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1 Supplementary figures

The following is the list of figures referred to in the main text.

SI Figure 1: Number of infected cases in all countries. In the main text, only the 20 most populous

countries are shown for improved visibility.

SI Figure 2: Log ratio of infected cases in all countries. In the main text, only the 20 most populous

countries are shown for improved visibility.

SI Figure 3: The legends for SI Figures 1 and 2.

SI Figure 4: Pair plots between auxiliary data points.

SI Figure 5: Scree plots for each year. In the main text, the scree plot for the entire period is

shown.

SI Figure 6: The first eigenvectors for the entire period, 2020, 2021, and 2022. The plots are

coloured by region. The axes represent the argument and the ordinate.

SI Figure 7: The first eigenvectors for the entire period, 2020, 2021, and 2022. The plots are

coloured by region. The figure shown on the complex plane corresponds to SI Figure 6 in the main

text.

SI Figure 8: The first eigenvectors for the entire period, 2020, 2021, and 2022. The plots are

coloured according to population. The axes represent the argument and the ordinate.

SI Figure 9: The first eigenvectors for the entire period, 2020, 2021, and 2022. The plots are

coloured according to GDP per capita. The axes represent the argument and the ordinate.

SI Figure 10: Barycentres for each of five GDP per capita group based on rank. The panels show

the entire period, 2020, 2021, and 2022. This figure corresponds to SI Figure 9.

SI Figure 11: The first eigenvectors for the entire period, 2020, 2021, and 2022. The plots are

coloured according to the stringency index [2]. The axes represent the argument and the ordinate.

SI Figure 12: Barycentres for each of five stringency index group based on rank. The panels show

the entire period, 2020, 2021, and 2022. This figure corresponds to SI Figure 11.

SI Figure 13: The first eigenvectors for the entire period, 2020, 2021, and 2022. The plots are

coloured according to the containment and health index [2]. The axes represent the argument and

the ordinate.
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SI Figure 14: Barycentres for each of five containment and health index groups based on rank. The

panels show the entire period, 2020, 2021, and 2022. This figure corresponds to SI Figure 13.

SI Figure 15: The first eigenvectors for the entire period, 2020, 2021, and 2022. The plots are

coloured according to the vaccination rate. The axes represent the argument and the ordinate.

SI Figure 16: Barycentres for each of five vaccination rate groups based on rank. The panels show

the entire period, 2020, 2021, and 2022. This figure corresponds to SI Figure 15.

SI Figure 17: The first eigenvectors for the entire period, 2020, 2021, and 2022. The plots are

coloured according to the democracy index. The figure shown on the complex plane corresponds to

Figure 5 in the main text.

SI Figure 18: The second eigenvectors for the entire period data. The panels are coloured by region,

population, stringency index, and democracy index.

SI Figure 20: The second eigenvectors for the 2020 data. The panels are coloured by region,

population, stringency index, and democracy index.

SI Figure 22: The second eigenvectors for the 2021 data. The panels are coloured by region,

population, stringency index, and democracy index.

SI Figure 24: The second eigenvectors for the 2022 data. The panels are coloured by region,

population, stringency index, and democracy index.
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SI Figure 1: Number of infected cases in all countries. Each colour indicates a country. The correspon-
dence of the colours with the countries is shown in SI Figure 3.

SI Figure 2: Log ratio of infected cases for all countries. Each colour indicates a country. The correspon-
dence of the colours with the countries is shown in SI Figure 3.
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SI Figure 3: Correspondence of colours with countries. These colours are used in SI Figures 1 and 2.
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SI Figure 4: Pair plots between auxiliary data points.
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(a) 2020 (b) 2021

(c) 2022

SI Figure 5: Scree plots of CHPCA and the RRS. Each panel covers different years, i.e., 2020, 2021, and
2020. The error bars for the RRS indicate the 1% significance level, which is 2.33 times the standard
error.

