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Abstract

Previous research in Scotland used a merging approach to combine census boundary data for geographies
specific to 1981, 1991 and 2001 to create Consistent Areas Through Time (CATTs) for the analysis of health
and social data for small areas. In this paper, we adopt the same methodology to integrate the 2011
Scottish Output Areas to the CATTs. First, we overlaid the 2001 Output Areas upon the 2011 Output Areas
to create SUPER OAs, which were then combined with SUPER EDs, which represented a consistent small
area geography for 1981 and 1991. This resulted in 8,548 CATTs providing a consistent geography for the
1981, 1991, 2001 and 2011 Censuses in Scotland. We demonstrate the utility of the CATTs by exploring the
correlations between deprivation, the proportion of the population who were permanently sick and those
with degree qualifications, across the 4 censuses, a research angle impossible without consistent
geographies. We have provided a resource that enables users to deepen their understanding of small area

social changes in Scotland between the 1981 and 2011 Censuses.
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Introduction

The 2011 Census data for Scotland provides an opportunity for social scientists to investigate Scotland’s
contemporary socio-demographic structure and how its demography has changed since previous census
time points. The 2011 Census population of 5,295,403 was the largest population ever for Scotland,
representing a growth of 4.6% since the 2001 Census and a 7.2% increase from the 4,939,503 people in
Scotland for the 1981 Census. While researchers can describe national trends over time easily, changes to
the configuration of small area boundary files for every census, in response to population growth or decline
or perhaps due to subtle changes in the digitisation accuracy, restricts the ability to analyse changes over

time at a more local scale (Norman et al. 2007).

Consequently, this has led to a number of approaches to harmonise two or more geographical datasets, to
facilitate the analysis of social change in small areas. Approaches include areal-weighting (Flowerdew and
Green 1992), dasymetric mapping (e.g. (Syphard et al. 2009) and the conversion of data from irregular
polygons into regular grids (Martin 1996; Lloyd et al. 2017). Norman et al (2003) outlined four alternative
strategies to managing incongruent spatial units over time. These include: ‘freezing’ the geographical base,
by selecting the spatial units at one point in time; ‘transforming’ historical data into contemporary zones;
using individual or household level data and aggregating to meaningful zones; and developing designer

zones common to all years.

Using postcode-level histories to monitor small area census boundary changes in Scotland between the
1981 and 1991 Censuses and then between the 1991 and 2001 Censuses, Exeter et al. (2005) used a
merging approach to create Consistent Areas Through Time (CATTs). This is broadly similar to Norman’s
suggestion of developing designer zones, although the CATTs did not require any estimation in the

geographic conversion process.

In this paper, we adopt Exeter et al. (2005)’s merging approach to update the CATTs to include the 2011
Census geography. The Methods section comprises the majority of this paper but in the Results, to
demonstrate the utility of having consistently defined geographic units, we present changes in the
relationships between deprivation, the proportion of the population who were permanently sick and those

with degree qualifications for years around each of the 1981, 1991, 2001 and 2011 Censuses.

Methods

Small area census spatial data files

There were 17,767 Enumeration Districts (EDs) used for the collection and output of the 1981 Scottish
Census data. Of these, 56 were ‘shipping’ EDs (one for each of the 56 Districts), leaving 17,711 residential

EDs. The 1981 ED boundaries were not digitised, but were assigned population-weighted grid references. In



1991 there were 38,098 Output Areas (OAs) available as digitised polygon boundaries and population-
weighted centroids, (and a further 156 OAs which were large communal establishments and only
represented as points). In 2001 there were 42,604 OAs represented both as boundaries and as population-
weighted grid references. In 2011, the number of OAs had increased to 46,351 which were available as
boundary files and population-weighted grid references. A simple assessment of the number of areas at
each census suggests that analysing change over time for small areas would be problematic, as it is difficult
to establish which areas were split into smaller zones, merged with adjacent zones, or which had their

boundaries ‘nudged’ between censuses.
Residential address grid references

We obtained the 2011 Address Register file from National Records for Scotland (NRS), which contained grid

references for the 2,429,647 residential addresses in Scotland in April 2011.
Census data

Population data were obtained in 5 year age bands for the original small area geographies from CASWEB
(1981-2001) and NomisWeb (2011). We also obtained numerators and denominators from each census to
calculate the proportion of the adult population who were ‘permanently sick’, and the proportion of the
population who had a university degree. For each variable separately, we combined the data into a single
file, standaridised using z scores and used these as inputs to K-means clustering to produce five groups
representing ‘permanently sick’ groups and five ‘degree’ groups, representing patterns of change for the
consistent areas across the four census years. The five ‘permanently sick’ clusters represented the areas
that were over time: Always advantaged; Largely worsening; Greatly improving; Largely improving; and
Somewhat worsening. The 5 ‘degree’ clusters classified areas that were over time: Mixed picture; Fair and

increasing; Highly educated; Low but improving; and Substantially improving.

