ICES CM 1999/L:12(Nordic SeasExchanges)

Propagationof temperature and salinity anomalies

in the Nordic Seas
asderived from a multi-decadal OGCM simulation

by

Frank Kauker, Rudiger Gerdes,and Cornelia Koberle

Alfred-Wegenerinstitutefor PolarandMarine ResearchGGermary
Abstract

An experimentwith a coupledseaice-ocearmodelof the North Atlantic andthe Arctic Ocean
forcedwith atmosphericlatafrom theNCEP/NCARreanalysiss analyzedwith respecto long-term
variability of thesea-surfaceemperaturandthe sea-surfacealinity in theNordic SeasLaggedlin-
earregressioris usedto identify anomalieselatedto the North Atlantic Oscillation, the Arctic Oscil-
lation, the sea-surfaceemperaturén the’storm-formatiorregion’, andtheice transporthroughthe
FramStraitwhich canbetracedfor severalyears.Theseanomaliesarenot restrictedto the surface,
but canbefoundupto depthsof a few hundredmeters.
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1

Themostrobustpatternof atmospherivariabil-
ity in the North Atlantic on seasonato decadal
time-scalesn winteris the North Atlantic Oscil-
lation (NAO) [Hurrel, 1995]. A highNAO phase
is associatedvith anomalousvarm and humid,
strongetthannormalwesterlywindsover Europe
andthe southerrNordic SeasCloselyrelatedto
the NAO is the Arctic Oscillation (AO) [Thomp-
son and Wallace, 1997] definedas the leading
principal componentof the wintertime (Nov.-
April) seasonameansof the sealevel pressure
(SLP) anomalyfield over the domainpolevard
of 20°N. Here,theleadingprincipal component
is estimatedfrom the NCEP/NCARreanalysis
[Kalnay et al., 1996] and explains 33% of the
variance.

The aim of the studyis to identify propagat-
ing signalsin theNordic SeasTheNAO andAO
time seriesareusedasindicesfor linearregres-
sion.

Anothertime seriesusedis the modelledsea-
surface temperature(SST) in the area 82 —
69°W, 25 — 35°N called’storm-formationre-
gion’ (SFR) nearthe southeasterroastof the
USA. There,severewinter land/seaemperature
contrastduels stormdevelopmenthroughbaro-
clinic instability [Roebey 1984]. The modelled
SSTtimesseriesshavsfluctuationon decadato
inter-decadatime scalesThespectruris signif-
icantly peakedat a periodof 10-12yearsat the
95%level which wastestedby fitting AR(1) pro-
cesseso thedata.ThemodelledSSTtime series
resembleshe SSTtime seriesn the SFRderived
from shipobsenations[Suttonand Allen, 1997]
for the overlappingtime period1963-1988.

Thefourthindex usedis thetime seriesof the
modelledice transportthroughthe Fram Strait
(ITF).

Lagged linear regressionis applied to the
modelled SST and the modelled sea-surface
salinity (SSS)aswell asto subsurfacdields to
detectpropagatingsignalsrelatedto the NAO,
the AO, the SFRSST andthelTF.

Intr oduction

2 Model description, exper-
imental design, and data
preparation

The employedoceancirculation model derives
from the GFDL modularoceanmodel (MOM-
2) [Pacanowski,1995]. The model domainen-
closesthe Atlantic north of approximately20°.S
andthe Arctic Ocean.The southerrboundaryis
closed.Themodelis formulatedon arotatedgrid
with ahorizontalresolutionof 1° x 1°. Thever
tical is discretizedy 19 levelswherebythelevel
thicknessincreasesvith depth.The time stepof
themodelis 6 hours.

A dynamic-thermodynamicsea-ice model
with a viscous-plasticheology[Harder, 1998]
basedon Hibler's [1979] modelis coupledto
theoceammodel. The sea-icemodelemploysthe
samegrid andtime stepasthe oceanmodel.

