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fcreased Human Presence

1siderations drive towards an

an presence in the Arctic region.
change will enhance the
L a presence. Is it possible
hieve a sustainable development of the
on? It requires good governance

man activities should be conducted with the
essential preoccupation of safety for the
persons and of preservation of the natural
environment.



afety First

ate safety levels, beyond
tory regulatory
-conment, technology can definitely help,
ly through the recourse to space systems
bining earth observation, navigation &
sitioning and telecommunications
capabilities. Keywords in this respect are :

- monitor, report, guide, remedy




Jazards and Areas of Concern

1ere space techniques can contribute
nitigation:

ost melting
ical pollution/oil spills
productivity variations

Iree areas are primarily concerned: merchant
shipping and tourism, oil and gas exploration and
extraction, fisheries



Jhe issues’ Matrix

CHEMICAL
SEA ICE | ICEBERGS POLAR PERMA- POLLUTION | pRODUCTIV
LOWS FROST OIL
SPILLS

SHIPPING YES YES YES (YES) YES NO
TOURISM
expLoration  (YES) YES (YES) YES YES NO

/
EXTRACTION

FISHERIES (YES) (YES) YES NO (YES) YES




ITIONS




ays been fairly intense in the

| warming, of the sea ice area, it should

se drastically with the extended use of the
rn Sea Route and the Northwest passage.
ill lead to a requirement for enhanced
support to shipping through improved
communications and aid to the navigation.
Beyond positioning, satellite earth observation
allows to identify pathways through ice fields




Snapshot of
Summer 2004
Traffic

Modes of Arctic

Marine Transport

* Destinational /
Regional

* Trans-Arctic

* Trans-Arctic with
Transshipment

* Intra-Arctic
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Sea ice area map of AMSR data,
Copyright: NERSC
' June 19, 2010






Mautical Miles
10

Kilometers

Radars/SAR
ERS-1 and ERS-2
RADARSAT
ENVISAT

itoring along the Northern Sea
Route using satellite SAR

Sovéi‘sky Soyuz

Field Campaignes
L” Astrolabe (1991)
N/1” Sovetsky Soyuz” (late 1993)

N/I“Vaygach” (February-March 1994)
N/I“Taymyr” (September-October 1994)

C/S” Kandalaksha” (August 1995)

ICEWATCH Project (January-February 1996)

Ice Routes Project (September 1997 and April 1998)
ARCDEYV Project (April 1998)

ICEMON Project (June 2003)




SUPPOTLing ice navigation

76°N  90°E

Mosaic of RADARSAT ScanSAR images Mosaic of ENVISAT ASAR images for 27-28
for 23-25 April 1998 with overlaid route of = February 2005. Planning fleet operations
I/B Sovetsky Soyuz between the Barents Sea and Dikson






have always constituted a threat in
aters (Titanic!) but with global

substantial modification of the Arctic Ocean
lation pattern is predicted by climate

els in case of CO? doubling. Could it affect
substantially the icebergs’ movement (and the
location of fishing grounds)? It is too early to

Say



PIBIDNT hesis of Intissar Keghouche, Un. Bergen




Envisat ASAR H/H ASCENDING
15-SEP-2006 16:33:05
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V0 dete 'n SAR and visible images

“Monitor-E* su; wiofAoril 7, 2008

ENVISAT ASAR sub-image for April 5, 2006
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GEARCTHIC. OCEAN CIRCULATION:

‘\.- RPN

X CO, doubling

Simulated Arctic Ocean surface circulation under present climate conditions and the CO2
doubling global warming scenario

Johannessen et al. Radioactivity and pollution in the Nordic Seas and Arctic Region.
Observations, modelling, and simulations. Springer—Praxis, 2010






e continuously formed over the
1ssociated with heavy

Inds causing serious

ce in the fishery and transport operations at
lows are characterized by a wind speed
gale force (up to 17m/s); their size is

than 1000 km but some may span as little




n not seen on the weather charts

r bureaus due to their small

_ | ically between 12 and 36

d development in remote and data sparse
hat is why the satellite data constitute an
nd irreplaceable source of information for
ow detection, tracking and study



POVETE OW A ETEChioN and tracking using satellite passive

microwave observations
AMSR-E Polar Low detection

This Polar Low 1s not found on
weather chart issued by local
weather bureaus. This is typical
for Polar Low cases due to
their small scales and short life
Envisat ASAR time (typically between 12 and

31 January 2008 36 hrs)
19:44

Danish surface analysis map
31 January 2008 06:00

Total water vapor content field retrieved from AMSR-E
31 January 2008 09:35

_ _ \

; : by 9
© 30 January 20:00 ", . ,}({:

Polar low trajectory derived from AMSR-E data



ENVisat AS image of a Polar Low in the

L Baltic Sea

Envisat ASAR WSM H/H DESCENDING
16-DEC-2009 09:23:18




1‘”

vapor content Wind speed Wind speed

NCEP/NCAR Envisat ASAR

Geopotential, m2is?

Rain rate

Geopotentia

B
Synergistic use of data — polar low is detected at MODIS, AMSR-E, Metop ASCAT and Envisat ASAR






B Low

Moderate
B High

Predictive permafrost hazard map for Russia. The map was
constructed using the GFDL climatic scenario for 2050. Permafrost
area is split into zones with low, moderate, and high potential hazard
to the structures built on permafrost (Anisimov, et. al., 2006)

o permafrost thawing on infrastructure

About 21% of the reported
accidents are caused by
mechanical damage to the
pipelines as a result of increased
strength, deformation, and
weakening of the foundations
anchored in permafrost, and are
thus very likely to be related to
climatic change, warming, and
thawing of the frozen ground
(Nikolaev, 1999)



Problems for Infrsegtianrgee

. 2 e RS :
R ,._" o B : Yakutsk, RuSSIa’ 2006

Photo by V.Romanovsky

!_ -~y .
' Chemn, 2002







v lead to an increased pollution of the Arctic

llites could be of particular assistance in

se remote areas for detection and mitigation

EOil spills” remediation is more complex in

- presence of ice than when performed in open
sea
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NPl recovery - MV “Full City” (Skagerrak

4 Aug 2009
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WARCEFIELD TRIAL (20 M?) OF OIL IN ICE IN
__ THE
BIRENTS SEA MARGINAL ICE ZONE

Courtesy: Whitney Blanchard



ity of transport of terrogeneous matter to
he Kara Sea using satellite data

31.08.2008  tsm_nn,[mg/l]

A" A A A

0.0 0.4 0.8 1.2

Monthly mean distribution of total suspended matter in the Kara Sea in
August 2008 from MODIS-Aqua



N PRODUCTIVITY



temperature in Northern seas,
old water fish species to migrate

identifying fertile fishing
nds but also areas where bloom harmful
valgae lepidodinium chlorophorum and
olithophores Emiliania huxley, as well as in



Barents Sea general

SST MODIS 19 Sept 2005 09:50 UTC [°C]

754577,



sHIBIGPIVIIRCOhCEnbation retrieval from MERIS data using
different hydro-optical models

2005/07/01 ¢ ..

NERSC/MIERSC, chi, [mg/m*3]{10day) &%
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>outh-western Barents Sea
RGB MODIS 31 Aug 2010 09:10 UTC — I




In Conclusion

d and the most numerous for dealing with
ses but efforts are currently undertaken for
rei g the capabilities of telecommunications
and navigation/positioning/ AIS systems. The
integrated use of the three space applications should
promote the sustainable development of the Arctic
Region.
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hank for your attention!
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