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eAppendix. Supplementary Methods 

Data Retrieval 

The data for the Figure were programmatically retrieved from Worldometer 

(https://www.worldometers.info/coronavirus/country/) using python package Beautiful Soup 

(https://pypi.org/project/beautifulsoup4/).  

 

Moving Average Filter 

To remove high frequency fluctuations in the daily new cases and deaths, we applied the moving average filter 1 

of three days. Moving average is the most common filter in signal processing and operates by averaging a 

number of points from the input signal 𝑥(𝑡) to produce each point in the output signal 𝑦(𝑡). Mathematically: 

𝑦(𝑡) =  
1

𝑀
∑ 𝑥(𝑡 + 𝑖)

𝑀

𝑖=0

 

Where 𝑀 is the number of points in the moving average. 

 

Spectral Analysis 

The Power Spectral Density in panel B of the Figure was computed using the Welch method 2 with a Hanning 

window of 20 days as implemented in SciPy.3 

 

Filtering 

The resulting time series were band-pass filtered in the periodicity of oscillation identify by the welch method 

using mne-python. 4 

 

Hilbert Transform 

The analytic signal �̂�(𝑡) was calculated by combining the filtered time series with its Hilbert transform 5 into a 

complex time series as implemented in SciPy 3:  

𝓏(𝑡) = 𝓏𝑟(𝑡)  +  𝑗𝓏𝑖(𝑡)  = 𝑦(𝑡) + 𝑗 ℋ[𝑦(𝑡)] 

Where ℋ represents the Hilbert Transform operation 

The resulting time series 𝓏(𝑡) can be seen as a rotating vector in the complex plane whose length corresponds to 

the envelope of the original time series 𝑦(𝑡) and whose phase grows according to the dominant frequency. The 

instantaneous phase angle was computed in the complex plane as: 

𝜙(𝑡) =  ∠ 𝓏(𝑡) = 𝑎𝑟𝑐𝑡𝑎𝑛 [
𝓏𝑖(𝑡)

𝓏𝑟(𝑡)
] 

https://www.worldometers.info/coronavirus/country/
https://pypi.org/project/beautifulsoup4/
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Rose Plot 

The rose plot in panel C of the Figure represents the polar histogram of phase angle difference between daily 

new cases and deaths, mathematically: 

∆ 𝜙(𝑡) =  𝜙𝑛𝑒𝑤_𝑐𝑎𝑠𝑒𝑠(𝑡) −  𝜙𝑛𝑒𝑤_𝑑𝑒𝑎𝑡ℎ𝑠(𝑡) 

Code and Data Availability 

The code and data API for reproducing our analysis reported in this article are available at 

https://github.com/SherazKhan/covid_oscillations. 
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