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SOCIAL SCIENCE

Internal migration: census data as a gold standard for insight and visualisation
Nik Lomax

School of Geography, University of Leeds, Leeds, UK

ABSTRACT
The census of population, conducted by three statistical offices in the United Kingdom,
provides a unique resource for measuring and understanding internal migration patterns
and propensities. It is the only source that asks an entire population, once every ten years,
about their migration behaviour and as such provides a valuable resource for assessing the
impact that migration has on the size and composition of local populations. The data are
attribute rich in that they provide information about migration patterns by demographic
group and are spatially detailed so provide a view of the impact that migration has on small
areas. Despite their utility, the data have limitations, not least that they are only collected
once per decade so only provide a snapshot of the UK migration system. This paper utilises
data from the previous four censuses to present maps showing how migration propensity
and efficiency has changed between 1981 and 2011.

ARTICLE HISTORY
Received 1 November 2021
Revised 14 February 2022
Accepted 15 February 2022

KEYWORDS
Internal migration; census;
propensity; patterns; city
region; local authority
district

1. Introduction

Internal migration has a substantial effect on the size
and composition of sub-national populations. In the
United Kingdom (UK), the decennial census, con-
ducted by three statistical offices (the Office for
National Statistics in England and Wales, National
Records of Scotland and the Northern Ireland Stat-
istics and Research Agency), provides a ‘gold stan-
dard’ in terms of data collection for understanding
these migration patterns as it is the only data source
which asks the question ‘one year ago, what was
your usual address?’ of an entire population. As
such the census offers a once in a decade opportunity
to assess comprehensively how mobile the population
is. Other data sources capture these patterns outside of
census years, but they rely on administrative data or
sample surveys, neither of which are designed to
measure migration patterns across an entire popu-
lation. As such, they need to be ‘pegged’ to census
data to provide a sound assessment of how patterns
and propensities of migration change over time. This
paper sets out to demonstrate the value of UK census
internal migration data as a unique and valuable
resource by presenting maps which summarise
migration patterns reported in the last four censuses
taken in 1981, 1991, 2001 and 2011. The work also
highlights some of the challenges and inconsistencies
which exist in the census data, which become
especially clear when comparing data from different
time periods. While this paper has a UK focus, the
impact of internal migration on sub-national popu-
lations, as well as the utility and challenges of using

census data are shared by many countries around
the world. A comprehensive review of internal
migration data availability, measurement and collec-
tion practices for 193 countries can be found in Bell
and Charles-Edwards (2015).

1.1. Migration research using the census

UK Census migration data have been used extensively
to study internal migration patterns over several dec-
ades. Utilising linked census data (with limited geo-
graphical coverage), Champion and Shuttleworth
(2017a) find that between the 1971 and 2011 Census,
overall internal migration propensity has declined,
although this is more pronounced for shorter distance
moves than for longer distance moves. Further inves-
tigation by Shuttleworth et al. (2019) reveal the fall in
rates observed when comparing the 1971–1981 period
with the 2001–2011 period cuts across all population
groups. This long term decline in migration propen-
sity is not unique to the UK, with comparisons having
been drawn in other developed countries such as the
United States and Australia (Champion et al., 2017).

The sub-national spatial patterns underlying these
long-term headline declines in propensity have been
examined with the aid of census data. Counter urban-
isation, the move from urban to less urban areas, has
been reported in the 1981 (Champion, 1989), 1991
(Rees et al., 1996) and 2001 Census data (Champion,
2005). Simpson and Finney (2009) compare 1991
and 2001 census data, finding patterns of counter
urbanisation hold for most ethnic groups in both
time periods. However, a comparison of 2001 and
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2011 Census data reveal that the 2000s marked a
period of re-urbanisation (Rae, 2013), with a pattern
of moves into urban areas evident in the 2011 data.
Chatagnier and Stillwell (2021) find that this is the
case for most age groups in their comparison of
2001 and 2011 Census data.

The comprehensive geographical coverage and
attribute rich nature of census data mean they have
been used to provide insight into the nuances of mobi-
lity patterns within society. A detailed consideration of
how the distance of internal migration varies across a
range of demographic variables is undertaken by
Lomax et al. (2021) who argue that what constitutes
‘long distance’ is very specific to the variables of inter-
est. Darlington-Pollock et al. (2019) assess how pro-
pensity and distance of move varies by ethnic group
and country of birth while Raymer and Giulietti
(2009) group local authority areas to better under-
stand ethnic group migration patterns by type of
area. The effect that scale (the size of the geographical
area) and zonation (the way that contiguous zones are
amalgamated) has on the assessment of migration
intensity and effectiveness is reported by Chatagnier
and Stillwell (2021). Using 2001 and 2011 Census
data at local authority scale they find that results are
increasingly sensitive to the way that zones are formu-
lated as scale increases, i.e. where there are fewer, lar-
ger zones the way in which they are constructed
becomes more important.

