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Highlights:

• National epidemiological situation: Our models evaluate the present situation as unstable,
following a clear worsening during the first weeks of December. The effective reproduction number
R11 acting in our changepoint model from 21 December is estimated to be 1.36 (median, 95% CI
1.02-1.74). The estimated probability that R11 is larger than 1 is 98%. The SMC model estimates
the 7-days averaged effective reproduction number one week ago to be 1.29 (95% CI 0.96-1.66). In
this model, the estimated probability that the daily reproduction number one week ago was above 1
is 95%. The SMC model indicates a tendency to a reduction of the averaged effective reproduction
number in the days after Christmas, but it is still too early to conclude. Therefore, we conclude
that the reproduction number is currently around 1.3 (1.0-1.7), either stable or slightly improving.

Since the start of the epidemic, we estimate that in total 102.000 (95% CI 91.000- 116.000) persons
in Norway have been infected. The current estimate of the detection probability is around 6̃5%.

• National forecasting: In one week, we estimate 1.700 new cases per day (median; 95%CI 800-
3.000), and a prevalence (total number of infected people in Norway) of 9.350 (median; 95% CI
5.000-15.000). Hospitalisations in one week are estimated to be 180 (median 95% CI 128-239) and
patients on ventilator treatment are estimated to be 25 (median 95% CI 15-34); the corresponding
three-week projections are (95% CI 98 - 534) and (95% CI 14 - 68). The probability that the surge
capacity will exceed 500 ventilator beds is estimated at 77.5%.

• Regional epidemiological situation and forecasting: The regional model includes data until
31 December. We estimate the reproduction number since 10 December in Oslo to be 1.16 (mean,
95% CI 0.45-1.8) and in Viken 0.96 (mean, 95% CI 0.58 - 1.33). The other counties have repro-
ductions numbers (mean) from 0.9 to 1.3 (Trøndelag). Our estimates have high uncertainty. This
week, we have changed the sequential ABC algorithms in order to improve its capacity to estimate
the parameters; however, at the cost of excessive uncertainty in the reproduction numbers. The
results presented in the weekly report of 6 January were from the previous algorithm whose results
we now improve. Oslo: The number of new cases per day is estimated to be 131 (median, 95% CI
26 - 506) on 12 January, and on 19 January (95% CI 23-757). Hospital prevalence in one week is
estimated to be 20 (median; 95% CI 6-46).

• Telenor mobility data, local mobility and foreign visitors: Inter-municipality mobility, mea-
sured as outgoing mobility of mobile phones from each municipality has declined over the last weeks
at very low levels. There was a huge peak in the first weeks of December. (Only Innlandet has
an increase of mobility in the previous week.) Analysis of foreign roamers shows that the number
of visitors has dropped by around 1/3 compared to the end of November. Polish and Lithuanian
roamers show high visiting levels throughout 2020, but the levels have fallen sharply in late De-
cember. Since October, roamers from England show an increasing trend, particularly in Oslo, but
with a drop since last week when direct flights from the UK have been cancelled.
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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. The model 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 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. 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 results of the national changepoint model 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 both 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 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 hospital-
isation and ventilator treatment in ICU. We continue to update the model assumptions and parameters
in accordance with new evidence and local data as they become available. A full list of all updates can
be fount at the end of this report.
Estimates of all reproduction 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

3.16/3.14(2.09-4.01) From Feb 17 to Mar 14
0.52/0.52(0.42-0.63) From Mar 15 to Apr 19
0.59/0.59(0.13-0.98) From Apr 20 to May 10
0.59/0.57(0.1-1.04) From May 11 to Jun 30
0.81/0.81(0.13-1.51) From Jul 01 to Jul 31
1.09/1.07(0.67-1.36) From Aug 01 to Aug 31
0.89/0.89(0.63-1.13) From Sep 01 to Sep 30
1.3/1.32(1.09-1.61) From Oct 01 to Oct 25
1.44/1.44(1.16-1.8) From Oct 26 to Nov 04
0.84/0.85(0.79-0.92) From Nov 05 to Nov 30
1.02/1.03(0.93-1.13) From Dec 01 to Dec 20
1.36/1.37(1.02-1.74) From Dec 21

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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