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Highlights:

• National epidemiological situation: Our models indicate that the reproduction number has
stabilised below 1, being 0.84 (median, 95% CI 0.7-0.97) from 25 March until 11 April. The
estimated probability that R is larger than 1 is 1.5%. The estimated reproduction number between
2 March and 24 March is 1.1 [1.01-1.17], which shows a significant decrease due to the interventions
in March. The SMC model estimates the 7-days averaged effective reproduction number during
week 13 to be 0.76 (mean, 95% CI 0.56-1.01). In the SMC model, the estimated probability that the
daily reproduction number one week ago was above 1 is 2.8%. There is a good agreement between
the two models. In the present situation, the number of new cases and new hospital admissions are
expected to decrease in the next three weeks.

Since the start of the epidemic, we estimate that in total, 190.000 (95% CI 165.000- 216.000)
individuals in Norway have been infected (between 3% and 4% of the total population). The
current estimate of the detection probability is around ∼60%.

• Changes introduced this week: updated times in hospital. We have re-estimated the length
of stay in hospital and found in particular differences between the Oslo hospitals and the rest of
the country from the beginning of 2021. We give separate estimates until February and from
March. See figures 32-35. For example, Oslo has a shorter time between the onset of symptoms
and hospitalisation.

• National forecasting: In one week, on 18 April, we estimate ca 900 new cases per day (median;
95% CI 500-1350), and a prevalence (total number of presently infected individuals in Norway)
of 6.000 (median; 95% CI 4.000-8.000). The number of COVID-19 patients in hospital (daily
prevalence) on 18 April is estimated to be 260 (median 95% CI 200-320), and the number of
patients on ventilator treatment is estimated to be 60 (median 95% CI 43-76); the corresponding
predictions in three weeks (2 May) are 220 (95% CI 150 - 300) and 50 (95% CI 30 - 70).
We have this week implemented a seasonal effect of 20% or 50% with a smoothed transition (was 20%
in June, July and August last week). Long-term predictions show that a slow gradual reopening is
possible during the coming month, and faster from late July. A higher level of reopening is possible
assuming a high seasonality effect of 50%. The probability that the surge capacity will exceed 500
ventilator beds is now estimated to be 0% because of vaccination.

• Regional epidemiological situation and forecasting: The estimated reproduction number in
Oslo since March 17 is 0.97 (CI 0.82-1.12). Between March 2 and March 16 it is estimated to
be 1.36 (1.17-1.55), which confirms the reduction of transmissibility in Oslo following the March
interventions. In Viken, we estimate the reproduction number since March 24 to be 0.89 (0.72-1.07).
The estimated reproduction number in Viken between 22 February and 23 March was 1.35 (1.26-
1.44). All other estimated effective reproduction numbers are estimated since March 24. There is
very much uncertainty in our estimates for Møre og Romsdal, Trøndelag and Vestland. We obtain
an estimate above 1 but with a 95% confidence interval which is too broad to make the estimate
useful. All other counties appear to have a reproduction number most likely below 1.
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Oslo: The number of new cases per day is estimated to be about 250 (mean, 95% CI 150 -400) on
18 April and on 2 May to be 200 (95% CI 100-400). Hospital prevalence in one week is estimated
to be 71 (median; 95% CI 46-101), and in three weeks it will be 60 (median; 95% CI 35-98). The
situation is slowly improving.

Change introduced this week: EpiEstim-based estimates of daily reproduction number per county.
Remember that EpiEstim uses only test data (not hospital data) and is, in principle, unable to
distinguish changes due to transmission rates from testing power. However, as in this period, testing
appears rather stable, results are of interest and are compatible with the estimates obtained by our
other model, except for Agder, whose reproduction number is estimated to be above 1.

• Telenor mobility data, local mobility and foreign visitors: Inter-municipality mobility, mea-
sured as outgoing mobility of mobile phones from each municipality, has increased in several counties
during the Easter break, but appears back to the level before the break. Particular increases of
mobility have been registered in Troms og Finnmark, Viken, Trøndelag and Innlandet. The number
of foreign visitors to Norway continues to decrease slowly since the start of the year, but remains
at a rather high level.
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What this report contains:

This report presents results based on a mathematical infectious disease model describing the geographical
spread of COVID-19 in Norway. We use a metapopulation model (MPM) for situational awareness and
short-term forecasting and an individual-based model (IBM) for long-term predictions. The metapopu-
lation model (MPM) consists of three layers:

• Population structure in each municipality.