6



(a) Entire period (b) 2020

(c) 2021 (d) 2022

SI Figure 6: Eigenvectors with the first eigenvalue coloured by region. The abscissa corresponds to the
argument, and the ordinate corresponds to the absolute value (amplitude) of the eigenvector. Note that
time progresses from right to left. Panels (a-d) show the entire period, 2020, 2021, and 2022, respectively.
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(a) Entire period (b) 2020

(c) 2021 (d) 2022

SI Figure 7: Eigenvectors, with the first eigenvalue coloured by region. The abscissa corresponds to the
real axis, and the ordinate corresponds to the imaginary axis. Panels (a-d) represent the entire period,
2020, 2021, and 2022, respectively. Note that time progresses from right to left.
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(a) Entire period (b) 2020

(c) 2021 (d) 2022

SI Figure 8: Eigenvectors with the first eigenvalue coloured according to population. The abscissa
corresponds to the argument, and the ordinate corresponds to the absolute value (amplitude) of the
eigenvector. Note that time progresses from right to left. Panels (a-d) represent the entire period,
2020, 2021, and 2022, respectively. The population data for each year are used for the analysis of the
corresponding year, while the 2020 population data are used for the analysis of the entire period. In
addition, the colour denotes the rank of the analysed countries by population. If a country has no
population record, it is coloured grey.
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(a) Entire period (b) 2020

(c) 2021 (d) 2022

SI Figure 9: Eigenvectors, with the first eigenvalue coloured according to the GDP per capita. The
abscissa corresponds to the real axis, and the ordinate corresponds to the imaginary axis. Panels (a-d)
represent the entire period, 2020, 2021, and 2022, respectively. The population and GDP data for each
year are used for the corresponding year, while the 2020 population and GDP data are used for the
analysis of the entire period. In addition, the colour indicates the rank of the analysed countries by GDP
per capita. If a country has no population or GDP record, it is coloured grey.
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(a) Entire period (b) 2020

(c) 2021 (d) 2022

SI Figure 10: Barycentres for five groups of GDP per capita based on rank. The abscissa corresponds to
the argument, and the ordinate corresponds to the absolute value (amplitude) of the eigenvector. Panels
(a-d) represent the entire period, 2020, 2021, and 2022, respectively. Note that time progresses from right
to left.
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(a) Entire period (b) 2020

(c) 2021 (d) 2022

SI Figure 11: Eigenvectors, with the first eigenvalue coloured according to the stringency index. The
abscissa corresponds to the argument, and the ordinate corresponds to the absolute value (amplitude) of
the eigenvector. Note that time progresses from right to left. Panels (a-d) represent the entire period,
2020, 2021, and 2022, respectively. The mean of each year’s stringency index data is used for the
corresponding year, while the mean of the entire period is used for the analysis of the entire period. In
addition, the colour indicates the rank of the countries by stringency index. If a country has no stringency
index record, it is coloured grey.
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(a) Entire period (b) 2020

(c) 2021 (d) 2022

SI Figure 12: Barycentres for five groups of each stringency index based on rank. The abscissa corresponds
to the argument, and the ordinate corresponds to the absolute value (amplitude) of the eigenvector. Panels
(a-d) represent the entire period, 2020, 2021, and 2022, respectively. Note that time progresses from right
to left.
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(a) Entire period (b) 2020

(c) 2021 (d) 2022

SI Figure 13: Eigenvectors, with the first eigenvalue coloured according to the containment and health
index. The abscissa corresponds to the argument, and the ordinate corresponds to the absolute value
(amplitude) of the eigenvector. Note that time progresses from right to left. Panels (a-d) represent the
entire period, 2020, 2021, and 2022, respectively. The mean of each year’s stringency index data is used
for the corresponding year, while the mean of the entire period is used for the entire period analyses.
In addition, the colour indicates the rank by the containment and health index among the analysed
countries. If a country has no containment and health index record, it is coloured grey.
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(a) Entire period (b) 2020

(c) 2021 (d) 2022

SI Figure 14: Barycentres for five groups of the containment and health index group based on rank. The
abscissa corresponds to the argument, and the ordinate corresponds to the absolute value (amplitude) of
the eigenvector. Panels (a-d) represent the entire period, 2020, 2021, and 2022, respectively. Note that
time progresses from right to left.
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(a) Entire period (b) 2020

(c) 2021 (d) 2022

SI Figure 15: Eigenvectors, with the first eigenvalue coloured according to the vaccination rate. The
abscissa corresponds to the argument, and the ordinate corresponds to the absolute value (amplitude) of
the eigenvector. Note that time progresses from right to left. Panels (a-d) represent the entire period,
2020, 2021, and 2022, respectively. Each year’s vaccination rate is used for the corresponding year, while
the average vaccination rate is used for the entire period. In addition, the colour indicates the rank of
the countries by vaccination rate. If a country has no vaccination record in the entire period or in 2020,
it is coloured grey.
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(a) Entire period (b) 2020

