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BIO-FI: LEVERAGING THE POWER OF BIOLOGICAL BIG DATA FOR ADVANCED ANALYTICS
AND MODELING OF CHEMICAL AND BIOLOGICAL THREATS
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Fast, efficient prediction of epidemic dynamics with variable size data input giving good output fidelity has only recently been possible. In part, good
prediction has been difficult because collecting good epidemiological data is hard, although independent factors that influence the level of
contagion, such as the contact rate, are not independently measured. While some aspects of epidemic spread can be effectively constrained with
additional information from subsequent disease progression (i.e. hospitalization and death data), models robust enough to ingest variable types of
data while stabilizing prediction performance have only recently been demonstrated. The lack of consistently high-quality data has hampered
model development by making repeatable ground-truth comparison to calculations difficult. Here we report (i) modeling multiple diseases on a
consistent mechanistic basis, allowing quantitative comparison of exogenous factors (i.e. contact rate, mitigations, etc.) between scenarios and
even diseases, (ii) modeling a 2.5 year-long COVID-19 time series from a single administrative unit as the availability of auxilliary data types has
changed and evolved, but the underlying data collection is preserved, and (iii) modeling a set of a dozen diseases. We demonstrate for the 2.5 year-
long time series: (i) the forward-accuracy of the model with and without independent measures of the population contact rate, (ii) make
comparisons to other auxilliary data quanitifying mitigations, (iii) use a recently-developed method to estimate biases in the reporting of daily
disease incidence from the time series alone, and for a larger set of modelled disease and scenario we (iv) make comparisons of the quantification
of mitigations across different diseases by clustering of outputs. The computational requirement for our implementation of a mechanistic
epidemiological model allowing these results -- EpiGrid -- are modest, requiring only a laptop, and 1-30 minutes of computation time per simulated
results over a geographically-resolved area >105 km2. The data required for these calculations is, at a minimum, the geographically-resolved
population map, disease progression and level of contagion, and an initial condition. Additional time series data such as inferred contact rates from
cell phone records, hospitalization and fatality data, vaccination and treatment, the use of infection control measures, and time-dependent
evolution of pathogen behavior are beneficial, but not required. We achieve 30% prediction accuracy going 6 weeks or more into the future for the
long time series. The performance of these predictions degrades only modestly as auxilliary data sources become unavailable, demonstrating that
operational epdemiological prediction is possible if data meet minimal requirements for quality. The eventual degradation of model predictions
beyond 6 weeks can arise from several factors, including changes in population behavior that are not easily predicted. Surprisingly, for large
epidemics prediction accuracy is not degraded by pathogen evolution, so long as minimal evoluationary data are available. The ability to accurately
predict epidemiological outcomes has positive implications for both planning, training exercises, and operational use of analytic tools in the context
of a highly-educated cadre of analysts providing epidemiological decision support, as is found at the command- or administrative-level of military
and civil governments.
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