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Highlights from this report:

We have introduced a new change point for the reproduction number acting from July 1 in the
change point model. We now report on threshold values for travel restrictions by counties in
Norway. The model incorporates updated data by yesterday on infections, which are known to be
imported from outside Norway.

Compared to last week, the results from our models collectively indicate a worsening of the situation
and increasing transmission.

The reproduction number acting from July 1 is estimated to be 0.98, with a wide 95% confidence
interval (0.35 - 1.5); the estimated probability that the reproduction number acting from July 1 is
larger than 1 is 49 %.

At the end of next week, we predict 84 new infections per day in Norway, with a 95% confidence
interval from 0 to 303. In three weeks we expect the number of new infections to be 124, but up
to 615 in the 95% confidence interval. A week ago, we estimated this upper bound to be 70, so
our estimate has increased by a factor 9. We estimate a growth of new infections in the next three
weeks, while a week ago, we estimated this to be stable.

The prevalence of COVID-19 infections in Norway three weeks from today is estimated to be around
700 with a 95% confidence interval up to approximately 3000. This upper bound was about 450 a
week ago, and has grown with a factor of almost 6.

Hospitalisation, currently at a low level, is predicted to continue to slowly increase in the next three
weeks. Today, 15 COVID-19 patients are hospitalised; we expect this number to increase in the
next three weeks to 29, with a 95% confidence interval up to 99. For comparison, we estimated this
upper bound to be 31 a week ago.

We start to estimate the probability that the total number of new infections exceeds 20 per 100.000
inhabitants in the next two weeks. This week, the counties of Oslo, Viken, and Innlandet have
largest such probability, almost 50%. The probabilities are estimated from the model based counts
of new infections and not the observed lb-positive counts. The likelihood that a case is tested is
not taken into account.

Long term predictions for the next 12 months, assuming that the reproduction number R4 remains
estimated as now, show a hospitalisation peak in early 2021. The probability that more than 500
patients need ventilator treatment at peak is estimated to be 24.5% (and 21% for more than 1000).
These probabilities were below 1% a week ago.

The SMC model estimates the 7-days averaged reproduction number two weeks ago to be 1.42
(0.75-2.37); the estimated probability that the daily reproduction number two weeks ago was larger
than 1 is 86%. We are still working on improving the SMC model.

Inter-municipality mobility, measured as mobility of Telenor mobile phones out from each munici-
pality, has been increasing in the last week, but has not reached the level of late June yet.
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What this report contains:

This report presents results based on a mathematical model describing the geographical spread of COVID-
19 in Norway. The model consists of three layers:

e Population structure in each municipality.
e Mobility data for inter-municipality movements (Telenor mobile phone data).
e Infection transmission model.

The model produces estimates of the current epidemiological situation at the municipality, county (fylke)
and national levels, a forecast of the situation for the next three weeks, and a long term prediction.

How we calibrate the model:
The model is fitted to Norwegian COVID-19 hospital incidence data from March 10 until yesterday. We
seed the model with infections imported to Norway from February 26 until yesterday.

How you should interpret the results:

The model is stochastic. To predict the probability of various outcomes, we run the model many times
in order to represent the inherent randomness. We present the results in terms of mean values, 95%
confidence intervals, medians, and interquartile ranges. We emphasise that the confidence bands might
be broader than what we display, because there are several sources of additional uncertainty which we
currently do not fully explore: firstly, there are uncertainties related to the natural history of SARS-
CoV-2, including the importance of asymptomatic and presymptomatic infection. Secondly, there are
uncertainties related to the timing of hospitalisation relative to symptom onset, the severity of the
COVID-19 infections by age, and the duration of hospitalisation and ventilator treatment in ICU. We
will update the model assumptions and parameters in accordance with new evidence and local data as
they become available. Results can change also significantly. See more details at the end of this report.

The mobility data are updated until August 7%". They account for the changes in the movement patterns
between municipalities that have occurred since the start of the epidemic.

Because in this report we calibrate our model using national hospitalisation data, the predictions at
county level can only be taken as an indication.

We assume three reproduction numbers for Norway:
e Ry active until March 14;
e R, active from March 15 to April 19;
e Ry active from April 20 until May 10.
e Rj active from May 11 until June 30.
e R, active from July 1 until today.

When we forecast beyond today, we use the last reproduction number for the whole future, if not explicitly
stated otherwise.

The basic reproductive numbers are calibrated to hospital incidence data until yesterday. Estimates of
Ry, R1, R2, R3, and R, are uncertain, and we use their distribution to assure appropriate uncertainty of
our predictions. Uncertainties related to the model parameters, as well as the transient period in weeks
11 and 17, imply that the reported effective reproductive numbers should be interpreted with caution.
Because patients admitted to hospital have been infected long before, there is a necessary delay of about
two weeks in the estimation of reproductive numbers.