(c) 2021 (d) 2022

SI Figure 16: Barycentres for five groups of the vaccination rate based on rank. The abscissa corresponds
to the real axis, and the ordinate corresponds to the imaginary axis. Panels (a-d) represent the entire
period, 2020, 2021, and 2022, respectively. Note that time progresses from right to left.
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(a) Entire period (b) 2020

(c) 2021 (d) 2022

SI Figure 17: Eigenvectors, with the first eigenvalue coloured according to the democracy index. The
democracy index was obtained from the Economist Intelligence Unit [1]. The abscissa corresponds to
the argument, and the ordinate corresponds to the absolute value (amplitude) of the eigenvector. Note
that time progresses from right to left. Panels (a-d) represent the entire period, 2020, 2021, and 2022,
respectively. Each year’s democracy index data are used for the analysis of the corresponding year, while
the 2020 democracy index data are used for the analysis of the entire period. In addition, the colour
represents the rank of the analysed countries by the democracy index. If a country has no democracy
index record, it is coloured grey.
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(a) Region (b) Population

(c) Stringency Index (d) Democracy Index

SI Figure 18: The second eigenvectors for the entire period of data. The panels are coloured by (a)
region, (b) population, (c) stringency index [2], and (d) democracy index [1]. If a country has no
population, stringency index, or democracy index data, it is coloured grey. The abscissa corresponds to
the argument, and the ordinate corresponds to the absolute value (amplitude) of the eigenvector. Note
that time progresses from right to left.
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(a) Region (b) Population

(c) Stringency Index (d) Democracy Index

SI Figure 19: Barycentres of the second eigenvectors for data of the entire period. The panels are
coloured by (a) region, (b) population, (c) stringency index [2], and (d) democracy index [1]. The
abscissa corresponds to the argument, and the ordinate corresponds to the absolute value (amplitude) of
the eigenvector. Note that time progresses from right to left.
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(a) Region (b) Population

(c) Stringency Index (d) Democracy Index

SI Figure 20: The second eigenvector for the 2020 data. The panels are coloured by (a) region, (b)
population, (c) stringency index [2], and (d) democracy index [1]. If a country has no population,
stringency index, or democracy index data, it is coloured grey. The abscissa corresponds to the real axis,
and the ordinate corresponds to the imaginary axis. Note that time progresses from right to left.
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(a) Region (b) Population

(c) Stringency Index (d) Democracy Index

SI Figure 21: Barycentres of the second eigenvectors for the 2020 data. The panels are coloured by (a)
region, (b) population, (c) stringency index [2], and (d) democracy index [1]. The abscissa corresponds
to the argument, and the ordinate corresponds to the absolute value (amplitude) of the eigenvector. Note
that time progresses from right to left.
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(a) Region (b) Population

(c) Stringency Index (d) Democracy Index

SI Figure 22: The second eigenvectors for the 2021 data. The panels are coloured by region, population,
stringency index [2], and democracy index [1]. If a country has no population, stringency index, or
democracy index data, it is coloured grey. The abscissa corresponds to the real axis, and the ordinate
corresponds to the imaginary axis. Note that time progresses from right to left.
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(a) Region (b) Population

(c) Stringency Index (d) Democracy Index

SI Figure 23: Barycentres of the second eigenvectors for the 2021 data. The panels are coloured by (a)
region, (b) population, (c) stringency index [2], and (d) democracy index [1]. The abscissa corresponds
to the argument, and the ordinate corresponds to the absolute value (amplitude) of the eigenvector. Note
that time progresses from right to left.
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(a) Region (b) Population

(c) Stringency Index (d) Democracy Index

SI Figure 24: The second eigenvectors for the 2022 data. The panels are coloured by region, population,
stringency index [2], and democracy index [1]. If a country has no population, stringency index, or
democracy index data, it is coloured grey. The abscissa corresponds to the real axis, and the ordinate
corresponds to the imaginary axis. Note that time progresses from right to left.
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(a) Region (b) Population

(c) Stringency Index (d) Democracy Index

SI Figure 25: Barycentres of the second eigenvectors for the 2022 data. The panels are coloured by (a)
region, (b) population, (c) stringency index [2], and (d) democracy index [1]. The abscissa corresponds
to the argument, and the ordinate corresponds to the absolute value (amplitude) of the eigenvector. Note
that time progresses from right to left.
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(a) Region (b) Population

(c) Stringency Index (d) Democracy Index

SI Figure 26: Barycentres of the third eigenvectors for the data of the entire period. The panels are
coloured by (a) region, (b) population, (c) stringency index [2], and (d) democracy index [1]. The
abscissa corresponds to the argument, and the ordinate corresponds to the absolute value (amplitude) of
the eigenvector. Note that time progresses from right to left.
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2 Supplementary tables

The following list contains the tables referred to in the main text.

