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Background

® RCM and S-1 data over the Baltic Sea are used in ice charting and for automated Copernicus
Marine Service sea ice products (SIC, SIT, SID).

® The timeliness requirement for NRT CMEMS data is less than three hours.

® Timely ice information is essential for the navigation in sea ice because all the Finnish harbours are
surrounded by sea ice for some time during a winter season. Most of the Finnish foreign trade
tranportation is made by sea.

® The most important parts for the navigation are the Gulf of Bothnia and Gulf of Finland.

® Sea ice information is also needed for other purposes, such as assimilation to numerical weather
and ice models and for other wintertime coastal and offshore operations.
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Baltic Sea
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S-1 and RCM data over the Baltic Sea

® Both S-1 and RCM data are acquired according to the data provider (ESA, CSA) acquisition
programmes. FMI has provided the AOI to the data providers and gets the imagery acquired over
the AOI.

® RCM data in SCW HH/HV polarization mode.
® S1A and S1C (from April 2025) in IW VV/VH polarization mode.
® Earlier EW HH/HV data were received from S-1B.

® Dec 2024 — May 2025: 238 RCM images over the AOI (areas likely to be ice covered during a
typicasl ice winter).

® Dec 2024 — May 2025: 1601 S-1A and 193 S-1C images (from April 2025) over the whole Baltic
Sea. Most of the imagery over open water areas.
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Timeliness

® Delays are computed from SAR acquisition time to the time the data has been
received at FMI.

® S-1A 93 %, S1-C 81 %, RCM 71 % within the three hours NRT requirement.
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FMI S-1 Processing Chain

® The S-1 IW mode VV/VH images downloaded in NRT from ESA CDSE are calibrated, quantized to
8 bpp, georectified and a land mask is applied.
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FMI RCM Processing Chain

® The RCM SCW HH/HV images downloaded in NRT from EODMS are calibrated, quantized to 8
bpp, georectified and filtered and a land mask is applied.
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An example of a RCM VH image before (noisy) and after preprocessing.
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Complementing S-1 by RCM in ice charting and SIT estimation

® Combination of S-1 and RCM data provides a better temporal and spatial coverage over the Baltic
Sea.

® The daily S-1 data covers only parts of the Baltic Sea. The same applies to RCM. Luckily they often
complement each other.

® Timely information over the Baltic Sea for the ice chart production.
® The daily SIT mosaic data quality is improved by the better spatial and temporal cover.
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Co-pol S-1 and RCM mosaics over the Baltic Sea 31 March 2025
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Cross-pol S-1 and RCM mosaics over the Baltic Sea 31 March 2025
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Current S-1 and RCM Products and Production Systems

® S-1is used only for SIT estimation, only S-1A IW mode imagery acquired over the Baltic Sea since
April 2025.

® S-1C data were acquired in IW VV/VH mode during April-May 2025. These data were also used for
the operational SIT estimation.

® RCM is used for operational SIT, SID and SIC (SIC not included in Copernicus Marine Service yet).
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Structure of the U-net used for SIC estimation from RCM and AMSR2
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SIT estimation from SAR, ice model and most recent ice chart
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Examples of Products

® |n the following slides some examples of the Copernicus Marine Service products using S-1 and
RCM are provided.

® RCM SIC is not in CMS yet but has been running operationally during the winter 2024-2025. The
algorithm will be retrained before the 2025-2026 season, including the 2024-2025 data.
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An example of SID 20230326 16:05:47 (RS-2) — 20230327 16:04:52 (RCM)
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An example of RCM SIC mosaic of 20 March 2025 (HH SAR, HV SAR. SIC)
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An example of S-1 and RCM SIT mosaics of 4 March 2024.
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S-1 and RCM cross-pol mosaics of 1 Feb 2025 and their cross-correlation.
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Conclusions and Future

® RCM data are necessary for complementing S-1 for winter navigation in the Baltic Sea: improved
spatial and temporal SAR coverage. Used in both (manual) ice charting and automated (CMS) sea
ice products.

® After some preprocessing RCM data quality is good.

® RCM enables better SID estimates (shorter time gaps between adjacent images over the same
area).

® RCM SIC complements the daily CMS SIT mosaic (based on C-band SAR data).
® RCM SIC will also complement the daily CMS SIC mosaic in the future.

® Waiting for S-1C EW HH/HV mode imagery. All the Batic Sea S 1 imagery in IW VV/VH mode
during 2024-2025.

® Higher automated product resolution in near future.
® Development of new algorithms utilizing both S-1 and RCM (multitemporal analysis).
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