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This study advances understanding of the broader social and spatial impacts of COVID-19
restrictive measures, particularly how they may have impacted individuals and households
and, in turn, the geographic areas in which these individuals and households are concen-
trated. Data are combined and linked to a novel individual-level synthetic dataset and an
interactive dashboard is developed to assist with the identification and understanding of
the social and spatial impacts of restrictions. To illustrate the utility of this approach, the
analysis focuses on the impact of three restrictions within a defined spatial area: Yorkshire
and Humberside (UK). Results highlight the additive nature of restriction impacts and sug-
gest areas that may have the least future resilience as policy priority areas. This approach is
transferable to other regions and the use of the dashboard allows rapid consideration and
communication of the social and spatial nature of inequalities to researchers, practitioners
and the general public.
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Introduction

On 11 March 2020, the World Health
Organization (2020) declared COVID-19 a pan-
demic. Twelve days later, Prime Minister Boris
Johnson addressed the United Kingdom (UK),
requiring the public to stay at home with the ex-
ception of essential activities (Prime Minister’s
Office, 10 Downing Street, 2020). Almost two
years later, as of early 2022, there have been
over 300 million global cases of COVID-19 and
an estimated 5.5 million deaths (John Hopkins
University & Medicine, 2022). With each new
variant comes renewed discussion around the
appropriate extent of mitigation measures, such
as work-from-home or school closures.

From the outset of the pandemic, govern-
ments, medical professionals and academics
have worked to identify vulnerable groups
so that prevention and mitigation measures
could be implemented to minimise the spread
of COVID-19 and the population-level im-
pacts. Early insights were that age, ethnicity
and underlying health conditions are signifi-
cant contributors to increased risk of mortality
from COVID-19 (Harris, 2020; National Health
Service [NHS], 2021). In the UK, a range of
measures were introduced periodically—and
in combination—to reduce the spread of the
virus, ranging from social distancing, use of face
coverings, national lockdowns, geographical
easings in the form of the tier system and many
more. Despite these measures,no part of the UK
has escaped the effects of COVID-19, though
based on the Index of Multiple Deprivation,
throughout the early months of the pandemic,
the virus had a sustained and proportionally
higher impact on the most deprived areas of
England (Morrissey et al., 2021; Office for
National Statistics [ONS], 2020a). These trends
have been routinely reported in the media and
academic settings since early 2020.

There are numerous definitions of ‘vulner-
ability’, many arising in a population health con-
text (for example, Frohlich and Potvin, 2008).
However, in the context of COVID-19, the

Economic Social Research Council ([ESRC],
2020), defines it as ‘greater risk of infection and/
or adverse effects of social distancing measures’.
As the pandemic has evolved, it has become in-
creasingly apparent that, aside from the more
obvious direct health impacts, COVID-19 has
also contributed to economic and social crises,
and that no single measure of vulnerability
captures the full costs incurred by the disease
(Davenport et al., 2020). Both the direct health
burden arising from COVID-19 and the miti-
gation measures introduced to limit the spread
of the virus have impacted society, including
employment and social wellbeing, as well as
the provision and quality of social care, ac-
tivity levels and mental health (Her Majesty’s
Government, 2020). Mind (2020) warns that
there will be a subsequent ‘pandemic’ resolving
the mental health crisis that COVID-19 has
caused, whilst the British Medical Association
(2021) identified the large backlog of care as a
pressure point that will result in future prob-
lems for months to come.! Taken together, this
suggests a need to study the impacts of the
virus itself, but also the associated restrictions
and responses, and, in particular, their socially
and spatially distributed effects.

This study was undertaken with the aim of
advancing understanding of the broader social
and spatial impacts of COVID-19 restrictive
measures, especially how the restrictions intro-
duced may have impacted individuals and
households and, in turn, the geographic areas
in which these individuals and households are
concentrated. Yorkshire and the Humber was
selected as a case study area, in order to illus-
trate the data requirements for investigating
the social and spatial impacts of particular
COVID-19 restrictions and the value of visu-
alisation via a dashboard to communicate the
geographies involved. A novel approach com-
bining established and synthetic data is illus-
trated. Aside from identifying small areas of
potentially high exposure to restriction impacts
in the region, this research highlights examples
of how current data collection and integration
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Estimating the social and spatial impacts of Covid mitigation strategies

efforts fall short of what would be necessary at
scale for targeted and effective national policy
development. There has recently been a transi-
tion from mapping the pandemic from a disease
and health perspective to investigating the
geography of other emerging impacts (Smith
et al., 2020) and our research fits within this
wider research agenda.

The remainder of the paper is structured as
follows: the following section outlines the back-
ground to COVID-19 restrictions introduced in
the UK and core features of the social and eco-
nomic impacts of the pandemic. The case study
area, data requirements and synthetic data
are then described, alongside the interactive
dashboard developed as part of the research.
Subsequently, example results are demon-
strated for a selection of restrictive measures
applied through simulation and data analysis
for the case study area. Finally, the value of the
dashboard as a tool for communicating spatial
impacts and decision support is described, with
concluding remarks.