• Mobility data for inter-municipality movements (Telenor mobile phone data).

• Infection transmission model (SEIR-model)

The MPM 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. We run three different
models built on the same structure indicated above: (1) a national changepoint model, (2) a regional
changepoint model and (3) a national Sequential Monte Carlo model, named SMC model.

How we calibrate the model: The national changepoint model is fitted to Norwegian COVID-19
hospital incidence data from March 10 until yesterday and data on the laboratory-confirmed cases from
May 1 until yesterday. We do not use data before May 1, as the testing capacity and testing criteria
were significantly different in the early period.
Note that the the national changepoint model results are not a simple average or aggregation of the
results of the regional changepoint model because they use different data. The estimates and predictions
of the regional model are more uncertain than those of the national model. The regional model has more
parameters to be estimated and less data in each county; lack of data limits the number of changepoints we
can introduce in that model. In the regional changepoint model, each county has its own changepoints and
therefore a varying number of reproduction numbers. Counties where the data indicate more variability
have more changepoints.
The national SMC model is also calibrated to the hospitalisation incidence data (same data as described
above) and the laboratory-confirmed cases.

Telenor mobility data: The mobility data account for the changes in the movement patterns between
municipalities that have occurred since the start of the epidemic.

How you should interpret the results: The model is stochastic. To predict the probability of various
outcomes, we run the model multiple times 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 associated with the hospitalisation
timing relative to symptom onset, the severity of the COVID-19 infections by age, and the duration
of hospitalisation and ventilator treatment in ICU. We continue to update the model assumptions and
parameters following new evidence and local data as they become available. A complete list of all updates
can be found at the end of this report.
Estimates of all reproductive numbers are uncertain, and we use their distribution to assure appropriate
uncertainty of our predictions. Uncertainties related to the model parameters imply that the reported
effective reproductive numbers should be interpreted with caution.

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

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 national reproduction numbers

Calibration of our national changepoint model to hospitalisation incidence data and test data leads to
the following estimates provided in table 1. Figure 1 shows the estimated daily number of COVID-19
patients admitted to hospital (1a) and the estimated daily number of laboratory-confirmed SARS-CoV-2
cases (1b), with blue medians and interquantile 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.

Table 1: Calibration results

Reff Period

3.27/3.26(2.44-4.15) From Feb 17 to Mar 14
0.5/0.51(0.42-0.61) From Mar 15 to Apr 19
0.76/0.75(0.38-1.09) From Apr 20 to May 10
0.66/0.64(0.24-1.02) From May 11 to Jun 30
1.06/1.02(0.32-1.61) From Jul 01 to Jul 31
1.01/1.04(0.75-1.42) From Aug 01 to Aug 31
0.95/0.95(0.76-1.12) From Sep 01 to Sep 30
1.25/1.25(1.07-1.42) From Oct 01 to Oct 25
1.29/1.31(1.04-1.6) From Oct 26 to Nov 04
0.81/0.81(0.74-0.87) From Nov 05 to Nov 30
1.07/1.07(1.03-1.12) From Dec 01 to Jan 03
0.62/0.62(0.48-0.73) From Jan 04 to Jan 21
0.79/0.79(0.64-0.97) From Jan 22 to Feb 07
1.48/1.48(1.36-1.62) From Feb 08 to Mar 01
1.09/1.09(1.01-1.17) From Mar 02 to Mar 24
0.84/0.84(0.7-0.97) From Mar 25

Median/Mean (95% credible intervals)

(a) Hospital admissions (b) Test data

Figure 1: A comparison of true data (red) and predicted values (blue) for hospital admissions and test data. The last four
data points (black) are assumed to be a�ected by reporting delay. B) Comparison of our simulated number of positive cases,
with blue median and interquartile bands to the actual true number of positive cases, 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. Note that we do not capture all the uncertainty in the test data{our blue bands are quite narrow.
This is likely because we calibrate our model parameters on a 7-days moving average window of test data, instead of daily.
This is done to avoid over�tting to random daily variation. Moving averages over 7 days are less variable than the daily
data.
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