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imate change and future scenarios in the Arctic Region
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OCEANOGRAPHIC ARCTIC EXPEDITION #1
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International Bathymetric
Chart of the Arctic Ocean

IBCAO
The goal of this ntistive & to deweop & Sigrtal dats Dase Sat cantaing o
svailable Dathymetric data north of 64 degrees North, far use by meomakers,

rescarchery, and others whose work requires 8 detaded and acourats
inpwiedge of the depth ang the shape of De ArCtic seaded,

InDated in 1597, the urdertaking has 0 far engaged the valumes eMons of

nvestigators who are affloted with cloven imattotians in gt countries;
Canada, Denmack, Germarny, lceland, Norway, Russa, Swedes, and the USA
The activty has alse been endersed and/er supportod finenclaly by the
Intergovemmantal Oceanographs Commisson (100), the Datevnatignal Arcts

A Sowerce Commatice (IASC), the International Mydrographic Organization

&5 [IHD), the US Office of Naval Research (OAR), and the US Rasonal

Cecabvacal Dats Canter (NGDCY.
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MORPOHOLOGY OF ARCTIC OCEAN
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ANTARCTICA IS A CONTINENT SURROUNDED BY OCEAN

ARCTIC IS AN OCEAN SURROUNDED BY LANDS 9 IT IS A MEDITERRANEAN SEA

CONCENTRATION BASIN DILUTION BASIN

EVAPORATION > PRECIPITATION EVAPORATION < PRECIPITATION

SURFACE DENSITY INCREASES=> SURFACE DENSITY DECREASES

CASCADING DENSE WATER SUFACE OURFLOW
NO STRATIFICATION STRATIFICATION
OXYGEN IN THE DEEP LOW OXYGEN IN THE DEEP
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Righar velootes. Image cowrtesy of
ade, BouMder, CO.

M-m moin {oversge) Anat mm frem n‘n w0 200). Am shaw the direction

and velocity of the Ka, with lcnger amgws
the Natonel Snow and [¢e Data Center, Usiversity of
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SEA ICE THAT FORMS OR
BECOMES TRAPPED IN THE
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MOST OF THE ICE FOLLOWS A LARGE-SCALE PATTERN WHEN CONSIDERED
OVER A LONG PERIOD OF TIME, HOWEVER, WITHIN THIS LONG-TERM
PATTERN OF MOVEMENT, THERE CAN BE A GREAT DEAL OF VARIATION.

FOR EXAMPLE, THE BEAUFORT GYRE MAY COMPLETELY REVERSE
DIRECTIONS--AND OFTEN DOES FOR SHORT PERIODS OF TIME, SUCH AS
AFTER A STORM FROM A LOW-PRESSURE SYSTEM THAT MOVES ACROSS
THE REGION.
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The two paths for the Transpolar Drift
Stream. Clockwise (blue curve) and anticlock-
wise (red curve) paths are assodiated with
megative and positive phases, respectively, of
the vorticity index (first figure).
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CIRCULATION AND VORTICITY

DECADAL OSCILLATIONS BETWEEN (+) AND (-) VORTICITIES

POSITIVE AND NEGATIVE VORTICITIES AFFECT WHERE THE
CURRENT TRAVELS.

THERE ARE 2 PATHS.

— PoSITIVE VORTICITY PHASE: WEAK HIGH PRESSURE IN
ARCTIC ALLOWS FRESH WATER/SEA ICE TO DRIFT
COUNTERCLOCKWISE.

— NEGATIVE VORTICITY PHASE: STRONG HIGH PRESSURE
FORCES FRESH WATER CLOCKWISE

Transpolar Drift Paths:Source: Mysak: Patterns of Arctic Circulation

CNR ISMAR
C |

l tituto di Scaenze Manne




SEA LEVEL PRESSURE = EAN + VARIABILITY
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WHAT THE
ARCTIC

Covariance of Sea Level Pressure with
AQO index (hPa/30 years)




HIGH AO

Lower sea-level pressure
Smaller (weaker) Beaufort Gyre
(more Atiantic Influence)

(Warm Phase)

More ice swept out with TransPolar drift

Higher sea-level pressure
Bigger (stronger) Beaufort Gyre
(less Atiantic Influence)

(Cold Phase)

Less ice swept out with TransPolar drift













ARCTIC OSCILLATION AND MID-LATITUDES CLIMATE

THE ARCTIC OSCILLATION (AO) OR NORTHERN ANNULAR
MobDE/NORTHERN HEMISPHERE ANNULAR MoDE (NAM) is
AN INDEX (WHICH VARIES OVER TIME WITH NO PARTICULAR
PERIODICITY) OF THE DOMINANT PATTERN OF NON-SEASONAL
SEA-LEVEL PRESSURE VARIATIONS NORTH OF 20N LATITUDE,
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ARCTIC OSCILLATION AND MID-LATITUDES CLIMATE

Arctic Oscillation

Negative Phase

"THE DEGREE TO WHICH ARCTIC AIR PENETRATES
INTO MIDDLE LATITUDES IS RELATED TO THE AO
INDEX, WHICH IS DEFINED BY SURFACE
ATMOSPHERIC PRESSURE PATTERNS.

