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Abstract

B

The Baltic Sea, a relatively small semi-closed basin with brackish water, is one of the most heavily “iimiinis
trafficked sea areas in the world. Thousands of vessels visit ice-infested ports every winter, which
requires well organized icebreaking. To support this winter navigation operation, the Ice Service
at FMI conducts monitoring and forecasting of the sea ice throughout the winter. An essential
source of information is obviously satellite data. Imagery from several satellite platforms is not
only processed to serve ice charting and reporting, but is also delivered in near-real-time straight
to the bridges of the icebreakers. The dark and cloudy Nordic winter has proven the Synthetic
Aperture Radar instruments (SAR) to be the most suitable when analysing the development of
the sea ice. Different passive instruments are also used, light and cloudiness permitting. All
satellite platforms bring their various strengths and limitations on the ice analyst’s desktop, RANRIIAS
causing constantly changing challenges to the charting of sea-ice features. So far, the analysis has 3%
been predominantly manual work, but the ever increasing data volumes are setting a demand for ¢
Al-based automatic interpretation.
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Baltic Sea Ice Winters

* Yearly ice coverage
37 000 km2 - 422 000 km?2

 Duration from few weeks to more
than half a year

« Affects shipping every year to
Finland, Sweden, Russia and
Estonia
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Comparison of two 30-year reference periods and gL/
the average of their yearly maximum ice extent E:j.-'_;'.:;'.:-",'._'_'.fj.:-_'.':j;:jﬁ;i.-__. 7

1961-1990
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1981-2010
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“Finland is an island”

* Ship traffic
Nov 2018 - May 2019

* Port calls to Finland: 7400

 Assisted by icebreakers: 1300
(18%)

Source: Finnish Traffic Infrastructure Agency, Winter Navigation
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Ice service - from past to present

* Finland has long experience in ice
monitoring - first done in 1846.

« Systematically since 1897.

« First icebreakers in 1890’s.

 |Ice chart published once a week starting
in 1915.

 |ce report published in newspapers once
a week starting January 1918.

« All major ports kept open since 1971

* Nowadays ice chart published daily during
winter months (co-produced with Swedish
Ilce Service)
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% . « 700 SAR satellite images/winter




Finnish Ice Service

lce Service

«Collection
*Analysis
eProduction
Distribution
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Past to present - satellite data i

First ever satellite image used
In FMI ice monitoring:

ESSA, February 14th 1968.
Resolution >5 km.
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Past to present - satellite data
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ESSA, February 14th 1968.
Resolution >5 km.

1968: ESSA data into operational use.

1981: NOAA receiving station in use

1992: ERS-1 SAR data into experimental operational
use

1994: Acquiring of ~100+ ERS SAR scenes/winter

1997: RADARSAT in experimental use sse..

1998: Purchasing of 100+ RADARSAT images a winter

2002-12: ENVISAT ASAR
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2014: 500+ RADARSAT images during winter
2015> : Sentinel-1
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1L * Sentinel-1 (C) « Suomi NPP VIIRS
- Radarsat-2 (C)
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Optical vs. SAR image
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Sentinel-3 OLCI/SLSTR

Res. ~ 300/1200 m

Spectral bands: 21

Operated by ESA+EUMETSAT
Great potential, not yet fully util
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Northern Bay of Bothnia 2023-01-24

* Suomi NPP VIIRS

* Res. ~380/740 m

« Spectral bands: 21 + dnb
Operated by NASA

ized (OLCI+ SLSTR bands) Day/Night Band (DNB)
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ST ICE CHART 2019-04-08
SMHI Iskarta - Jdkartta o

The Baltic Sea ice chart B 1
. o B= 1= 5 el
* Issued dalily during winter season W= -
* (~ November - May) ] == =
» Co-produced with SMHI (bi-weekly) i == = A
. . . . . . s e ey tatd . w2
* Primarily to serve winter navigation === 2l
needS == I * i st
« Includes information about p T EEEE S R
 Prevailing ice conditions =
» Sea surface temperature
 Icebreaker locations i
« Assistance restrictions to ports

« Drawn according to satellite imagery RIS S NI i . JUETR
and observations o il 7N ;

* Direct link to PDF chart |

» Access to older charts e 3
* First NRT ice chart 21
In 1915 |
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https://en.ilmatieteenlaitos.fi/ice-conditions
https://cdn.fmi.fi/marine-observations/products/ice-charts/latest-full-color-ice-chart.pdf
https://cdn.fmi.fi/marine-observations/products/ice-charts/
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Stage of Development 2

Stage of Development 3

Floe size 1
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Floe size 3

Ice Pressure
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Ice Ridge Concentraticn
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Ice Stage of Development
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TYPE* Very CloseIce

Total Concentration™ 9+/10

Minimum Ice Thickness® 10

Ice Average Thickness® 15

Mazximum Ice Thickness™ 20

Deformation Degree™ 1 Rafted Ice

Partial Concentration 1 <Mull=

Partial Concentration 2 0 Mo Defoermaticn

Partial Concentration 3 1 Rafted Ice

2 Slightly Ridged Ice

3 Moderately Ridged Ice
4 Heavily Ridged Ice

5 Brash Ice Barrier
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FMI Observations

@

« Mareographs 14 e
« Wave buoys 4 .‘ °
« SST buoys 7 &

 Sea ice observation verige
stations 22
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Stockholm ® Tallinn

Eesti
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Satellite Image
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Ice Chart
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LATTOS. . Jadkartta Iskarta Ice Chart
N:o 61 11.2.2016
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Ice Chart Products

2018-01-19

] Open Water (<1/10) |7
[ Very Open lce b

. Open lce .
W Close Ice
B very Close Ice
M Consolidated lce
T New Ice
T Level Tee
Bl Rotten Fast Ice
B0 Fast 1ce

it mis max wind
B34 m/s meen wind
<8m/is maan temperatue

19.01.2018
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Examples of ice service products for the Baltic Sea

Daily ice analysis chart
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Ice thickness analysis

Ice drift (sAR satellite data)
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FINNISH ICE REPORT 03.03.2016
The ice drifts northwest in the Bay of Bothnia

In the northern Bay of Bothnia 40-65 cm thick fast ice in
the

archipelago. Farther out ridged, 40-70 cm thick compact
drift ice to

Kemi 1 and Oulu 1. Farther south 30-50 cm thick very close
ice. The

iro fiold ic in nlacac ridnad and nindar nraceiira

Ice forecast +45h
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Annotated Quick Looks ' - Saad

_ Landmask

» Fast and quick way to visualize satellite |
images o R

g 65°45

* Piloted spring 2016 in Northern Bay of
Bothnia

* Quick-looks can be partly automatized

« Annotations highlight the most relevant

P o
Thin ice with some
open ¢
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Reported moderste jf ko
Ice pressure ;
e WL : ! & ﬂ:. -.)'_ ey %k |
{94110, Partly Ridged | .
Very Closelce | =~
40 -80em

MNautesl Miks
0 5 10 20
Product: Annotated Quicklook Focus area: Kemi - Tornio fairway
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Satellte mage: European Space Agency - ESA
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