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Zmiany klimatyczne w Arktyce;
Ocean jako czynnik klimatotworczy;

Badania Instytutu Oceanologii PAN w Morzach
Nordyckich:

Struktura Pradu Zachodniospitsbergenskiego
(WSC);

Zmiany we wilasciwosciach i zasiegu warstwy
Wody Atlantyckiej;

Predkosc propagacji anomalii w WSC;
Struktura transportu ciepta;

Cieplo oceaniczne a zlodzenie Oceanu
Arktycznego.



W dobie globalnego ocieplenia, Arktyka
doswiadcza najwiekszego wzrostu temperatury
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Badania modelowe wskazuja, ze proces ten
bedzie w przysziosci nasilat sie
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Od roku 1950 srednia roczna temperatura

wzrosta o0 2-3° C
Temperatura zimowa wzrosta 0 4° C

Spowodowato to:
e Topnienie lodowcow;
 Topnienie wiecznej zmarzliny;
« Zwiekszenie opadow, lecz skrocenie
czasu zalegania pokrywy snieznej;
 Redukcje pokrywy lodu morskiego.




"A linear increase in heat in the Arctic Ocean will result in
a non-linear, and accelerating, loss of sea ice."

Norbert Untersteiner,, University of Washington, July 2006

Marthern Hemisphere Extent Anomalies Oct 2007
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Schemat globalnej cyrkulacji
termohalinowej (THC)

Surface flow = Wind=driven upwelling L Labrador Sea
Deap fow (2} Mixing=driven upwelling G  Greanland Sea
Bottom flow m Salinity > 36 % W Weaddel Sea
Deep VWater Formation Salinity = 34 %e R Ross Sea

wg Kuhlbrod-.



Schemat Meridional Overturning Circulation

Low latituda Cooling ﬁ.rﬁti::

Mixinge 5 <
NADW 3°C
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Wiasciwosci i transport
Wody Atlantyckiej w Morzach Nordyckich
- glowny cel badan hydrologicznych IOPAN
w Arktyce

Badania Morz Nordyckich w programach
miedzynarodowych (VEINS, ASOF, DAMOCLES, IPY) i
wlasnym (AREX)

Prad Zachodniospitsbergenski:

* struktura, dynamika WSC;

* procesy frontalne;

* struktury mezoskalowe

* wymiana pomiedzy szelfem Spitsbergenu i gtebokim
basenem;

* warstwa Wody Atlantyckiej:

* Zmiennosc¢ wiasciwosci AW;

* transport objetosci i ciepta w AW;

* transport AW do Oceanu Arktycznego




Strategia pomiarow
podporzadkowana jest tym celom

NwASC Norwegian Atlantic Slog
WSC West Spitsbergen Current :
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Rozktad temperatury i pradéw baroklinowych na 100 dbar,
lato 2004-2006.

Izolinie 2°C i 5°C pogrubione.

Przesuniecie sie izolinii 5°C o 2° szerokoscilrok = 0.7 cm/s

78 78

76 76

. T
3

g *

. S 4.
X

7 4R ”,,4')(
= N\:‘:‘ /‘ < \
smessduso W
w

74

72

° Velocity (cm/s) Velocity (cm/s)
— 2

— 2

R 5

—_— 5
—10

—1()

000°

000°




Rozktad temperatury na 100 dbar, lato 2004-2007.
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Pathways of the Greenland Sea warming

Waldemar Walczowski' and Jan Piechura'

Received 12 March 2007; revised 23 April 2007; accepted 1 May 2007; published 30 May 2007,

[1]  Progressive warmmg of the West Spitsbergen Current
(WS has been observed since 2004, During summer 2006
temperature and salmity of the core of Atlantic Water (AW)
reached the highest ever observed by the Institute of
Oceanology Polish Academy of Sciences (IOPAS) values.
The structure of the WSC, the heat content and the extent of
AW m the Fram Strat (F5) regwon has also changed.
Temperature changes resulted from the upstream warming
of the Norweglan-Atlantic Current (NwAC); the structure of
the WSC and its heat content were modified by the
northward advection of large mesoscale eddies observed
within the western branch of the WSO in summer 2005,
These changes may have large impacts on the Arctic Ocean
(AO) chmate and ecosystem. Citation: Walczowski, W, and
1. Piechura (2007), Pathways of the Greenland Sea warming,
Geophyvs. Res. Len, 34, L10608, doi:10.10292007GL029974,

1. Introduction

[2] Two branches of the NwAC, slope and offshore, carry
warm, salty AW northward through the Norwegian Sea
[Orvik and Niifer, 2002] (Figure 1). The eastern branch,
called the Norwegian Atlantic Slope Current (NwASC), 15a
nearly barotropic flow related to the Norwegian shelf break.
This current continues northward over the Barents Sea slope
and along the West Spitsbergen shell” break as the WSCL
The WSC cames only part (about 60%) of the AW trans-
ported by the NwASC; the other part, after passing northern
Norway, branches castward mto the Barents Sea. Skagseth
et al. [2004] clamed that the large-scale varability of the
MNwASC 5 a coherent mode extending from the shell edge
west of Irelind to the Fram Sttt They also deseribe this
systerm as the mam conduit of heat and salt between the
Morth Atlantic Ocean and the Aric Ocean.

