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ABSTRACT The demonstrationgonducted as a part of POLAR
ICE have provided confidence that the products

The POLAR ICE project has developed a system for used were accurate and useful.

integrating and delivering satellite derived ice
information products to operators working in the
economically and environmentally important Arctic and

Antarctic regionsPOLAR ICE has beersuypported by 1. Advancedsen. |  seiiice Sea-ice Sea-ice
t he Eur o pean Go pTUgrlal’BmBI and ' s ice information thickness pressure forecasts
) h products

undertaken by European and Canadiampanies and I
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Observation imited (I_D\(EO) company. It is the aim of visualisation Gas, Fishing,

PVEO to commercialise the service thatshheen m—— ' Coast Guard, Ice
nooard, ordering, service, Tourism,

developed and demonstrated as a part of POLAR ICE. ::). End User i —_ e i

. . . . . emonstrations i lisati e
Access to sea ice information derived from satellite bl oty

earth observation data is critical to SUppOI’t the 4, Business | Product ordering & subscriptions, bandwidth office &

) ; . . - - I, regions of interest, vessel position, colour tabl
increasing numbers of Arctic and Antarctic shipping ~ 272Vsis | vessehregionsofinterest, vessel posiion, colour tables
and offshore operations and to protect thepidly Figure 1. Overview of the POLAR ICE sea-ice
changing polar environment. information delivery concept.

To-date the development of sea ice information
capabilities has addressed separate elements ofempl 2. Integration, delivery & visualisation: Operators
service chains. In contraBOLAR ICE haslinkedthese in polar waters may be aware afrange of ice

separate elements together,efillin known gaps and informationproductswhich they would liketo have
built a robust integrated service chain access to, however these products will typically
originate from a range of different institons,

1. PRODUCT INTEGRATION, DELIVERY & possibly in different countrieand h a variety of
VISUALISATION different formatsPOLAR ICE hascreated a single
There are four main thess that have characterised the “one fsdmipthasusers can accesswide
POLAR ICE projec(Figurel). range of stateof-the-art products from within a
single robust servicewhich then delivers tle
1. New products: POLAR ICE has developed products where they required and in a forrtiaat
products to meet knowrequirements,ri particular can be viewed using a purpose built visualisation
focusing on:seaice forecastsseaice pressure and systen1].
seaice thicknesg(discussed further in Sectia). Importantly the systeralsoallows the end user to
The POLAR ICE system therefore provides access subscribe to product feeds that are tailored to meet
to the World's |eadingg s etfeirdpécific neRds OFbriekaine, iCiPptife’ t
both the Arctic and Antarctic waters. customise the region of interefsr which products

are providedand theproduct sesolution can be



adjusted to suit the communication bandwidth
available to the user

User engagement: A vital component of the
POLAR ICE projecthas been ensuirig meetsreal
end user needs. Thisas been achievely close
collaboration with end userf@cluding a series of
demonstratins of the service and its products
covering arange of polar applications, which is
described further in Sectidh

Business case analysis: A business casbkas been
developed so that th@olar View company can
transition POLAR ICE into a sustainable
commercial service

2. PRODUCT AND SYSTEM DEVELOPMENT

The main POLAR ICE development taskshave
focussed orthe advanced sdee information product
andthedataintegration and visualisation systems.

2.1 Product development

Sea ice forecasts: Prior to the POLAR ICE projedte
forecastsverenot readily available to Arctic navigators.
However, the Danish Mgeorological Institute(DMI)
haveprovided the®?OLAR ICE system withforecasts of

ice concentration, ice drift, ice thickness distribution
and ice deformation to users for the first time in a
unified mannerin additionthe forecastsare providecht
higher spatial and temporal resolutions compared to
whatwas previouslyavailable[2]. This greater level of
detail will be particularly useful in operational settings
when decisions about ship routing and ice management
for marine platforms need information altchow the
sea ice and meteorological conditions will change over
the next hoursas well as over longer time spans

The ice forecast product has been made available in two
resolutions: (1) coveringhe whole Arctic with a
resolution of 10km(2) with ahigher resolution(down

to 3km) covering Baffin Bay including the Canadian
Archipelago and Nares Strait.

