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Intro: SIPHER Synthetic Population

Consortium

SIPHER Synthetic Population
for Individuals in Great Britain

percentage of population
employment deprived

l .
15
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.5

“Digital Twin” of the adult population (16+
years) in Scotland, England, and Wales

Created by combining survey data with
population statistics for small areas

Representative across a wide number of
variables

Plot shows IZ-level for Glasgow City Region (N = 1.5+ Million)
Source: Lomax, H6hn, Heppenstall, et al. (2023)
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Rationale

Consortium

To understand the health outcomes for sub-groups of the population or across different
geographies, we need to be able to build bespoke groupings from individual level data.

Individuals possess distinct characteristics, exhibit distinct behaviors and accumulate their own
unique history of exposure or experiences.

However, there is a lack of individual level data available outside of secure settings, especially
covering large portions of the population.

We create a synthetic dataset of individuals: their detailed attributes can be used to model a
wide range of health and other outcomes

sipher@Glasgow.ac.uk W @SipherC www.sipher.ac.uk
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The Solution: Microsimulation

Consortium

Guy Orcutt, an American econometrician was frustrated with the limitation of macroeconomic
models for assessing the impacts of policy simulations

He recognised that macro approaches largely ignore any distributional effects

Orcutt argued that theoretical models of socio-economic systems are best applied at the
individual level because it is individuals who make decisions within the system

- Orcutt, G.H., 1957. A New Type of Socio-Economic System. Rev. Econ. Stat. 39, 116-123.

sipher@Glasgow.ac.uk W @SipherC www.sipher.ac.uk



SIPHER

Applications of Spatial Microsimulation
are varied

Consortium

 Logistics (de Jong et al. 2007)
Transport « Commuting (Lovelace et al. 2014)

Health  Access to GP services (Morrisey et al. 2008)
€a « Estimating elderly morbidity (Clark et al. 2014)

Population projection (Harding et al. 2011)
Estimating poverty rates (Tanton et al. 2009)

Policy analysis §

For further

.  Lomax 2022, Ballas (2008)
overview see
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http://0-www.sciencedirect.com.wam.leeds.ac.uk/science/article/pii/S0191261507000549
http://www.sciencedirect.com/science/article/pii/S0966692313001361
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-4762.2008.00844.x/full
http://www.sciencedirect.com/science/article/pii/S1353829214000318
http://link.springer.com/article/10.1007/s12546-011-9061-6
http://onlinelibrary.wiley.com/doi/10.1111/j.1759-3441.2009.00022.x/full
http://eprints.ncrm.ac.uk/205/
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Spatial Microsimulation

Consortium
Target or constraining data

Sample or survey data
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Spatial Microsimulation

Consortium
Target or constraining data

Sample or survey data
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Population
Statistics
(UK Census
2011/2021 & 2020
Population
Estimates)

Survey Data

(Understanding
Society, Wave K)

e

i

QR Code: Link to Nature
Scientific Data paper
describing methodology

sipher@Glasgow.ac.uk

Spatial
Microsimulation
(FMF)

W @SipherC

Intro: SIPHER Synthetic Population

Synthetic
Population
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WHOLE PoPULATION SAMPLE POPULATION

sipher@Glasgow.ac.uk W @SipherC www.sipher.ac.uk



Spatial Microsimulation

Simulated
Annealing
algorithm

Rutenbar, R.A., 1989. Simulated annealing algorithms: An overview. I[EEE
Circuits and Devices magazine, 5(1), pp.19-26.
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I Population
C re atl O n a n d Survey Data Statistics
. (Understanding (UK Census 2011/
q U al |ty CO ntrol Society, Wave K) 2020 Population
Estimates)

Consortium

Understanding Society (UK Household Longitudinal Study)
largest (N = 40,000+)

longest-running (since 2009/2010)
multi-topic (e.g., family, employment, health)
panel study (“repeated visits”)
representative (at the national level)

for the UK (coverage: SCO, E&W, NI)

