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ANTARCTICA(IS(A(CONTINENT(SURROUNDED(BY(OCEAN(

ARCTIC(IS(AN(OCEAN(SURROUNDED(BY(LANDS(!(IT(IS(A(MEDITERRANEAN(SEA(

CONCENTRATION(BASIN(( DILUTION(BASIN(
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OXYGEN(IN(THE(DEEP(

SURFACE(DENSITY(DECREASES(
SUFACE(OURFLOW(
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GENERAL(FEATURES(OF(ARCTIC(SURFACE(CIRCULATION(



SEA(ICE(THAT(FORMS(OR(
BECOMES(TRAPPED(IN(THE(
BEAUFORT(GYRE(MAY(
CIRCULATE(AROUND(THE(ARCTIC(
FOR(SEVERAL(YEARS(
(
BECAUSE(OF(THIS,(SEA(ICE(IN(
THE(BEAUFORT(SEA(HAS(MORE(
TIME(TO(GROW(AND(REACH(THE(
THERMODYNAMIC(EQUILIBRIUM(
THICKNESS,(SO(IT(IS(THICKER.((



SEA(ICE(THAT(FORMS(OR(
BECOMES(TRAPPED(IN(THE(
TRANSPOLAR(DRIFT(GENERALLY(
LEAVES(THE(ARCTIC(MORE(
QUICKLY,(USUALLY(IN(ONE(TO(
TWO(YEARS(
(
THE(TRANSPOLAR(DRIFT(
STREAM(PUSHES(ICE(AGAINST(
NORTHERN(GREENLAND(AND(
THE(CANADIAN(ARCHIPELAGO(



MOST(OF(THE(ICE(FOLLOWS(A(LARGECSCALE(PATTERN(WHEN(CONSIDERED(
OVER(A(LONG(PERIOD(OF(TIME;(HOWEVER,(WITHIN(THIS(LONGCTERM(
PATTERN(OF(MOVEMENT,(THERE(CAN(BE(A(GREAT(DEAL(OF(VARIATION.((
(
(
(
FOR(EXAMPLE,(THE(BEAUFORT(GYRE(MAY(COMPLETELY(REVERSE(
DIRECTIONSCCAND(OFTEN(DOES(FOR(SHORT(PERIODS(OF(TIME,(SUCH(AS(
AFTER(A(STORM(FROM(A(LOWCPRESSURE(SYSTEM(THAT(MOVES(ACROSS(
THE(REGION.(
(



THE(TRANSPOLAR(DRIFT(MAY(
ALSO(REVERSE(DIRECTION(
(
(
…(NANSEN(WOULD(HAVE(
REACHED(THE(NORTH(POLE(
UNDER(REVERSE(CONDITIONS(



CIRCULATION(AND(VORTICITY(

DECADAL(OSCILLATIONS(BETWEEN((+)(AND((C)(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!Dri7!Paths:Source:!Mysak:!Pa?erns!of!ArcAc!CirculaAon!







ICE(DISTRIBUTION(IN(THE(ATLANTIC(IS(AFFECTED:(
(
TROMSOE(IS(70(°N(AND(THE(SEA(IS(ICE(FREE(
ALONG(AMERICAN(COAST(AT(40°N(ICEBERG(CAN(BE(FOUND(



41°43�57��N,(49°56�49�W(





ARCTIC(OSCILLATION(AND(MIDCLATITUDES(CLIMATE(

(
THE(ARCTIC(OSCILLATION((AO)(OR(NORTHERN(ANNULAR(
MODE/NORTHERN(HEMISPHERE(ANNULAR(MODE((NAM)(IS(
AN(INDEX((WHICH(VARIES(OVER(TIME(WITH(NO(PARTICULAR(
PERIODICITY)(OF(THE(DOMINANT(PATTERN(OF(NONCSEASONAL(
SEACLEVEL(PRESSURE(VARIATIONS(NORTH(OF(20N(LATITUDE,!
!

!