[3] Considenng northward ransport of the AW, the WSO
has been tradiionally desenbed as this barotropie low
along the Barents Sea and the West Spitsbergen shell~break.
The existence of a second, mostly baroclinie, western
branch over the Mohns and Knipovich Ridges was postu-
Tated scadier [Walarawels =2 a8 MOS8 1T bot 1te mle i AW

while the other fraction recirculates westward between 767
and T&"N. The bottom conliguration cavses the poleward

flowing branches of the WSC o converge m the region of

western Spitsbergen, at latitude of about 78"M. Continuing
north, the current diverges agam mto three paths. The
Svalbard and Yermak branches flow into to the AQ through
the Fs (Figure 1), while the offshore branch recreulates
westward and then southward [Manfey, 1995]. The Svalbard
Branch 1s fed by the along-slope core of the WSC, and
recireulation 15 maintained by the western branch of the
WHC. The postulated ongin of the central, Yermak Branch,
by the splitting of the Swvalbard Branch due to bottom
topography s not clear. Current mvestigations indicate that
this central WSC branch may influence both, transport
through the FS, and AW recirculation.

[4] Since summer 2004, substantial mereases have been

observed m the temperature, salinity and heat transport of

the WSO [Walczowski and Piechura, 2006; Beszcoynska-
Mdéfler et al., 2007). Holliday et al [2007] found that the
anomaly observed in 20042005 had been formed in 1998
in the eastern subpolar gyre. Hakkinen and Rhines [2004]

and Hatun ef al. [2005] showed that the mtensification of

northward flow of warm, saline subtropieal water was
caused by changes m the subpolar gyre and imereasmg
entramment of AW into subarcuie circulation, Increasmg
AW temperature, salmity, and heat ransport by the NwASC
was reported by Orvik and Skagseth [2005]. The time
needed for the warm anomaly to travel from the Svinoy
Section (~63°N) o FS (79°N) was estimated at 18 months
[Polvakov er al., 2005], which mdicates that the mean speed
of anomaly propagation was ~3.8 cm's. A similar value is
denved using results from the Svinoy Section published by
Crvi and Skagseth [2005] and 10PAS data for section “N
along the 7630 parallel, which mdicate a time lag of 18
to 21 months between the temperature merease in the
Svinoy Section and the *N7 section. This differs from the
mean signal propagation speed from the Rockall Trough
(~ 57N} to the Fram Strait, which was estimated based on
mformation in the work of Hoffiday ef al. [2007] at about

1 £ e B



[13] Similar w Holliday ef al. [2007], the authors con-
cluded that the unusually warm milow into the Arctic Ocean
will continue; however, the IOPAS upstream data further
gugeest that the local maximum of WSC warming has
already occurred or should do so before summer 2007: 1in
the southern part ol the study area, the highest AW
ternnerature in the summer of 2006 was alreadv lower than
that m 2005, Smee the mncreased heat milow into the AO
was mostly due to the higher AW temperature |Beszczynska-
Maller et al., 2007], and upstream data show temperature
decreasmg already in 2006, we anticipate that m 2007 heat
inflow into the AQ will decrease. These “short-term’ pre-
dictions were constructed based on the hydrographical
situation - summer 2006 m the area between Norway
- and the Fram Strait. In contrast, the tme senes tor locations
Far upstream that were presented by Holliday ef al [2007]
suggest a renewed warmmg ol AW mnflow 1n subsequent
years.




Lato 2000-2007 srednia temperatura warstwy AW.
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Lato 2000-2007 srednie zasolenie warstwy AW
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Zawartosc ciepta (GJ/m2) w warstwie Wody Atlantyckiej
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Energia kinetyczna pradéw baroklinowych na 100 dbar
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Serie czasowe sredniej temperatury i zasolenia AW dla
przekrojow H, K, N i EB.
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Temperatura i1 zasolenie warstwy AW
pomiedzy szerokosciami geograficznymi 73°30’ -78°50’N
lato 2006 i 2007
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2000-2006 srednia temperatura i zasoleie AW
pomiedzy szerokosciami geograficznymi 73°30’- 78°50’N
oraz latem 2007
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Anomalia zawartos¢ ciepta w warstwie Wody Atlantyckiej
(GJ/m?) i anomalia predkosci geostroficznych na 100 dbar.
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The end of a trend? The progression of unusually warm and saline water from the eastern North Atlantic into the

Arctic Ocean.

