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Gurrent Projects/Proposals

« Developing methodologies for ABM
y % Teesside deployment in public health

.g; IV * Collaboration with School of Health
(Teesside), MRC Social and Public Health
Sciences Unit (Glasgow)

: : « Case studies: sugar tax/obesity, alcohol
B Unaversity consumption

e OfG ey Detailed model of social care
supply/demand in the UK

» Particular focus on carers aged 70+
» |nteraction between formal/informal care




UNIVERSITY OF

Southampton

EPSRC

Engineering and Physical Sciences
Research Council

* Funded by the EPSRC

» The Care Life Cycle

Multidisciplinary project using computer
simulation to investigate care provision in an
ageing society

» Collaborators:
Centre for Research on Ageing
ESRC Centre for Population Change
Institute for Complex Systems Simulation

Centre for Operational Research, Management
Science and Information Systems




« Agent-based models (ABMSs):
« Simulation models which represent the interactions of autonomous agents
« Agents can be individuals or collective entities (groups, institutions, etc.)
« Goal is to discover how these agents’ actions drive macro-level patterns

- ABMSs have been applied in numerous fields — from population studies
to biology

* Closely tied to complex systems science




« ABMs typically feature:

Individuals represented explicitly
Model is situated in a virtual space/environment

Individuals are heterogeneous
e Can be in a variety of states
« Can engage in different behaviours

Agent interactions are a key focus
No central controllers organising agents’ actions

Agents display some kind of autonomy or
‘intelligence’




e Social systems are also complex systems:

 Composed of multiple layers of interacting

Pt parts
DN n ~ ° [nteractionsare complex and non-linear
ﬂn  Fe) e Display emergent properties:
| On (@ 00 * Properties not reducible to the behaviour

of individual agents
e Contain feedback loops

e Complexity science has tools that allow us to
look more deeply into these interactions that
define the social realm




Why ABMs?

 ABMs are a useful tool in our toolbox — but why choose
them?

* They can allow us to explain the macro-level properties of
a system based on micro-level behaviour

 They can be useful in guiding future data-collection

* They can show us new and interesting questions about the
system we’re interested in

* They can illuminate the core dynamics of a system

For more reasons to make a model other than prediction,
see Epstein: http://jasss.soc.surrey.ac.uk/11/4/12.html




* ABMs are still considered less useful for prediction than
other methods

 ABMs not always well-described, well-ordered, and easy to
analyse

 ABMs can tend toward being a ‘black box’ — we can’t
always be sure precisely what the agents are up to

e As Epstein says, understanding does not imply prediction —
we understand plate tectonics, but can’t predict
earthquakes




Keepning our model happy

 ABMs are good at exploring and
explaining
e \We can test theories and interventions
without reliance on vast stores of data

 We feed it a bit of data, but not too
much!

 ABMs should have a clear purpose:

 We shouldn’t use ABMs for everything
— if we don’t care about interactions in
our model, we don’t need an ABM!




Linked Lives model: basics

* ABM written in Python*
« Spatially-embedded model incorporating rough UK
geography
« Contains towns, each consisting of a cluster of houses,
which vary in population density

« 1:10,000 population scaling factor
* One-year timesteps, running from 1860 — 2050

*Code available here: https://github.com/thorsilver/ABM-for-social-care




Linked Lives model: agent hehaviour

* Agents can form partnerships
« Defined as any relationship that can lead to children
« Agents search on a national partnership market
« Partnership dissolution is represented through simple
age-specific probabilities
« Agents can migrate

« May migrate with new partners, upon reaching
adulthood, when partnerships dissolve, or arbitrarily

« Retired agents living alone may move back in with
children

« Added in robust models of mortality/fertility derived
from census data




Linked Lives model: care provision

» Modelling Care Demand: agents require different amounts of hours of
care per week, depending on status

Care Need Hours of Care Carer Status Care Hours
Level Requnred Prowded/Week

None Children

Low 8 Working Adult 25
Moderate 16 Adult (at home) 30
Substantial 30

—— 20 Retired Person 60

* Modelling Care Supply: Different categories of agents may provide care
for varying amounts of time

* Most social care is provided by available family members, with the
remainder being provided by the state




Linked Lives model: screenshot

2024: #5078 moves out to live with #4702,

Year: 2050 Avg household: 2 36 o .
. Marriages: 108 T - 1997: #4156 now has low care needs.
POp. 8001 Divor%eg 44 ST
. ’ . . . . 2005: #4156 has now retired.
Ever: 15104 T T
Total care demand: 41968.0 - s - 2008: #4156 died aged 68.
135138 -
P Num taxpayers: 4713.0 2010: #9014 is now an adult
T2z Family care ratio: 47.0%
e Tax burden: 4896.0 2015 #9014 (age 22) and #8667 (age 25)
105108 marry.
100-104 . .
ey 2018: #5078 has now retired
ad-a4
@ 2024: #4702 (age 76) and #5078 (age 71)
e marry.
TO-T4
568

2030: #4702 died aged 82.

2030: #5183 (age 77) and #5078 (age 77)
marry.

2031: Display house empty, going to 6-7-3-0.

Residents: #7020 #10894

2032: #6860 (age 62) and #7020 (age 60)
marry.

2033 #10406 (age 27) and #10894 (age 21)
marry.

2034: #10894 moves outto live with #10406.

" 2041:#10894 had a baby, #14038.

2042: #10894 and #10406 move house with
kids.
2043: #10894 had a baby, #14251.

78
0z

2043 New people are moving into 8-8-18-5

#7020

2047: #10894 had a baby, #14708.

Display house 6-8-16-5 2049: #10894 and #10406 move house with

kids.

More details available in: Noble, J., Silverman, E., Bijak, J., Rossiter, S., Evandrou, M., Bullock, S., Vlachantoni, A.,
and Falkingham, J. (2012). Linked lives: the utility of an agent-based approach to modelling partnership and household
formation in the context of social care. In Laroque, C., Himmelspach, J., Pasupathy, R., Rose, O., and Uhrmacher, J.,
editors, Proceedings of the 2012 Winter Simulation Conference. IEEE.




Results: variations of 4 parameters
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Sensitivity Analysis

Input name Variance (%)

Parents Moving In 0.01
Base Care Prob 88.99
Retired Hours 0.32
Retirement Age 8.06
Parents Moving In.Base Care Prob 0.00
Parents Moving In.Retired Hours 0.01
Farerts Moving In.Retirement Age 0.01
Base Care Prob.Retired Hours 0.05
Base Care Prob Retirement Age 1.38
Retired Hours. Retiement Age 011
Total = 99 9876

* The base level of health in the population is obviously the

biggest driver of care cost...

- ...But surprisingly, retirement age is the second-biggest!

» As confirmed in a recent Age UK report, an ‘invisible army’ of
older carers is saving us quite a bit of money




 Simulation of health behaviours visualised in a realistic environment

« Combination of real data used for the generation of the simulation
environment
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* More detailed visualisation
of information from the
simulation:
Track households/families
Examine key stats of individual agents




« Real-time visualisation of outcomes and consequences of interactions
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« ABMSs are gaining around in public health and epidemiology,
but many in the field still view them with some suspicion

* Qur project with SPHSU in Glasgow aims to help with this:
« Develop an ABM framework specifically for public health research
* Explore case studies particularly well-suited for ABM work

« The Linked Lives model is being used as the core of an
accessible, open-source ABM platform:

« User-modifiable, no programming skills necessary
» Friendlier interface
» Informative graphs generated and displayed at run-time