Both oceanic forecasting systems assimilate sea ice and
sea surface temperatures (where there is no ice). They
run twice a dayThe file format of all dta iSGRIB on

an equidistant grid(GRIB is a concise data format
commonly used in meteorology to store historical and
forecast weather dgtaDemonstrations have proved that
the datacan be successfully integrated and visualised in
the Viewlce systerfil] and has provided good results in
the demonstration with the Norwegian Coast Guard in
the Arctic ice north of SvalbardFeedback has shown
interest for validation otidal forces operating on ice
movement, pressure and concentratigvork on this
andothertopicsis ongoing.

Sea-ice pressure: Ice pressure is an important
parameter for successful navigation through pack ice as
well as for offshore platformoperatios. The Danish
technical University (DTU) system runs automatically
providing POLAR ICE with ice divergence, ice shear
and ice vorticity maps on a daily basis. Different
rendering methods have been tested, and presently data
is provided in raster maps (png and geotiff) and vector
maps (shape format).

Sea ice thickness: The University of Bremen, the
Finnish Meteorological Institute (FMI) and the
Norwegian Computing Centre(NR) are each
systematicallydistributing sea ice thickness products
through thePOLAR ICE systembased on satellite data
for operational usage. Each of the three products has its
own range of validity and applicabilitand each has
been upgraded so as they can be ingestdteiROLAR

ICE integration andvisualisation system. Technical
upgrades to the products from the three providers have
included:

I NR: The processing chain was atigp to run in
near real time, and the spatial resolution and
coverage of the product were improved to meet the
POLAR ICE specifications. This included replacing
the input satellite data source from Aqua MODIS to
SuomiNPP VIIRS. The current processing ahés
producing products covering the European side of
the Arctic at a spatial resolution of 750 Buring
the revision the processing chain was also prepared
for using data from the SLSTR and OLCI sensors
on Sentinel3 for when this data becomes available.

FML. FMI s sea ice thi
multi-sensor satellite data; eBtinetl SAR and
AMSR2 microwave radiometer, and CMEMS
TOPAZ-4 model for the Barents and Kara Seas.
Thin ice (thickness up to 30 cm) is identified with
microwave radiometer datd OPAZ4 background
ice thickness field is locally modulated by SAR
image statisticsThe resultingce thickness chais
issued daily to the POLAR ICE system as GeoTIFF
file with 1 km pixel size.

I UniHB: Previous ice thickness products from the

University of Bremen suffered from a problem
caused by strong radioequency interference (RFI)

in some areas of the Arctic. The first RFI filter was
too coarse and deleted too much data. During
POLAR ICE, a better RFI filter has been developed
and implemented.

Various validation and intecomparison studies
between the three products described above have been
conducted[3]. In general, the results suggested that
improvement in the AMSR2 thin ice detection
algorithm is still needed; sometimes AMRS2 detects
thin ice over areas of thick iceprobably due to
sensitivity of the radiometer data (36 and 89 GHz) to

ckness



various snow and ice properties (measured thin ice
signatures resemble those of thick ice). Unfortunately,
independentice thickness datavas not available to
assess how well thproducts worked foice thicknesss
greater than 1 metre.

2.2 System development

Visualisation: Fr om an end users
visualisation system used tlisplaythe ice information
products is extremely important. As a part of the
POLAR ICE project the Viewlce visualisation system
developed by VTT has been substantially upgraded to
act as the main end usermterface to the Wole
POLAR ICE system. In addition tdits visualisation
capability, Viewlce dso includes theproductordering
functionality. Viewlce enables the users to order the
productsfrom the POLAR ICEcataloguein a tailored
format to best suit theirparticular circumstances
principally with regard to their area of interest and the
resolution of the data required, whican becustom
madeto suit the available bandwidth conditions. Also of
importance is whetherthe user wans a regular
subscription to particular product feeds, or whether they
prefer t o downl oad individual
Subscription to a feed is@nvenient solution for many
users, but the individual downloadsfers a greater
degree of control ands often favouredin situations
with limited bandwidth.

For a visualisation system that accommodates several
providers of productsthe challenge is o to present
these products in a way that effectively communicates
the requiredinformation and which isalso consistent
across the whole range of available products, thus
fulfilling the requirement that the colour scheme should
be harmonised per physigarameter.