We also calculated the Carstairs Index for each census period. Originally developed specifically for small
areas in Scotland using 1981 Census data, the Carstairs index combines four aspects of deprivation,
representing the proportion of the population in an area that: are of low social class; lack of car ownership;
live in overcrowded households; and are unemployed males. The four variables are transformed to z-scores
and summed to provide an overall measure of material deprivation. We created K-means clusters of
deprivation, which distinguished CATTs into 5 groups representing areas which were over time: Persistently
deprived; Deprived but improving; Persistently average deprivation; Moderately advantaged but

worsening; and Persistently not deprived.



Statistical analyses

We explored the associations between the distributions of those reporting permanently sick, with a degree,

and levels of deprivation over time. These statistical analyses were conducted in Stata version 15.

Creating Consistent Areas Through Time linking 1981, 1991, and 2001 small area output geographies

Exeter et al. (2005) provide a detailed account of constructing the CATTs for 1981 to 2001. Essentially, the
process was to create a digital boundary file of the 1981 Enumeration Districts, which were an aggregation
of the 1991 Output Areas. However, dissolving the 1991 OAs only created 16,096 ‘pseudo EDs’ so the
Central Postcode Directory was used to correctly allocate the remaining 1,615 EDs that had been absorbed
into the 1991 OA geography. If the 1981 EDs intersected with more than one 1991 OA, the affected were
combined together, which resulted in the creation of 15,739 polygons (‘SUPER EDs’) linking the 1981 EDs
with the 1991 OAs.

Geographic Conversion Tables (GCTs) assigned the 1981 EDs and 1991 OAs to the SUPER EDs. Unlike
existing GCTs(Simpson 2002; Norman et al. 2003), an estimated apportionment ‘weight’ is not needed since
the 1981 EDs and 1991 OAs nest wholly within the SUPER EDs. The 2001 OA polygons were overlain upon
the SUPER ED polygons and 2001 AddressPoint™ data were used to distinguish polygons of genuine
boundary changes from sliver polygons resulting from digitisation differences of the 1991 and 2001 OA
boundaries. This resulted in 10,058 polygons integrating the 1981, 1991 and 2001 small area boundary files.
GCTs linked the 1981 EDs, 1991 OAs and 2001 OAs to the CATTs which were made available from the
Census Data Users website at MIMAS and UKBORDERS from EDINA.

Incorporating the 2011 Census to the existing Consistent Areas Through Time

Over time, the size of the small area geographies in Scotland has reduced, and in the development of the
original CATTs, the decision was made to ensure the CATT boundaries conformed to the 2001 Census
boundary delineations. In this case, simply integrating the 2011 OAs with the existing CATT polygons would
not suffice since it would not be possible to identify those 2001 OAs that were divided, or combined with
adjacent OAs in the creation of the 2011 OAs by the NRS. Overlaying the CATTs upon the 2011 OAs quickly
demonstrated that changes were substantial enough to potentially confuse users, had we retained the
2001 OA-based CATT boundaries. As the geographies for 1981 and 1991 were made consistent as part of
the original CATTS (known as Super EDs), in this study we first combined the 2001 and 2011 OAs to create

Super OAs, before integrating those with the Super EDs, as described below.

Merging 2001 and 2011 Output Areas

Leveraging the topological information from Arcinfo coverages, we used a two-stage process in which

