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S1 Detailed description of new models

We only provide detailed descriptions of models which were added to our project for the second evaluation
period. Descriptions for the other models can be found in Supplementary Note 3 of Bracher et al (2021).
A more detailed documentation of the LeipzigIMISE-SECIR and SDSC_ISG-TrendModel models which had
not been available at the appearance of Bracher (2021) can be found in Kheifetz et al (2021) and Krymova
et al (2021), respectively.

itwm-dSEIR Fraunhofer-ITWM’s predictions are based on a cohort model that groups people according
to four age groups and according to the status infected, detected and since 19 April successfully vaccinated
(i.e., this extension was added after the evaluation period). The dynamics of the epidemic are described by
integral equations, assuming an infectious period with fixed onset, end and infectivity. The most important
parameters are contact rates between age groups, detection rates and times, and death rates and times, which
are adjusted to the historical data of the RKI. For forecasts, the simulation is continued with the parameters
determined for the last week. In principle, the forecast quality could be improved by anticipating the effects of
events such as the end of public holidays on contact and detection rates. However, this is not yet done in the
automatic submissions. All calculations use automatic differentiation. This speeds up parameter adjustment
and allows for error estimates. The latter are determined by comparing counted and simulated cases and
by matching the empirical standard deviations with the standard deviations predicted by the calculated
sensitivities. The model is described in detail in https://www.itwm.fraunhofer.de/de/presse-publikationen/
presseinformationen /2021/2021-06-22_Dritte_Welle_Starker- Effekt-von-Schnelltests-an-Schulen.html.

Karlen-pypm The python Population Modeller (pyPM, Karlen 2020) is a mechanistic modeling framework
to describe viral spread via discrete-time difference equations. In a pyPM model, different population objects
are connected by a list of directional connector objects. The adjustable parameters of the model are stored in
parameter objects. The core of the model consists of a model of the infection cycle involving the susceptible,
infected (but not yet contagious) and contagious parts of the population. The contagious population is
modelled in more detail by introducing symptomatic, test-positive, hospitalized (normal ward and ICU) and
deceased populations. The model takes time series of cases, deaths and intensive care occupancy as data
inputs. Forecasts are generated at the regional level (German states) first and subsequently aggregated to
the national level. Starting from 1 March 2021, the model was stratified into spread of the wild type of the
virus and the B.1.1.7 variant, and integrated genetic sequencing data on their respective importance.
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» S2 Additional forecast visualizations
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(a) Weekly incident cases, Germany, 1 wk ahead
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(b) Weekly incident deaths, Germany, 1 wk ahead
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(c) Weekly incident cases, Poland, 1 wk ahead
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Figure S1: One-week-ahead forecasts of confirmed cases and deaths from COVID-19 in Germany and Poland.
Asterisks mark prediction intervals exceeding the upper plot limit. The figure shows forecasts from models
not displayed in Figure 2. Colored points represent predictive medians, dark and light bars show 50% and
95% prediction intervals, respectively. Asterisks mark prediction intervals exceeding the upper plot limit.

S4



(a) Weekly incident cases, Germany, 2 wk ahead
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(c) Weekly incident cases, Poland, 2 wk ahead
300000 75" iorecasts—EpiNow 104
. Imperial-ensemble2 (4]
250000 ITWW-~-county_repro g 0.8
200000 — © MIT_CovidAnalytics=DELPHI o
SDSC_ISG-TrendModel 3 0.6 -
150000 - & USC-SikJalpha S  |..Boflg--
]
S 04+
100000 — =
¢ =%
50000 ——=— 10 .08 4 g 024
i i 1

time model

5000 1090 0.
(]

4000 2 08
(7]

3000 3 0.6
© ...t...H. N ...

2000 8 044
=

1000 E 02
(0]

T T T
Feb 01 Mar 01 Apr 01
time model

Figure S2: Two-week-ahead forecasts of confirmed cases and deaths from COVID-19 in Germany and Poland,
same models as displayed in Figure 3. Colored points represent predictive medians, dark and light bars show
50% and 95% prediction intervals, respectively. Asterisks mark prediction intervals exceeding the upper plot
limit.
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Figure S3: Three-week-ahead forecasts of confirmed cases and deaths from COVID-19 in

(a) Weekly incident cases, Germany, 3 wk ahead
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(d) Weekly incident deaths, Poland, 3 wk ahead
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Germany and