The coupled sea ice-ocean model is
forced with atmospheric surface data from
the NCEP/NCAR reanalysis. Monthly mean
dataweregeneratedor surfaceair temperature,
dewv point temperature cloudiness,and wind
speed.Wind stresswas taken as daily means.
The precipitation was taken as climatological
monthly mean from the ECMWF reanalysis
[Gibsonetal., 1997].

For all modelandforcing variablesusedin the
following analysismonthly meanswere gener
atedand the long-termmeanannualand semi-
annualcycle were subtractedThe meansof the
winter monthsNovemberto April were calcu-
latedand5-yearsrunning-mearwerecomputed.
Thefirst threeyearsof the integrationweredis-
cardedbecausef thecoldstart.Finally, thedata
weredetrendedecausé isa priori notpossible
to distinguishbetweera modeldrift andatrend
in thedata.
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3 Results
3.1

The (wintertimeaveraged smootheddetrended,
and renormalized}time seriesusedfor the re-
gressiorareshavnin Fig. 1. Tablel liststhecor-
relationcoeficient for the four time series.The
NAO andthe AO are highly positive correlated
(.77).

Indices

_//\ ITF
SFR
AO
NAO

1963/64 1973/74 1983/84 1993/94

Figure 1. Comparisonof Indices: (Bottom to
top) Time seriesof the North Atlantic Oscil-
lation (NAO), the Arctic Oscillation (AO), the
SSTin the’storm-formatiornregion’ (SFR),and
the ice transportthroughthe Fram Strait (ITF)
from winter 1963/64to winter 1994/95. The
time seriesarewintertime (Nov.-April) seasonal
means detrendedsmoothedwith a 5-yearrun-
ning mean,and renormalizedto have standard
deviation one.

The correlationis not constantduring the in-
tegration as can be seenby comparingthe cor
relationfor winter 1963/64to 1978/79(Tah 2)
with winter 1979/80to 1994/95(Tah 3); during
the secondhalf of the simulationthe correlation
is only half ashigh asduringthefirst half of the
simulation.

The SSTin the SFRis highly positively cor-
related(x .8) with the NAO andthe AO in the
first half of the simulationbut almostno correla-
tion canbe obtainedduringthe secondhalf.

TheicetransporthroughtheFramStrait(ITF)
is positively correlated~ .6) with theNAO and
the AO in the secondhalf. However, thereis lit-
tle correlationduring the first half. The ITF is
weaklynegative correlatedvith the SFRtime se-
riesduringbothtime periods.

|NAO AO SFR ITF

NAO g7 52 31
AO 56 .39
SFR -.26

Table 1: Correlationstatisticsof the North At-
lantic Oscillation (NAO), the Arctic Oscillation
(AO), the SST in the 'storm-formationregion’
(SFR), and the ice transportthroughthe Fram
Strait(ITF) of thewinters1963/64to 1994/95.

|NAO AO SFR ITF

NAO 93 .75 .08
AO 84 11
SFR =27

Table 2: Correlationstatisticsof the North At-
lantic Oscillation (NAO), the Arctic Oscillation
(AO), the SST in the 'storm-formationregion’
(SFR), and the ice transportthroughthe Fram
Strait(ITF) of thewinters1963/64to 1978/79.

In summary the NAO and the AO are rep-
resentingalmost the sameinformation but the
NAO(AO), SFR,andITF arerepresentingrery
differentinformation.

3.2 Associatedpatterns

The four time seriesare usedas indicesfor a
laggedlinear regression.To testthe significance
of the regressionpatternsAR(1) processesvere
fitted to thetime seriesandthe correlationsvere
calculated.Correlations> .4 are significantat
the90% level, > .5 atthe95% level,and> .6 at
the 99% level. Fig. 2 shows the associatedpat-
tern of thelocal SSTwith the NAO for time lags
of oneyearandthreeyears.The patternfor one
year lag is shavn becausehe correlationsfor
oneyearlag arehigherthanfor zerolag. At one
yearlag positive correlationson the order of .6
canbeseenin theBarentsSeaandin the Nordic
SeasNegative correlationof ~ .7 canbefound
in the LabradorSeaandeastof Iceland.Ampli-
tudesontheorderof ~ .5°C areassociateavith
the NAO in the prescriptedegionsof high posi-
tive andnegative correlationgnotshawvn).

