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Introduction - Risk Index Outcome and Automated Sea Ice Products (DMI-ASIP)

The Risk Index Outcome (RIO) is part of the Polar Operational Limit Assessment Risk Indexing
System (POLARIS) by the International Maritime Organization (IMO). It evaluates navigation
risks in ice-infested waters based on ice conditions, ship ice class/Polar Category, and sea ice
characteristics.
Produced by the Danish Meteorological Institute (DMI), AP-RIO uses the deep learning
enhanced, reprocessed Automated Sea Ice Products (DMI-ASIP)2 product to generate risk
maps and climatological insights, aiding safer navigation in polar regions.

The ASIP model, based on a modified U-Net, addresses the lack of Pan-Arctic generalization
and uncertainty quantification is sea-ice retrievals by producing high-resolution sea ice maps with
calibrated uncertainties using Sentinel-1 SAR and AMSR-2 microwave data.
DMI-ASIP provides Sea Ice Concentration (SIC) and Stage of Development (SOD, a proxy for
Sea Ice Thickness (SIT)) for Arctic studies.

Figure: Example SIC and SOD from DMI-ASIP, for 21/07/2017 to 28/07/2017.

RIO method

The simple process of finding and interpreting RIO can be described as1:
1. Determine Risk Value (RV) from lookup table, based on ship ice class and SIT (or SOD).

See figure 2
2. Compute RIO values using SIC and RV with eq. 1
3. Conclude meaning of RIO value of ice-infested area in question based on the lookup table in

figure 3. Obs. A value of 40 means open water

RIO = Cice · RVice + Copen_water · RVopen_water (1)

Where C is the SIC and RV is the risk value of the area in question. The last term of the
equation represents the open water, which will always be the part of the area, that is not covered
by ice. This means Cice and Copen_water always adds up to 100%, meaning that

Copen_water = 100 − Cice

OBS! As seen in figure 2, RVopen_water is always 3.

As can be concluded from figures 2 and 3. Lower ship ice class (meaning ship is less built for the
icy conditions), and higher SOD (meaning older/thicker ice), means higher risk of sailing in that
area.

Figure: 2: Risk Index Value lookup table based on Ship Class and SIT/SOD.

Figure: 3: Meaning of the computed RIO value for each Ship Class.

Results - Risk Index Outcome maps in the Arctic

Outcome of this study is weekly risk maps based on automated SIC and SOD as well as a 10-year RIO "climatology". The "climatology" can be used to get a better understanding of the
evolution of risks of sailing in the ice-infested Arctic waters. To ensure stability for the climatology, 3 areas have been chosen based on the temporal coverage of data in these regions.
An example of a risk map can be seen in figure 4b as the outcome of combining the RIO computational method with the knowledge from the input SIC and SOD (seen for the same week in
figure 1). The chosen areas for the time series can also be seen in figure 4b, while the actual climatological time series can be seen in figure 4a

(a) (b)
Figure: (a): Climatological overview of the RIO values for the 3 chosen areas seen in (b). A positive trend means that the risk gets smaller, meaning that the ice retreats and gets thinner.

(b): Map of output RIO for the week 21/07/2017 to 28/07/2017 based on ASIP output seen in figure 1. Meaning of the RIO values can be seen in table in figure 3
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