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A Appendix: Additional Figures and Tables

Figure A.1: Percentage change in mobility from baseline level from February 15th to July 12th, by
locations in each of the European countries examined in Flaxman et al.!, as well as an additional
three countries consisting of Greece, the Netherlands and Portugal. Average mobility is computed
based on the trends in retailers and recreation venues, grocery markets and pharmacy, transit
stations and workplaces. Black dashed lines in each plot indicate the lockdown start and end

dates.

18



medRXxiv preprint doi: https://doi.org/10.1101/2020.07.22.20160341; this version posted December 10, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY-NC-ND 4.0 International license .

(a) Data up to May 5th.

(b) Data up to July 12th.

Figure A.2: Trace plots, posterior mean, 95% Cls and R of regression coefficients in R; for all
three models based on ten MCMC chains, for both time horizons. All our analyses use the iterates
from chains which had no more than 5% of divergent transitions. Black crosses (x) denote chains

with more than 5% of divergent transitions.

19


https://doi.org/10.1101/2020.07.22.20160341
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2020.07.22.20160341; this version posted December 10, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY-NC-ND 4.0 International license .

Interventions

Lockdown

Event ban

< School closure

A self-isolation
Social distancing

(a) Daily infections, daily deaths and R, until May 5th.

Interventions
Lockdown

O Eventban

& School closure

A Self-isolation
Social distancing

(b) Daily infections, daily deaths and R; until July 12th in columns 1-3. Column 4 is a magnification of
column 3 around the period of the NPlIs.

Figure A.3: Austria. The start time for the plots is 10 days before 10 deaths are recorded. Observed
counts of daily infections and daily deaths are shown in red, and their corresponding 50% and 95%
Cls are shown in dark blue and light blue respectively.
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(b) Daily infections, daily deaths and R; until July 12th in columns 1-3. Column 4 is a magnification of
column 3 around the period of the NPlIs.

Figure A.4: Belgium. The start time for the plots is 10 days before 10 deaths are recorded.
Observed counts of daily infections and daily deaths are shown in red, and their corresponding
50% and 95% Cls are shown in dark blue and light blue respectively.
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(b) Daily infections, daily deaths and R; until July 12th in columns 1-3. Column 4 is a magnification of
column 3 around the period of the NPlIs.

Figure A.5: Denmark. The start time for the plots is 10 days before 10 deaths are recorded.
Observed counts of daily infections and daily deaths are shown in red, and their corresponding
50% and 95% Cls are shown in dark blue and light blue respectively.
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(b) Daily infections, daily deaths and R; until July 12th in columns 1-3. Column 4 is a magnification of
column 3 around the period of the NPlIs.

Figure A.6: France. The start time for the plots is 10 days before 10 deaths are recorded. Observed
counts of daily infections and daily deaths are shown in red, and their corresponding 50% and 95%
Cls are shown in dark blue and light blue respectively.
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(b) Daily infections, daily deaths and R; until July 12th in columns 1-3. Column 4 is a magnification of
column 3 around the period of the NPlIs.

Figure A.7: Germany. The start time for the plots is 10 days before 10 deaths are recorded.
Observed counts of daily infections and daily deaths are shown in red, and their corresponding
50% and 95% Cls are shown in dark blue and light blue respectively.
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(b) Daily infections, daily deaths and R; until July 12th in columns 1-3. Column 4 is a magnification of
column 3 around the period of the NPlIs.

Figure A.8: Italy. The start time for the plots is 10 days before 10 deaths are recorded. Observed
counts of daily infections and daily deaths are shown in red, and their corresponding 50% and 95%
Cls are shown in dark blue and light blue respectively.
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(b) Daily infections, daily deaths and R; until July 12th in columns 1-3. Column 4 is a magnification of
column 3 around the period of the NPlIs.

