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Abstract

Warmerthan normal conditionsvere observed around Greenldod most of theyear 1998. Based onseasurface
temperature (SST) anomaly maps forrathnths of 1998 it is shown that tlectic watermass componentsave
increasing influence on the surface waters from October onwards, and may be trace®8Y taeomalies welhto

early summer. Oceanographic observations made at Standard Oceanographic Stations off West Greenlecatdeveal
high warming of theadvectivecomponent of the WegkreenlandCurrent, the Irminger component. Withnaean
temperature 06.43°C in thewater layer200-300m these findingare the highesttemperatures evesbserved at

Fyllas Bank Station 4 during autumn. Salinity measurements made for thenséendayer athe Cape Desolation

Station 3 indicates that the salinity anomaly which was observed during autumn 1997, was a single year’s event. Air
temperatures as measured at Nuuk/West Greenland reégbalr than normal (0.4K) anomalies. Asalysedor the

last year’'s NAFO Sc. Council contribution the author is convinced that the observed warming is of the same type as
in the previous decades of the 1970s and 1980s: an intermediate warming.

Introduction

Monitoring environmentaldata leadsafter a considerablgime of systematic sampling tanderstanding
environmental variability. Following this philosophy, meteorologatived attime-series ok.g. airtemperatures
which cover periods ofmore than 100 yearsgfter starting observations in thmiddle of the last century.
Oceanographers have followddng time-series ofdata collection at Oceanographic Standar8tations, where
measurementsvere performed athe same positionduring the same season of thear (Stein, 1998). Some
examplesare Station 270off St. John’s, NFLDthe FyllasBank Station 4off Nuuk, Greenland, or oceanographic
data from Ocean Weather Ships (e.g. BRAVO at about 56°30’N, 51°W).

There isnow, at theend of this century,increasing interest to use these long-term observations for prognostic
approaches (Stein and Lloret, 1999).

Following Latif (1998), the climate system exhiba@snsiderablanatural variability on timescales of therder of
decades. Decadal climate variability is an important issue for three reasons:

* A betterunderstanding othe mechanisms generatidgcadaklimate variability mightopen
the possibility to make predictions at decadal time scales.



* The detection of anthropogenic climate change requires information about natural variability to
separate the anthropogenic signal from the natural background noise.

» Long-term changes ithe climate state mighinfluence short-term climatéuctuations. A
betterknowledge ofthe slowly evolvingbackgroundstatecanimprove theprediction of the
faster climate variations substantially.

NAFO through its Standing Committee on Fisher@sl Environment (STACFEN)encouraged research
scientists to continue sampling oteanographidatawhenever there isesearchactivity in the NAFO
Convention Area. Thiged to the existence afome really long-term time-series of NARQreanographic
StandardStations (Stein, 1988). Scientific information from thekg¢asets fills - in the mean time -
bookshelves (the given references cover documenttbom the 1990s as published in the NABGurnal
of Northwest Atlantic Fisheries Science, and the NAFO Scientific Council Studies: dmd&rinkwater,
1990; SteinandWegner,1990; Drinkwaterand Trites, 1991; Stein, 1991; Steand Buch, 1991;Stein,
1993; Drinkwater and Trites, 1993; Drinkwateradt 1994; Colbourne, 1994rinkwater, 1995; Parsons
et al., 1998; Stein, 1995; Stein, 199bajnkwater, 1995a; Drinkwater, 1996; Drinkwater, 1996¢&ein,
1996; Steinand Lloret, 1996; Drinkwater etal., 1996; Stein, 1996d)rinkwater etal., 1996a;Stein,
1996b; Stein and Borovkov, 1997; Drinkwater et al., 1998; Stein, 1998; Stein, 1998a).The papserns
the seventh in a series whigtartedwith the year 1992, toelucidate relevantlimatic issuesaround
Greenland.