Despite being a valuable resource for understanding
internal migration, the census data have their limit-
ations. Data are only collected once every ten years
which means that they only provide a snapshot of the
migration system, and other sources are needed to
understand what is happening to internal migration
in the inter-censal years. A key source of data, used
extensively to assess migration patterns in the UK, is
recorded by the National Health Service (NHS) which
relies on a patient reporting a change of address to
their doctor. The value of these data is discussed by
Stillwell et al. (1994) and the NHS data are combined
with Census data by Lomax (2013) to provide a com-
prehensive time-series of UK migration for the period
2001–2013. Other data sources include consumer
survey data used by Stillwell and Thomas (2016) to esti-
mate intra-zonal migration distances, and commercial
data arising from postal redirection services, used by
Lomax (2021) to estimate household mobility.

Census data are extremely useful for investigating
propensities and patterns of migration, but do not
reveal the motivation for those moves. As such,
alternative data are needed to investigate why people
move. For example, Thomas et al. (2019) use the UK
Household Longitudinal Study (and the Australian,
Swedish and US equivalents) to examine migration
motive by distance, finding housing motivates short
distance moves while employment motivates long

distance moves. Shuttleworth et al. (2021) use Under-
standing Society longitudinal survey data to demon-
strate that migration propensity and distance varies
by personality traits, where extroverts are more likely
to move than introverts, and that people predisposed
to openness are more likely to move longer distances.

It is important to point out that issues have been
identified with Census data, and considerable energy
has gone into identifying discrepancies and offering
solutions for adjustment of the data. This includes cor-
rections for under-enumeration in 1991 Census data
(Rees & Duke-Williams, 1997; Simpson & Middleton,
1999) and adjustment of the data to redistribute
internal migrants without a defined origin (Boyle &
Feng, 2002; Lomax, 2013). An assessment of the
impact that disclosure control methods introduced
in 2001 (and subsequently dropped for 2011) had on
data quality is discussed by Stillwell and Duke-Wil-
liams (2007). They highlight that this methodological
change, as well as other issues like the inclusion of stu-
dents in 2001 data and treatment of those aged under
one in the migration data cause issues comparability
when compared with 1991 data. Mindful of this
range of issues, the methods and analysis presented
below attempt to provide a view of migration as
reported in the last four censuses, but do not pretend
to deal with all the discrepancies which exist.

This paper contributes to the existing literature by
offering comparison of sub-national migration inten-
sity and efficiency across four decades in a consistent
way, for as much of the UK as is feasible with the
data available. Previous work taking a long-term
view on UK internal migration has reported national
trends (Champion & Shuttleworth, 2017a), assessed
patterns at larger scale regional geographies (Cham-
pion & Shuttleworth, 2017b), excluded one or more
of the countries that make up the UK (Kalogirou,
2005) or dealt with a smaller number of time periods
at a sub-national scale (Stillwell & Lomax, 2017). In
discussion, this paper also anticipates potential chal-
lenges which might arise in advance of the release of
the 2021 Census migration data.

2. Methods

2.1. Data sources

All data used in this study are derived from the Census
‘special migration statistics’ (SMS), which comprise
origin-destination flow data from the smallest Output
Area scale upwards for the UK. Flow data are available
from the 1981, 1991, 2001 and 2011 censuses. All data
were downloaded from the Web-based Interface to
Census Interaction Data (WICID) platform supported
and maintained by the UK Data Service Census Sup-
port (https://wicid.ukdataservice.ac.uk/). Census-
based population data, used as the denominator to

544 N. LOMAX

https://wicid.ukdataservice.ac.uk/


calculate migration rates, was also downloaded from
WICID. All data relate to the total number of
migrants/total population and were extracted at
Local Authority District (LAD) scale. Data were
cleaned and made broadly consistent for comparison
as outlined below.

