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1 Overview 19

In this supplement, we present additional results on the performance as- 20

sessment of the model for short- (SI2 Sec. 2) and medium-term forecasts 21

(SI2 Sec. 3). 22

2 Model performance assessment 23

The following metrics were used to assess the model performance: 24

• Mean relative error The mean relative error (MRE) is a widely 25

used measure of model accuracy [1]. The mean relative error for the 26

forecasts D̂t at time t is defined as: 27

MREt(Dt, D̂t) =

∑N
s=1 |Dt − D̂t,s|
N ∗ (Dt + 1)

,

where Dt denotes the observed deaths at time t, N is the number of 28

simulated trajectories and D̂t,s denotes the sth simulation at time t 29

[2]. That is the mean relative error at time t is averaged across all 30

simulated trajectories and normalised by the observed incidence. We 31

add 1 to the observed value to prevent division by 0. A MRE value 32

of k means that the average error is k times the observed value. 33

• Comparison with null model Compare the absolute error made 34

by the model with the absolute error made by a null model that uses 35

the average of the last 10 observations as the forecast for the week 36

ahead. We also compared the model error with the error made by a 37

linear model (forecasts from a line fitted to the last 10 observations). 38

• Coverage probability Coverage probability refers to the proportion 39

of observations that are contained in given credible interval (CrI) of 40

the distribution of forecasts. For a well-calibrated model, 50% of 41

the observations should be contained in the 50% CrI [3]. For a X% 42

CrI, coverage probability higher than X% indicates that the model is 43
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under-confident while a value less than X% suggests that the model 44

is over-confident with narrow CrIs. 45

For each country and for each week, the time series of observed deaths 46

was first smoothed by taking a 3-day rolling mean. The average of the 47

daily MRE was used as the weekly MRE. 48

2.1 Mean relative error by epidemic phase 49

Epidemic phase Proportion in
50% CrI

Proportion in
95% CrI

MRE

Definitely decreasing 48.5%
(29.9%)

83.1%
(24.3%)

0.4 (0.3)

Likely decreasing 60.7%
(33.1%)

91.2%
(20.2%)

0.4 (0.3)

Definitely growing 48.6%
(31.9%)

84.7%
(24.7%)

0.4 (0.7)

Likely growing 62.2%
(31.0%)

92.4%
(19.4%)

0.5 (0.5)

Indeterminate 66.1%
(31.2%)

92.4%
(18.9%)

0.5 (0.6)

Table 1. Coverage probability and mean relative error of short-term fore-
casts in each epidemic phase. The values show the average of the metric
across countries and weeks of forecast. The standard deviation is shown in
parentheses.

2.2 Relative error and comparison with no-growth model 50

This section presents the mean relative error of the model and comparison 51

of the model error with the error made by a model that uses the average 52

of the past 10 days as the forecast for the week ahead. 53
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(b)

(c)

Figure 1. Mean relative error and comparison with null model In
each panel, the left graph shows the relative error of the ensemble model
for each week of forecast (x-axis) and for each country (y-axis). Dark blue
cells indicate weeks where the relative error of the model was greater than
2. The right panel shows the ratio of the absolute error of the model to the
absolute error of the no-growth null model. Shades of green show weeks for
a given country where the ratio was smaller than 1 i.e., the model error was
smaller, and weeks where the ratio was greater than 1 i.e. the model error
was bigger than the null model error are shown in shades of red (yellow to
red). Dark blue cells indicate weeks where the ratio was greater than 2.
Panels (a) - (c) show results for all countries included in the analysis.
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2.2.1 Comparison with no-growth and linear models by phase 54

Phase Ensemble
model error
<No-growth
model error

Ensemble
model er-
ror <Linear
model error

Weeks

Likely decreasing 54.5% 88.4% 224
Definitely decreasing 80.9% 96.4% 251
Likely growing 31.9% 74.8% 301
Definitely growing 61.4% 70.3% 542
Indeterminate 32.9% 80.7% 887

Table 2. Comparison of the absolute error of the ensemble model with
that made by a null no-growth model or a predictions from a linear model
as forecast for the week ahead for each phase of the pandemic. The right-
most column (Weeks) shows the total number of weeks in a given phase.

2.3 Relative error and comparison with a linear model 55

This section presents the relative error of the ensemble model and compar- 56

ison of the model error with the error of a linear model (a line fitted to the 57

past 10 observations). The linear model was fitted in rstannarm [4] and 58

the forecasts were sampled from the posterior predictive distribution. 59
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(c)

(d)

Figure 2. Relative error and comparison with a linear model In
each panel, the left graph shows the mean relative error of the model for
each week of forecast (x-axis) and for each country (y-axis). Dark blue
cells indicate weeks where the relative error of the model was greater than
2. The right panel shows the ratio of the absolute error of the model to
the absolute error of forecasts made using a linear model. Shades of green
show weeks for a given country where the ratio was smaller than 1 i.e., the
model error was smaller, and weeks where the ratio was greater than 1 i.e.
the model error was bigger than the null model error are shown in shades
of red (yellow to red). Dark blue cells indicate weeks where the ratio was
bigger than 2. Panels (a)-(d) show results for all countries included in the
analysis.
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2.4 Mean relative error compared with the weekly CV 60

The relative error of the model was proportional to the CV of the number 61

of deaths reported each week and inversely proportional to the weekly 62

incidence.