SI Table 1: Sample size of the auxiliary data.

SI Table 2: Mean distance from the barycentre. The mean distance is calculated for each group.

SI Table 1: Sample sizes of auxiliary data. The numbers indicates the number of observed countries in
each dataset.

2020 2021 2022
Population 265 265 265
GDP 257 251 233
Stringency Index 183 180 180
Containment Index 184 180 180
Vaccinations Rate 39 217 213
Democracy Index 167 167 167
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SI Table 2: Mean distance from the barycentre. The mean distance is calculated for each group. The
columns indicate the position within the five groups, which are divided by rank.

Group Entire 2020 2021 2022
Period

Regions Asia 0.030 0.044 0.046 0.041
Europe 0.027 0.030 0.053 0.038
Africa 0.027 0.040 0.055 0.044
Oceania 0.046 0.031 0.057 0.053
Americas 0.026 0.041 0.053 0.055

Population First 0.036 0.034 0.054 0.058
Second 0.032 0.042 0.053 0.049
Third 0.029 0.043 0.054 0.047
Fourth 0.028 0.044 0.055 0.047
Fifth 0.032 0.044 0.053 0.050

GDP/Population First 0.025 0.035 0.056 0.040
Second 0.041 0.043 0.054 0.058
Third 0.032 0.042 0.048 0.046
Fourth 0.027 0.037 0.058 0.048
Fifth 0.022 0.030 0.046 0.043

Stringency Index First 0.028 0.046 0.063 0.038
Second 0.032 0.038 0.050 0.046
Third 0.032 0.048 0.053 0.048
Fourth 0.031 0.044 0.054 0.055
Fifth 0.030 0.039 0.047 0.059

Containment First 0.033 0.044 0.062 0.044
& Health Index Second 0.030 0.045 0.057 0.044

Third 0.031 0.044 0.043 0.051
Fourth 0.031 0.044 0.055 0.047
Fifth 0.030 0.041 0.050 0.061

Vaccination Rate First 0.028 0.038 0.062 0.045
Second 0.034 0.032 0.056 0.050
Third 0.029 0.028 0.056 0.051
Fourth 0.031 0.022 0.050 0.054
Fifth 0.032 0.035 0.045 0.047

Democracy Index First 0.032 0.041 0.059 0.050
Second 0.029 0.040 0.049 0.047
Third 0.035 0.041 0.059 0.048
Fourth 0.026 0.038 0.055 0.049
Fifth 0.023 0.025 0.045 0.040
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3 Analyses of the second eigenvectors

The second eigenvector for the 2020 data shows wide ranges for lead and lag, in contrast to the first

eigenvector for the 2020 data (SI Figure 21). In terms of regions, the results are entirely different from

those of the first eigenvector, with Africa leading and Europe lagging. This suggests that even during

this period, Africa and Europe already show leading and lagging trends, respectively, as observed from

2021 to 2022. In terms of population, a lead-lag relationship can be observed, with countries with larger

populations leading; however, population does not significantly affect the amplitude. The same results are

found for the stringency index. Regarding the democracy index, the lead-lag relationships and amplitudes

are completely opposite those observed with the first eigenvector. The leading trend is associated with a

lower democracy index, and the lagging trend is associated with a higher democracy index. Moreover, a

larger amplitude is associated with a lower democracy index, and a smaller amplitude is associated with

a higher democracy index.

The second eigenvector for the 2021 data shows that the spread in the argument is the same as that

for the first eigenvector (SI Figure 22), but there are some differences in the results. The first eigenvector

does not show outstanding features in region or democracy index, but the second eigenvector captures

the leading trend of European countries and a high democracy index. There are no distinctive results for

the population or stringency indeces, similar to the results of the analyses for the first eigenvector.
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