The principle adopted and implemeniedPOLAR ICE

has beerio use a layered approach where the values in
the raster products are mapped to either explicit
categories or to ranges of physical values. The physical
values are then mapped to calganges thus ensuring
that the same physical value is shown in the same colour
regardlessof the origin of the product The system
thereforeenables harmonisation of the products coming
from different providers and also supports interactive
changing ofte colour scale

Operational service integration: The heart of the
POLAR ICE system is thé€CEMAR Metadata Server
(IMS) which has been developed at the British Antarctic
Survey (BAS andhas built onprevious workfrom the
earlier ICEMAR project (also supprted by the
European Commi ssi o0.nThes IMF P 7
acts as a central hub where all of the data from the
different product providers is collectedlso collected

at the IMS are the requests for data received from the
end users. Theseequestsnclude the tailoring (region

of interest, resolution etc.) as discussed above, specified
by the users from tlireViewlce visualisation systesn

These usefs r e careehen gsed to automatically
customise the products before they are dispatched to the
end use in formats which are compatible with the
Viewlce system

The IMS integration systenaccepts a wide range of
POLAR ICE products as well as other ice and
metEog,opQCBI @redugts,frgm squrgesy. such as from
(the Copernicus Marine Environment
Monitoring Service formerly known as MyOcean

3. END USER DEMONSTRATIONS

A key part of the POLAR ICE project has been the
engagement with end users who work in polar regions.
An initial requirementgatheringphase providedseful
input to help shape the dgs of both the products and
the overall system functionality. Later a series of
demonstrationsvere conducted in which selected end
users made use of the POLAR ICE system inwithin
their working environment. A variety of end users were
chosen to covea range of applicationgyeographic
regions and ice management requirements.

ThRM OdembHst Pyt imdakd” pegan
demonstrationsvhich were coducted with the DMI Ice
Service during February and June in 2015. Although
these demonstrations tookapk in the DMI offices they
were conducted so that theyimickedrealistic offshore
scenarig. Both of these internal demonstrations were
very valuablefor identifying manyissues which after
being addressed greatly helped to improve the
robustness of theystem.

In the following seven subections a brief overview is
presentedf the main demonstrations, which provided
the most valuable feedback which has helped to further
improve the technical capabilities of the systehhe
demonstrations havalso provided insights into the
potential for commercialising tHeOLAR ICEsystem.

4.1 Testing POLAR ICE during a seismic survey in
the Greenland Sea, August - September 2015

During August and September 201%he Danish
Meteorological Institute (DMI) had three le&dvisors
working on IB Otso, a Finnish icebreaker hired by a
seismic company to support adBnensional seismic
survey off the north east coast of Greenldndrder to
support the planning for such an operatiom a
understanding of ice conditions is réwgad at different
scales, both in time and extent.

il

Long term planning- when to operate in the
prégion®@ r a mme )

1 Strategic planning during operatiettypically 3-7
days ahead POLAR ICE was mostly used for this
purpose)

1 Daily planning and deviationse. which sismic

line to acquire now and next 24h?



The POLAR ICE data integration and visualisation as a part of a wider cooperation between the Swedish
system was tested and used on a daily basis, especiallyMeteorological and Hydrological Institute (SMHI) and
to display the latest forecast data such as ice drift theSwedish Polar Research Secretariat (SPRS)
vectors, ice thickness charts, ice concentration charts The first expedition was conductednimard the
and wind vector information (displayed using wind . break IBpOd i the N Strait thwest of
barbs). As can be seen frdfigure 2 the POLAR ICE Icebreaker enn the Nares Strait (northwest o

Greenlan nd the second onbgayd.the twg icebreakers
system was used onboard thlﬁogéargggn(?BFEPejnnor rIl<‘)feSpit%i:f:ér'geﬁ?eﬁpglrtiféiefr' cige.

Subscriptios for AMSR, Modis and Sentindlimagery focus of the demonstration was an examination of the
were also used aspart of the test, and in general the forecast products, howeverin addition Sentinel
data flow went well during the entire period, which was satellite data was also ordered and u3ée forecasts
assisted by the fact that the icebreaker had a stable andanalysed also included the SMHI forecast system which
relatively fast internet connection. was set up especially to cover the Nares §itaiegion

for this demonstration.

Figure4. Ice floes in the Nares Strait.

Lessons learnt:

T 1t was r e pehad enarmotishhalp from “
the POLAR ICE system’ s ability
download satelte images. The functionality and
ease of use of the system has improved
significantly and is now easier to use compared to
the earlier versioris .