Background

Pandemic public health responses

In the aftermath of previous disease outbreaks
such as influenza, swine flu and Ebola, the UK
government had planning in place in the event
of another pandemic (Department of Health
and Social Care [DHSC], 2020a). Although
these plans can and have been scrutinised, a
range of fundamental components evolved
as core elements of the COVID-19 pandemic
response.

Initial COVID-19 restrictions were intended
to reduce virus transmission dramatically and
quickly. As more became known about how
the virus spreads, the restrictions were adapted
and tailored to the intensity and location of
virus cases. For example, as evidence emerged
that transmission via fomite was more difficult
to control (for example, via cleaning regimes)
and a lesser transmission route than aerosols,

guidance on surface cleaning was reduced
and guidance on ventilation increased. These
changes exposed inequalities, such as whether
people had access to ventilated environments
at home or at work. Understanding of the virus
has continued to evolve throughout the pan-
demic, leading to changes in policy responses
and restrictions, with attendant shifts in the
groups most affected by pandemic rules, such
as ‘stay at home’ guidelines, furlough or school
closures.

Previous research concerning vulnerabilities
from the COVID-19 pandemic has concen-
trated on intersecting household level health
and socio-economic characteristics. Mikolai
et al. (2020), for example, focused on five main
indicators of vulnerability: digital and connect-
ivity, housing conditions, employment condi-
tions, financial conditions and health indicators.
Through the case study analysis presented
here and the estimation of local-area impacts,
the authors adopted a similar approach. This
involved firstly identifying COVID-19 restric-
tions and potential vulnerabilities that each
covered, then exploring these using a mixture
of published data by geography, and simulated
scenarios based on expected lifestyle changes.
Table 1 provides representative examples of
restrictions that have been implemented in
England and the various populations impacted.

The following sections explore the three
main categories of restrictions considered in
this analysis, all of which have potential to gen-
erate a range of social and economic impacts:

Shielding

Shielding was quickly introduced at the start
of the pandemic to reduce infection risk
amongst those most susceptible to the disease
(Kemp et al.,2020). There are approximately 4
million people on the shielding list in England,
with 1.7 million of these being added nearly
a year into the pandemic in February 2021
(British Heart Foundation [BHF], 2021). The
call to shield was primarily based on a range
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Table 1. Example restriction measures for England and their potentially disparate demographic impacts.

Type Restriction Result Impacted groups Implementation
Demo- Shielding Isolation encouraged for Those with specific health issues Since the start of the
graphic the clinically extremely that place them at high risk from pandemic, with re-
vulnerable and extreme coronavirus. Additionally, those with laxation of shielding
caution recommended for further health issues and/or aged measures suggested
the clinically vulnerable. 70 or over. Often requires external in line with the
support from family, friends, volun- lowest levels of na-
teer groups or local government. tional restriction.
Social Social Social interaction dramat- Everyone. However, as the size Since the start of the
distancing ically reduced. Limits on of groups who can interact has pandemic, with relax-
close contact mean it is changed, different social and house- ation of the distance
impossible for people to hold structures (for example, single- required based on
continue normal behav- person households or two multi- the presence of other
iours and socialisation generational households) have been mitigating actions
skills (Koci et al., 2021). differentially affected. (for example, masks).
Eco- NHS Test Up to £500 made available Low-income isolating individuals. In place since
nomic and Trace to eligible individuals on September 2020.
Support low income, should they Expected to cease in
Payment be positive for COVID-19 early 2022.
Scheme or have to isolate due to
being in contact with an
infected person.
Geo- Household Movement and social 12% have no private or shared On and off, in line
graph- inter- interaction reduced garden space, with Black individuals with national lock-
ical action only partially, influenced by four times as likely as white people down rules.
allowed availability and quality of to have no private area and 8% of
outside greenspace. over 65s with no private outdoor
in private space (ONS, 2020b)
spaces

of underlying health issues, although those at
moderate risk also include individuals aged
70 or older, even if they have no underlying
medical conditions (NHS Digital, 2021a). The
extreme nature of shielding—for example,
staying at home unless absolutely necessary
or using online services—was not-compulsory
(BHF, 2021). Throughout the various national
lockdowns and tier systems the guidance on
shielding has also changed, being most strictly
applied until 31 July 2020, with, for example,
supplies of basic food delivered to the home
on request through the national shielding ser-
vice until that date. The national shielding
programme formally ended on 15 September

2021, with no further advice on shielding pro-
vided after that time.

