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Analytical Framework for Pandemic-Resilient & Sustainable Cities

The COVID-19 pandemic has made visible the deficiencies in how we imagine, plan, and manage our cities and live
together in them. Cities became the hotspots of COVID-19 transmission, and incidence variation within cities
highlighted social and health inequalities. Also, cities are the main sources of carbon emissions today. On the other
hand, cities in all their diversity have become the dominant form of human settlement and are the major driving
force behind innovation, social change, and cultural and economic activity. Yet, little is known about which city
forms are most resilient to absorbing shocks like those from infectious disease outbreaks and/or epidemics. |
propose to build an interdisciplinary research programme at the intersection of pandemic sciences and
environmental sustainability. This project aims to develop the backbone theory to enable future city planning to be
more adaptive so the cities can be more liveable.
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Digital and Genomic Epidemiology of Viruses

The control of emerging infectious diseases is a defining problem of our age. Growing global trade and mobility are
connecting pathogens with new populations, and as a result, outbreaks of disease have become increasingly
frequent. Disturbances to our ecosystems mean that spillover events between animals and humans increase.

Predicting which virus will cause the next epidemic is currently not possible. Instead, we must detect and analyze
new human pathogens as soon as they emerge and plan their control using all the information at our disposal
during these early moments of an outbreak.

Since the 1980s, the science of infectious disease dynamics has developed a sophisticated mathematical framework,
which is widely used to inform pandemic control and support policy decisions. This framework uses data on the
number of cases through time and space to quantify past spread, predict future transmission, and calculate the
intensity of interventions and vaccinations needed to end an epidemic. However, current approaches do not always
fully exploit new sources of information about epidemic behavior. Incorporating these promising data sources into
epidemiological models has the potential to improve the accuracy and certainty of epidemic predictions.

Two new types of information relating to epidemics have become increasingly available. Firstly, genome sequences
from emerging pathogens can be generated almost as fast as cases are counted. Viruses evolve as they spread, so
their genomes contain a record of who-infected-whom - a ‘genetic footprint’ of past transmission events.
Secondly, digital data sets that describe human population density and mobility in unprecedented detail are now
accessible.

I will draw on concepts from mathematical epidemiology, pathogen phylodynamics, and network science to explain
a new body of theory capable of co-analyzing these distinct sources of information. I will use examples from past
outbreaks to illustrate the concept and show that tracking viruses using modern approaches can guide decisions
and future planning on resource allocation.
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