IiiHEN THE AO INDEX IS POSITIVE, SURFACE

PRESSURE IS LOW IN THE POLAR REGION. THIS
HELPS THE MIDDLE LATITUDE JET STREAM TO BLOW
STRONGLY AND CONSISTENTLY FROM WEST TO Postive Phase
EAST, THUS KEEPING COLD ARCTIC AIR LOCKED IN
THE POLAR REGION.

WHEN THE AO INDEX IS NEGATIVE, THERE TENDS
TO BE HIGH PRESSURE IN THE POLAR REGION,
WEAKER ZONAL WINDS, AND GREATER MOVEMENT
OF FRIG(IBjPDLf\R AIR INTO MIDDLE LATITUDES."

Istituto di Scienze Marine
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ARCTIC OSCILLATION AND MID-LATITUDES CLIMATE
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POLAR AMPLIFICATION

POLAR AMPLIFICATION REFERS TO THE OBSERVATION
THAT ANY CHANGE IN THE NET RADIATION BALANCE
( FOR EXAMPLE GREENHOUSE INTENSIFICATION) THEN
TENDS TO PRODUCE A LARGER CHANGE IN

TEMPERATURE NEAR THE POLES THAN THE PLANETARY
AVERAGE.




POLAR AMPLIFICATION

ON A PLANET WITH AN ATMOSPHERE THAT CAN RESTRICT
LONGWAVE RADIATION TO SPACE (A GREENHOUSE EFFECT),
SURFACE TEMPERATURES WILL BE WARMER THAN A SIMPLE
PLANETARY EQUILIBRIUM TEMPERATURE CALCULATION
WOULD PREDICT.

WHERE THE ATMOSPHERE OR AN EXTENSIVE OCEAN IS ABLE
TO CONVECT HEAT POLEWARDS, THE POLES WILL BE

WARMER AND EQUATORIAL REGIONS COOLER THAN THEIR
LOCAL NET RADIATION BALANCES WOULD PREDICT.




POLAR AMPLIFICATION
AND SCENARIOS OF CLIMATE CHANGE

... A WARMER EARTH ...

INCREASES THE MELTING OF SEA ICE DURING SUMMER,
EXPOSING MORE DARK OCEAN WATER TO INCOMING SUNLIGHT.
THIS CAUSES INCREASED ABSORPTION OF SOLAR RADIATION
AND EXCESS SUMMERTIME HEATING OF THE OCEAN —
FURTHER ACCELERATING THE ICE MELT.




POLAR AMPLIFICATION

THE EXCESS HEAT IS RELEASED TO THE ATMOSPHERE, ESPECIALLY
DURING THE AUTUMN, DECREASING THE TEMPERATURE AND
ATMOSPHERIC PRESSURE GRADIENTS BETWEEN THE ARCTIC AND

MIDDLE LATITUDES.

A DIMINISHED LATITUDINAL PRESSURE GRADIENT IS LINKED TO A
WEAKENING OF THE WINDS ASSOCIATED WITH THE POLAR

VORTEX AND JET STREAM.
SINCE THE POLAR VORTEX NORMALLY RETAINS THE COLD ARCTIC
AIR MASSES UP ABOVE THE ARCTIC CIRCLE, ITS WEAKENING
ALLOWS THE COLD AIR TO INVADE LOWER LATITUDES..."




CIRCULATION TOWARD ARCTIC OCEAN
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CIRCULATION TOWARD ARCTIC OCEAN

_Fram Strait and Svalbard

Ll

East Greenland
Current

-
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Fram Strait and Svalbard
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Atlantic water => Arctic Surface water

As the current flows north, ice is advected over the warm core, and
- water cools and freshens rapidly.

Mixing at the surface occurs through wind, waves, and ice motion.