Understanding
Society

Institute for Social and Economic Research (ISER)
Continuation of BSPS (Waves 1-18, 1991-2009)
Waves available “A” (#1, 2010) to “M” 13 (#13, 2022)
£100 million UKRI Investment for 2023-2032

sipher@Glasgow.ac.uk W @SipherC www.sipher.ac.uk
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Creation and ey Dat Populatr

(Understanding (UK Census 2011/

q u al |ty CO ntrOI Society, Wave K) 2020 Population

Estimates)

Consortium

Un&erstanding Socigty o o @ Search Q

THE UK HOUSEHOLD LONGITUDINAL

TOPICS - DATA & DOCUMENTATION - RESEARCH - PARTICIPANTS ABOUTUS - HELP & SUPPORT ~

MAIN SURVEY

Home - Data and documentation > Main survey - Variable search

Variable search [ Datafiles

Variable search

Datafile Find the variables you need for your research by searching by variable name, by data file or by index
term. Explore How to use the Variable Search. If you're new to using Understanding Society our Study

Index terms

Questionnaire modules

chcare (129] ] : . . A . i
Overview will help you start working with the dataset. Our Main Survey User Guide and list of key
indall @  yariables for the analysis of individual response data may also help you.
xhhrel [ 406
Show more
Caring
Child Care @ Variable Label Datafile Waves
Children a2 arf gletter.2: how many floors are there at the address? hhsamp 4.5
Wave Show more a3t locked common entrance hhsamp 4.5
Wave BH18 (2008) 205 a32 locked gates hhsamp 4,5
@ e saroroneeonm a4 QR Code: Link to
34 entry phone access hhsam, 4.5 . .
bl @ v ’ Understanding Societ
Show more a35 none of these hhsamp 4.5 . g ; y
a36 unable to obtain information hhsamp 4,5 Varlable SearCh Onllne tOO/
a4 arf aletter.4: on what floor of the building is the address s main entrance? hhsamp 4.5

Glasgow.ac.uk www.sipher.ac.
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Creation and
qguality control
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Constraint Dimension Variables in Table ID
Understanding Society Census 2011
Age/Sex * age_dv / sex NOMIS 2020*
Population Estimates
Highest qualification hiqual_dv QS501EW/SC
Ethnicity racel_dv LC6201EW/SC
Marital status marstat KS103EW/SC
Economic activity jbstat LC6201EW/SC
General health scsf1 QS302EW/SC
Household tenure tenure_dv LC3408EW and
QS403SC
Household type (“Composition”) | hhtype dv LC1109EW/SC

* Not part of the UK Census 2011

Population
Survey Data Statistics

(Understanding (UK Census 2011/
Society, Wave K) 2020 Population

Estimates)

Aligned categories for
household tenure
constraint:

1) owned outright
2) owned mortgage
) rented, social
4) rented, private
)

sipher@Glasgow.ac.uk ¥ @SipherC
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Creation and
q U aI |ty CO ntrOI Population

Synthetic
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ZonelD _ pidp Synthetic Population: a two-column file
(LSOA / Datazone) (US id, not unique)

E01004766 1 _ _

04 , (1) Columns reflecting area and a non-unique
E . .

01004766 person identifier.
E01004766 3
E01004766 4 (2) With ca. 55 million rows, one for every synthetic
E01004766 5 individual
E01004766 1 , . .