Figure A.9: Norway. The start time for the plots is 10 days before 10 deaths are recorded. Observed
counts of daily infections and daily deaths are shown in red, and their corresponding 50% and 95%
Cls are shown in dark blue and light blue respectively.
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(b) Daily infections, daily deaths and R; until July 12th in columns 1-3. Column 4 is a magnification of
column 3 around the period of the NPlIs.

Figure A.10: Spain. The start time for the plots is 10 days before 10 deaths are recorded. Observed
counts of daily infections and daily deaths are shown in red, and their corresponding 50% and 95%
Cls are shown in dark blue and light blue respectively.
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(b) Daily infections, daily deaths and R; until July 12th in columns 1-3. Column 4 is a magnification of
column 3 around the period of the NPlIs.

Figure A.11: Sweden. The start time for the plots is 10 days before 10 deaths are recorded.
Observed counts of daily infections and daily deaths are shown in red, and their corresponding
50% and 95% Cls are shown in dark blue and light blue respectively.
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(b) Daily infections, daily deaths and R; until July 12th in columns 1-3. Column 4 is a magnification of
column 3 around the period of the NPlIs.

Figure A.12: Switzerland. The start time for the plots is 10 days before 10 deaths are recorded.
Observed counts of daily infections and daily deaths are shown in red, and their corresponding 50%
and 95% Cls are shown in dark blue and light blue respectively.
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Figure A.13: Greece. The start time for the plots is 10 days before 10 deaths are recorded.
Observed counts of daily infections and daily deaths until July 12th are shown in red, and their
corresponding 50% and 95% Cls are shown in dark blue and light blue respectively. Column 4 is a
maghnification of column 3 showing the changes in R; around the period of the NPlIs.
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Figure A.14: Netherlands. The start time for the plots is 10 days before 10 deaths are recorded.
Observed counts of daily infections and daily deaths until July 12th are shown in red, and their
corresponding 50% and 95% Cls are shown in dark blue and light blue respectively. Column 4 is a
magnification of column 3 showing the changes in R; around the period of the NPlIs.
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Figure A.15: Portugal. The start time for the plots is 10 days before 10 deaths are recorded.
Observed counts of daily infections and daily deaths until July 12th are shown in red, and their
corresponding 50% and 95% Cls are shown in dark blue and light blue respectively. Column 4 is a
magnification of column 3 showing the changes in R; around the period of the NPlIs.
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(a) Seeding new infections 10 days before 10 cumulative deaths.
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(b) Seeding new infections 30 days before 10 cumulative deaths (adapted from Figure 2 in Flaxman et
al.h).

Figure A.16: Comparison of the effectiveness of NPls in terms of the relative percentage reduction
in R; when assuming two different seeding periods of new infections.
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Country Seeding date
Austria March 13th
Belgium  March 9th / March 4th
Denmark March 12th
France February 27th
Germany March 6th
Greece March 12th
Italy February 16th
Netherlands March 5th
Norway March 15th
Portugal March 12th
Spain February 29th
Sweden March 9th
Switzerland March 5th

Table A.1: Seeding dates of new infections. Two seeding dates were used for Belgium — March 9th
and March 4th for the data up to May 5th and July 12th respectively due to a reporting correction
in the data.

k NPIs

1 school closure
2 event ban

3 lockdown
4

5

6

self-isolation
social distancing
government intervention

Table A.2: Correspondence of subscripts for k to each NPI.
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Country School closure Event ban Lockdown

UK v v May 13th
Austria May 18th v May 1st
Belgium July 1st v June 7th
Denmark v v April 20th
France June 22th v May 11th
Germany July 7th v May 6th
Greece June 1st June 15th  May 30th

Italy v v May 4th

Netherlands June 15th July Ist  May 11th
Norway May 11th June 2nd  April 21st
Portugal v v July 5th

Spain v v May 26th
Sweden X v X
Switzerland June 6th v June 21st

Table A.3: End dates for school closure34, event ban3* and lockdown in each country353%37 NPlIs
that are still in place as of July 12th are shown in v, while NPIs that were not implemented are
shown in X.

