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ABSTRACT

The Covid-19 pandemic is deeply affecting every aspect of people daily lives around the world, both through the effects of the
virus itself and the related mitigation measures put into place by governments. However, the impact of the virus is not equal
within each society, as an increasing number of empirical studies show its effects at the individual level to exhibit the social
gradient of health, a phenomenon that epidemiological studies have repeatedly shown to characterize many public health
outcomes. In this paper, we investigate the differential impact of Covid-19 pandemic through an agent-based model (ABM) that
simulates agents’ socioeconomic status. In particular, by integrating a Covid-19 spread model with a previously developed
model of social care provision, we show how the pandemic (and related mitigation policies) affect social care need and supply
across different socioeconomic groups of the population.

Supplementary Methods: demographic module
The model is composed of three main modules. First, the demographic module creates a population on the UK with a realistic
demographic structure, starting in the year 1860 and running until the year 2020 in one-year time steps. Then, from the
beginning of the year 2020, a social care module and a Covid-19 spread module generate, respectively, the social care provision
process and the epidemiological progression of the pandemic. While the social care and Covid-19 spread modules are described
at length in the main paper, we describe here the sub-modules driving the demographic dynamics.

The population is initialized with the generation of couples which are randomly distributed on a 8×12-cell grid approximating
the geography of the United Kingdom. Agents live in houses which form towns, with the density of those houses varying
in rough proportion to UK population density. Agents form partnerships, have children, start working (and earn an income),
relocate, retire and die, according to sub-modules the details of which have been described in previous work1–4 and a summary
of which is provided below.

Agent life-course
Agents are classified as children, and thus care receivers, until the age of 11. At the age of 12 they become net providers of care
and are classified as teenagers. Agents enter adulthood at the working age of 16: at this point they can either start working
or continue in education, a choice that is repeated at two-year intervals, until the age of 241. After education, agents become
employed, taking a salary which is a function of their socioeconomic status and the education level they have reached (see the
Socioeconomic status subsection below). When agents reach retirement age (set at 65 in these simulations), they retire from
employment and begin receiving a pension which is a fixed share of their final salary (see the Salary function subsection below).
If they retire earlier for health reasons, their pension is reduced accordingly. Mortality rates in the model follow Noble et al.1

and use a Gompertz-Makeham mortality model until 1951. From that point we use mortality rates drawn from the Human
Mortality Database5. Lee-Carter projections generate agent mortality rates from 2009.

Partnership Formation and Dissolution
Once they reach working age, agents can form partnerships. Agents are paired randomly with probabilities that depend inversely
on the agents’ geographical distance from one another, their age and socioeconomic differences. Age-specific annual divorce
probabilities determine whether a couple dissolves their partnership in each year. With a certain age-specific probability the
couple’s female will give birth. Fertility rates are computed similarly to mortality rates: data from the Eurostat Statistics
Database6 and the Office for National Statistics7 are used from 1950–2009, with Lee-Carter projections taking over thereafter.

Internal migration
Relocation happens most frequently due to agents finding a partner in a different town. Male agents will also relocate to new
houses once a partnership dissolves, and any children produced by that partnership stay with the mother. Retired agents with
care needs may move in with one of their their adult children, with a probability determined by the their care need level and the

1These two-year intervals represent educational stages corresponding roughly to UK education levels: A-level, Higher National Diploma, Degree and
Higher Degree.



amount of care supply in their child’s household. Orphaned children are adopted by a household in their kinship network, or by
a random family if there are no available households in their kinship network.

Apart from these specific cases, households also relocate to another town with a certain fixed probability divided by a factor
which represents the relative cost of relocation, i.e. the ratio between the total cost of relocation and the households’ per capita
income, with the total cost of relocation depending on the household’s size and the number of years the household’s member
have been living in the current town. Once the household decides to relocate, another town is chosen with a probability which
depends on the town’s size and the town’s distance from the current town. Once the town is selected, the household chooses a
house among that town’s empty houses, with a probability which is inversely related to the difference between the relocating
household’s mean social status and the average social status of the house’s neighborhood.