1 It was pointed out that havirdear acquisition time
stamps orall of the images is very important. This
extends to the Sentindl mosaics, which are very
useful, but it would be very helpful, if the

f

S e S TR ST el acquisition time of each component of the mosaic
Figure 3. Ice forecast showing how former land fast ice could be communicated.
is expected to drift east. f Ingeneralit was found that the

perform as well in regions like thMares Strait,
which arehemmed in by land, in comparison to
otheropen ocean waters.

In generalit was found that th&MHI ice forecasts
were indicating too little ice in comparison to the
observed situation.

Lessons learnt:

1 The \sualisation system provides a good display of
forecastata, especially wh regard to wind and ice q
drift.

1 The GPS functionis important for understanithg
the vessel positionwithin the data.

T !ce forecastswere a,b'e to _SUC(_;eSSfu"_y predict 4.3 Yttersia AS, Arctic Fishing, September 2015
important changes in the ice impacting on the

mission Yttersia is a small fishing and seal hunting company

with a single fishing vessel. They operate mainly in the
Barents Sea and the Greenland Sea, but in 2015 they
went for the first time to the western side of Greenland
(seeFigureb).

4.2 SPRS Petermann expedition, Nares Strait,
August 2015

The POLAR ICE projectwas able to benefit from the

research expeditions Petermann 2015 and OATRC 2015 Yt t er si a’ s  Vv(sesFgerd6) nelgatésiint s o0 g
the region close to the ice edge, and sometimes goes



into leads in the ice. Their ship is nge&nerallyrobust was extremely difficult. To a degree that meant it

enough to break through ice. They sometimes break wasn’'t possible for them to
through very thin ice, however this is exceptional. They { Feedback from the vesis stressed that the operator

have ageneral requiremerfor a broad range of sea ice wants to see a simple picture of the current
information. They need as detailed information as situation:; “the simpler, th
possible about the shape of the sea ice edge and about] Training for users is very important for getting up

leads and whether they are clear to gate. and running quickly.

1 In general, it is useful to minimise the number of
similar products.

Figure 5. The Yttersia’s sailing route.

Lessons learnt:

1 Sentinell datawas especially useful.

1 It is important tohavecontrol over the amount of
data received because of bandwidth issues.

1 However, it was pointed out that bandwidth speeds
are generally better than they used to be and
improving all the time.

4.4 Arctia’s two vessels voyage through the L — LTI

Northwest Passage, October 2015 Figure 8. The route of the Fennica and Nordica over a

Arctia own and operate the Finnish icebreaker fleet.  RadarSat-2 image and an ice concentration image in
During the winter Arctia’'s thabickgioyd derpal fomm AMSR2damr e ak er s
make sure that maritime traffic to and from Finnish

ports run without delays, while during the summer 4.5 Tor Viking voyage through the Northern Sea

Arctia work in Arctic waters to ensure safe operations in  Route, December 2015

the offshore ofl and gas fields. During the spring of  Tor Viking is a Swedish icebreaker, which needed to get
2015 Arctia’s i celChukchiBear s hdnle 80\S€ahdingvid fromahe Palif: during December
off the coast of Alaska to provide an ice management 2015. The crew choose take the Northern Sea Route
service f o-shoreSplaefdrnts’ B retufnf  (travelling north of Russia) thereby potentially saving
voyages through the NorWest passage in the late  twelve days compared to using the Panama Canal. This
autumn provided an opportunity for collaborating in a time difference can represent a big saving in costs, and

demonstration with the POLAR ICE project. The the vessel will be ready sooner for new work in the
Northwest Passage is the sea route connecting the North Sea.

Pacific and Atlantic Oceans through Arctic e via . ) )
the Canadian Arctic. The downside to taking the Northern Sea Route is the

extremely challenging ice conditions. Howevehis

Lessons learnt: _ journey home was aided by satellite imagery and ice

T Communication with the vessels for a large jhtormation products derived from satellite data that
proportion of the most northerly part of the voyage o< provided by the POLAR ICE system as wa|




from other sources.

In this particular demonstration the data received
through the POLAR ICE system was integrated into the
vessel's onboard ECDI S
work well.