ArcGIS v10.4 was used to first intersect the 42,604 OAs for 2001 with the 46,351 OAs for 2011 resulting in a
4



file 182,479 unique polygons. We obtained a count of AddressPoints™ in each polygon using a spatial join,
and consistent with Exeter et al. (2005) those polygons with <2 AddressPoints™ were treated as sliver
polygons and removed. When eliminating the sliver polygons, we ensured that the boundary of the 2011
OA was retained, so that our final output would conform to boundaries of the contemporary OAs and
higher administrative geographies. We used the same Fortran program as Exeter et al (2005) to identify
which 2001 OAs intersected 2011 OAs and needed to be integrated, and a ‘lowest common denominator’
approach was used to labelling the resulting 36,921 unique “SUPER OAs”. Note that our Scottish SUPER OAs

are not official intermediate geographies.
Merging SUPER OAs and SUPER EDs

We repeated the process and intersected the 36,921 SUPER OAs with the 15,739 SUPER EDs to create a
new coverage comprising 161849 unique polygons. We then overlaid the the 2011 AddressPoints™ upon
the 161849 polygons to identify sliver polygons using the <2 AddressPoints™ rule. We then eliminated all
sliver polygons, retaining the 2011 OA boundaries and this process resulted in 8,365 Consistent Areas
Through Time for 1981 to 2011. In 2011, the mean CATT population was 633, but the maximum was
95,852. . We relaxed the definition of a sliver polygon to comprise <5 AddressPoints™ and used that version
of the CATTSs to reduce the size of those CATTs with more than 10,000 residents. Maintaining 8,320/8365
CATTs with a population below 10,000, we then split the 45 CATTs with larger populations into a further
237 CATTs using the output from the <5 AddressPoints™ version, resulting in 8,557 CATTs. Quality checking
found some OAs along the coastline or bodies of inland water overlapped more than one CATT, which
required manual correction, resulting in 8,548 CATTs. In the final version of the CATTs, there were 7 CATTs
(0.08%) with populations greater than 20,000 in 2011. These 7 CATTs contained 213,235 residents, or
approximately 4% of the total population of Scotland in 2011. For clarity, CATTs were labelled according to
the lowest common SUPER ED code, with a “C2” (n=8320) or “C5” (n=228) prefix to specify the number of
AddressPoints™ used to identify sliver polygons used in the creation of the CATT. The 2011 population for
the “C2” CATTs ranged from 57 to 9923, with a mean of 548.27 and a standard deviation of 835.87. By
contrast, the “C5” CATTs had populations between 92 and 55807 with a mean of 3218.55 and standard

deviation of 6651.42 (analyses not shown).

The 2011CATT shapefile and the GCTs linking 1981 EDs, and OAs from 1991, 2001 and 2011 to CATTs were
prepared and are freely available from the National Records for Scotland and the Longitudinal Studies

Centre for Scotland websites .

For the resident population, there was relative consistency in the decreasing mean and standard deviations
for the official geographies over time (Table 1). There was a notable decrease in the maximum, mean and
standard deviation populations for CATTs between 1981 and 1991, as the minimum population threshold

was increased to 50 in the design of the 1991 OAs (Table 1).



1981 1991 2001 2011

Population 1981 2011 1991 2011 2011 2011
EDs CATTs OAs CATTs 2001 OAs CATTs 2011 OAs CATTs

N 17711 8548 38253 8548 42604 8548 46351 8548

Min 0 40 46 50 50 51 50 51
Max 1332 37722 773 39409 2357 43936 2081 55807
Mean 283.75 587.92 130.69 584.78 118.82 592.19 114.25 619.49
Std. Dev. 146.33 999.71 46.6 1061.91 44.96 1218.48 45.07 1428.35
Total 5025516 4999 303" 5062 011 5295403

Table 1: Summary statistics for the Total Usual Resident population between 1981 and 2011, by Official

small area outputs and CATTs “excludes Shipping zones

Results

Table 2 shows the correlations between the continuous measures of permanently sick, population with
degrees, and deprivation from each census period between 1981 and 2011. The inter-census correlations
for the %permanently sick were moderate-strong overall, however the association waned over time. For
example the %permanently sick in 1981 was strongest with the corresponding variable in 1991(0.60),
decreasing to 0.52 for %permanently sick in 2011. Similarly, the %permanently sick in 1991 was associated
most with the 2001 %permanently sick (0.81) and the strongest correlation overall for %permanently sick

was between 2001 and 2011 (0.83).

Within the %degree results, the strongest correlations were also between 2001 and 2011, (0.93) although
the 1981 %degree correlations followed an ‘n’ distribution, peaking at 0.68 with the 2001 %degree. The
correlations between the continuous Carstairs score over time scores were the strongest and most
consistent overall, ranging from 0.80 (between 1981 and 2001) and peaking at 0.86 between 2001 and
2011.