Even under the most relaxed shielding ad-
vice, rapidly introduced guidance of this type
is likely to have psychological impacts on indi-
viduals and those they live with. A survey by
Blood Cancer UK (2020) showed that over
half of the individuals surveyed, who were
shielding due to a blood cancer, reported strug-
gles with their mental health. These individ-
uals were likely to have prolonged changes to
their lifestyle even as the majority of societal
COVID-19 related restrictions were eased. An
approximate measure of shielding can be rep-
licated by identifying small area patterns of
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Estimating the social and spatial impacts of Covid mitigation strategies

ailing individuals from the census and using lo-
calised thresholds of the percentage shielding,
as reported on NHS Digital’s (2021b) open
data set ‘Shielding Patient List’

Limited household interaction

Despite the disruptive changes that COVID-19
restrictions involved, households comprising
more than one person were able to maintain
some form of face-to-face social interaction,
even if these interactions did not reflect their
pre-pandemic relationships. The absence of
these face-to-face interactions for single oc-
cupancy households can impact these individ-
uals’ mental wellbeing (Leng et al., 2021). To
allow close contact between these isolated in-
dividuals and help combat loneliness without
removing social distancing for all, ‘support
bubbles’ were introduced in June 2020 (DHSC,
2020b; Gullard, 2020; Leng et al., 2021). The
criteria for support bubbles subsequently ex-
panded to include additional household types,
such as multiple occupancy households where
all but one individual required continuous care
due to disability (DHSC, 2020b).

Data on the uptake of support bubbles is
extremely scarce. There are many factors that
might prevent households from forming a ‘sup-
port bubble’ These include individuals where
there is no appropriate household to join up
with, anxieties or being unable to set up a
bubble due to shielding. As any estimate of
UK bubble uptake would be entirely conjec-
ture, this analysis assumes that all single-person
households experienced increased isolation
and exclusion in comparison to their multiple-
person household counterparts.

Furlough

The furlough scheme was a key economic policy
response throughout the COVID-19 pandemic,
enabling businesses to continue supporting
their employees with reduced salaries. This
promoted a continuation of the workforce and
dampened economic impacts, mitigating the

potential for mass redundancies and unemploy-
ment. Concerns were expressed at the time that
furlough may only postpone mass redundan-
cies until the point at which the COVID-19 Job
Retention Scheme eventually ended (in practice,
September 2021) (Beatty and Fothergill, 2021).
In the first lockdown, 33% of employees in older
industrial Britain were furloughed (Beatty and
Fothergill, 2021). This proportion is in line with
UK-wide values, with 30% of the workforce
furloughed during the peak in May 2020 (Her
Majesty’s Treasury, 2020). The arts, entertain-
ment and recreation industry experienced the
lowest percentage of usual trading of all ONS
defined industry groups (ONS, 2020c). This cor-
responds with the industry having the greatest
average furlough figures throughout the pan-
demic (ONS, 2020c). In addition, research shows
that females were more likely to stop working,
either temporarily on furlough, or permanently
(Blundell et al., 2020). Although primarily initi-
ated by the employer, one study found mothers
were also more likely than fathers to initiate
the decision to take up the furlough scheme
(DELVE Initiative, 2020).

Impacts

The impacts of COVID-19-related measures
will vary across different population groups
and different time scales, depending on the type
of impact generated (Davenport et al., 2020;
Smith et al., 2020). Researchers proposed that
as a result, exit strategies should have an eco-
nomic and public policy focus in addition to the
more researched health focus (Anderson et al.,
2020). This broader focus can only be achieved
if we understand the spatial and social disrup-
tions that COVID-19 restrictions have had. It
is also widely conjectured that Covid has had
an unequal impact on an already unequal so-
ciety (The Health Foundation, 2020). Providing
seemingly aspatial restrictions with a spatial
footprint highlights places that will need add-
itional support as the transition takes place to
living with the virus in the longer term.
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Data and methods

One of the challenges for this research was to
bring together diverse data sets to understand
the social and spatial impacts of COVID-19 on a
defined population. To address this, it was neces-
sary to consider how individual-level restrictions
could be mapped onto population characteristics,
in order to derive local geographies of pandemic
rules. Exploring the spatial variation of COVID-
19 impacts allows policy makers, charities and
researchers to make informed decisions on how
to replan and future proof urban spaces for the
longer term with an endemic COVID-19 virus.

To wunderstand and mitigate COVID-19
restriction-related isolation and exclusion, we
propose that research must be carried out at a
small-area level, or it will be impossible to observe
detailed impacts. For example, school closures
will affect neighbourhoods with high densities
of children more than neighbourhoods with low
densities. This is a minimal threshold for the im-
pact of school closures, given that closures affect
not only children but also parents, carers and of
course, their places of employment. Reaching the
additive, multilayered effects of different types
of restrictions requires rich data at a household
level, which can then be aggregated to higher spa-
tial resolutions to communicate disparate impacts
and support targeted local policies. Alongside
household level data, further data is needed at the
neighbourhood or small area level —for example,
on land-use and greenspace availability. Although
useful from a policy perspective, the City or Local
Authority levels are too large a data collection
unit for calculating local pandemic effects.