Up to May b5th Up to July 12th

Country
Model 1 Model 2 Model 1 Model 2
UK 145.41 14564 13426 129.68
Austria 5.88 5.88 4.48 4.57
Belgium 71.16 52.91 25.20 15.84
Denmark 3.27 3.08 2.42 2.39

France 24207 227.22 187.33 168.34
Germany 48.62 48.75 37.04 36.32

Italy 85.96 71.29 63.47 57.42
Norway 3.06 3.07 2.21 2.22
Spain 95.23 92.43 143.82 135.03

Sweden 35.82 35.55 33.12 33.09
Switzerland 14.61 14.34 10.37 10.31

Greece 1.72 1.51
Netherlands 21.48 21.01
Portugal 6.29 5.75

Table A.4: RMSE of daily death counts for model 1 and 2 for the data up to May 5th and July
12th.
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R; immediately after NPIs introduction

Country Ry
Sl SD SC EB LD
UK 3.55 3.45 3.42 3.39 0.68 0.68
(2.99, 4.27) (2.95, 4.00) (2.92,3.96) (2.84,3.94) (0.55 0.81) (0.55, 0.81)
Austria* 3.14 0.52 0.52 2.96 B 0.52
(1.91, 4.66) (0.40, 0.64) (0.40, 0.64) (1.67, 4.50) (0.40, 0.64)
Belgium 4.72 4.59 4.30 4.30 4.38 0.90
(3.38,6.46) (3.23,6.32) (2.87,6.06) (2.87,6.06) (292, 6.23) (0.78, 1.02)
Denmark 3.56 3.31 3.25 3.25 3.31 0.68
(2.27,5.06) (2.01,4.84) (1.98,4.81) (1.98,4.81) (2.01,4.84) (0.57, 0.80)
France 4.45 4.06 4.06 4.18 4.22 0.71
(3.78, 5.27) (2.98, 4.95) (298, 4.95) (3.14,4.99) (3.20,5.03) (0.61, 0.82)
Germany 3.86 3.75 3.72 3.68 0.73 0.73
(3.07, 4.90) (3.00, 4.65) (2.97, 4.58) (2.94,451) (0.60, 0.85) (0.60, 0.85)
Italy 3.18 2.90 2.90 3.13 2.90 0.70
(2.80, 3.61) (2.17, 3.46) (2.17, 3.46) (2.69, 3.57) (2.17, 3.46) (0.63, 0.78)
Norway* 2.65 2.44 2.42 _ _ 0.40
(1.57,3.99) (1.36,3.73) (136, 3.71) (0.25, 0.57)
Spain 4.39 0.67 4.34 4.29 0.67 0.67
(3.49, 5.50) (0.59, 0.75) (3.43,5.43) (3.35,5.39) (0.59,0.75) (0.59, 0.75)
Sweden 2.05 1.99 1.98 ~ 0.86 _
(1.51,2.74) (1.48,2.60) (1.48, 2.57) (0.63, 1.10)
Switzerland* 2.94 _ 2.67 2.69 2.72 0.55
(2.18, 3.86) (1.93,3.48) (1.95,3.51) (1.96, 3.57) (0.44, 0.68)
(a) Model 1.