Data and Methods

Data onthe atmospheric climate d@breenland weresampled bythe Danish Meteorological Institute &tuuk
(64°11'N, 51°44.5'W), Egedesminde (68°42.5'N, 52°53WjAngmagssalik (65°36'N, 37°40"W)Vhereaghe first
dataset was mutually supplied by the Danish Meteorological Institute in Copenlzgkthe Seewetteramt,
Hamburg, the lattedata sets were given by the Seewetteramt, Hamburg. The climatic mean which the air
temperatureanomaly chartsare referenced to is1961-1990. Ice charts were taken from the INTERNET
(http://www.natice.noaa.goyFigs. 6, 7).They originate from NOAA satellite ice observations.

Sea surface datafor the region between Greenland and Labrador wetaken from the IGOS3Data Base
http://ingrid.ldgo.columbia.edu/SOURCES/.IGOSS

Subsurface oceatiata areavailable fromGerman measurements filre Westand East Greenlandarea. The NAO
Index (Fig. 13) gives the meddecemberJanuary, February (DJF) Sea Level Pres§8td®) from theAzores and
from Iceland. The individual SLP's are standardized to 1961-90 base period.

Station Ponta Delgada was closed and the Azores SLP data come from station Santa MariasdDd€s for 1997
and 1999 for Ponta Delgada were defined by regression of SM(1961-1998) data (Loewe and Koslowski, 1998).

P(PD)=a*P(SM)+b, with a = 1.0512, b =-52.8933.
Results
Air Temperature and Climatic means

Similar to the 1997 conditions (Stein, 1998b), February was the coldest month ofGWestandandthe positive

air temperature conditions as observed dubregemberl997 at the WedBreenlandsites, were maintained through

to January 1998. Air temperature anomalies during the coldest month (February) ranged from —2K to —7K at the west
coast ofGreenlandAnon., 1998). As it was normallgncounterediuring the first half of thisdecadethere was a

cold air masscenteredover thetown of EgedesmindeThis mayhaveled to the relativelycold Februarywith air
temperature anomalies of —4.5K at Nuuk (-12.3°C), and —3.3 K at Egedesminde (-19.3°C). Mean air temperatures for
February are given in brackets.



The annual air temperature curveferenced tdhe climatic means at tharee observatiosites off Westand East
Greenland, are given in Figs. 1 to 3. Colder than normal conditionsemeoentered athe west coast oGreenland
during February and March. Except for November 1998 Nuuk (Fig. 2) air temperatures were above thenwiamatic
from April onwards.Angmagssalik (Fig. 3)experiencedclimatic conditions whichwere similar to the West
Greenlandconditions duringhe first quarter ofthe year. Except for June 1998 &mperaturegsemained above
normal until Augustwhen temperaturestarted tofall slightly below the climatianean (1961-90). November and
December showed warmer than normal conditions.

Climatic Variability off West Greenland

As in the previous two years, the annual mean air temperature anomalies indicated positive conditionsH0.4 K,
4) for the thirdyear in consecution since 1988. Thklecadapresentation of Nuuk mean aemperature anomalies
(Fig. 5) reveals about the same positive anomalietuasg the previousdecadesThe long-termtrend of Nuuk air
temperatureanomalies (thé 3-yearrunning mean as well as tfeyearrunning mean)is, asemphasised bystein
(1998b) pointing at intermediate warming, a feature which was also observed during the 1970s and 1980s (Fig. 4).

Ice Conditions in the Northwest Atlantic

Winter ice conditionsvere favourableluring 1998 off WestGreenlandThe southernmost location of the iedge
was found in the end of March (980330, Fig. 6). There waanmendCape Farewelbetween Januargndfirst half
of March (East Ice), it was sea iftee betweenthe mid of March andmid of April. From end of April through to
August, however, there was above normal ice cover in the Julianehaab bight (Southwest Greenland, Fig. 7).

Sea Surface Temperature Anomalies

The month of September shows largest positive anomalies in sea surface temp@8aflirbstweenGreenland and
Labrador which amount to more than +1.5K. There is a gradual cooling taking place in the following months of the
year, and during winter season a patckvafmerthan normalwater is seen to remain the centre ofthe Labrador

Sea. Examples frorRebruary1998 (Fig. 8),and February of the previouandthe following year show nearly
identical structureswith core temperaturanomalies of more than 2.5Kvearm pool of surface water is found at

about 60°N, 55°W. The arctic water massesfined tothe shelf regions off Wegtreenland andlabrador, indicate
cooling of more than —2.5K.