2.2. Data adjustments

In the 1981 and 1991 Census data, migrants who did
not give a full account of their address one year ago
(their origin) were coded as having ‘origin unstated’,
while in the 2001 Census respondents were given the
option of stating that one year ago they had ‘No
Usual Address’. In both cases the effect on the data
was substantial: in 1981, 1.82% of migrants had no ori-
gin (Boyle & Feng, 2002) while in 2001 467,052 people
reported having ‘No Usual Address’ (Lomax, 2013).
The result was an under-reporting in the Census
SMS regarding the outflows from origin of internal
migrants and an imbalance in the origin-destination
matrix. The practice of assigning or allowing
responses with unstated origins was dropped in the
2011 (and 2021) Census in order to achieve full enu-
meration in the SMS. In the case of 1981 and 1991
Census data, an adjusted dataset is available directly
from WICID which reallocates ‘origin unstated’
flows proportionally within the origin-destination
data of the SMS, effectively allocating migrants to an
origin based on the size of observed migration flow
(Boyle & Feng, 2002). A similar approach was under-
taken to proportionally reallocate the ‘No Usual
Address’ migrants in the 2001 data by Lomax
(2013). For 1981 and 2001, these adjusted data (from
WICID and Lomax (2013) respectively) were utilised.
However, for 1991 a further issue of under-enumer-
ation, caused by the suppression of data for statistical
disclosure control, was identified by Rees and Duke-
Williams (1997) and Simpson and Middleton (1999)
who each produced an enhanced dataset, adjusting
the SMS (the former developing the MIGPOP dataset
while the later developed the SMSGAPS dataset). Both
of these adjusted datasets are available within WICID
and the adjusted data resulting from the MIGPOP
project are used in this paper.

2.3. Dealing with changing geographies

Periodically, the geographies used to report Census
data, indeed any socio-economic data, change. This
can be due to intentional changes to underlying stat-
istical geographies, for example, the reorganisation
of output areas (the ‘building blocks’ of census data)
so that they better represent the population as it
changes over time. Another reason is that administra-
tive geographies, often used to analyse census data
because they provide meaning in the context of local

government decision making or resource allocation,
change independently of the census release. No matter
the reason, any changes cause difficulties when com-
paring phenomena over time and need to be dealt
with. In this paper two solutions are utilised: (1) a
best-fit is imposed on LADs to produce a consistent
set of spatial units for the four time periods; and (2)
LADs are grouped in to functional ‘City Regions’
which represent the relationship that Core UK cities
have within their immediate region and more broadly
with the rest of the spatial system.

Both of these adjustments are possible because the
link between origins and destinations is available in
the census data, in the form of flow matrices or pair-
wise data frames. This provides flexibility to aggregate
areas into larger geographies, and in both cases where
inter-area flows become intra-area flows, they can
easily be removed from the migration matrix. The
population data, used as denominator to calculate
rates and other metrics, can be aggregated to the
new geography as required.

2.4. Creating consistent LAD boundaries

This study uses LADs as the smallest spatial scale of
analysis. While there has been considerable energy
devoted towards producing consistent data at finer
spatial scales (Rees et al., 2004) for the visualisation
and analysis presented in this paper LAD scale provides
a good balance between detail and data availability.
Fortunately, much of the hard work in producing con-
sistent LAD boundaries has already been done by pre-
vious research projects, so only minor further
adjustments are required. The 1981 Census data were
re-estimated for 1991 geographies and deposited into
WICID by Boyle and Feng (2002), and this study uti-
lises these 1991 boundaries for the first two time
periods. The 2001 data have been re-estimated to
2011 geographies by Lomax (2013) and these data are
utilised for the second two time periods.

It is worth noting that there has been further work
on re-estimating 1981 and 1991 census data for 2001
geographical boundaries (Boyle & Feng, 2002), and
both datasets are available within WICID. However,
the adjusted data which account for under enumer-
ation in 1991 (as discussed above) have not been re-
estimated for 2001 geographies, so the analysis here
requires a trade-off between using the enhanced data
or a consistent geography. The enhanced data were
chosen and further adjustment was undertaken to
match 1991 geography (attached to the 1981 and
1991 data) to 2011 geography (attached to the 2001
and 2011 data). The process first involved straight
aggregations of LADs in the 1991 data to match
boundaries from the 2011 geography where LADs
have been amalgamated (39 areas fit into nine areas).
Second, six LADs reported in the 1991 were split to
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form a total of 15 new administrative units as reported
in the 2011 data. In this case, the aggregated LADs
were retained in 1981 and 1991 while the disaggre-
gated boundaries were used for 2001 and 2011. Data
for Northern Ireland are not available for 1981 or
1991 (under any of the geographical boundary systems
used) so 26 LADs are excluded for the first two time
periods. The net result of these three discrepancies is
that data are reported for 35 fewer areas in 1981 and
1991 than in 2001 and 2011.

