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Abstract

The rapid spread of coronavirus disease 2019 (COVID-19) has posed an enormous threat to people
all around the world. It is imperative to develop effective strategies for detecting early-warning
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signals of COVID-19 outbreaks to implement appropriate control measures in a timely manner.
Unlike time-series prediction, outbreaks are generally highly nonlinear events with characteris-
tics that develop from gradual changes to drastic transitions, and are thus difficult to predict. By
exploiting dynamic information collectively from geographic district networks and the real-time
data of daily new cases, we adopted a nonlinear model-free approach, the landscape network en-
tropy (LNE) method, to identify the pre-outbreak stage prior to the catastrophic transition into a
COVID-19outbreak. The LNE method was successfully validated by accurate predictions of the lo-
cal COVID-19 outbreaks in various regions, including Hubei Province of China, the Kanto region of
Japan and parts of Brazil.
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Figure 1. (a) Modeling for regions; (b) Calculation of landscape network entropy in the local area;
(c) Dynamic changes of landscape network entropy during the spread of COVID-19
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Figure 2. Real-time monitoring of COVID-19 spread and outbreak in Hubei Province of China. (a) An twelve-node network
of Hubei; (b) The LNE index (the red curve) and the number of daily new cases (the blue curve) in Hubei; (c) The local LNE
indices for eight districts
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Figure 3. Real-time monitoring of COVID-19 spread and outbreak in the Kanto region of Japan. (a) An nine-node network
of the Kanto region; (b) The LNE index (the red curve) and the number of daily new cases (the blue curve) in the Kanto re-
gion; (c) The local LNE indices for seven districts
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Figure 4. Real-time monitoring of COVID-19 spread and outbreak in 10 Brazil states with severe epidemics. (a) An
ten-node network of these states; (b) The LNE index (the red curve) and the number of daily new cases (the blue curve) in 10
Brazil states; (c) The local LNE indices for eight districts
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