In the following section we detail the case-
study area selected to illustrate the analysis. The
individual-level synthetic data set used, and the
additional data sets linked, are then presented,
along with a brief discussion of data challenges
encountered. Finally, details of the visualisation
tool, an interactive dashboard, are given. The
developed dashboard focuses on social, eco-
nomic and other impacts by small scale geog-
raphies, emphasising the equity implications

of virus mitigation measures. Ivankovi¢ et al
(2021) provide a descriptive assessment and
appraisal of a sample of 158 COVID-19 dash-
boards from 53 countries. Whilst nearly all dash-
boards reported epidemiological indicators and
the majority gave health system management
indicators, indicators of social and economic
impact and behavioural insights were the least
reported (4.4% and 1.3%, respectively). This
research serves to help fill that gap.?

Study area

Yorkshire and the Humber, within the North
of England (UK), was chosen as a suitable site
for identifying areas of isolation and exclusion
that could be generated by COVID-19 restric-
tions (Figure 1). It is an area with an assortment
of high-resolution data available and a diverse
range of settlement types from dense urban city
spaces to National Park areas. The area also en-
compasses a variety of socio-economic groups
and characteristics (Figure 2). Due to data avail-
ability, we focus on developing estimates at the
MSOA level (Middle-layer Super Output Areas).
These are English Census areas with an average
of 10,000 residents, usually within 2000-6000
households (Office for National Statistics, 2022).
There are 692 MSOAs within Yorkshire, which
each include between 2116 and 6127 households,
with an average of 3364. Figure 2 highlights the
Local Authority Districts of key cities in the study
area (Bradford, Hull, Leeds and Sheffield); as an
economically and socially diverse area, we specif-
ically focus on Bradford for additional discussion.

Deprivation is captured by the English Index
of Multiple Deprivation (IMD), which pro-
vides a score based on aspects including local
education, economic and living environment
statistics (Ministry of Housing, Communities
& Local Government, 2020). Local areas are
ranked according to their deprivation at a na-
tional scale, where the highest ranks indicate
the most deprived areas in the country.* We use
the national rankings as a point of comparison
in this study.

688

€20z fsenuer | uo 1sanb Aq | 9¥6859/£89/€/S | /a1onue/salfo/woo dnooiwepese//:sdiy wWoll papeojumod



Estimating the social and spatial impacts of Covid mitigation strategies

Number of Households
2,116 - <2,807
2,807 - <3,309
3,309-<3,909

3,909 - <4,666

_mm 4,666 -6,127

0 10 20 30 40 50 km
I TN -

N

>
s
¥

}’f.”'

Figure 1. Yorkshire and the Humber study area MSOAs (Bradford Local Authority highlighted).

As in many cities, the most deprived areas in
Bradford (Figure 2, reflected by high IMD ranks/
small numbers) are located in particular pockets
of the city, with many directly adjacent to more
affluent areas. A specific example is Girlington in
Bradford, which borders a wealthier leafy suburb
and a private school. The underlying sources of
these juxtapositions are complex and historical,
often tied to industrial change, quality of housing
stock and local land-use. Local topographies
have also influenced patterns of settlement, ac-
cessibility and distribution of resources.

Constructing the picture: data sources

To investigate the small-area level impacts
of COVID-19 measures, an individual-level
synthetic dataset was employed to build vari-
ables of interest. Synthetic data are artificially

generated data that reflect the statistics and
relationships contained within a real dataset.
Using synthetic data allows for detailed predic-
tions and estimates to be made whilst preserving
anonymity. Use of a synthetically generated
data set also helps resolves challenges related
to data limitations—in particular, where no
suitable data exist at the necessary geograph-
ical scale. Part of the novelty in this study is the
combination of established data and synthetic
data to explore impacts that would be difficult
to identify with readily available data alone.
The Synthetic Population Estimation and
Scenario Projection Model (SPENSER) pro-
duces synthetic populations with a number of
attributes drawn from the UK Census (Lomax
et al., 2022). See Table 2 for the variables of
interest for this study.
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Bradford

IMD Rank
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19,136 - <25,135
25,135 - 32,087

0 10 20 30 40 50 km
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Hull

Sheffield

Figure 2. Variation in the Index of Multiple Deprivation (IMD) across the study area, by MSOA. Smaller numbers/higher
ranks indicate more deprived areas, relative to all areas in England.

Table 2. Variables across the two SPENSER population
files that were utilised in this research. Middle Layer Super
Output Area (MSOA, minimum population 5000) and
Output Area (OA, postcode clusters).