ARCTIC(OSCILLATION(AND(MIDCLATITUDES(CLIMATE(

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

!



ARCTIC(OSCILLATION(AND(MIDCLATITUDES(CLIMATE(

GRAPHICS:(GREENE(SCIENTIFIC(AMERICAn!!



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(



East(Greenland((
Current(

West(Spitzbergen(Current(

Fram Strait(and(Svalbard(
CIRCULATION(TOWARD(ARCTIC(OCEAN(



Fram(Strait(and(Svalbard(
Warm!core!



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&mo<on.&&
&
This&leads&to&the&conversion&of&Atlan<c&water&to&Arc<c&Surface&Water,&
whose&temperature&and&salinity&characteris<cs&depend&on&the&
amount&of&ice&mel<ng&and&atmospheric&cooling.&&

Atlan3c(water(=>(Arc3c(Surface(water(



The(WSC((West(Spitzvergen(
Current)(is(the(northernmost(
extension(of(the(Norwegian(
Atlan3c(Current.((
It(flows(poleward(through(
eastern(Fram(Strait(along(the(
western(coast(of(Spitsbergen.((
(
It(is(about(100(km(wide(and(is(
confined(over(the(con3nental(
slope,(where(it(reaches(its(
maximum(current(speed(of(24(to(
35(cm(sC1(at(the(surface.(
(
It(transports(rela3vely(warm((6(to(
8°C)(and(salty((35.1(to(35.3)(
Atlan3c(Water(



If!the!warm!core!becomes!separated!from!the!surface!by!a!

layer!of!straAficaAon!(e.g.!rain..),!it!is!then!insulated!from!

further!surface!mixing,!heavy!ice!condiAons!west!of!

Spitsbergen!during!spring!could!prevent!the!current!from!

losing!heat!to!the!atmosphere!by!generaAng!a!surface!layer!

of!meltwater.!!

!

This,!in!turn,!could!allow!the!current!to!transport!more!heat!

to!the!ArcAc!Ocean,!which!would!result!in!warm!summers!

north!of!Svalbard.!!

!!



Mooring$design$$

Svalbard!Margin!



Kongsfiord!



New!mooring!

MDI!mooring!MDI!mooring!

Warm!water!intrusion!

!

Permanent!observaAons!

Moorings!

Oceanic!interacAons!!

In!Kongsfiorden!warm!core!

of!AtlanAc!water!drives!

submarine!ice!melAng!

!

=>!Freshwater!input!
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OCEAN!OBSERVING!INFRASTRUCTURES!



CIRCULATION(FROM(ARCTIC(OCEAN(
OVERTURNING(CIRCULATION(



CIRCULATION(FROM(ARCTIC(OCEAN(
(CASCADING(EAST(GREENLAND(



CIRCULATION(FROM(ARCTIC(OCEAN(
(CASCADING(EAST(GREENLAND(
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THE!CNR!PROJECT!“PREMIALE!ARCA”!
ArcAc:!ClimaAc!change!and!past!extreme!events!

Acronym:!ARCA!

Programme:!Ministry!of!EducaAon,!University!and!Research!

MIUR!c!Ordinary!Fund!for!government!agencies!and!research!

insAtuAons!(FOE)!c!NaAonal!Program!for!Research!c!Projects!

reward!!

!

The!purpose!of!the!project!is!to!study!!

•  ice!sheets!and!the!flow!of!fresh!water!and!sediments!!

•  Air!ocean!iteracAons!
•  ReconstrucAng!extreme!events!of!glacial!melAng!in!the!last!

20,000!years!on!conAnental!shelf!off!Svalbard.!

!



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!

THE ARCA PROJECT PROGETTO PREMIALE CNR!



Thanks for your attention!! 

 
And thanks to 
Arctic station Dirigibile Italia 
CNR DTA  
Kings Bay  and Teisten 
Sysselmann of Svalbard 
All Ny Alesund colleagues!

THE ARCA PROJECT PROGETTO PREMIALE CNR!