R; immediately after NPIs introduction

Country Ry
Sl SD SC EB LD
UK 4.17 4.26 4.08 2.34 1.11 1.11
(2.62,6.39) (3.28,5.35) (3.13,5.11) (1.76,3.00) (0.75,1.60) (0.75,1.60)
Austria* 3.34 0.87 0.87 1.88 3 0.87
(1.46,6.09) (0.42,1.55) (0.42,1.55) (0.92,3.33) (0.42,1.55)
Belgium 4.33 4.38 4.52 4.52 4.81 4.83
(2.55,6.72) (2.77,6.48) (2.87,6.69) (2.87,6.69) (3.06,7.11) (3.47,6.45)
Denmark 2.43 151 0.87 0.87 1.51 0.58
(1.16,4.87) (0.80,2.66) (0.45,1.57) (0.45,1.57) (0.80,2.66) (0.28,1.05)
France 4.10 3.77 3.77 4.36 5.10 1.69
(2.66,6.11) (3.00,4.65) (3.00,4.65) (3.52,5.37) (4.04,6.35) (1.16,2.39)
Germany 4.56 4.43 4.39 4.12 1.02 1.02
(2.72,7.11) (2.72,6.69) (2.69,6.63) (2.97,5.56) (0.68,1.47) (0.68,1.47)
Italy 4.55 2.12 2.12 2.91 2.12 1.30
(2.76,6.98) (1.47,2.80) (1.47,2.80) (2.20,3.65) (1.47,2.80) (0.86,1.76)
Norway* 2.10 0.46 0.68 _ _ 0.50
(1.06,4.39) (0.21,0.87) (0.33,1.26) (0.27,0.79)
Spain 4.68 1.78 4.97 3.77 1.78 1.78
(2.98,6.96) (1.22,2.42) (3.81,6.28) (2.85,4.80) (1.22,2.42) (1.22,2.42)
Sweden 3.49 3.25 2.50 _ 1.55 _
(1.91,5.96) (1.93,5.25) (1.73,3.51) (1.11,2.06)
Switzerland* 3.48 _ 2.62 2.57 3.16 0.93
(1.84,5.85) (1.79,3.66) (1.76,3.59) (2.13,4.44) (0.62,1.31)
(b) Model 2.

Table A.5: Basic reproduction number R, and time-varying reproduction number R; immediately
after the introduction of NPIs given by both models using data up to May 5th for all eleven countries
analysed in Flaxman et al.!. These NPIs are self-isolation (SI), social distancing (SD), school
closure (SC), event ban (EB) and lockdown (LD). 95% credible intervals are given in parentheses
below the corresponding point estimates. Countries where the seeding of new infections occur
after the introduction of NPIs are denoted with an asterisk.
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B Appendix: Priors and Measures of Fit

B.1 Priors

For posterior inference in model 1, we use the same priors as in Flaxman et al.! for the analysis up
to May 5th and July 12th. For model 2, we use the same prior distributions as in Unwin et al.?
except for Ry, and « in Equation 2.

For Ry we use a weakly informative prior of a normal distribution truncated below at 1 with
mean 3.28 and standard deviation 2 is used. This prior is chosen so that approximately 95% of
the prior density is between 1 and 738, and that R, is above the critical value of 1 at the start of
the epidemic.

For r, we examine the sensitivity of the posterior to two priors. The first prior that we consider
is that used by Unwin et al.?~this prior is very informative, with a ~ N(0,0.5). That is, a priori
they assume « lies in the interval [—1, 1] with probability 0.95. In contrast, the second prior we
considered was an uninformative prior, & ~ N(0,5), and found the posterior mode of « in model 2
up to May 5th to be approximately —4. This means that the prior used by Unwin et al.? has almost
no support over this posterior distribution. This has two consequences, first it makes convergence
of the Markov chain very difficult and sensitive to starting values. Second, it shrinks the value of
« towards zero, underestimating the impact of mobility on R;. The second prior, a ~ N(0,5),
makes the convergence of the chain more robust to poor starting values.

We also change the prior for the number of initial infection at the start of the time period for
two reasons. First, due to data constraints, we chose to start the seeding of infections only 10
days before the date of the 10th cumulative death. In contrast, Flaxman et al.! chose to start
the seeding of infections 30 days prior to the date of the 10th cumulative death. Flaxman et al.?
chose a prior for initial infection count which was relatively tight, the probability that the initial
infection count was greater than 500 is &~ 0. Using this prior for the number of infections 20 days
later again, is not realistic and again leads to convergence problems. We therefore chose a less
informative prior for the initial infection count. Plots of these prior distributions can be found in
Figure B.1.

Notably, Bayesian data analysts typically examine a variety of priors to gauge the sensitivity
of results to the prior specification®. Flaxman et al' limited analyses to one prior distribution for
their entire set of parameters.