Household data Individual data

(MSOA) (OA)

Household ID Household ID

Output Area Person ID

Household size Middle Layer
Super Output Area

Household refer- Age

ence person’s ID

SPENSER wuses an approach termed
Iterative Proportional Fitting (IPF) to reweight
microdata and area level counts from the 2011

Census of Population for England and Wales
to create a micro-level synthetic dataset for
the entire population. To achieve this, four
steps are implemented: (i) estimate the indi-
vidual population from 2011 Census; (ii) es-
timate the household population from 2011
Census; (iii) simulate the baseline population
and households forward to 2020; and (iv) as-
sign individuals to households to provide con-
sistency between files. Synthetic individuals
are placed in households and are attributed
demographic (age and sex for each individual),
socioeconomic (based on the socioeconomic
status of the household’s reference person) and
housing condition variables according to the
individual and household estimates from the
2011 Census (see Spooner et al., 2021 for an ap-
plied example). Further details on SPENSER
can be found in Lomax et al. (2022).
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Estimating the social and spatial impacts of Covid mitigation strategies

For our study, SPENSER data exists as two
files, one reporting household information at
Middle Layer Super Output Area, (MSOA,
minimum population 5000) and the other con-
taining information at the Output Area level
(OA, clusters of individual household postcodes
and the smallest unit reported in the UK national
census). The two can be joined by a ‘Household
ID’ Overall, there were 5,522,023 individuals
across 2,434,505 households in the study area. As
a result of SPENSER’s complex data generating
process for individual and household level popu-
lations, a very small number of households were
not populated with individuals. These empty
households were removed from the study popu-
lation, resulting in the final synthetic population
being assigned to 2,327774 households.

While suitable for the case study adopted
here, this approach is not without challenges
and involves a high computational burden
where applied for extensive geographic areas.
Hence the limited scope of the present study.

Additional variables were incorporated from
other data sets to enable exploration of the re-
strictions, as detailed below:

Shielding

Shielding was identified through a combination
of ill-health data and known proportions of the
population to be shielding. Firstly, MSOA level
ill-health obtained from the 2011 census was
used to identify a representative proportion of
the population in each MSOA who identified
as having their day-to-day activities severely
limited due to a long-term health problem or
disability. These proportions were applied in
four age categories (0-15, 16-49, 50-64 and
65 and over) to improve the representative-
ness of the patterns assigned to the synthetic
population. At the time of analysis, 4.83% of
the North-East and Yorkshire region popu-
lation were on the shielding register (NHS
Digital, 2021b). A random 4.83% of all indi-
viduals classed as having limiting poor health
were then identified as the synthetic population

who would experience the effects of shielding.
The remaining individuals who had been iden-
tified as in poor health were returned to the
healthy population subset and were all marked
as unimpacted by shielding measures. We may
expect some variation in results if a different
4.83% sample were taken, however without
detailed health data on who comprised the
shielding population, it would be challenging to
sample in a more representative way.

Furlough

The identification of a furloughed popula-
tion drew on supplementary 2011 census data.
Here, the proportion of individuals in each
Middle Layer Super Output Area (MSOA)
who worked in: (i) Accommodation and food
service activities; (ii) Arts, entertainment and
recreation; and other service activities; and (iii)
Wholesale and retail trade; repair of motor ve-
hicles and motorcycles industries, were iden-
tified. An average of 61.3% of those in the
accommodation and food service activities
industry, 67% of those in arts, entertainment
and recreation and 13.8% of those in whole-
sale and retail trade were then identified, in line
with ONS sector comparisons of furlough data
(2020d). These three illustrative industries were
selected as they represent the two industries
with the largest proportion of the workforce
furloughed, and the industry that employs the
most individuals, respectively.

Support bubbles

Using the household size variable in the
SPENSER synthetic data (Table 2), single-
person households could easily be identified by
extracting the households that had a size of one.
Due to the absence of English ‘support bubble’
uptake data, all single-person households were
judged to be harmfully affected by this social
distancing measure. All other households were
considered not to be as adversely impacted by
limited household interaction, regardless of the
number of people in their household.
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Visualising the picture:
dashboard design
With an identified set of COVID-19 restric-
tions for exploration, and a simulated popula-
tion for the case study area, the final aspect of
the research was the development of a visual-
isation tool —an interactive dashboard —for the
outputs generated, which had the capacity to
reflect the geographies of impacts at high reso-
lution. Wissel et al. (2020) describe a dashboard
as a place where accessible information can be
presented in a way that provides easy granular
assessment. This type of tool is particularly
useful for research where the spatial distribu-
tion of the outcomes is significant and may not
be apparent from tabular presentation.
Dashboards also allow for complex infor-
mation to be displayed in a way that a broad
audience, such as the general public, can under-
stand (Pellert et al.,2020). Throughout the pan-
demic, dashboards showing interactive maps of
cases and mortality have received high traffic.
A number of interactive dashboards were de-
veloped as part of early communications ef-
forts, displaying live COVID-19 case rates.
Dashboards displayed COVID-19 data at a
variety of spatial scales, although a few were
utilised more nationally and internationally.
Examples include the John Hopkins COVID-
19 Dashboard (John Hopkins University &
Medicine, 2022) and the UK Government’s
Coronavirus Dashboard (Public Health
England,2021). Similarly, the British Red Cross
(2021) developed an interactive dashboard
showing vulnerable groups with unmet needs.
This dashboard demonstrates that presenting
information about the impact of COVID-19
restrictions and measures in a similar manner
would allow for the interrogation of complex
layers of information in an accessible format.
The dashboard is designed to clearly display
a combination of variables within the study
area, both as a research tool and as a prototype
for policymakers to explore the data. Each of
the COVID-19 restrictions detailed above was

applied to individuals or households, as appro-
priate, in order to create a count for numbers
of households impacted by each restriction
combination. These can all be visualised within
the dashboard, which was coded using R Shiny
(https://shiny.rstudio.com).