Two yearslatertheregionsof high correlation
in the BarentsSeaandthe GIN Seashave van-
ishedbut a new local region of high correlation
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| NAO AO SFR ITF
NAO 51 -29 .61
AO .03 .62
SFR -.36

Table 3: Correlationstatisticsof the North At-
lantic Oscillation (NAO), the Arctic Oscillation
(AO), the SST in the 'storm-formationregion’
(SFR), and the ice transportthrough the Fram
Strait(ITF) of thewinters1979/80to 1994/95.

canbeseenin the Kara Sea.Investigationof the
local heatfluxessuggesthatthis anomalyprop-
agatedrom the BarentsSeainto the Kara Sea.
Amplitudesare muchweakerthanfor oneyear
lag (on the order of .1°C'). The region of high
negative correlationseastof Icelandis shifted
towardsthe Norwegian coastand hasstill am-
plitudesof ~ .5°C. Both, the anomaliesn the
Kara Seaandthe anomalieseastof Icelandcan
be tracedfor two more yearswith roughly the
sameamplitudedut lessercorrelations.

Fig. 3 shovsthesameanalysisfor the AO. For
oneyearlagthelocal SSTin theNordic Seasand
the BarentsSeaist strongercorrelatedwith the
AO thanwith the NAO. Qualitatively the same
propagatingsignalsare connectedwith the AO
andtheNAO.

Theassociategatterngo the SSTin the SFR
aredepictedn Fig. 4. Thelag zeropatternshows
correlationupto .9 northof Icelandandnegative
correlationaupto .8 in the LabradorSea Ampli-
tudesof ~ .6°C northof Icelandandof ~ .8°C
in the LabradorSeacan be found. Five years
later the anomalynorth of Icelandis adwected
into the LabradorSea Here, theanomalymeiges
with a positive anomalycreatedin the ’storm-
formationregion’ describedy Suttonand Allen
[1997]. It is pointedout in Kaukeretal. [1999]
thattheanomalycreatedhorthof Icelandis much
strongerin amplitudethanthe anomalycreated
in the SFR.The atmosphericheatflux shavs no
correlationwith theadwectingSSTanomalycre-
atednorthof Icelandexceptfor lag zero.For five
yearslag a significantnegative correlationwith
the heatflux is found, i.e., the oceanis heating
theatmosphere.

The propagatingsignalsare not restrictedto
the surface Fig. 5 depictsthe correlationof the
temperaturavith the SSTin the SFR at an al-

mostzonal sectionat approximately70° N (see
Fig. 4 lag 5 for thelocationof the section).The
SSTanomalynorth-westof Icelandis obtained
up to a depthof 250 m. Only very smallampli-

tudesare connectedvith theseanomalieselow

the seaice (not shavn), but at the sea-icemar

gin and at greaterdepthamplitudesup to 1°C

arereachedAt the NorwegianCoastavery deep
reachingsignal (correlations> .6, amplitudes
of ~ .5°C) canbe found. We suggesthat this

very deepreachingsignalis acombinationof the
signalnorth-westof Icelandwhich circulatesby

partin the Nordic Seasandlocal heatflux forc-

ing. Thevery deepreachingsignalsarein agree-
mentwith obsenationsof long-termvariability

[Deseretal., 1996].

For salinity anomalieswe restrict ourself to
the discussiornf SSSsignalsrelatedto the ITF
(Fig. 6). At oneyearlag negative SSSanomalies
areassociateavith anomaloudighice transport
throughthe FramStrait(positivetransporimeans
ice transporttowardsthe south). The anomalies
are not only located close to the Fram Strait
but also north of Greenlandand at the south-
erntip of Greenland Amplitudesof ~ .3 psu
areassociateavith the ITF. Positive correlations
up to .7 canbe foundin the EastSiberianSea
and the Lapter Seawith amplitudesof up to
.4 psu. Theseanomaliesareconnectedo propa-
gatingsignalsin thesea-icahicknessn theArc-
tic Ocean(cf. Gerdesetal. [1999]).

