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Motivation

• Japan response to the COVID-19 has been in some aspects special
• Non-pharmaceutical measures less stringent than in Europ
• Pharmaceutical interventions still going on in 2023 

• We were interested in studying the relation among main 
epidemiological variables

• Our world in data

• Synchronization of some variables in specific points of time

• Temporal correlations at multiple time scales
• Wavelet coherence
• Phase relations  potential causal relations



Motivation

 Focus on mortality results

 Less prone to bias

 Cases are extremely dependent on test reliability
 FDA approved over a thousand brands with no formal 

validation

 False positives due to pressure to avoid false negatives 
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“Interesting” points in time

Time series normalized to the [0,1] interval to highlight pattern synchronization
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Morlett wavelet

Time series

Continuous wavelet 
transform (CWT)

Wavelet power

Wavelet coherence definitions

Crosswavelet 
transform 
(XWT)

Wavelet 
coherence (WC)



Materials

 Data downloaded from Our World in Data 

 Variables: deaths, cases, tests, vaccine doses, stringency index, 
excess deaths, hospitaized patients, ICU patients  

 Cut off date 01/january/2023
 Most countries stopped mass testing in the summer of 2022

 Same for other pandemic follow up observations and measures

 By the end of 2022,  considerations were dropped in practice

 Spring 2023 the WHO declared the end of the emergency, after USA administration 
dropped all mandates and measures 



Results

• We compute the wavelet coherence of various variables versus 
COVID_19 mortality

• Intensity (red) indicates strength of coherence (correlation)

• Arrows indicate phase between variables
 Up: first variable precedes second variable

 Right: variables are synchronized (positive correlation)

 Down: second variable precedes first variable

 Left: variables in oposition (negatively correlated)
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Long term coherence 
where cases precede 
deaths

Short term erratic 
relations: sometimes 
in phase, sometimes 
in opposed phase

Cases vs deaths
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Tests always are 
strongly correlated 
with deaths, in some 
scales are preceding 
deaths

Tests vs deaths



12

Strong coherence of 
hospitalizations preceding 
deaths at long term and 
medium term scales

At the end of the pandemic, 
they  are in phase, 

Hospital patients vs deaths
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Strong coherence at the 
beginning and end of the 
pandemic
ICU patients preceding deaths

No short term 
coherences

ICU patients vs deaths
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There is  coherence between 
vaccine doses and deaths since 
the end of 2021 at large scales

Sometimes vaccines precede or 
are in phase with deaths in short 
term scales 

Vaccine doses vs deaths
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Stringency index is 
almost uncorrelated 
with the COVID-19 
deaths

Stringency index vs deaths
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COVID-19 deaths as a 
major driver of excess 
deaths

Excess deaths (all cause) vs deaths
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Some comparative visuals: Spain versus Japan

 Spain was one the European countries with the worst pandemic 
outcomes in 2020

 Japan was little affected by the pandemic in 2020

 Different non-pharmaceutical interventions and care of patients

 Similar vaccination policies in 2021

 Different policies in 2022

 Data from OWID until july 2023 (since March 2023 data source changes)
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Spain (green) vs Japan (red) pandemic outcomes

COVID-19 cases

Spain: omicron wave in january 2022
Japan: delayed big wave autumn 2022
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Spain (green) vs Japan (red) pandemic outcomes

COVID-19 confirmed deaths

Spain: big first wave
Japan: worst results in 2022
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Spain (green) vs Japan (red) interventions

Stringency index

Spain: extreme stringency in 2020
Japan: sustained (low) stringency
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Spain (green) vs Japan (red) interventions

Vaccine doses

both: large first mass vaccination

A bit delayed in Japan

Japan: sustained waves of vaccination
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Spain (green) vs. Japan (red) interventions

Cumulative vaccine 
doses
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Spain (below) vs. Japan (above) excess deaths outcomes

Estimates of 
excess deahts 
(all-cause vs. 
COVID-19)
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Conclusions
 Major differences in pandemic outcome (deaths) may be due to cultural/healthcare 

system differences
 In Spain’s first wave was dealt with forbidding antibiotics, repurposed drugs, and treating old people with end-of-life 

treatments

 Different administrative routines for COVID-19 death coding may have an influence on the outcomes

 In Japan, the non-pharmaceutical interventions seem to have little impact on the time 
evolution of COVID-19 deaths

 In Japan continued vaccination waves appear to have little impact in reducing the tail of 
the pandemic

 However, excess deaths appear to grow independently of COVID in 2023 and onwards
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