Results and discussion
Main findings
By assigning households to scenarios and
displaying them visually, it is possible to iden-
tify how the potential impacts of different lock-
down restrictions are distributed spatially and
which local areas are mostly heavily affected.

Figure 3 presents the geography of those
potentially impacted by the reduced social
interaction restriction. This restriction is not
inherently spatial, but because there is a geog-
raphy associated with single-person house-
holds, some areas were likely more affected by
this restriction than others. For example, more
densely populated urban areas, represented
by the smaller polygons, contain more resi-
dents living on their own. Indeed, single-person
households have a distinct rural/urban split,
with the highest numbers of households in city
centres and large towns—in this case Bradford,
Leeds, Hull and Sheffield. There is additionally
a slight increase in single-person households
in the large rural areas towards the north of
the study area. The numbers affected by this
restriction are also considerably higher than
any other measures included here, with up to
3430 households impacted in some urban local-
ities, compared to just 748 affected by shielding
measures (Figure 4).

The spatial impacts of the shielding restric-
tion (Figure 4) are less demonstrably urban.
Although there are clusters of higher num-
bers in both Hull and Sheffield, Leeds appears
to be less affected. Meanwhile, pockets of im-
pact emerge in coastal locations, as well as in
a stretch of MSOA s located between Sheffield
and Leeds. The geography of the shielding
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Figure 3. Estimated impacts of reduced social contact restriction at the MSOA level.

population exemplifies how pre-existing in-
equalities, both social and spatial, may be
reinforced when pandemic restrictions are
disproportionately aimed at particular demo-
graphic sub-groups, such as those already suf-
fering ill health.

Households affected by furlough (Figure 5)
display an interesting geography, with higher
rates at the geographical extremities: both
highly urban (the smallest polygons) and highly
rural (the largest polygons) contain households
within the top two bands. Interpretation of fur-
lough scheme impacts is difficult. On one hand,
furlough is an improvement over complete loss
of income or unemployment, likely providing
important support to areas with a concentration
of workers affected by (or benefitting from) the
programme. On the other hand, lighter covered
areas—those with fewer households affected

by the scheme—may include areas with con-
centrations of workers in industries that were
relatively robust to pandemic disruption, but
also areas with workers in more informal indus-
tries that were affected but not covered by the
furlough scheme.

When multiple restrictions are combined,
the differential impacts on urban areas become
even starker, particularly for the conurbations
surrounding Leeds, Bradford and Sheffield.
Figure 6 shows the total additive count of im-
pacts for all households in each MSOA, as dif-
ferent households are impacted by multiple
restrictions. These emerging patterns appear
to be explained by locations of single-person
households. The geography of impacts is com-
parable to that of deprivation (see Figure 2),
with the numbers impacted highest towards
the urban centres in the South, followed by the
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Figure 4. Estimated impacts of the shielding restriction at the MSOA level.

rural areas in the North-East. In the latter case,
this may be partially driven by households af-
fected by furlough. This finding suggests that
those living in more deprived areas may also be
more vulnerable to both social and economic
impacts of these lockdown restrictions.

To investigate further, we home in on
Bradford, an area of disparate wealth and
deprivation, with more than 10 years differ-
ence in life expectancy and an expectation of
20 years fewer healthy years of life for chil-
dren born in some parts of the city region,
compared to others (Bradford Institute for
Health Research, 2019).

At this scale, it is evident that the numbers
affected by this combination of restrictions
vary a great deal across the city (Figure 7). The
patterns of impacts and the IMD are broadly
similar, although the geography of pandemic

restriction impacts is often more concentrated
than the larger clusters of higher deprivation
ranked areas. This suggests that, just as pan-
demic restrictions may have had additive im-
pacts on local inhabitants, for some places,
higher pre-existing levels of deprivation may
have contributed yet another challenge to local
wellbeing. Whether measured in terms of IMD
(Figure 7 1eft) or COVID-19 restriction impacts
(Figure 7 right), less vulnerability is seen north
of Bradford, towards the more affluent rural
areas. This may be partly due to each restriction
tending to impact different household charac-
teristics, which are themselves more prevalent
in different areas (Figures 3-5). Notably, there
are differences in those more vulnerable to
economic or social restrictions, such as those
shielding or in single person households, who
may experience greater isolation because of
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Figure 5. Estimated impacts of furlough at the MSOA level.

limited household mixing, compared to those
who live with others or do not have to shield.
This indicates a need to consider restriction im-
pacts individually, as well as in combination.
While the combination of different restric-
tions reveals a mixed geography, the spatial
inequalities observed for each measure demon-
strate the social and economic vulnerabilities of
different sectors of the population. This high-
lights the need for complex multi-channel data
to understand (blanket) policy impacts, such as
national restrictions. One key finding is the rela-
tively high prevalence of single-person house-
holds, particularly in urban areas, suggesting
that additional support may be necessary in
these places. Urban/rural disparities in numbers
of those shielding may also have consequences
for where social support is needed, while those
affected by furlough—which is more unevenly

Sheffield

spread across the study area—show both urban
and rural economic vulnerabilities.