In this report, the term patient in ventilator treatment includes only those patients that require either
invasive mechanical ventilation or ECMO (Extracorporeal membrane oxygenation).
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1 Estimated Reproductive Numbers
Calibration of our model to hospitalisation data leads to the following estimates (figure 1 and table 1):

Table 1: Calibration results

Parameter Mean  Median  Confidence interval (95 %)
Amplification factor 2.02 2.06 (1.17-2.94)
RO 2.69 2.63 (2.1-3.4)
R1 0.54 0.54 (0.46-0.62)
R2 0.66 0.66 (0.39-0.91)
R3 0.79 0.80 (0.5-1.07)
R4 0.98 0.99 (0.35-1.5)
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Figure 1: Estimated densities of the six parameters.
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Our changepoint model estimates the number of COVID-19 patients admitted daily to hospitals, plotted
in figure 2 with blue median and interquartile bands, which are compared to the actual true data,
provided in red. The uncertainty captures the uncertainty in the calibrated parameters in addition to
the stochastic elements of our model and the variability of other model parameters.
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Figure 2: True total number of hospital admissions (red) and predicted values (blue)



= NIPH

Norwegian Institute of Public Health

In figure 3, we show how our model fits the hospital prevalence data, which are not used to estimate the
parameters, and can therefore be seen as a validation of the model assumptions.
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Figure 3: True total number of hospitalisations (red) and predicted values (blue)

Finally, in figure 4 we compare the true daily number of patients receiving ventilator treatment (red)
with the model estimates (blue).
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Figure 4: True total number on ventilator (red) and predicted values (blue)
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1.1 Time varying reproduction number

1.1 Time varying reproduction number

We introduce a new model of the Norwegian COVID-19 pandemic, which is based on Sequential Monte
Carlo, and is therefore called the SMC model. We allow for a daily varying reproduction number, so
that we estimate a different reproduction number for each day t. In order to reduce spurious fluctuation,
we report a 7-days moving average, so that R(t) represents the average reproduction number for the
whole week before day ¢. Until March 8 we keep the reproduction number constant. (The SEIR model
remains unchanged, except for the daily reproduction number, which replaces the piece-wise constant
reproduction number assumed before.) By assuming a time varying reproduction number R(t), we can
detect changes without having to introduce explicit changepoints, which means that we can easier detect
unexpected changes. However, this model requires additional parameters to be estimated, one per day.
Estimating all these parameters is a difficult task, which we solve by using a method called Sequential
Monte Carlo, see the Methods section at the end for details.

As for the changepoint model, we use hospitalisation incidence data to estimate all parameters. A patient
hospitalised today was infected on average two weeks ago. Hence, hospitalisation data of today carry
mainly information about the transmissibility 14 days ago. The estimated reproduction number of 14
days ago is thus the last one which is based on sufficient data. The estimated reproduction numbers of the
days thereafter are based on diminishing information, and in particular there are no data to inform the
reproduction number of today. Therefore, the uncertainty of the estimates of the reproduction numbers
for the last 14 days is very large. This is also true for the reported 7-day-average reproduction numbers
R¢. In the changepoint model, we are keeping the reproduction number constant after the last change
point. In this way, there are more hospitalisation data points to inform the estimate of R4. For this
reason, the confidence intervals were more narrow.

The figure below shows the SMC estimate of the 7-day-average daily reproduction number R(t) until
today. We observe that R(t) dropped below 1 in the middle of March, corresponding to the lockdown.
It remained stable around 0.5 until the end of April, when it increased to 1 in the beginning of May. It
then kept oscillating below and above 1, in accordance with increases and decreases of the number of new
hospitalisations. R(t) is sensitive to these oscillations in the data. An increase in hospital admissions
indicates a daily reproduction number (14 days before on average) above 1. A decrease in hospital
admissions suggests that the reproduction number was below 1 (again 14 days prior). In the figure we
plot the 95% confidence interval and several quantiles of the estimated posterior distribution of R(t).
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1.1 Time varying reproduction number
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Figure 5: R(t) estimates until 14 days ago using a Sequential Monte Carlo (SMC) approach calibrated to incidence data.
The large uncertainty during the last 14 days re ects the lack of available data due to the time period between infection,
symptoms onset and hospitalisation. Therefore we omit the plot of the last 14 days. The green band shows the 95%

posterior con dence interval.
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2 Estimated cumulative number of infected individuals

The changepoint model estimates both the total number of infections and the symptomatic cases that
have occurred both nationally and in each county. This result together with number of true confirmed
cases can be found in table 2.

Table 2: Estimated cumulative number of infections, 2020-08-10

Region Total Symptomatic No. con rmed Fraction reported Min. fraction
Norway 38591 (34058; 43903) 24659 (21645; 27870) 9682 25% 22%
Agder 2634 (2057; 3299) 1697 (1329; 2104) 358 14% 11%
Innlandet 2538 (2001; 3213) 1627 (1288; 2063) 528 21% 16%
M re og Romsdal 1988 (1566; 2603) 1294 (1015; 1660) 165 8% 6%
Nordland 1174 (805; 1685) 750 (531; 1064) 138 12% 8%
Oslo 5894 (4933; 6898) 3630 (3068; 4251) 3122 53% 45%
Rogaland 3966 (3071; 4834) 2501 (1956; 3032) 485 12% 10%
Troms og Finnmark 1717 (1173; 2524) 1114 (768; 1568) 300 17% 12%
Tr ndelag 2301 (1576; 3298) 1469 (1016; 2093) 580 25% 18%
Vestfold og Telemark 2709 (2115; 3579) 1729 (1334; 2248) 328 12% 9%
Vestland 4370 (3515; 5350) 2768 (2237; 3345) 943 22% 18%
Viken 9300 (7898; 10662) 6080 (5114; 6954) 2735 29% 26%

Fraction reported=Number con rmed/number predicted; Minimal fraction reported=number con rmed/upper CI






	Estimated Reproductive Numbers
	Time varying reproduction number

	Estimated cumulative number of infected individuals
	Predicted incidence of infected individuals, next three weeks
	Predicted hospitalisation, next three weeks, including patients in ventilator treatment
	Predicted number of patients in ventilator treatment: next three weeks
	Predicted prevalence of infectious individuals, next three weeks:
	Predicting prevalence on municipality level
	Mobility between municipalities
	Long-term prediction results
	Long-term scenario results

