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Abstract This paper reports the research outcomes of our National Natural Science Foundation of China
COVID-19 special project. Our primary results were published in Nature (Jia et al. 2020). We also report
extensions of this work. First, we report a spatio-temporal benchmark hazard model based on population
outflow from Wuhan to other prefectures in mainland China before the lockdown, which successfully
predicts and explains the spatio-temporal distribution of COVID-19 across China. Second, we report a risk
index for community transmission risk that can be used as a risk detection toolkit assessing epidemic risk for
different areas during the early stages of the COVID-19 pandemic. In particular, we estimated transmission
risk based on the deviation between confirmed cases and the prediction of the benchmark model. This index
can serve as an epidemic warning system to identify and track which regions have a high level of community
transmission risk. Finally, we present statistical models and machine learning approaches that can assess
heterogeneities in risk sources of population outflows and test the relative contributions of different risk
sources on the spread of COVID-19; for example, we estimate the relative contribution of Wuhan versus

non-Wuhan residents, men versus women, and different age groups on COVID-19 transmission risk.
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