The dashboard prototype

Visualisation tools, such as the dashboard pre-
sented here (Figure 8), are a useful tool for lo-
cating vulnerable communities and regions, and
may allow for informed allocation of resources
during crisis times, as well as interventions to
improve support and resilience in strategic lo-
cations. Dashboards offer an appealing medium
for communicating complex spatial informa-
tion quickly and intuitively to a broad range of
audiences. In addition, the interactive function-
ality of dashboards offers an advantage over
static maps, allowing users to shift geographies
and restriction combinations, thus facilitating a
variety of comparisons.

695

£z0z Asenuer g1 uo 1senb Aq L 9¥6859/£89/€/G L/aI01B/S81[0/W00 dNoolWSpeI.//:Sd)lY Wolj papeojumoq



Wallace et al.

Bradford

Hull

Counts of Impacts

893 - <1,450

1,450 - <1,849
01,849 - <2,302 Leeds
B 2,302 - <2,983
Il 2,983 - 4,691

Sheffield
0 10 20 30 40 50km

Figure 6. Additive impacts of all three restrictive measures at the MSOA level.
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MO Rank
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Figure 7. Comparison of the Index of Multiple Deprivation (IMD) (left) and numbers affected by all three restrictions (right)
in the Bradford area at the MSOA level.

In the dynamic context of the pandemic, engagement and cooperation. Outreach has
the clear communication of policy and data  had several intended audiences, including the
has been essential for public information,  public, researchers and local policy makers.
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Moreover, the identification and illustration of
geographic variations supported and justified
local governments and public health author-
ities in making informed decisions regarding
local restrictions. This is particularly pertinent
for identifying, and intervening to support, vul-
nerable populations.

The dashboard interface shown in
Figure 8 (prototype available at: https:/
isolationpostcovid.azurewebsites.net) high-
lights several important components of
impactful data visualisation. The provision of
interactive mapping capability is, naturally,
the main focus of the dashboard, however,
clear definitions of pandemic restrictions also
serve to remind viewers of the range of poten-
tial impacts and how these might be experi-
enced locally. Moreover, clear explanations of
underlying data and estimation of restriction
impacts are integral to dashboard development.

Conclusions and limitations

This research makes two main contributions to
the existing literature on COVID-19 impacts.
First, we demonstrate the feasibility and im-
portance of estimating local-area impacts of

pandemic restrictions. Estimates such as these
will be fundamental to ensuring wellbeing in
the post-covid city. In addition, just as there
is a fine-grained geography to vulnerability to
illness, so too is there an associated geography
of impacts to households and individuals from
mitigation strategies, however necessary they
may have been. Developing tools to estimate
the social and spatial effects of restrictions,
whether conceptual, methodological or visual,
contributes to the existing range of approaches
to understand how the COVID-19 pandemic
has affected people and places. Moreover, the
approach outlined here can provide insights on
the spatial articulation of a variety of social and
economic shocks, not just COVID-19.

Second, we demonstrate the potential for
synthetic data methods to help fill in the gaps,
where existing data provision is concerned.
By linking the SPENSER individual and
household data with existing data at larger
geographical scales, we provide estimates of
numbers and types of households affected
under different scenarios. Emphasising the
geography of the disparate effects of different
scenarios is a strength of the dashboard,
which, unlike static maps or tabular results,

Isolation and Exclusion in a Social Distancing Covid World

Home Background & Context

Select scenario

Data

This data browser gives users the ability to visualise impacts that could be under certain of Covid-19 Please
TG UASHER ¥ choose a scenario from the left hand panel. The map covers Local Authorities across Yorkshire and the Humber.
Please be aware that the legend is consistent betweeen scenarios with the same number of ictions but is not when
for example, 'Shielding' with ‘Shielding, School closure, Furiough, and Limited to local area’.
Shielding for those who
have underlying health issues. . upon Tl
104 Carts
School closure: Educational sites closed, impacting all those my =+ Sunderland
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Limited interac ey \ g e\
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Ny J Isle of Man RiN “_
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Arts, Entertainment and Recreation, and 13.8% of those in h] =0 \
Wholesale and Retail Trade; Repair of Motor Vehicles and \ o Tl X el LIS IO
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Figure 8. COVID-19 Restriction Dashboard Interface.
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intuitively conveys the uneven nature of pan-
demic restriction impacts.