B.2 Bayesian measures of model fit

To compare the fit of the three models to the data we consider four metrics; three estimates
of various information criteria, as well as the root mean square error (RMSE). The information
criteria metrics are two versions of the Watanabe-Akaike information criteria®®, denoted by WAIC1
and WAIC2 and the Deviance information criterion DIC*?. Both WAIC1 and WAIC2 use the log
pointwise predictive density (Ippd) as a measure of fit. To penalize the fit, WAIC1 uses

pwarct =2 (108 Byost [p(4il0)] — Epost[log p(yi]6)]) (4)

=1

as an estimate of the effective number of parameters, where E,,;; denotes the expectation over
the posterior distribution of model parameters 6 given the observed data y = {y;;i = 1,...,n}.
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Figure B.1: Prior distributions of initial infection count used in Flaxman et al.! (left) and our
analysis (right).
The criteria WAIC2 uses .

PwArce = ZVpost(Ing(yi‘e))a (5)

=1
where V,,,; denotes the variance over the posterior distribution of 6. The DIC metric uses
log p(y|0Bayes), With 8pqyes being the posterior mean of 6, as a measure of fit and

Pbrc = 2(10gp<y|éBayes) - Epost[Ing(Y|9)])’ (6)

as the penalty.
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C Appendix: Analysis up to May bth for all 14 countries
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Figure C.1: Daily infections, daily deaths and R; in the United Kingdom until May 5th. The start
time for the plots is 10 days before 10 deaths are recorded. Observed counts of daily infections
and daily deaths are shown in red, and their corresponding 50% and 95% Cls are shown in dark
blue and light blue respectively.
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Figure C.2: Daily infections, daily deaths and R; in Austria until May 5th. The start time for the
plots is 10 days before 10 deaths are recorded. Observed counts of daily infections and daily deaths
are shown in red, and their corresponding 50% and 95% Cls are shown in dark blue and light blue
respectively.
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Figure C.3: Daily infections, daily deaths and R; in Belgium until May 5th. The start time for
the plots is 10 days before 10 deaths are recorded. Observed counts of daily infections and daily
deaths are shown in red, and their corresponding 50% and 95% Cls are shown in dark blue and
light blue respectively.
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Figure C.4: Daily infections, daily deaths and R; in Denmark until May 5th. The start time for
the plots is 10 days before 10 deaths are recorded. Observed counts of daily infections and daily
deaths are shown in red, and their corresponding 50% and 95% Cls are shown in dark blue and
light blue respectively.
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Figure C.5: Daily infections, daily deaths and R; in France until May 5th. The start time for the
plots is 10 days before 10 deaths are recorded. Observed counts of daily infections and daily deaths
are shown in red, and their corresponding 50% and 95% Cls are shown in dark blue and light blue
respectively.
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Figure C.6: Daily infections, daily deaths and R; in Germany until May 5th. The start time for
the plots is 10 days before 10 deaths are recorded. Observed counts of daily infections and daily
deaths are shown in red, and their corresponding 50% and 95% Cls are shown in dark blue and
light blue respectively.
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Figure C.7: Daily infections, daily deaths and R; in ltaly until May 5th. The start time for the
plots is 10 days before 10 deaths are recorded. Observed counts of daily infections and daily deaths
are shown in red, and their corresponding 50% and 95% Cls are shown in dark blue and light blue
respectively.
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Figure C.8: Daily infections, daily deaths and R; in Norway until May 5th. The start time for
the plots is 10 days before 10 deaths are recorded. Observed counts of daily infections and daily
deaths are shown in red, and their corresponding 50% and 95% Cls are shown in dark blue and
light blue respectively.
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Figure C.9: Daily infections, daily deaths and R; in Spain until May 5th. The start time for the
plots is 10 days before 10 deaths are recorded. Observed counts of daily infections and daily deaths
are shown in red, and their corresponding 50% and 95% Cls are shown in dark blue and light blue
respectively.
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Figure C.10: Daily infections, daily deaths and R; in Sweden until May 5th. The start time for
the plots is 10 days before 10 deaths are recorded. Observed counts of daily infections and daily
deaths are shown in red, and their corresponding 50% and 95% Cls are shown in dark blue and
light blue respectively.
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Figure C.11: Daily infections, daily deaths and R; in Switzerland until May 5th. The start time for
the plots is 10 days before 10 deaths are recorded. Observed counts of daily infections and daily
deaths are shown in red, and their corresponding 50% and 95% Cls are shown in dark blue and
light blue respectively.
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Figure C.12: Daily infections, daily deaths and R; in Greece until May 5th. The start time for
the plots is 10 days before 10 deaths are recorded. Observed counts of daily infections and daily
deaths are shown in red, and their corresponding 50% and 95% Cls are shown in dark blue and
light blue respectively.
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Figure C.13: Daily infections, daily deaths and R; in the Netherlands until May 5th. The start
time for the plots is 10 days before 10 deaths are recorded. Observed counts of daily infections
and daily deaths are shown in red, and their corresponding 50% and 95% Cls are shown in dark
blue and light blue respectively.
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Figure C.14: Daily infections, daily deaths and R; in Portugal until May 5th. The start time for
the plots is 10 days before 10 deaths are recorded. Observed counts of daily infections and daily
deaths are shown in red, and their corresponding 50% and 95% Cls are shown in dark blue and
light blue respectively.
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Country Model 1 Model 2
R; one day before LD  R; at LD % change R, at LD

