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1. England’s digital twin
JUNE is a publicly available computer code that simulates how a
contagious disease spreads over a population. JUNE leverages three
independent sources of data to represent its virtual population:
demographic, from the UK Census, geographical, from Open Street
Maps, and behavioural, from publicly available surveys, to produce a
digital twin of England.
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Figure 3. Summary of locations
included in JUNE

Since JUNE is such a complex model, finding the values of these
unknown parameters would take an extremely long time. For this
reason, we use emulators; simple and fast approximations of the
complex model. To understand how this works, see below the
Mona Lisa painting, representing JUNE, compared to its simplified
cartoon, JUNIE. Although JUNIE can answer some questions
accurately, such as how many hands are present on the portrait, it
could not tell us the number of wrinkles on Mona Lisa’s face.
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Figure 1. Portrait of a simulated Junian.
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3. Can JUNE reproduce the past?

Figure 2. Covid-19 cases predicted by
JUNE. Video of a comparison to observed
deaths data [2] can be viewed on youtube
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Thanks to JUNIE, we have found the unknown values that produce a
number of hospital admissions and deaths that are close to the
ones recorded during England’s first and second waves.

2. Introducing a contagious disease
We introduce in our population an infectious disease that has the
properties of COVID-19. Namely,
i) high infectivity preceding notable symptoms,
ii) COVID-19’s asymptomatic, hospitalisation and death rates.
Nonetheless, there are still many unknown properties on the
efficiency of transmission within different locations, such as
households and pubs. These unknowns are introduced in JUNE as
sixteen degrees of freedom.

Figure 4. Comparison of COVID-19 hospital admissions [3] in England as predicted by
JUNE. Different policies have been implemented to simulate lockdown and its release.

4. Reproducing socio-economic inequalities in the spread of the virus
While every individual is in principle equally susceptible to the virus, COVID-19 has hit harder those socioeconomically less privileged. Since
JUNE can answer questions at any spatial level and by any demographic, we can compare the antibody prevalence in JUNE’s population to the
one found by the REACT2 study during England’s first wave [1]. The figure below shows that JUNE reproduces these trends, demonstrating that
we can use JUNE to understand and assess the effect of different policies to an unprecedented degree of accuracy.

Figure 5. Comparison of COVID-19 antibody prevalence predicted by JUNE
compared to the one observed in Ward et al (2020) [1].
[1] Ward et al. Antibody prevalence for SARS-CoV-2 in England following first peak of the pandemic: REACT2 study in 100,000 adults [2] https://coronavirus.data.gov.uk/details/download [3] https://coronavirus.data.gov.uk/details/healthcare