Lessons learnt:

1 Finding leads and avoiding heavy ice is important
to save time and ensure a safe journey.

1 The new opportunity of finding leads within the ice
has in some cases increased speed from 5 to 12
knots.

1 Ingesting the radar imagery into the ECDIS system

onboard made navigation easier.

Hoo ze62°| SIW iq3gkn | (20 2720°

SOG
96 135kn

Figure 9. Satellite data such as ESA's Sentinel-1 can
provide an important Navigation tool to avoid areas
with ridges and hummocked ice.

4.6 RRS Ernest Shackleton at the Antarctic, January
2016

The RRS Ernest Shackletproperded by the British
Antarctic Surveyis anice strengthened vessel capable
of a wide range of logistic tasks as well as having a
scientific capability In early 2016 theShackleton
travelled from Cape Town to thélalley Research
Station on the Brunt Ice 8H, Antarctica.This provided

an opportunity to demonstrate the POLAR ICE system
in the Antarctic waters, with two of the projects partners
onboard at different times during the voyage.

In general officers gave very positive feedback on
Viewlce and theMS system. The simplicity of Viewlce
and the integration with the ordering/ subscription was
very well received.

Lessons learnt:

1 Very positive: simplicity of product ordering &
displaying, switchable projections, route planning
tool , abilithi doprtr pdewt
resolution subscription.

GPS integration worked well: tracking woukdso
be useful.

syst

Figure 10. POLAR ICE running on RRS Ernest
Shackleton.

4.7 Norwegian Coast Guard demonstration in the
high Arctic, February 2016

KV Svalbard is a Norwegian Coast Guard iceler
and offshore patrol vessebrimaily operating in the
Arctic waters north of Norway, the Barents Sea and
around the Svalbard islands.

During February 2016 théNorwegian Coast Guard
participatedin a demonstration to test tiROLAR ICE
system fordelivering sea ice information products for
navigation at high latitudes in the Arctic Ocean. Nick
Walker from eOsphere Limited and Lauri Seitsonen
from VTT were invited onboarfor a mission which left
from Longyearbyen, Svalbard on 9th February 2016,
travelled north into the sea ice, ultimately reaching a
latitude of 82 degrees and 20 minutes, before returning
to Longyearbyen on 16th February.

igure . KV Svalbard in the harbour at
Longyearbyen, Svalbard.

One of the most encouraging aspects of the
demonstration was how keen the crew was to see the
data that was being accessedths vesseltravelled
through the ice. Withut satellite datahere is avery
limted view of ice conditions, so there was
considerableenthusiasm for possibilities to improve
their situational awareness.

Because of the bandwidth limitations (using Iridium at
over 82 degrees nortlif) was necessarto restrict the
RiYtadownldadda s Wumber of favourite products
which were tailored in terms of region and resolution
matcht h e v positior. Durirgg the progress of the
demonstratiornthere was a lot of interest in tH2MI
forecastsas wellas the Sentil-1 data



The demonstration highlighted the importance of the very important for trying to match S1 data (often

timeliness of getting the data out to vessels in these several hours old) witthe ice environment. So, on
conditions. Sea ice is constantly moving because of frequent occasion#t was necessary to checthe
winds, currents and tides. So the position of the ice forecast drift vectors with the crésvestimates of
might have changesdubstantially from that shown in a drift made by the vessel. In generddey matched
product that has taken several hours to arrive. The KV very well.

Svalbard encountered an example of this when tidal 1 The overall impression was that the ice thickness
forces caused the gaps between the ice, which were forecast was faly accurate. However, wasuseful
clearly visible in a Sentinel image in the morning, to to remind the crew that the forecast values are
have cbsed by the time a second image arrived later in “average” values, because =
the day. varied considerablgs the vessel progressed in and
around different ice floes

N82-5_ [l |\
Norlhern}ﬁ?ﬁpo’swlsdn ‘ L\~ 4. CONCLUSIONS

The POLAR ICE projecbeganin January 2014 and
will finish at the end of June 2016. During the course of
the project asubstantialamount of development has
been completed, which has resultedanrobustdata
integration, delivery and visualisation system, designed
to provide neareattime ice information products
tailored to meet the requirement$ navigators in ice
infested polar waters. Furthermorthe portfolio of
stateof-the-art ice information products available and
compatible with the POLAR ICE system providibe
information, which is most frequently required by polar
navigators.
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