2.5. Grouping LADs into city regions

The grouping or collation of geographies is often
undertaken to provide a summarised, more easily
understandable set of boundaries. The analysis pre-
sented in this paper adopts a City Region typology,
designed as a set of functional entities to aid in
decision making (Marvin & Robson, 2006). The City
Regions used in this study were defined by Stillwell
et al. (2000, 2001) and represent 13 ‘Core Cities’ of
the UK: Aberdeen, Belfast, Birmingham, Bristol,
Cardiff, Edinburgh, Glasgow, Leeds, Liverpool,
London, Manchester, Newcastle and Sheffield (see
Figure 1). In addition to the ‘Core’ LAD, which con-
tains the city itself, each region is comprised of a ‘City
Rest’ zone (other LADs which are strongly connected
to the Core), a ‘Near’ zone (further away from the
Core than the City Rest) and a ‘Coast and Country’
zone (furthest away from the Core). Utilising the ori-
gin-destination data, any flows that occurred within
the constituent part of the of each city region was
removed, leaving the inter-zone migration but exclud-
ing the intra-zone migration. For example, all flows

between the 33 London Boroughs (each of which is
a LAD) were removed, leaving just total inflow and
total outflow to/from the ‘London Core’ zone. The
adjustments to LADs described in the previous section
do not impact on these groupings, meaning that data
for England, Wales and Scotland are consistent in all
four time periods. No data were available for Northern
Ireland in 1981 or 1991.

2.6. Measures of migration

A broad range of measures have been used to capture
patterns and trends in the internal migration system
(Bell et al., 2002). The maps presented in this study
utilise two measures: migration rates offer a snapshot
of the intensity of migration for a given area while
migration efficiency is a measure of how efficient a
force migration is in population redistribution.

Migration rate (MR) is calculated for each area i by
taking the sum of the in-migration flow from all other
areas (Di) minus the out-migration flow to all other
areas (Oi), divided by the population of the given
area i. This is represented as a net rate of migration
per 1000 people which can be positive (denoting
population gain) or negative (population loss).

MR = 1000
Di − Oi

P

( )

The migration efficiency ratio (MERi) is the ratio of
net migration in area i to the sum of in-migration
from all other areas (Di) plus out-migration flow to
all other areas (Oi).

MERi = 100
Di − Oi

Di + Oi

( )

Results are constrained to ±100: a value of zero
means that in- and out-migration are equally balanced
so migration in that area is inefficient as the net effect
has no change on overall population size. The higher
the score, the more efficient migration is as a force for
redistributing population. By way of example, an area
with an inflow of 1000 and outflow of 500 would have
a MERi value of 33.3. An area with an inflow of 250
and outflow of 1000 would have anMERi value of−60.

3. Results

The maps presented in Figure 2 reveal how migration
rates have changed in each of the City Region com-
ponent zones. In the first two decades of 1981 and
1991, most Core city zones have a negative migration
rate, with most urban areas losing population to else-
where in the country. The exceptions in 1981 are the
three Scottish city Cores (Aberdeen, Edinburgh and
Glasgow) which have positive net migration rates,
while in 1991 only Aberdeen Core has a positive rate.Figure 1. City region geography
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By 2001, the fortunes of many Core city zones had
reversed and over half show a positive net migration
rate, with the exception of Aberdeen, Birmingham,
Liverpool, Glasgow, London and Newcastle. The lar-
gest swing between 1981 and 2001 is apparent in Man-
chesterCore,which goes fromanegativemigration rate
of 11.8 migrants per 1000 population to a positive rate
of 3 per 1000. The 2011 patterns show an almost com-
plete reversal when compared with 1981, with all Core
cities, except London, showing a positive net migration
rate. Of note areManchester, Newcastle, Liverpool and
Sheffield Core cities, which in 2011 have a positive net
migration rate of over 10 per 1000. Net gains in city
Near zones fall as the decades progress.

The Migration Efficiency Ratios (Figure 3) pre-
sented at LAD scale paint a more detailed picture,
with urban loss and rural gain prominent in a very
efficient migration system in 1981. There is a notable
decline in the number of areas showing the highest
efficiency scores (both positive and negative) as the
decades progress, with the 2011 efficiencies looking
far lower those seen in 1981.

Table 1 provides a summary of overall Migration
Efficiency across all LADs. Notably, the maximum
value (i.e. the most efficient LAD for out-migration)
in the latter two decades (2001 and 2011) is much
lower than those in thefirst two decades. Theminimum
value does not vary as much. The mean migration
efficiency value declines in each decade, moving from
positive in 1981 and 1991 to negative in 2001 and
2011. Standard deviation also declines slightly,
suggesting a higher concentration of values around
the mean in later years.