(3) Which can be merged with the Understanding

R Society survey data sets for individuals and
=01004766 households

sipher@Glasgow.ac.uk W @SipherC www.sipher.ac.uk
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Creation and
qguality control

Synthetic

Population

Consortium

ZonelD pidp Age SF-12 Physical HH has problems
(LSOA / Datazone) (US id, not unique) Health Score paying Council Tax

E01004766 Male

EO01004766 Female

EO01004766 Male

EO01004766 Female

EO01004766 Male

EO01004766 Male

E01004766 7 Male
E01004766 4 Female

SIPHER SP “k_indresp” “k_hhresp”

sipher@Glasgow.ac.uk W @SipherC www.sipher.ac.uk
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Creation and
q U aI |ty CO ntrOI Population

Synthetic

Consortium

ZonelD . pidp Synthetic Population: Quality Control
(LSOA / Datazone) (US id, not unique)

E01004766 1

=01004766 ° (1) Internal Validation: A check of our data

E01004766 3 joinery work (e.g., alignment of constraints,

E01004766 4 major problems of algorithm)

E01004766 5

01004766 1 (2) External Validation: Comparison against
non-utilised information to assess reliability of

Egiggi;: created data source (e.g. IMD/SIMD, DWP data)

sipher@Glasgow.ac.uk W @SipherC www.sipher.ac.uk
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Creation and
qguality control: external
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comparison for the population of working age (16-74 years)

management & professional | I intermediate | I small employers & own account
3000 1
SP underestimates SP overestimates SP underestimates SP overestimates SP underestimates SP overestimates
2000 1
1000 1
™N \
= |
“6 0- il
G
= lower supervisory & technical | I semi-routine & routine all other
[}
o 3000 1
=
= SP underestimates SP overestimates SP underestimates SP overestimates SP underestimates SP overestimates
2000 A
1000 1
0 E A
-600 -300 0 300 600 -600 -300 0 300 600 -

difference in number of individuals per DZ

sipher@Glasgow.ac.uk ¥ @SipherC

Careis
required when
working with
residual
categories
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Levels of confidence and limitations

Problems Paying Bills

Consortium

(1) Very high (= all utilised constraints,
e.g., age, sex, education, employment)

(2) High, but caution (= strongly associated
with utilised constraints e.g., occupational
group, financial hardship, health risk factors)

(3) Unknown, likely problematic (= very
specific characteristics of individuals or area-
level, e.g., swimming in the sea, historic places)

(4) Unknown, but reasonable (= everything
else! e.qg.: decoration, noisy neighbours)

sipher@Glasgow.ac.uk W @SipherC www.sipher.ac.uk
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Part 2:
Some example uses for the SIPHER synthetic population
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analysis
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g
o

Employment rate

[10.663-0.701 []0.073-
[Jo0.701-0.721 []0.534-
[ 0.721-0.748 [ 0.634 -
W 0.748 - 0.77 B 0.712 -
Il 0.77-0.784 Il 0.755 -

Greater Manchester

NOMIS (Annual Population Survey)

Employment rate

An example of utility: allows for spatially detailed

s
Yy A5 g L
Stee &

0.534 ; S
0.634 ]
0.712
0.755
0.848

Greater Manchester

Synthetic population data

www.sipher.ac.uk
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analysis
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Highland & Islan; ‘

&
gjtl nd
mean_sf12mcs
Aoylli& ’ w id Scotland
46

il

&

Lanarks. & Falkirk

Ayrshire

Mental health at CA level

An example of utility: allows for spatially detailed

Employment Deprivation

employment deprived
20

15

sipher@Glasgow.ac.uk
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SIPHER An example of utility: calculating metrics and indexes

Healthy life expectancy

2,
=
’v

%
W\
7]
&

Inclusive Economy Cluster
B 1 Exclusion from Labour Market
[ 2 Affluent not inclusive
[ 3 Most Inclusive
(14 Average
B 5 Unequal earnings and
not secure employment

(3

Y
L&
R4
{3

B
_,4‘AI =

Greater Manchester
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-

48 pPrp

“ Provention Rescarch Parinership
_.

