patients; however, depending on the
extract, the complete address may not always be available for analysis. Location
information derived from just a post code may differ from that derived from the full
address where these lie very close to the boundary of a local authority, for example.
The quality of the address information is also dependent on individuals keeping their GP
up to date with changes, or registering with a new GP if they have made a longer-distance
move. Any failure or lag in updating address information results in measurement error

Administrative
source

Usually resident
population

Those present in
the usual resident
population
concept but not in
the administrative
source

Those present in
the administrative
source but not in
the usual resident
population concept

Description of reason why
people might be in this
subgroup

Intersection between two
circles indicates usual
residents registered on

the administrative source

Fig. 8. Understanding the relationship between an administrative data source and the usual resident population
concept
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arising in the location information on the patient register at a particular point in time. For
persons who “live” at more than one address, the situation is more complex. For example,
some children at boarding school register with a GP using their boarding school address,
others using their parental address.

The coverage of the patient register is all persons registered with a GP in England and
Wales. The population covered by the patient register includes the following subgroups
not present in the usual resident population:

e Persons staying in the country for fewer than twelve months (short-term migrants);

e Patients not removed from the register because of unregistered deaths or when they
have moved out of an area and not deregistered from the NHS (list inflation or
registration lag for outmigrants or emigrants);

e Persons issued with new duplicate NHS numbers, for example when away from home
(multiple NHS numbers).

Conversely, the usual resident population has subpopulations not recorded in the patient
register:

o Persons who have failed to register at their destination after an inmigration or
immigration, more likely among young adult males (nonregistration or registration
lag for inmigrants or immigrants);

o Patients removed from the patient register when they have not moved (erroneous list
cleaning);

o Military personnel treated by their own health services (armed forces); and

o Inmates of prisons treated by the prison medical service ( prisoners).

In terms of timing, the Patient Register extract used by ONS is taken one month after the
date at which the usual resident population is estimated to counteract some of the lag in
changing GP registrations following moves. Note that the NHS Patient Register is not used
directly as a population estimate. Instead, patients are matched between two registers one
year apart to count patient transitions. These are converted to movements before being
used in the demographic accounting equation that produces the new end of internal
population estimate.

Another important administrative data source is the specific social security and
revenue information held within the Department of Work and Pensions (DWP), referred
to as the Customer Information System (CIS) (ONS 2013d). The CIS contains a record
for all individuals that have been issued with a NINo. For the DWP, the primary
purpose of the CIS is to store basic identifying information, such as name, address and
date of birth. The extract of the CIS provided to ONS on the 2011 Census day (27
March) contained approximately 96 million records. In Figure 9, a Venn diagram is
presented showing the differences between the usual resident population with a NINo
and the CIS records.

The NHS patient register provides good coverage of the population and represents the
timeliest source of administrative data currently available. The CIS also provides good
coverage of the population but includes a large number of people who are no longer
resident in the UK. Additional administrative sources include the English and Welsh
School Censuses and Higher Education Statistics Agency data (ONS 2013e), which
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Usually resident DWP/HMRC
population Sources

Short term
immigrants who
have registered for a
NINo and are in UK

Change of details
lag for inmigrants

to area j .
Change of details

lag for outmigrants
from area j

Migrants who
do not have a

NINo Duplicate record or NINo

Those who have moved/died
abroad without notifying DWP

Children for
whom child Records for migrants who
benefit has not have applied and been

been claimed Usual residents with issued with a NINo but have

a NINo yet to enter the country

Fig. 9. Relating the CIS to the usual resident population in area j at time t

provide comprehensive information but only for subsections of the population. In
combination, all these sources and others have the potential to provide comprehensive
and timely information about population stocks and distributions in the UK. In order to
produce these estimates, ONS needs to incorporate knowledge of the coverage and
measurement error associated with each of the sources to process them individually, and to
combine them in a way that captures the concept of usual residence. Work to achieve these
combined estimates has begun (ONS 2013a). One illustration of this approach is
summarised in Figure 10 below within the context of the population statistics framework.
For each data set an attempt to remove those individuals not resident needs to be made. It is
also necessary to adjust for those who may be recorded in the wrong place. The coverage,
or representation error, within all the sources is the product of a complex web of issues that
needs to be disentangled. For areas where populations are relatively stable the issues have
a less significant impact than for those areas experiencing high levels of population
turnover. Note that national statistics agencies, including ONS, are also interested in other
populations, such as present population, short-term population and visitors. Which
concept is used depends on the purpose to which the population statistics will be put.