This leads to the conversion of Atlantic water to Arctic Surface Water,
whose temperature and salinity characteristics depend on the
amount of ice melting and atmospheric cooling.
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The WSC (West Spitzvergen
Current) is the northernmost
extension of the Norwegian
Atlantic Current.
leward through
msam Strait along the

western coast of Spitsbergen.

It is about 100 km wide and is

confined over the continental

slope, where it reaches its

maximum current speed of 24 to
- 35cm s-1 at the surface.
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If the warm core becomes separated from the surface by a
layer of stratification (e.g. rain..), it is then insulated from
further surface mixing, heavy ice conditions west of
Spitsbergen during spring could prevent the current from
losing heat to the atmosphere by generating a surface layer
of meltwater.

This, in turn, could allow the current to transport more heat
to the Arctic Ocean, which would result in warm summers
north of Svalbard.




Svalbard Margin

McLane sediment trap

PPS3 sediment trap
25 mab current meter

20 mab RCM9 current meter

Acoustic release
Acoustic release - " Chain
Chain

Mooring design

@ 1000 m

505 mab PPS3 sediment trap

500 mab RCMS current meter

9 \ ‘ PPS3 sediment trap

25 mab PPS3 sediment trap

RCM9 current meter
RCMS8 current meter
Acoustic release
Acoustic release Chain
Chain
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Oceanic interactions

yngsfiorden warm core
” antic water drives
submarine ice melting

=> Freshwater input

-
L

Warm water intrusion
- ’ o Permanent observations
T NS ' :
__.':"’. v Moorings -ty
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TRAP SERIES 2010
Organic Carbon Nitrogen
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atomic C/N ratio

nal C/N ratio
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OCEAN OBSERVING INFRASTRUCTURES

Svalbard Integrated Arctic Earth
Observing System
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CIRCULATION FROM ARCTIC OCEAN
OVERTURNING CIRCULATION
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CIRCULATION FROM ARCTIC OCEAN

CASCADING EAST GREENLAND

| . 1 13 L] L] L] 1
b R A A A N R L L R R N R L I B A ’
.. SR RN PE T A s it reehgaYRsER ALYy &
!wa-oa‘&&p.:)l' ................

% *qﬁnuass\..qa'..o..rlt:l!)’)”'P '
31:3:...:........:.......-
%MﬂwaaaﬂﬂaJﬁo;...\s-sq...‘s\\\\()\\\ '
WIrrrr 1IN AR 222 i AN N Y s s s rmtmae ¢ o
a.cw:o;aaaxaAJ;x///,r:flr//II.ll;' ..... =

AR R A -
Mw-:« ! T anANASSAs. S S
ATttt v,

lt'ldc..l'//' -

k.a.p.‘anfl)'o..o.........al. e

- res YA MANR RS s A AT A s e . . e

T L e R R L I & T LN S .
S -~
N svoZf PPV 228 27T T 200N 0P s

AN AN — e can N N TR Y S !

)| PR A

..a.‘l\?fv;)'"“'/://ﬂ e A

w:-.. Vv o r /0 e
N

(SO S .jfz ',

&

ettt
M,
?am-...
”u:c;..
'.-.oaoac
'. LA4T9T

™ st

100

"8 8 8 8 8 8 8 8 8

@ ISMAR
=400 | Istituto di Scienze Marine

oote Bcerche

CNR

@



CIRCULATION FROM ARCTIC OCEAN
CASCADING EAST GREENLAND

Depth [dbar]
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THE CNR PROJECT “PREMIALE ARCA”

Arctic: Climatic change and past extreme events
Acronym: ARCA

Programme: Ministry of Education, University and Research
MIUR - Ordinary Fund for government agencies and research
institutions (FOE) - National Program for Research - Projects
reward

The purpose of the project is to study

* ice sheets and the flow of fresh water and sediments

* Air ocean iteractions

* Reconstructing extreme events of glacial melting in the last
20,000 years on continental shelf off Svalbard.
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THE ARCA PROJECT PROGETTO PREMIALE CNR

CONCLUSIONS

ARCTIC IS IMPORTANTI FOR GLOBAL CLIMATE
WSC E KONGSFIORD ARE IMPORTANT
SIOS INFRASTRUCTURE NEEDS NATIONAL SUPPORT

UNDERSTANDING EAST GREENLAND DYNAMICS AND
OVERTURNING CIRCULATION

THE ARCA PROJECT PROGETTO PREMIALE CNR
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delle Ricerche

Tharnks for your attention!/

And thanks to
tic station Dirigibile Italia
NR DTA
Bay and Teisten
lann of Svalbard
esund colleagues

THE ARCA PROJECT PROGETTO PREMIA
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