1.380 4

driving
down
wellbeing |
inequality

' 1.345

1340

An example of utility: spatial optimisation

SIPHER

Searching for good
.. interventions e machine learing

algorithms on SIPHER computer
models to find those different
trade-off balances.

cost

this is where the interesting
solutions are for maximising
averages and minimising
inequality

best for
improving
averages

reducing
inequality

T T T T T T
1,050 1,030 1,070 1,080 1,140 1150 1,180

driving up average wellbeing »

sipher@Glasgow.ac.uk
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As an input to other (dynamic) models
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Input Intermediate pathways Outcome

= Policy Neighbourhood
intervention safety
Housing
- \

o 68

WHOLE PoPULATION SAMPLE POPULATION

SURVEY
Cs
o
7 Lrm—
e

[

Y

Household
income

Loneliness

@ Mental health
SF12 MCS

rh—Phlhl

/
Y
\S Tob m’% Outcome
obacco olloa . e
| ||} S0 | visualisation
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e Fewer than 10% of children living in
families in relative poverty

e Cost: Initially costs £405m per
month (£900 per head in the

relevant group).

sipher@Glasgow.ac.uk

SF12 MCS Percentage Change
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Graphs showing the SF-12 MCS improvement if the
Relative Poverty target is met by 2030

| =*= Households In Relative Poverty With Children (o mm o= o

Legend
—e— Baseline o

2028 2030 2032 2034

Year

2020 2022 2024 2026

www.sipher.ac.uk
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The SF-12 MCS improvement gained in the 16+ population from
the Scottish Child Payments: Universal Credit group

©
H
1

Legend
0.7 1 —e— Baseline e —
—x=- £25 Universal Credit . IR = ey
0.6 -=== £50 Universal Credit __..=""" i
0] MR
e
+ e 0.5 A
...... o O
/ &
............... ~ | 0.4 : |
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L P £30 Universal Credit | & ot
. £35 Universal Credit 0.1
£40 Universal Credit
S £45 Universal Credit 0.0 e—e—B——B—8——F—B—F——F—— B —— O —— G B ——— G —— G —— &
£50 Universal Credit
2020 2022 2024 2026 2028 2030 2032 2034 20I20 20I22 20l24 20I26 20l28 20I30 20I32 20134
Year Year

Interventions Cost £13.8m and £27.6m per month respectively in 2022/2023
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Assessing the spatial distribution of model results:
Energy price cap

SIPHER
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0.0000 | 808 @@ @ e @ @ @ e @ e e § e @ e @
....... ... [~ ISR TEPERY  ETEITEY [CETEETY PSSR jn —peeerey WTTER | 670000 -
X Relative
-0.0005{ SF12-MCS
\ Difference
\ (proportion)
s \ 8 . 0.0030
1 3 665000 -
| 000107 \ Legend = 0.0025
o \ —e— Baseline -~
A \ ~% - Energy Price Cap Guarantee 0.0020
= B E Bill S rt Scheme
~ —0.0015 - \ AETaY B SUPRR 0.0015
[V X
[Va] \
\ 660000 -
\
—0.0020 - \x
N
N\
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x\
—0.0025 - \x‘—"“X———x-———x———x——"‘x"‘~-x__,x_———’x 1 1 [ ' '
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Year . .
DZs in Glasgow that benefited most from support
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How to access the data
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If you want the data now If you can wait a couple of weeks...

1. Contact me and | will share the lookup file A data deposit will be available via the UKDS:
(individual ID -> LSOA/DZ code) https://ukdataservice.ac.uk/

2. Register with the UK Data Service:

https://ukdataservice.ac.uk/ Complete with technical user manual

3. Agree to conditions then download

Understanding Society data This deposit is undergoing final review by

4. Merge lookup with US data (I can supply R partners at Understanding Society and UKDS
code)

sipher@Glasgow.ac.uk W @SipherC www.sipher.ac.uk
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F u rth e r I nfo rm atl O n https://www.nature.com/articles/s41597-022-

01124-9

https://bit.ly/3pYmuUs

scientific data

M) Chock sor wpdates

OPEN A synthetic population dataset for
DATA DESCRIPTOR estimating small area health and
socio-economic outcomes in Great
Britain

Guogiang Wu(»*™, Alison Heppenstall (%2, Petra Meier?, Robin Purshouse* & Nik Lomax*?