Socioeconomic Status
Agents are placed in one of five socioeconomic status groups (SES groups), based on the Approximated Social Grade from
the Office for National Statistics. These groups were redistributed as in Gostoli and Silverman3. The model contains a social
mobility process: an agent is assigned the SES group associated with the education level he has reached, with a probability of
moving further up the education ladder depending on the household’ income and the parents’ level of education.

The introduction of SES groups has a number of effects on the various stages of agent life-courses: a higher SES is
associated with lower mortality and fertility rates; higher hourly salaries; and lower salary growth rate. Socioeconomic status
affects the agents’ wealth, which is randomly assigned to agents according to their accumulated salaries to reproduce the 2016
UK wealth distribution.

The inclusion of agents’ SES allows us to take into account the social gradient in health: the probability of transition to
higher levels of care need increases as agents’ SES decreases. The socioeconomic position of an agent also affects social
care supply within the household through the agent’s income, as we assume that the share of income allocated to care supply
increases with the household’s per capita income.

Salary function
Every employed agent receives an hourly salary which is a function of its SES and its cumulative work experience. Formally,
the salary function is the following Gompertz function (for details, see Gostoli and Silverman3, 4). Workers start with an initial
hourly wage which depends on their SES. The hourly wage increases with their work experience, at a rate which decreases
with the SES, until it eventually reaches a maximum SES-specific level. In each year, the previous stock of work experience is
incremented by the ratio between the agents’ actual number of weekly working hours and the maximum weekly working hours
(which is set to 40). Therefore, for any given SES, the hourly wage of workers working full time will grow faster than the
hourly wage of workers taking hours off work.

Supplementary Discussion: pandemic-related outcomes
While the focus of our work is the effects of the pandemic on social care provision, which have been shown in Results section
of the main paper, the simulations produce pandemic related outputs as well, which we show below. The next four figures show
the results of simulations based on the benchmark ‘no-lockdown’ scenario. In Supplementary Figure S1a we can see that at
the peak, just after day 60, between 1200 and 1600 people are infectious, representing approximately 15% of the population.
Supplementary Figure S1b shows the number of hospitalized agents. At the peak, around 1% of the population is hospitalized.

In Supplementary Figure S2a and Supplementary Figure S2b, we begin to unveil the social gradient of health by looking
at the total number of infectious and hospitalized agents by income quintiles. We can see that, in line with some empirical
evidence8, 9, the number of infectious people grows with the income quintile. In our simulations, this can be attributed to two
main factors: a higher number of contacts and a higher percentage of elderly people in the higher income quintiles, compared
to the lower income quintiles. However, in line with the social gradient of health, we can see from S2b that, despite higher
numbers of infected individuals, agents in the the highest quintile are only half as likely to end up in hospital.

In the next set of figures, we compare the effects of two lockdown policies to the benchmark ‘no-lockdown’ scenario. In
these figures, Policy 1 refers to the partial lockdown policy, i.e., a lockdown which allows movement for social care purposes,
while Policy 2 refers to the ‘full lockdown’ policy. In both cases, the lockdown is imposed 3 days after the first death, and is
lifted after 90 days.

Regarding the effects of these policies on the pandemic, we can see from Supplementary Figure S3a and Supplementary
Figure S3b that the two policies reduce the height of the peak significantly; even a partial lockdown reduces the maximum
number of people in hospital and on the ventilator by half.

Supplementary Figure S4a and Supplementary Figure S4b confirm this positive effect, by showing the total number of days
of hospitalization and intensive care. We can see that Policy 1 and Policy 2 reduce the number of days of hospitalization by
40% and 60% respectively compared to the benchmark, and the percentage reduction of the number of days of intensive care is
higher still.
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Supplementary Figure S1. Pandemic dynamics.
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(a) Number of infectious agents.
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(b) People in hospital.

Supplementary Figure S2. Social gradients of health.
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(a) Infectious by income quintile.
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(b) Hospitalized by income quintile.

Supplementary Figure S3. Policy comparison: outcome dynamics.
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(a) People in hospital.
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Supplementary Figure S4. Policy comparison: aggregate outcomes.
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(a) Total hospitalized.
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(b) Total intubated.
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