Threeyearslater the areaof negative corre-
lation hasshifted towardsthe southtowardsthe
LabradorSeawhereamplitudesof ~ .3 psu are
achieved. In the areaof Fram Straitonly locally
highercorrelationcanbe seen.The positive cor-
relatedareasin the East Siberian Seaand the
Lapter seahave propagatedowardsthe Barents
Sea.

One year lagged correlationsup to .7 can
be found with the overturningin the Atlantic
(Fig. 7). The overturningis weakenedoy 2 Sv
(not shawn) five yearsafter maximumice trans-
portthroughthe FramStrait.

4 Summary
Propagatingsignalsof the SSTandthe SSSre-

lated to the NAO, the AO, SST in the 'storm-
formationregion’, andtheice transportthrough
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Fram Strait have beenanalyzed.It has been
shawvn that the usedindices are mutually very
different(excepttheNAO andthe AQO) andthere-
fore not surprisinglypropagatingsignalsin dif-
ferent areasof the Nordic Seashave beende-
tected.

Surprisingly not NAO(AO) related signals
have the highestcorrelationand amplitudesin
the SST and signals related to the SST in
the ’storm-formationregion’ have highestcor-
relation, amplitudes,and are detectablefor the
longesttime.

The seaice transportthroughthe Fram Strait
influencesthe overturningin the Atlantic. High

precipitation.Science269, 676-679,1995.
Kalnay, E., M. KanamitsuR. Kistler, W. Collins,
D. Deaven,L. Gandin, M. Iredell, S. Saha,
G. White, J. Woollen, Y. Zhu, A. Leetmaa,R.
Reynolds,M. Chelliah,W. EbisuzakiW. Higgins,
J. Janowiak,K.C. Mo, C. Ropelavski, J. Wang,
R. Jenne, and D. Joseph, The NCEP/NCAR
40-YearReanalysidProject,Bull. Am. Met. Soc.
77[3],437-495,1996.

Kauker F, R. Gedes, C. Koberle, and M.
Karcher Decadal predictability of North At-
lantic sea-surfacéemperaturesderivedfrom a
multi-decadalOGCM simulation, submittedto
GeophysResLet, 1999.

ice export is connectedwith low sea-surface p;canowski. R.C.. MOM 2 Documentation

salinitiesin the LabradorSeafour yearslagged
andthis salinity anomaliescausea reductionof
the overturning.
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Figure2: Thefractionof low-frequeng variability of local SSTthatcanbeaccountedor by alinear
responseéo the NAO. The NAO leadsthe local SST by the numberof yearsdravn at eachfigure.
Only correlationssignificantatthe 90% level areshown.
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Figure4: SameasFig. 2 exceptfor the SSTin the SFR.The line labeled“section” indicatesthe
positionof the sectionshavn in Fig. 5.
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Figure5: Thefraction of low-frequeng variability of the temperatur®n a zonalsectionat approx-
imately 70° N (cf. Fig. 4) thatcanbe accountedor by alinearresponsef the SSTin the SFRfor
zerolag. Only correlationsignificantat the 90% level areshown.
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Figure6: Thefractionof low-frequeng variability of local SSSthatcanbeaccountedor by alinear
responseo the ice transportthroughthe Fram Strait (ITF). The ITF leadsthe local SSShy the
numberof yearsdravn ateachfigure.Only correlationssignificantat the 90% level areshown.
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Figure7: Thefractionof low-frequeng variability of the overturningthatcanbeaccountedor by a
linearresponsef theice transporthroughthe FramStrait(ITF) for five yearslag. Only correlations
significantatthe 90% level areshown.
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