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Background

Early warning signals for COVID-19:

– Rt = 1 constitutes a (dynamic) transcritical bifurcation.
– This motivates early warning signals based on critical slowing down [1].
– Do early warning indicators rise prior to the 2nd COVID-19 wave?

We investigated this by analyzing 27 European countries and via simulations [2].

Empirical Analysis

We estimatedRt to (a) select an appropriate time period between the first and second
wave, (b) detrended the reported cases, and (c) estimated early warning indicators
using backwards rolling windows, as Figure 1 illustrates on a simulated example.

R
ep

or
te

d 
ca

se
s

0 10 20 30 40 50 60 70 80
0

200

400

600

800

0
1

2
3

R
t

Time

Illustration of the Methodology

Time period

Rt
Reported cases

(a) Select time period

R
ep

or
te

d 
ca

se
s

25 35 45 55 65 75
0

20

40

60

80

Time

(b) Detrending: yt =
1
δ1

∑
t−δ1

t
yj Mean

Reported cases

D
et

re
nd

ed
 c

as
es

25 35 45 55 65 75
−20

−10

0

10

20

30

Time

(c) Estimation: st = f(yt,…,yt−δ2,yt,…,yt−δ2)
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Figure 1: Illustrates our methodology and shows four example countries.

Empirical Results

Figure 2 shows that indicators tended to decrease rather than increase.
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Figure 2: Summary of results across countries and indicators for δ1 = 4 and δ2 = 25. Red points indicate countries for
which Kendall’s τ was either significantly smaller or larger than expected under a stationary time-series at α = 0.05.

Simulation Study

We used a simple stochastic SEIR model calibrated to COVID-19 to explain our
empirical findings.

Illustration

We vary Rt = β(t)/γ as illustrated in Figure 3, which shows that indicators tend to
decrease rather than increase due to the persistent transient from the first wave.
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Figure 3: Early warning indicators increase prior to a second outbreak in case the epidemic can settle down (a) but
decrease in case it cannot settle down (b).

Simulation Results

We varied the time for which Rt = 0.50 and the time until Rt = 1. As these times
decrease, so do the area under the curve and the true positive rate, mirroring our em-
pirical findings; widely used testing methodology is poorly calibrated at α = 0.05.
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Figure 4: Area under the curve (a) and true positive rate (b) for ten early warning indicators.

Conclusion

– Early warning indicators did not reliably rise prior to the 2nd COVID-19 wave.
– Indicators tended to decrease due to a persistent transient from the first wave.
– Time scale separation is important in applications of critical slowing down.
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