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Adaptive Bayesian learning and forecasting ..

Motivation

* Need for mathematical models to predict the evolution of
the spread of infectious diseases in support of decision
and policy making

Bayesian sequential estimation @ e @
. . *  Dynamic model
* Deterministic compartmental models y

Xy = f(Ok, Op_1, X4 1»uk

« Suffer from noisy observation
e Time-invariant model parameters

; s ¢ Observation model
* Need segmentation parameter fitting

zy = h(xy, 0y;vy)

* Stochastic compartmental models
* Account for noisy observations
e Time-invariant model parameters
* Infection rate §3; recovery rate y
* Metapopulation

* Assumption: The joint evolution of x;, and 8, follows a first-order
Markov model
P(xp, Op | X1, O 1, -, X1, 01) = Py, O |xp_1, 05 1)

* Objective: compute the posterior pdf of the state and parameter

: : : . vectors
* ldea: Bayesian learning and forecasting technique from

epidemic data with time-varying parameters Pxelziw),  P(Brlzir)

D. Gaglione, P. Braca, L. M. Millefiori, G. Soldi, N. Forti, S. Marano, P. K. Willett and K. Pattipati, “Adaptive Bayesian learning and forecasting of epidemic evolution—Data analysis of the COVID-19 outbreak,” IEEE Access,
vol. 8, pp. 175244-175264, 2020. https://ieeexplore.ieee.org/document/9209964
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Deterministic and stochastic SIR model
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Results with synthetic data — Scenario 1

Learning and forecasting of the infection rate
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Results with synthetic data — Scenario 2

Learning and forecasting of the infection rate
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Dashed black line: Infection rate 5,

Blue (dashed) line: estimate (forecast) of 5,
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Red line: Estimated number of infected persons
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used for comparison
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90% confidence area
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Results with official COVID-19 data (1)
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Key aspect:

Infection rate is time-varying

D. Gaglione, P. Braca, L. M. Millefiori, G. Soldi, N. Forti, S. Marano,
P. K. Willett and K. Pattipati, “Adaptive Bayesian learning and
forecasting of epidemic evolution—Data analysis of the COVID-19
outbreak,” IEEE Access, vol. 8, pp. 175244-175264, 2020.
https://ieeexplore.ieee.org/document/9209964
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Results with official COVID-19 data (2
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Motivation

To prevent the outbreak of COVID-19, many
countries all around the world went into full
lockdown in the first half of 2020

Unprecedented containment measures
* Produced changes to all aspect of social life
* Dramatically changed mobility patterns

Shipping industry accounts alone for more than
80% of world trade
* Reduced ship mobility could imply reduced
goods mobility on the global scale

Need to assess qualitatively and quantitatively
the impact of lockdowns on global shipping
mobility

SCIENCE AND TECHNOLOGY ORGANIZATION w.l
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COVID-19 impact on global maritime traffic (1)

L. M. Millefiori, P. Braca, D. Zissis, G. Spiliopoulos, ==~

S. Marano, P. K. Willett and S. Carniel, “COVID-19 impact on
global maritime mobility,” Nature Communications, under review.
https://arxiv.org/pdf/2009.06960

Proposed approach
* Data-driven computation of a ship mobility index from AIS
* Cumulative navigated miles (CNM)
» (Captures changes in average speed and activity

* Analysis based on a very large dataset of AIS messages (data
from ~50000 ships, approx. the size of world’s merchant
fleet)


https://arxiv.org/pdf/2009.06960
https://arxiv.org/pdf/2009.06960
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COVID-19 impact on global maritime traffic (2)
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COVID-19 impact on global maritime traffic (3)
NO2 Emissions
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Average nitrogen dioxide (NO2) concentrations March-April 2020, compared to the same period in 2019.

L. M. Millefiori, P. Braca, D. Zissis, G. Spiliopoulos, S. Marano, P. K. Willett and S. Carniel, “COVID-19 impact on global maritime mobility,” Nature Communications, under review. https://arxiv.org/pdf/2009.06960
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