There are a number of challenges to
estimating the local effects of pandemic-
related government restrictions, giving rise
to limitations to this research. One general
challenge is the amount of high-resolution
empirical data required to explore the im-
pacts directly. Small-area data with good geo-
graphic coverage and accuracy are difficult
to obtain. Our solution has been to combine
published, established data at a national or
regional scale with a high spatial resolution
synthetic population: SPENSER. Some vari-
ables were completely non-existent—for ex-
ample, any UK-wide data on the uptake of
the support bubble. These support bubbles
were intended to mitigate against the social
isolation caused by extensive social distancing
and stay-at-home rules, which limited single-
person household social interaction, so know-
ledge from this data would have enhanced
the analysis further. As an illustration, some
data is available for New Zealand, where, in
the strictest of four COVID-19 alert levels,
the uptake of similar support bubbles was
thought to be 18.6% (Long et al., 2020). New
Zealanders have since been able to expand
their bubbles, with a reported 47.6% doing so,
but the expectation is that this value is higher
(Long et al., 2020). Equivalent data for the
UK does not exist. Continued investment in
methods to generate high-quality synthetic
data for a variety of applications, such as em-
ployed here, is recommended —but even these
require more input data than is currently
available.

Unlike support bubble data, ONS furlough
data by industry type can be used as a proxy
for capturing the impact of furlough. However,
these ONS values are national and are not dis-
aggregated geographically. Certain job types
have a distinct geography (for example, seaside
tourism), but this geography cannot be easily
derived from the furlough data—we apply
national-level figures to the local area data.

There are other important data limitations.
For example, the assumption that all single-
person households have been equally impacted
by reduced household interaction is a big one,
although it still serves to make a valuable point
about the geography of social isolation as a
result of pandemic restrictions. Taking up a
COVID-19 support bubble will have mitigated
the impact of this restriction, but, as noted,
relevant data to evidence this are unavailable.
Additional detail on the uptake of support bub-
bles might support understanding of whether
different types of single-person households
(for example, young professionals or retired
elderly) have differing likelihoods of taking up
a support bubble. The geographical distribution
of these different household types would likely
change the geography of households impacted
by this measure.

Interpreting household-level impacts from
these figures requires high-quality input data.
For this illustrative case study, we employed
proxy values for certain restrictions and made
assumptions for others. This is not ideal and
highlights one of the chief limitations to as-
certaining who and where has been most im-
pacted by the range of COVID-19 mitigation
strategies put in place in England during the
pandemic. As data sets become more detailed,
or as additional social and spatial inequalities
come to light, our estimates can be updated
and these changes can be reflected in the
dashboard.

Finally, scaling up this work to a wider geog-
raphy—the whole of England, for example—
offers benefits, but also challenges. Expanding
this work nationally (or perhaps internation-
ally, with the necessary relevant cultural alter-
ations) could be hugely insightful, helping to
draw out broader inequalities. Viewing patterns
at a larger geography could assist in assessing
whether impacts from COVID-19 measures
match current inequalities such as the North-
South divide. Unfortunately, the larger the
geography across which the analysis extends,
the more likely that computational issues arise.
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In summary, from the case study based on
Yorkshire and the Humber, we conclude that
the combination of synthetic data approaches
and interactive dashboard development is
viable and informative, but would be fur-
ther strengthened by the availability of more
complete data (such as the uptake of social
bubbles). Most importantly, the use of the
simulated micro-population has been foun-
dational to the estimates presented in this
research and this approach is transferable to
other parts of the UK and (potentially) other
national contexts—although the conditions
for transferability would include an estab-
lished simulated population, information on
area characteristics and sufficient pandemic
data. We recommend the continued collection
of a wide range of impact data in the medium
and longer-term to allow temporal model-
ling of inequalities. The nature and extent of
COVID-19 related inequalities may only be-
come truly apparent over time and as cities,
suburbs and rural communities adapt towards
more resilient futures.

Endnotes

! Although the majority of the impacts of COVID-
19 restrictive measures are negative, it should be
noted that some unanticipated positive impacts have
also arisen. Examples are as follows: some individ-
uals who suffer from physical and mental health
problems may have found it easier to participate in
work, social and other activities from the comfort of
their own homes; some businesses have announced
long-term plans to retain flexible home working
lifestyles; 63.3% of British shoppers are shopping
regularly at local, specialised stores, with the ma-
jority keen to continue this habit post-pandemic
(Barclaycard, 2021); and instances of influenza were
significantly lower in 2020, as some of the COVID-
19 related measures helped hold other viruses at bay
(Servick, 2021).

2 For readers with further interest in dashboards,
foundational definitions of dashboard are covered
in works by Stephen Few. Discussion of governance
issues can be found in Kitchin et al. (2015).

3 As IMD estimates are provided at Lower-layer
Super Output Area (LSOA) level, a spatial unit
smaller than MSOA, we present the mean ranking
for each MSOA. To emphasise relative inequalities in
deprivation, we use the national rankings as a point
of comparison in this study, where, nationally, 1 is the
most deprived and 34,743 the least. For our study area,
the lowest-ranked, or least deprived, area is 32,087
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