UK 3.31 0.68 —79.18 1.11
(2.55, 3.87) (0.57, 0.80) (—84.65, —70.85) (0.74, 1.60)

Austria 2.08 0.52 —73.01 0.87
(1.17, 3.57) (0.41, 0.64) (—85.48, —57.22) (0.41, 1.55)

Belgium 2.90 0.72 —74.14 1.46
(2.06, 4.01) (0.62, 0.83) (—83.75, —61.69) (1.00, 1.99)

Denmark 2.28 0.68 —68.63 0.57
(1.39, 3.53) (0.57, 0.79) (—80.92, —51.75) (0.28, 1.04)

France 3.03 0.75 —74.61 1.70
(2.18, 4.14) (0.65, 0.84) (—83.60, —63.22) (1.16, 2.40)

Germany 3.65 0.73 —79.78 1.02
(2.90, 4.40) (0.62, 0.84) (—85.08, —72.05) (0.68, 1.44)

ltaly 2.11 0.71 —65.31 1.28
(1.51, 2.86) (0.64, 0.78) (—75.81, —51.48) (0.86, 1.73)

Norway 1.72 0.44 —72.77 0.50
(0.99, 2.77) (0.28, 0.60) (—85.98, —55.88) (0.28, 0.79)

Spain 4.19 0.68 —83.53 1.78
(3.09, 5.24) (0.60, 0.75) (—87.98, —77.23) (1.22, 2.42)

Sweden - - - -

Switzerland 2.15 0.60 —71.14 0.93
(1.57, 2.90) (0.49, 0.71) (—82.00, —57.72) (0.62, 1.30)

Greece 1.20 0.36 —68.90 0.34
(0.68, 1.89) (0.21, 0.51) (—83.34, —48.58) (0.18, 0.54)

Netherlands 1.97 0.62 —68.09 0.93
(1.58, 2.42) (0.50, 0.73) (—78.27, —55.73) (0.63, 1.28)

Portugal 2.04 0.65 —66.93 0.67
(1.32, 2.92) (0.53, 0.76) (—79.89, —47.70) (0.42, 0.99)

Table C.1: Comparison of the value of R, at lockdown (LD) and its 95% Cls between model 1 and
2 for all eleven countries analysed in Flaxman et al.! and an additional three countries of Greece,

Netherlands and Portugal, for the time horizon March 4th to May 5th.
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