M.P. Holliday', 5. L. Hughes?, A. Lavin?, K. A. Mork®, G. Nolan®, W. Walczowski®, A. Beszczynska=-Maller’.
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In the context of recent reports describing long-term freshening
of the subarctic North Atlantic (Curry and Mauritzen, 2003,
Peterson et al, 2006), 1t 15 surprising to observe that the upper
ocean (500-1000 m) of the eastern North Atlantic and Noodic
Seas in 2004-2006 are dominated by the most saline water
observed for over 30 years (Hughes and Holliday, 2006). Here
we show that changes in the subpolar gyre in the mid-1990s led
to an increase of warm saline subtropical water being entrained
into subarctic circulation (Hatan et al, 2003); a different regime
that has continued to the present day (2006). The progression
of the subtropical-influenced water has been traced along the
pathway of Atlantic inflow into the Nordic Seas, and finally in
2004 was observed to enter the Arctic Ocean (Walczowski and
Piechura, 2006). Based on cbservational evidence, we predict
that this unusually warm and saline water will continue to flow
into the Arctic Ocean and Greenland Sea for af least the next &
years (Holliday et al, in prep).

from section to section is not feasible. However, the increase in
salinity from the nuid-1990s onwards has been continuing for
10 years and has become visible as a multi-year trend along
the Al pathway. In the longest time series at OWS Mike in
the southern Norwegian Sea, it can be seen that the recently
reported multi-decadal freshening trend come to an end in the
mid fo late 1990s. Indeed, the 2005 salinity values exceeded
the previous highest level which occurred in 1961, making the
20053 salinities them the highest observed since 1949,

Figure 2 shows the temporal progression of sea surface
temperature (55T} anomalies along the eastern margin of the
region (locations of data points given by red dots). It can be
seent that south of 57°N the temperature anomalies show no
indication of propagation and are somewhat disconnectad
features. This suggests they are the resulf of local processes.
However, trom the Rockall Trough northwards, 1e from the start
of the Aflantic inflow path influenced by the subarctic front,
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Frgure 1. Time series of upper ocean temperature
anomalies (left panel) and salimty anomalies (right
panel} from sustamed ocean observations along
the pathivays of Atlantic Inflow from the micrgyre
Biscay region (bottom) to the Fram Strait {top).
Locations of sections are shown in Figure 2. Data
are presented as novmalised anomalies from the long-
term mean (1971-2000).
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Heat flux variations in the eastern Norwegian Atlantic
Current towardthe Arctic from moored instruments,
1995-2005
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Anomalia predkosci w gatezi
zachodniej 3-3.5 cm/s™_
Walczowski, Piechura 2007 -
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036'5 ‘Anomalla meplauobserwowana w 2006 na poInoc od

szerokosci 78°N zawierata 4 *102° J i AW uwalniajac
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Transect ‘N’ (76°30’N) , pomiedzy diugosciami 04° -15° E
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Sekcja wzdtuz réownoleznika 76°30° pomiedzy potudnikami
04°E-15°E. _
Diagram Hovmoellera zawartosci ciepta (GJ/m2) w warstwie
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Dwie galezie WSC niosgce Wode Atlantycka o
roznym pochodzeniu i roznych wtasnosciach
fizycznych;

Ro6zne procesy przenoszenia ciepta w gatezi
wschodniej i zachodniej;

Rozne predkosci propagaciji sygnatu we
wschodniej (~3.8 cm/s) i zachodniej (~1.9 cm/s)
gatezi WSC;

Wielkie anomalie mepla obserwowane w gatezi
zachodniej latem 2005;

Naktadanie sie i unifikacja sygnhatu z gatezi
wschodniej i zachodniej w Ciesninie Frama;

Znaczenie ciepta oceanicznego w topieniu lodow
Arktyki.



Niska temperatura AW do 2003;

Wzrost temperatury i zawartosci ciepta w
warstwie Wody Atlantyckiej od 2004;

Lato 2006 — najcieplejsza obserwowana przez
IOPAS Woda Atlantycka w WSC;

Ekspansja cieptej AW w strone Ciesniny Frama,
na szelf Spitsbergenu i do fiordow;

Zima 2006 i 2007 — najcieplejsze z
obserwowanych na Spitsbergenie;

Wzrost transportu w gatezi zachodniej jako jedna
z przyczyn ocieplenia WSC;

Spadek temperatury AW latem 2007;

Przewidywany dalszy spadek sredniej
temperatury AW.