Taking the migration rate at City Region level and
the migration efficiency scores at LAD level together
demonstrates how smaller areas (1) can have a sub-
stantial effect upon their wider region and (2) some-
times exhibit trends which are counter to those seen
in the wider region. By way of example, Figure 4
shows this combined view for 1981 and 2011, focusing
on just those LADs with efficiency scores of ±10 (i.e.
those which are most efficient at gaining or losing
population through migration) overlaid atop of the
City Region migration rates. There is clearly a large
fall in the number of individual LADs with higher
efficiency scores between 1981 and 2011. The negative
efficiency scores for urban areas seen in 1981 are less
prominent in 2011 and the positive efficiency scores
for less urban LADs, especially along the south coast
of England and in the Midlands and Wales, have
declined substantially. Overall, the pattern is one of
a far less efficient internal migration system in 2011
than was seen in 1981. These two time points form
the beginning and end of the analysis presented in
this paper: the main map (see supplementary material)
demonstrates the picture for four decades by including
the middle two periods of 1991 and 2001.

4. Discussion and conclusion

The maps presented in this paper provide a spatially
disaggregated view of the UK’s internal migration sys-
tem using two different geographies, utilising 1981,
1991, 2001 and 2011Census data. The decline in overall
migration rates at City Region scale and in migration
efficiency at LAD scale seen in these maps over four

Figure 2. Migration rates for each city region component.
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decades is consistent with the headline long term
declines in migration propensity reported in Cham-
pion and Shuttleworth (2017a). The local area results
echo those seen in previous studies, with urban loss
and rural gain the predominant pattern in 1981, 1991
and 2001 while a pattern of re-urbanisation emerges
in the 2011 data. While these overall trends have been
well reported elsewhere (either at more aggregate geo-
graphies or for fewer time-periods at LAD scale), by
presenting spatially disaggregated results across four
decades of census data in a consistent way these maps
provide a clear visual representation of how the UK
migration systemhas changed over a prolonged period.
It is worth highlighting that the geography at which
these results are reported mask variation at a finer
spatial resolution, however, a trade-off was required
to enable consistent reporting in each time period
and ensure that data could be visualised on the maps
in a way that is interpretable.

Looking forward, results from the 2021 Census will
report on a point in time where the Covid-19 pan-
demic had a profound impact upon the entire UK
population. The 12-month period leading up to census
day (21 March 2021), in which people had an oppor-
tunity to complete a move and so report a change of
address in their census return, was marked by national
lockdowns, local authority level tiered restrictions on

mobility and substantial delays in the professional ser-
vices required to complete a home move, such as
mortgage lending, conveyancing and home surveys.
These factors may contribute to the continuation of
the overall decline in migration rates and efficiency
seen in the 1981–2011 period. Sub-national patterns
may also have changed, a hypothesised shift in
migration preference towards more space in less
urban locations as a result of the pandemic (Nanda
et al., 2021) could mark a return to the counter-urban-
isation patterns of the 1981–2001 period. Other data,
such as the NHS data used as a proxy for migration,
are currently only available to mid-2020, so there is
not yet evidence which provides a clear and compre-
hensive picture of internal migration during the pan-
demic period.

SMS data from the 2021 Census will provide an
incomplete picture of the UK migration system owing
to the Scottish Census being delayed by one year due
to the Covid-19 pandemic. This means that migration
within and into England, Wales and Northern Ireland
will be reported for the year to March 2021, however,
moves within and into Scotland will be reported for
the year to March 2022. This discrepancy will have
implications for understanding the entire migration
system which will result in missing data (as is the
case for Northern Ireland in 1981 and 1991 as reported
in this paper) and no doubt encourage work to estimate
and make consistent the internal migration data, much
like the adjustment of previous census migration data
(Lomax et al., 2013; Rees & Duke-Williams, 1997;
Simpson & Middleton, 1999).

The value of the migration data reported from the
census is its coverage of an entire population and

Table 1. A summary of migration efficiency values across all
LADs.

1981 1991 2001 2011

Minimum −28.87 −22.82 −24.68 −22.01
Maximum 32.02 30.79 18.70 19.36
Mean 1.83 1.49 0.48 −1.11
Standard deviation 9.50 7.41 7.12 6.40

Figure 3. Migration efficiency ratios at LAD scale.
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level of detail (both geographical and in terms of
attributes reported) which are unrivalled in other data-
sets. Despite shortcomings as reported in this paper
and the unique challenges faced by the latest census,
the 2021 data will be eagerly anticipated and essential
for better understanding internal migration patterns
and propensities during an extraordinary period.

Software

The maps were generated in QGIS v3.14 and finalised
in Inkscape v1.0.1.
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