Subsurface Observations off West Greenland

Observations on Standard Oceanographic Statidtesn, 1988 were done athe Cape Desolation Sectiamd at
the FyllasBank Section. Fig. 9, 1Qisplay time series oftemperatureand salinity at station 3 of theCape
DesolationSection. Thermalconditions in the top 300m of theater column were slightly warmerthan in the
previous yearSalinity measurements at Cape Desolation Section Station 3 (3@&8tmshow that the lasyears
evidence of a "Salinity Anomaly" can be documented as a syegieevent which tookplace inthe Irmingerlayer,
and thus points at an advective phenomenon.

Warm air temperature conditionand advection of warm Irminger wateted to the about 1.5Kabove normal
conditions in the Fyllas Bank region. As one can see, all three layers indicate anomalous warming (Fig. 11).

Also salinitiesareabove thenorm, andthey indicatethat the previougear(1997) conditions wittslightly lower
than normal surface layer salinities (0-50m, 0-200m) are no longer in effect (Fig. 12).

Discussion

After the record low winter NAOndex 1995/96 (Fig. 8, -8.18; Figl3) the conditionsluring 1997/98returned to
normal, whereas the 1998/%&dex wasrecordhigh on the positiveside (Fig. 8, 13.96; Fig. 13). Fig. 8isplays



SST anomalies for the months of February (1998989). A commorfeature inall years isthe patch ofwarmer
than normal surface water in the centre of the Labrador Sea. Even in years with higimdéA@hich is indicative
for increasedransport ofarctic watermasses (e.g. the EdSteenlandCurrent componeniandthe Baffin/Labrador
Current component), SST anomalae visible which amount to > 4K. It isuggested herthat due to vertical
convection during winter, the heat content of the upper water layers as presentliu@mpmalous warmitiuring
previous autumn is maintained through to the winter/spring season.

From Fig. 8 it would appear that during “NAO negative” periods the transpantcté watermasses iseduced, and
there are positive anomalies visible during these times in the Southeast Greenland region.

Except for the Southwest off Greenland positB&T anomaliesvere prevailingaround Greenlantfom April 1998
onwards(Figs. 14, 15). Theequence omonthly SST anomalies as given kigs. 14, 15revealsthe decreasing
influence of thearctic watermass components from June to Septembad anincreasing influence of these
components from October onwards. All subsurface observations reveal warncompEesed tahe climatic means.
Record high warming was observed in the Irminger Water layer (200-300fy)la$ Bank Station 4. With anean
temperature of 6.43°C the 1998 measurements reveal record high values whickJsaveeerobservedsince 1963
when the autumn time series began at Fyllas Bank. Only during 1964 temperature were observed wsligihtlere
above 6.0°C.
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Fig. 1 Monthly mean air temperature at Egedesminde during 1998 and
climatic mean (1961-1990)
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Fig. 2 Monthly mean air temperature at Nuuk during 1998 and climatic mean (1961-1990)
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Fig. 3 Monthly mean air temperature at Angmagssalik during 1998 and climatic mean (1961-1990)
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Fig. 4  Time series of annual mean air temperature anomalies at Nuuk (1880-1997, rel. 1876-1997) and 13 year
running mean
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Fig. 5 Composite of decadal air temperature anomalies at Nuuk given relative to the
climatic mean of 1961-90 for the decades of the 1970s, 1980s and 1990s
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Fig. 9 Time series of Temperature at Standard Oceanographic Station 3 of the Cape Desolation Section (1983-
1998) for layers 0-300m, and Irminger Water layer 200-300m.
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Fig. 11 Time series of temperature at Standard Oceanographic Station 4 of the Fyllas Bank Section (1963-
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Fig. 13 Normalised North Atlantic Oscillation Index defined as the winter (December, January, February) sea
level pressure at Ponta Delgada in the Azores minus Akureyri in Iceland.
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Fig. 14 Composite of SST Anomalies for the months of January to June, 1998.
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Fig. 15 Composite of SST Anomalies for the months of July to December, 1998.