ONS is undertaking the Beyond 2011 programme to explore options for producing
population and sociodemographic statistics in future. Similar work is being undertaken by
National Records for Scotland (NRS) and the Northern Ireland Statistics and Research
Agency (NISRA). Some of the options involve using administrative registers to estimate
the full population while large household surveys are used to assess coverage and to
add the attribute detail delivered by the traditional census (ONS 2013f). These new
methods have the potential to deliver population statistics more frequently, though the
precision may be lower for small-area population statistics than for large-area population
statistics.
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Source

Date

Coverage

Geographic coverage

Total number

Step 1
Step 2
Step 3

Step 4

Journal of Official Statistics

CONCEPT

Usually resident population of local authority j

DATA
Patient register Customer Information | Higher Education Statistics
System Agency
31 July 2011 31 March 2011 2010-2011 Academic year
Everyone currently registered| Everyone who has ever All students currently
with a General Practitioner in| been registered for a NINo | registered at government-
England and Wales funded higher education
institutions
Address Address on date of extract Domicile and term-time
addresses
58,509,000 96,450,000 2,814,000
PROCESSING

Adjust sources to match required concept as closely as possible

Anonymously link data sources

Apply decision rules to include and exclude records

Apply aggregate adjustments

!

OUTPUT

Estimate of usually resident population living in local authority j in 2011

!

VALIDATION

Compare estimates with census benchmark

Fig. 10. Application of the population statistics framework to combine administrative data sources to measure
the usual resident population in the UK (ONS 2012d, ONS2013a, ONS2013d, ONS 2013e¢)

5. Conclusion

The production of population statistics is complicated because populations are dynamic,
heterogeneous, and influenced by the social and cultural environments, economic
environments and natural and built environments in which the populations reside. In this
article we have presented central frameworks for developing and improving population
estimates. The key elements are user requirement, concepts, data, processing and outputs.
User requirements determine the population statistics of interest. Concepts are required to
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understand and define the population statistics required and how the demographic
components of change should be related to them. Concepts are also needed to match the
measurements in the available data, which may come from censuses, surveys or
administrative sources, to the statistic of need. As the available data are unlikely to match
the concept exactly, and are very likely to contain error or miss certain groups of the
population, processing is required in order to produce the final statistical output.

The frameworks for official statistics, population statistics, demographic accounting
and survey error presented in this article are useful for facilitating communication with
users of population and migration statistics, and for ensuring that everyone understands the
underlying concepts, the nature of the data available and the methods used to derive
estimates of key statistics. One important message that we have focused on is the tension
between concepts and outputs. There are many requirements and types of population
statistics but there are rarely single sources of information that cover all of these and match
the concepts exactly. The published outputs, therefore, are only able to address some of the
needs and are often produced by bringing together data from multiple sources, all with
their relative strengths and weaknesses. Future work should consider extending the
framework to include the relationships between different user needs and statistical
releases.

In conclusion, we hope this article provides a better understanding of the relationships
between the population concepts required by users and the data available to measure them.
The frameworks presented in this article should also provide a guide for any country
considering alternative data or methods for producing population and migration statistics.
We focused on the UK and the work being carried out in the Office for National Statistics
because of the transition that is occurring to incorporate and make better use of
administrative data to estimate local populations. In particular, these frameworks have
been used to guide the Beyond 2011 project that assessed administrative data quality,
including coverage from a variety of sources, and have provided a single reference point
for both users and providers.
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