Poland, same models as displayed in Figure 3. Colored points represent predictive medians, dark and light
bars show 50% and 95% prediction intervals, respectively. Asterisks mark prediction intervals exceeding the
upper plot limit.
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(a) Weekly incident cases, Germany, 4 wk ahead
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Figure S4: Four-week-ahead forecasts of confirmed cases and deaths from COVID-19 in Germany and Poland,
same models as displayed in Figure 3. Colored points represent predictive medians, dark and light bars show
50% and 95% prediction intervals, respectively. Asterisks mark prediction intervals exceeding the upper plot
limit.
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(a) Weekly incident cases, Germany, 3 wk ahead
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(d) Weekly incident deaths, Poland, 3 wk ahead
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Figure S5: Three-week-ahead forecasts of confirmed cases and deaths from COVID-19 in Germany and
Poland, same models as displayed in Figure S1. Colored points represent predictive medians, dark and light
bars show 50% and 95% prediction intervals, respectively. Asterisks mark prediction intervals exceeding the
upper plot limit.
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(a) Weekly incident cases, Germany, 4 wk ahead
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Figure S6: Four-week-ahead forecasts of confirmed cases and deaths from COVID-19 in Germany and Poland,
same models as displayed in Figure S1. Colored points represent predictive medians, dark and light bars
show 50% and 95% prediction intervals, respectively. Asterisks mark prediction intervals exceeding the upper
plot limit.
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» 33 Decomposition of average WIS values
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Figure S7: Average weighted interval score and absolute error achieved by models across countries, targets
and forecast horizons. The grey area represents the performance of the baseline model KIT-baseline. WIS
values are decomposed into components for forecast spread, overprediction and underprediction.
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» 35 Weights in inverse-WIS ensembles

(a) Inverse WIS weights, incident cases, Germany
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Figure S9: Weights in KITCOVIDhub-inverse_wis_ensemble for incident cases in Germany and Poland,
October 2020-March 2021 (i.e., combined for the study periods of Bracher et al (2021) and the present
manuscript).

(a) Inverse WIS weights, incident deaths, Germany

e

2020-10-12  2020-11-02  2020-11-23  2020-12-14  2021-01-25  2021-02-15  2021-03-08  2021-03-29

KIT-baseline
FIAS_FZJ-EpilGer
MIT_CovidAnalytics—-DELPHI
ITWW-~-county_repro
epiforecasts—EpiExpert
epiforecasts—EpiNow2
KIT-time_series_baseline
LANL-GrowthRate
LeipzigIMISE-SECIR
Karlen-pypm
USC-SikJalpha
itwm-dSEIR

0.8
]

0.4
]

0.0
R

(b) Inverse WIS weights, incident deaths, Poland

7 AT A
g z é d — KIT-baseline
|94, MOCOS-agentl
. I I ICM-agentModel
I MIT_CovidAnalytics-DELPHI
ITWW-county_repro
I . . epiforecasts—EpiExpert
I | epiforecasts—EpiNow2
KIT-time_series_baseline
LANL-GrowthRate
USC-SlkJalpha

MIMUW-StochSEIR
2020-10-12  2020-11-02  2020-11-23  2020-12-14  2021-01-25  2021-02-15  2021-03-08  2021-03-29

0.8
[ ]

0.4
]

0.0
L ]

Figure S10: Weights in KITCOVIDhub-inverse wis_ensemble for incident deaths in Germany and Poland,
October 2020-March 2021 (i.e., combined for the study periods of Bracher et al (2021) and the present
manuscript).
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» 36 Visualization of behaviour at turning points
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Figure S11: a Forecasts of cases in Germany by the ITWW-county_repro model, 25 January to 22 February
2021. b Forecasts for cases in selected German states by the ITWW-county_repro model, 22 February 2021.

40

S13



a« S7 Additional summary tables on forecast evaluation
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terms of relative AE and WIS, 1-4 weeks ahead.

The relative values are obtained by dividing the mean absolute error or WIS of a given model by the respective

in

Forecast evaluation for Germany and Poland

Table S1

value achieved by the baseline model. Values below 1 indicate better performance than the baseline, values

above worse performance.
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Table S2: Forecast evaluation for Germany and Poland, 3 and 4 weeks ahead (incidence scale, based on

RKI/MZ data). Cy5 and Cy g5 denote coverage rates of the 50% and 95% prediction intervals

stand for the mean absolute error and mean weighted interval score.
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Forecast evaluation for Germany and Poland, 1 and 2 weeks ahead (cumulative scale, based on

RKI/MZ data). Cy5 and Cy g5 denote coverage rates of the 50% and 95% prediction intervals

stand for the mean absolute error and mean weighted interval score.