Inorder to the health for distinct sub-groups of the population or across different

geoguphts itis ldvanugeous to be able to build bespoke groupings from individual level data.
possess dlstm istics, exhibit dlsdna their ig

history of in most disciplines, not Ieast public health, there is a

lack of individual level dm avnll-hle outside of secure settings, especially covering large portions of

the population. This paper provides detail on the creation of a synthetic micro dataset for individuals

in Great Britain who have detailed attributes which can be used to model a wide range of health and

other These are d from a range of sources including the United Klngdom

Census, survey and administrative datasets. It provides a for the need for thi th

popdnlon, discusses methods for creating this dataset and provides some example results of different
for distinct sub. ion groups and over different geographical areas.

Background & Summary
One of the central issues that researchers and policy makers face when modelling outcomes in a public health
context is access to spatially representative individual-level data. Access to this data would enable researchers
1o examine bespoke spatial and sub-group effects of interventions and policy scenarios, thereby assessing their
equability and implications within a wider policy making context. However, access to such individual level data
are understandably restricted, owing to their sensitive nature. This presents a major barrier to the development
of models that can inform spatially relevant interventions in a hmcl) fashion. One way of dealing with this is
the creation of synthetic data that are ive of the rek d within the ml pupuhuan
Awell aubluhzd mﬂhml for creating such 1ynlhzlu datasets is J; In brief,
uses attribut, 1 sample data to estimate the characteristics of a larger population'?. An exten-
sion of this appmuh that aphull) accounts for spuual distributions is often termed spatial microsimulation’.
Inboth and spatial ion, the resulting synthetic population dataset can be used
to slmuhle impacts of interventions or evaluation of policy changes at an individual level which can then be
over populati b-groups or hies to caleulate the overall impact of the policy scenario®.

T\rpu:al!y' as mhcm d using I has a census or other large scale coverage
survey as its backbone. szendmg on the focus of the research agenda being addressed, this base population can
be further enriched from other data sources. There are numerous examples of this approach being successfully
applied to answer key policy questions which have a spatial dimension. These include the assessment of con-

g local

sumer expend. patterns’, local area demand® and health care planning in relation
tothe spuual dhmbuuun of mosbidities”.

, the mi of mic 1t P units such as individuals, h holds or
firms, which are ulat dviaa process of g attrib to those mi its from other data sources®.

Leeds Institute for Data Analytics and School of Geography, University of Leeds, Woadhouse Lane, Leeds, West
Yorkshire, LS2 9JT, UK_*AlanTuring Institute for Data Science & Al The British Library, London, NW1 208, UK. *MRC/
€SO Sacial and Public Health Sciences Unit, University of Glasgow, Berkeley Square, 99 Berkeley Street, Glasgow,
G3 7HR, UK. *Dr of Control and Syst University of Sheffield, Portobello Street,
Sheffield, 513JD, UK. ®e-mail: . wu@leeds.ac.uk

SCIENTIFIC DATA| (2022) 9:19 | https://doiorg/10.1036/541597-022-01124-9 1
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The SIPHER Consortium is funded by:
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The SIPHER Consortium is supported by the UK Prevention Research Partnership (Grant MR/S037578/2), which is funded by the British Heart
Foundation, Cancer Research UK, Chief Scientist Office of the Scottish Government Health and Social Care Directorates, Engineering and
Physical Sciences Research Council, Economic and Social Research Council, Health and Social Care Research and Development Division
(Welsh Government), Medical Research Council, National Institute for Health Research, Natural Environment Research Council, Public Health

Agency (Northern Ireland), The Health Foundation and Wellcome.
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THANK YOU FOR LISTENING

Find out more

Website: www.sipher.ac.uk
Email: sipher@Glasgow.ac.uk
Twitter: @SipherC
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