There were statistically significant associations between all pairs of variables (P<0.001 for all comparisons),
with these correlations ranging from moderate to strong. On average, CATTs areas with higher levels of
education had lower proportions of permanently sick reported, with this negative correlation strengthening
over time from -0.42 in 1981 to a peak of -0.75 in 2001 and a marginal reduction to -0.72 in 2011. Higher
levels of education were also correlated with lower deprivation scores, although the strength of this
negative association followed a more erratic pattern across these four census years. Increased percentages
of permanently sick were associated with higher deprivation scores; this correlation was moderate in 1981,

but strengthened over time, also peaking in 2001 before weakening slightly in 2011.



Table 2. Spearman's correlation coefficient for associations between CATTs level continuous measures of

percent permanently sick, population with university degrees, and deprivation index from each census

period between 1981 and 2011.

% Permanently sick

% with Degree

Deprivation index

1981 1991 2001 2011 | 1981 1991 2001 2011 | 1981 1991 2001 2011
% permanently
sick
1981 1
1991 0.60 1
2001 0.57 0.81 1
2011 0.52 0.73 0.83 1
% with Degree
1981 -0.40 -0.54 -0.58 -0.56 1
1991 -0.36 -0.52 -0.58 -0.57 | 0.59 1
2001 -0.45 -0.68 -0.75 -0.73 | 0.68 0.72 1
2011 -0.42 -0.66 -0.72 -0.72 | 0.64 0.69 0.93 1
Deprivation
index
1981 0.52 0.71 0.73 0.71 | -0.66 -0.57 -0.73 -0.69 1
1991 0.53 0.71 0.74 0.73 | -0.60 -0.56 -0.70 -0.64 | 0.834 1
2001 0.50 0.70 0.76 0.77 | -0.65 -0.62 -0.81 -0.77 0.84 0.85 1
2011 0.50 0.68 0.73 0.74 | -0.57 -0.53 -0.70 -0.66 0.80 0.84 0.86 1

Note. All correlations reported are statistically significant with P<0.001

While the results in Table 2 demonstrate some broad patterns regarding our three variables of interest, the

correlations relate the ‘period-specific’ observations, and ignore any spatial patterning over time. Rather

than having four sets of cross-sectional findings the strength of having a consistent geography such as the

CATTs is in the ability to explore longitudinal spatial variations.

Figure 1 shows the distribution of the K-means clusters representing trajectories of (a) the permanently sick

population, (b) those with degree qualifications and (c) deprivation, between 1981 and 2011. The

overwhelming majority of rural CATTs in Scotland are always advantaged, with relatively few people in each

census stating they were permanently sick. Surprisingly, rural areas —particularly the remote islands, in the

central belt and in the rural South are also areas that were somewhat worsening over time. The number of

CATTs that were greatly improving is few (N23) while there are few areas typically on the outskirts of the

main centres largely improving.




Permanently sick With a university degree Carstairs deprivation index

| | Council boundaries

B Always advantaged B Highly educated M Persistently advantaged

Greatly improving & # Fair & increasing s Moderately advantaged but worsening g
Largely improving e Substantially improving N Persistently average deprivation : -
Somewhat worsening % Low but increasing % Deprived by improving

B Largely worsening : I Mixed picture * R B Persistently deprived I

. . . . g
U Council boundaries __ Council boundaries

Fig. 1. K-Means clusters representing trajectories of (a) the permanently sick population, (b) those with
degree qualifications and (c) the Carstairs deprivation index. Note that each set of clusters uses census data

from 1981, 1991, 2001 and 2011 combined.

In terms of trajectories for the population with a university degree, vocation or professional certificate, the
distribution is more disparate than those seen for the permanently sick. While the highly educated group
tends to cluster in main centres or University towns, there is an overall pattern of improving levels of
education in most parts of the country, particularly in the central belt. The rural and remote areas in the
Highlands and Islands are more likely to experience Fair and improving conditions, interspersed with
pockets of ‘mixed picture’ CATTs, representing flucations in the population with degree level education

from one census to the next.

The K-means clusters of deprivation demonstrates that those areas that are persistently deprived are
synonymous with CATTs that were in the North West of Scotland, with areas of high deprivation but
improving located in and around Glasgow. The CATTs that were experiencing persistently average
deprivation circumstances were scattered throughout the rural and urban parts of Scotland, particularly in
Dundee, Edinburgh and Aberdeen, with a scattering in the South-West and North Eastern areas. Many of
the ‘persistently advantaged’ (and moderately advantaged but worsening) CATTs are located in Edinburgh,

with considerably fewer in Glasgow, which exhibits more of a mixed distribution of deprivation in general.