Table S3
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Forecast evaluation for Germany and Poland, 3 and 4 weeks ahead (cumulative scale, based on

Table S4

RKI/MZ data). Cy 5 and Cy g5 denote coverage rates of the 50% and 95% prediction intervals

stand for the mean absolute error and mean weighted interval score.
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idence scale, based on JHU

mc

Forecast evaluation for Germany and Poland, 1 and 2 weeks ahead (
data). Cp5 and Cy g5 denote coverage rates of the 50% and 95% prediction intervals; AE and WIS stand for

the mean absolute error and mean weighted interval score.
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idence scale, based on JHU

mc

Forecast evaluation for Germany and Poland, 3 and 4 weeks ahead (
data). Co.5 and Cy 95 denote coverage rates of the 50% and 95% prediction intervals; AE and WIS stand for

the mean absolute error and mean weighted interval score.
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Table S7: Forecast evaluation at the regional level, Germany and Poland, 3 and 4 weeks ahead (incidence

scale, based on RKI/MZ data). Results are averaged over the different regions (states in Germany, voivode-
ships in Poland). Cp5 and Cp g5 denote coverage rates of the 50% and 95% prediction intervals; AE and

WIS stand for the mean absolute error and mean weighted interval score.
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Forecast evaluation for Germany and Poland, pooled across evaluation periods, 1 and 2 weeks

Table S8

ahead (incidence scale, based on RKI/MZ data). Cy 5 and Cj g5 denote coverage rates of the 50% and 95%

prediction intervals; AE and WIS stand for the mean absolute error and mean weighted interval score.

00T TS0 g¢oz ¢le 00T ¥9°0 ¥gl 98T 9.0 630 ¢e8'61 83T'0E€ G670 Ge'0 0€%9 Treot S[quIesud” uRIPIW-qNUATIAODLIM
$6°0 T1L0 T¥e 6%E G6°0 €40 9¢T I6T 9.0 €€0 2TI0'6T T0T'6C S6°0 Ge'0  16€°9 9796 a[quiesud” U -qNYJIAOD LIS
G6'0 %90 91Z 12¢ 00T 890 0€T 28T 9L°0 8€'0 8S¥'6L 606'8C 960 S0 20v'9 96.°6 9[qUISSUI™SIM~ISIAUI-qNY ATAOD LI
TL°'0 280 ¥LS PS8 780 ¥9°0 182 II¥ 980 TS0 6958 960‘€y 160 ¥9'0 LS9°0T  801°9T QUI[9SB(~SOLIOS™ oW}~ I3
18°0 87’0 €9% 899 780 690 €8¢ CEE L90 6T0 8TELT €€S0F 960 Gg'0 9898 LLV'ET aurpseq-uolyejoderyxo-T 13
1.0 610 ¥8¢ 969 G66'0 G¥'0 91 0O¥€ S0 ¥I'0 @0'8%  LSO'I¥ 980 SP'0  9PS'ET  16L°1T aurdseq-1,131
T6'0  TV0 69T 760 1€°0 90Z 080 LT'0 00162 980 1€°0 £€9¢°01 eydrersIS-0Sn
jatd 8169 [PPONPURLL,-DST"DSAS
G6'0 180 ¢0Z 96T 00T T80 6€T ¥LT S0 ¥I'0 L0T'LT T€T'Gc 690 €0 €989 GG8‘8 1ue3e-SODOIN
68°0 920 ¥G9Ex 08G s 080 OF0 T8CTx L¥hsx 190 TIT°0 PIL8Ex 88FFSx ¥L°0 120 LI8'LTs GIT LT« [HdTHJ-SO1ATeuy Prao) LIN
ZT'0 900 LSSx TLLx GE'0 8T'0 0CEx TThx« 8€'0 GT'0 VSE'6T« T6V'ECx 880 T7°0 8979 x  TLO'0Tx UIASU201S-MNINTIN
76'0 6€£°0 8TTx 99€ « 680 TEO TIST+« €€CTx ¥6'0 FH'0 €€T'6Tx FP6'IEs« 00T 890 TGT'L s+ CTIOTTx Y YIMOID-TNV T
0T'0 000 699 8¥L G0°0 000 TgS 09 8%0 610 68965 ¥Ig'SE TE0 8T°0 LPI'9T 88I‘6T oxder Ayunod-p\ M.LI