(a) (b)

Figure 3. The log MRE scales linearly with the log weekly CV (a) and
inversely with the log weekly incidence (b).

63

2.5 Coverage Probability 64

This section presents the proportion of observations in 50% CrI and 95% 65

CrI for each country and each week of forecast. 66

Proportion of observations in 50% CrI 67
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Figure 4. For each week of forecast (x-axis) and each country (y-axis),
the proportion of observations in the 50% CrI of the forecasts. Gray cells
indicate weeks where a country was not included in the analysis because
the number of deaths did not meet the threshold (SI Sec. 5).

Proportion of observations in 95% CrI 68
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Figure 5. For each week of forecast (x-axis) and each country (y-axis), the
proportion of observations in 95% CrI of the forecasts. Gray cells indicate
weeks where a country was not included in the analysis because the number
of deaths did not meet the threshold (SI Sec. 5).

3 Medium-term forecasts 69

This section presents the performance assessment results for medium-term 70

forecasts. The relative error for each country and week of forecast are 71

presented in (SI2 Sec. 3.1) and coverage probability are shown in (SI2 72

Sec. 3.2). 73

3.1 Relative error 74
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Figure 6. The mean relative error grew over the projection horizon be-
coming unaccpetably high beyond a 4-week horizon.
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(c)

Figure 7. Mean relative error of medium-term forecasts. The
relative error of the model in 1-week, 2-week , 3-week, and 4-week ahead
forecasts for each week of forecast (x-axis) and for each country (y-axis).
Dark blue cells indicate weeks where the relative error of the model was
greater than 2. Panels (a)-(c) present results for all countries included in
the analysis.

15



Week of forecast MRE <0.5 MRE <1

1 80.8% 91.1%
2 58.3% 89.5 %
3 33.2% 78.3%
4 25.6% 66.0%

Table 3. The MRE of medium-term forecasts remained relatively
small over a 4-week forecast horizon. The MRE was less than 1
in 66.0% and less than 0.5 in 25.6% of weeks in 4-week ahead
forecasts.

3.2 Coverage Probability 75

Proportion of observations in 50% CrI 76
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(b)
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(c)

(d)

Figure 8. The proportion of observations in the 50% CrI of the forecasts
for 1-week, 2-week , 3-week, and 4-week (clockwise from top left) ahead
for each week of forecast (x-axis) and for each country (y-axis). Panels
(a)-(d) present results for all countries included in the analysis. Gray cells
indicate weeks where a country was not included in the analysis because
the number of deaths did not meet the threshold (SI Sec. 5).
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Proportion of observations in 95% CrI 77

(a)
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(b)
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(c)

(d)

Figure 9. The proportion of observations in the 95% CrI of the forecasts
for 1-week, 2-week, 3-week, and 4-week ahead for each week of forecast
(x-axis) and for each country (y-axis). Panels (a)-(d) present results for
all countries included in the analysis. Gray cells indicate weeks where a
country was not included in the analysis because the number of deaths did
not meet the threshold (SI Sec. 5).
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Medium-term phase 78

Misclassified epidemic phase 79

Phase using RS

Phase using
Rcurr

Definitely
decreas-
ing

Likely
decreas-
ing

Definitely
growing

Likely
growing

Indeterminate

Definitely
decreasing

0.00%
(0)

100.00%
(253)

0.00%
(0)

0.00%
(0)

0.00%
(0)

Likely
decreasing

72.73%
(328)

0.00%
(0)

0.00%
(0)

0.00%
(0)

27.27%
(123)

Definitely
growing

0.00%
(0)

0.00%
(0)

0.00%
(0)

56.29%
(1513)

43.71%
(1175)

Likely growing 0.00%
(0)

0.00%
(0)

0.92%
(30)

0.00%
(0)

99.08%
(3239)

Indeterminate 1.68%
(31)

79.35%
(1460)

0.00%
(0)

18.97%
(349)

0.00%
(0)

Table 4. In country-days where the phase definitions using Rcurr
t (shown

along rows) and RS
t (shown along columns) were different, RS

t most fre-
quently mis-classified the phase as a phase with greater uncertainty. The
numbers in parenthesis indicate the number of country-days for a given
combination of phase in row and column.
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