Discussion

This paper describes the extension of Consistent Areas Through Time to facilitate analyses of health and
social data in Scotland between 1981 and 2011 for small areas. The previous CATTs linking 1981, 1991 and
2001 Census Enumeration Districts and Output Areas comprised 10,058 areas and had a mean population
of approximately 500. Introducing the 2011 Census OAs reduced the number of zones to 8,548, while the
mean population remained broadly similar increasing to 619 in 2011. A strength of the methodology used is
that population estimation is not required when aggregating data from ED or OAs to the CATT. However, a

limitation is that a small proportion (0.08%) of CATTs have populations in excess of 20,000.

Our research contributes to the literature concerning the need to have consistent geographical units over
time. Accepted best practice for the comparison of population group with differing population distributions
is to age (or age and sex) standardise the data (Rothman 2008). Yet, many studies assessing changes in
health outcomes or social conditions over time typically use period-specific measures of those health or
social outcomes. This means, for example, a study comparing the association between area deprivation and
mortality between 1981 and 2011 would use an area deprivation measure derived from the 1981 census to
calculate mortality rates for that period and use the 2011 census-based deprivation index for the more
recent period. Such results demonstrate how the social gradient has changed over time, but the ability to
study areas whose socio-economic conditions have improved, worsened or remained broadly consistent
over time is impossible (Norman et al. 2011). Previously, we found that although premature mortality had
reduced in all period-specific deprivation quintiles in 1981 and 2001, when we used time comparable
deprivation in the CATTs approach, mortality in the persistently deprived areas increased by nearly 10%

over the 20 year period (Exeter D. J. et al. 2011)

In this study, we used data from the 1981, 1991, 2001 and 2011 census regarding the population who were
permanently sick, or who had a university degree-level education as well as the Cartairs index of
deprivation, aggregated to the CATT level in order to demonstrate the benefits of having consistent
geographical areas over time. The K-means clusters we created here use data from all four time periods
combined to produce a classification schema that could not be achieved had we used the data for each

time period separately.

The use of K-means clusters is not uncommon in population health research. For example, Green et al
(2014) created a neighbourhood classification scheme based on mortality from 63 outcomes between 2006
and 2009 in the UK. Their results demonstrated that the clustering of areas into a typologies such as ‘Best
health and most desirable’, ‘Poor Health Experiences’ or ‘Mixed Experiences’ can inform policy
development, resource allocation and targeting of services. Similarly, Bellis et al (2012) used the K-means
method to group 30 public health metrics commonly used in the UK into 5 classes and to describe how

areas in England were differently affected by various factors across the life course.



A study such as this is not without its limitations. First, while the geographic areas are consistent over time,
we do not know about the migration patterns of the population between each census. Nevertheless, such
studies are possible by using the CATTs within the Scottish Longitudinal Study’s data environment. This
would enable us to further compare the outcomes we used in this study for individuals who themselves did
not move over time, or experienced individual-level social mobility. Second, we acknowledge that the
census questions from which our permanently sick, degree-level education and Carstairs index of
deprivation are derived have not been consistent over time. In some cases, the approach to asking the
guestion in the Census has changed. For example, in earlier censuses, the question regarding higher
education asked respondents to write the details of their qualifications down, but this changed in 2001 to
ask people to tick whether they had either/or a degree, a professional certificate and vocational certificate.
There has also been a sea-change in the way occupational social classes have been classified by the
National Records for Scotland, consistent with the Office for National Statistics (Rose et al., 2005).
Researchers, and government and non-government organisations have used the original CATTs to explore
geographic variations in health society between 1981 and 2001 (Platt et al. 2007; Popham et al. 2010;
Walsh 2014). To have data on this consistent geographic basis over time, raw data for the original ED or OA
geography are aggregated using lookup tables to the CATTs units. Through these lookup tables and
associated GIS boundary files we have provided a resource that enables researchers to deepen their
understanding of small area social changes in Scotland between the 1981 and 2011 Censuses. The CATTs

are freely available for download from:

http://www.nrscotland.gov.uk/statistics-and-data/geography/our-products/census-datasets/consistent-areas-

through-time-catts|and|http://sls.Iscs.ac.uk/guides-resources/resources-for-online-sls-users/
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