0L0 0€0 88Tx €63« gorquosud-rertodury
NAPAIND -HINHI
TL0 090 T6Lx IOT'T4« ¥L'0 €90 €SFx 66Gx% 98°0 LS0 90V'1Cx ¥6I'CEx €60 €€°0 006°€Tx« 9EL'6Tx [PPONYuRSe-INDI
9.0 €70 99% 0.9 98°0 G¥'0 ¥8T 9L 9L°0 €€0 PwLV'EC 189°€E 280 g0 Tov'9 L2€'6 gmoN1d-syseoarogido
98°0 €€0 %97  €a¥ G6'0  9€°0 GST €% %90 610 €990 €6%'0¢ 980 65°0  9€8°9 26501 yrodxpyidy-syseoaiojide
9605 S0H SIM AV 96°0H S0H SIM AV 60D 90D SIM cA €609 S0H  SIM ca [PPOIN
Yjeop peoye M g Yjeop peoye ym T 9s®eD peaye M g 9s®ed proyR M T
pueiod
06'0 8%'0 T1g¢ 8S€ 160 690 €FT LI 180 8€0 866°LT 6WI'LZ G6°0 650 1339 6%2'6 d[qussus”uRIpowW-qnYJIAODLIM
G66°0 TS0 661 9z€ G6°0 SF0 9¥T €Ic 180 €€0 TO0S'6T  €95°0¢ 160 650 TELL LET°CT a[quiesud” U -qNYJIAOD LIS
G6°0 TS0 TI8T G8T G6°0  6S°0 €61 00T TL0 8€0 9686L 66508  S6°0 SS0  IPI'L GGO'TT  OIqUUIOSUS™SIM9SIOAUI-qNYJIAQD LIS
06'0 8%0 128 ¥SL G6°0 ¥9°0 08¢ 0€€ 9L0 €0 Pe8'Vc ¥osLe T80 9¢°0 ¥I90T  T6F'ST QuUI[ose( SOLIoS oW}~ T3]
98°0 €F'0 98¢ %29 G6'0 0S°0 80z I¥e 9L0 8F0 ¥I96T F0L8C 00T 65°0 006°L 7,301 aureseq-uolyejoderyxo-T 13
290 010 8IS %08 160 I¥'0 0.Z S¥vy 90 %20 098°0% 109°.L% 16°0 S0 9¥E'0T  GSE'ST aureseq-1,131
€8°0 920 T8¢ LL°0 9%°0 o€y 890 LT0 Tv6'LT 980 1€°0 €19°91 eydrery{I1S-0Sn
HUIANS-VION
00¥% 1.6 [PPOINPURLL-DST"OSAS
68°0 LE0 L6Ex 9€9% 0L0 0£0 98P TIL9% 990 €€0 LLIEEx 99SFFs ¥L°0 L8°0 ¥00LTsx 06T ¥Tx THd THJ-SO1ATeUy PIao) LIN
790 T1€0 T129% 8T8 9.0 T¥0 8I€x ¥8F 090 TI'0 ¥E€9°9€sx GEILE S9°0 ¥2'0 99€'€Ts« L60FI MIDHS-ASINISIZdIo]
¥6'0 090 T8Tx« 9€Fx 00T LV'0 LS8T« 98Tx 00T T90 ¥6EE€Tx FFE9Ex 00T L0 TLT'GT« 08€'TT« RYYIMOID- TNV T
LL°0 800 98°0  9€°0 G680 €30 €6°0 €70 wdAd-uayres]
¥2'0  0T°0 ¢ve €6¢ 600 G00 6FF 9LF 61°0 000 ¥¥S'LE T8L'SF €20 G0°0 €I6°6T 196°€T oxder £yunod-p M LI
€8°0 0S°0 €8°0 8S°0 SL0 TP SL°0 H47al0) YHIHSP-wumt
0L0 G9°0 99Ts« V3T« gorquosud-rertodury
IPAIND-HINHI
8%'0 610 LSV 66G 7e'0 €30 98¢ ¥SE L9°0 6T0 €TS'8T  WLILZ 160 0S'0 8209 8116 BOTIAY-rZA"SVIA
9.0 TS0 6£¢ €6V 780 ¥9°0 LAST  9%C TL0 TS0 0L6'€C TlLLTE LLO 650 6L G6e0T gmoN1dy-syseoarojide
180 €€0 G8¢ €e¥ 780 0SS0 TLT 6% €70 €e0 TLZ'LT 09S%C 980 9¢'0  S¥6'9 £€59°01 yredxpyrdy-sjseoarofide
96705 90D SIM AV 9605 90H SIM AV 960D 90D SIM qv 96705 €0D  SIM av [PPOIN
yjeop preaye ym g yjeop peaye ym [ 9sed peoyr M g ased peoye ym T
Auewrior)

S22



‘pajjTwIo oIk synsal ‘porrad uolyen[eAd oY) JO SPIIY) OM] URYY) SSO] PAISAOD [opow & J] ‘doueuriojiad I1d1) Jo
JUOUISSISS' D19STIISSad © POAIDODI SN Y PONIRW S[OPOJN “}oom pue 1081e) 9A1109dsol oY) 10] }5LIDI0J 19710 Aue Aq PoOASIYdR 2100§ ()s98Ie]) 1SI0M oY)

yym pogndwil o1om SIOLID 9IN[OSR PUER SOI0OS [BAIDIUI POIYSIOAN "0oM OUO 1sed] Je I10] pandull o1omM SOIODS SIOYM SOLIYUS IR SHSLIOISY 4

Forecast evaluation for Germany and Poland, pooled across evaluation periods, 3 and 4 weeks

Table S9

ahead (incidence scale, based on RKI/MZ data). Cy5 and Cy 95 denote coverage rates of the 50% and 95%

prediction intervals; AE and WIS stand for the mean absolute error and mean weighted interval score.
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