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Context

 Increasing focus on methodologies for time-specific gridded
population distributions, typically incorporating:

— Census/register population base data

— Workplace/economic activity data +

— LULC data/site location information

— Estimated activities at different locations over time

— Allocation of population (groups) to activity and location
at target time

« Potential importance for rapid re-estimation of

unconventional COVID-19 pandemic population scenarios
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Population24/7 — key reference

Developing a Flexible Framework for Spatiotemporal
Population Modeling

David Martin,* Samantha Cockings,* and Samuel Leung/

“Geography and Environment, University of Southampton
1School of Civil Engineering and Surveying, University of Portsmouth

This article proposes a general framework for modeling population distributions in space and time. This is par-
ticularly pertinent to a growing range of applications that require spatiotemporal specificity; for example, to
inform planning of emergency response to hazards. Following a review of attempts to construct time-specific
representations of population, we identify the importance of assembling an underlying data model at the high-
est resolution in each of the spatial, temporal, and attribute domains. This model can then be interrogated at
any required intersection of these domains. We argue that such an approach is necessary to moderate the effects
of what we term the modifiable spatiotemporal unit problem in which even derailed spartial data might be inade-
quate to support time-sensitive analyses. We present an initial implementation of the framework for a case
study of Southampton, United Kingdom, using bespoke software (SurfaceBuilder247). We demonstrate the
generation of spatial population distributions for multiple reference times using currently available data sources.
The article concludes by setting our key research areas including the enhancement and validarion of spatiotem-
poral population methods and models. Key Words: GIS, modifiable spatiotemporal unit problem, population,
spatiotemporal.

Martin, D., Cockings, S., & Leung, S. (2015). Developing a flexible framework for spatiotemporal
population modeling. Annals of the Association of American Geographers, 105(4), 754-772 doi:
10.1080/00045608.2015.1022089
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Population24/7 features

Modelled population is sum of populations of residential
locations (e.g. centroids of census output areas, postcodes)

Estimated population ‘capacity’ for every location (e.g.
workplaces, universities, schools, hospitals, etc.)

Time profiles of population present relative to capacity

Reallocation of population across all locations and activities
at a target time

Separate estimation for population sub-groups (e.g. age)

Separation treatment of ‘seasons’ such as university term-
times to reflect large scale population redistribution



South Hampshire: Input layers
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Workplace time profiles: examples

A: Agriculture, forestry and fishing K: Financial and insurance activities
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A1 A4 A7 K1 K4 K7

« Time Use Survey 2015 — diary based data collection

« Individuals coded to employment in Standard Industrial
Classes

« Can be apportioned to workforce of census workplace zones
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Analysis area Buffer
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[ Read and display background ]

Select time series file

[ SICClustersTimeProfiles xds
[] TimeSeries1xds
[] TimeSeries2xds
TimeSeries3xs
[ TimeSenesd xls

Select dest file
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[ NFHighfield Test DestJust Uni.csv

[] MFSolentExira TestDest cav

Select origin file

[C] CENO1TERM_Crigins_EW _PoplMMx0.csv «
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Validation
’ Validate single file

Show validation log -

Read data
Data session name
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Fun parameters

Choose dest pop band

18_74 -
Crigin pop band used
POPOE_18745T_FC

Model Date  03/02/2011 B~
Model time  12:00

n
Show run log

Save results file

Run details
ElapsedTime: 37.3464

Display results

[ Show bachkground

|
[ Show dests ]
| ShowdestinTravelat 1200 |

[ Show dests On Site spread at 12:00 ]

[ Show Night TimeOnginFPop ]

[ Show origins Pop at 12:00 l

[ Show origing OnSite spread at 12:00 ]
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Major perturbations to population system

« University disruption: neither fully term-time nor fully out
of term-time (estimated 10% students remained May 2020)

 School disruption: schools open but reduced (and varying)
pupil attendance

« Workplace disruption: greatly reduced numbers of workers
at usual place of work, much working from home
(proportions differ by industry and current policy)

« Many permutations during different COVID-19
lockdown/protection phases — ongoing change

« Correct denominators important for understanding rates

14
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Indicators of variation: daily and seasonal
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There will be no face-to-face lectures at the University of Cambridge over the

httpS . //WWW.gOOg].e. Com/ COVidlg/mObilitY/ course of the next academic year due to coronavirus, it has been announced.
https://www.bbc.co.uk/news/education-52732814
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Population24/7 COVID-19 workflow:

Estimate student population ratios: term-time/non term-
time from census; re-scale attendance rates from data for
subset of individual universities

Update modelled population to latest available (2018 mid-
year, small area estimates)

Re-scale time profiles by estimated attendance rates e.g.

— National schools data; could be regional or local
— National Google mobility data by industry; could be regional

— Unemployed/working from home remain at residential locations

Run model for target dates/times — Hampshire study area
17
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Conclusion

« Regrettably, a cycle of COVID restrictions will be with us for
an extended period

 Itisimportant to make adjustments in population bases
and daily activity mapping — both to obtain case
denominator values and for service delivery planning

— Student populations and working from home have major
impacts on local distributions

« Population24/7 (and cognate approaches) offer a readily
scalable way to apply different scenarios and rapidly re-
weight high-resolution spatial databases

23
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Data acknowledgements

2011 Census residential and workplace data, 2018 Small Area Population Estimates: Office for National Statistics licensed under the
Open Government Licence v.3.0, http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3

National Statistics Postcode Lookup: Contains OS data © Crown copyright and database rights 2020; Contains Royal Mail data © Royal
Mail copyright and database rights 2020; Contains National Statistics data © Crown copyright and database rights 2020

ONS Region boundaries, coastline: Office for National Statistics licensed under the Open Government Licence v.3.0; Contains OS data
© Crown copyright and database right 2020

Ordnance Survey Open Map Local road network and surface water: Contains OS OpenData © Crown copyright and database right free
to use under the Open Government Licence v.3.0

Prison Population Statistics December 2019: Crown copyright protection and licensed for use under the Open Government Licence
https://www.justice.gov.uk/copyright

School locations and attendance data: Contains data from Department for Education licensed under the Open Government Licence v.3.0

FE colleges and university data: HESA open data published under the Creative Commons Attribution 4.0 International (CC BY 4.0)
licence. https://creativecommons.org/licenses/by/4.0/ www.hesa.ac.uk

NHS Attendance Figures: Contains data from NHS Digital licensed under the Open Government Licence v.3.0
AADF traffic flow data: Department for Transport licensed under the Open Government Licence v.3.0

Time profiles derived from Gershuny, J., Sullivan, O. (2017). United Kingdom Time Use Survey (TUS), 2014-2015. Centre for Time Use
Research, University of Oxford. UK Data Service. SN: 8128, http://doi.org/10.5255/UKDA-SN-8128-1

OpenStreetMap background mapping: © OSM Contributors
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