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Abstract

Based on air temperature data from three sites of West and East Greenland, on ice
charts for the area B8, 71°N and 20W, 70°W, and on CTD profile observations around
Greenland, the annual variability of climate is shown. Mean monthly air temperature data
from Nuuk/West Greenland reveal the long-term interannual changes of air temperature
anomalies. The warming trend which was observed during November and December 1995
was maintained into 1996 for about five months. Thus, spring warming of the near surface
water layers, especially on the shallow bank areas off West Greenland, has been favoured.
As a result of mild air temperatures over most of 1996, sea ice conditions were about
normal around Greenland and off eastern Canada. Subsurface observations indicate con-
siderable warming of the 0-200 m water layer off West Greenland. The thermal anomaly
of this layer amounted to +1.59K, which is the second highest value on record since the
warm 1964 event.

The warmer than normal conditions as recorded since November 1995 off East and
West Greenland, point to an intermediate warming which was characteristic for the sec-
ond half of the recent decades (1970s and 1980s). The long-term trend of air temperature
anomalies off West Greenland points, however, still show cooling, a trend which has per-
sisted since the early-1970s.

As the potential driving mechanism for the intermediate warming in the Labrador Sea
area, the sea level air pressure gradient between Iceland and the Azores was identified.
The 1996 value of this gradient, the North Atlantic Oscillation (NAO) Index, was strongly
negative and this represented the flow of mild air masses from the mid-latitude Atlantic
Ocean to the Greenland/Labrador Sea region. Accordingly, air temperature anomalies in-
dicated unusual warming during the month of February which amounted to >2K in the
region of Baffin Land, Labrador and Greenland.
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Introduction ice climate system were examined by Wohlleben

and Weaver (1995) in order to investigate potential

In a recent study Newell (1996) identified a link processes involved in interdecadal climate variabil-
between sea-ice clearing dates off the coast of Labty. They found that sea surface temperature anoma-
rador and the Southern Oscillation Index (SOI). Helies concentrated in the Labrador Sea region have a
found that in recent decades (1951-84) low valuestrong impact upon atmospheric sea level pressure
of the SOI during the September to May period areanomalies over Greenland, which in turn influence
associated with earlier than normal sea-ice clearthe transport of freshwater and ice anomalies out

ing dates in the western Labrador Sea. Conversel@f the Arctic Oceanyia Fram Strait. These fresh-

high values of the SOI during the same period leadvater and ice anomalies are advected around the
to later clearing dates. Newell (1996) proposes thasubpolar gyre into the Labrador Sea affecting con-
this relationship is a result of the SOI influencingvection and the formation of Labrador Sea Water.
sea-level pressure patterns over the north-west AtFhis has an impact upon the transport of North At-
lantic which subsequently influence sea-ice cleardantic Current water into the subpolar gyre and thus,
ing dates off Labrador. also upon sea surface temperatures in the region.

The statistical relationships between various  Wohlleben and Weaver (1995) propose an
components of the subpolar North Atlantic air-sea-interdecadal negative feedback loop as an internal
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source of climate variability within the subpolar Buch and Stein (1989). The approximate location
North Atlantic. They have found the time scales forof the ice edge was given in the selected figures
one cycle of this feedback loop to have a period ofind in a computer slide show. The temperature
about 21 years. anomaly maps for the Northwest Atlantic were
taken from Anon. (1996) (note: the ice charts and
During the NAFO Scientific Council Meeting the monthly air temperature anomaly maps are
of June 1996, the Standing Committee on Fisherieavailable from the author on request as computer
Environment (STACFEN) recognized that the Northslide shows). Subsurface ocean data are available
Atlantic Oscillation (NAO) index which represents from German measurements for the West Greenland
the sea level pressure difference between Icelandrea.
and the Azores explains largely the hemispheric
conditions in the North Atlantic Ocean (Stein, MS
1996). While recent cooling has occurred in the
Labrador Sea region, in the Barents Sea conditionAir Temperature and Sea Ice Anomaly During
have been very mild. The cause of the negative ret996
lationship is suggested to be related to the large- . . . .
scale atmospheric wind patterns, the NAO. When, Compared to previous years, C“mat'? condi-
the NAO index is high, the Icelandic Low strength-t'onS changed during the year 1996. During 1992

: 1995, the pattern of air temperature anomalies
ens and the northwest winds over the Labrador Sef ' .
intensify, carrying cold air further south. This pro- between 20W and 70W, 54N and 7N was very

duces more ice and colder temperatures. At the sarrfém.”ar in the first quarter of the year, _especially
time over northern Europe the southwest winds in- uring the coldest month of the year. This was Feb-

tensify carrying warm air masses farther north caus U2y during 1992, and March during 1993, 1994
'y carrying warm ai HSand 1995 (Stein, 1995a, b; Stein, 1996a, b). Two

ing warm conditions to develop in the Barents Sea. . i . A
examples from this period are given in Fig. 1 and
2. Whereas it was "normal” during the first half of
{his decade to find a cold air mass centered over
he town of Egedesminde (labeled E in Fig. 1 and
) with air temperature anomalies of <10K (1992)
and <6K (1995), air temperatures were 2.5 to 4.5K

warmer than normal over the Canadian Archipelago

ing the climatic events recorded around Greenlan Ed O\./ter t;;reenlar}dt dduilhng Mzrcr; A199|6 (r']:'g' tﬁ).
and in the Labrador Sea. The present paper is th IS situation persiste roughout Aprit when the

fifth in a series, which started with the year 1992’centre of positive temperature anomalies was situ-

: - o ted over South Baffin Land (+6K) and Northeast
to elucidate relevant climatic issues around Green2
land Greenland (+6.7K). May and June 1996 revealed

colder than normal temperatures over the north
Data and Methods American continent, over Baffin Land and the West
Greenland Sea. July, August and September were
Data on the atmospheric climate of Greenlandvarmer than normal in eastern Canada (+3K), and
were sampled by the Danish Meteorological Insti-colder than normal off West Greenland. A steep
tute at Nuuk (6811'N, 51°44.5'W), Egedesminde south-north air temperature gradient east off New-
(68°42.5'N, 5253'W) and Angmagssalik (636'N, foundland in August 1996 produced a series of
37°40'W). Whereas the first data set was mutuallystrong low pressure systems.
supplied by the Danish Meteorological Institute in
Copenhagen and the Seewetteramt, Hamburg, the During the last quarter of the year, positive air
latter data sets were given by the Seewetteramtemperature anomalies prevailed in the Labrador
Hamburg. The climatic mean which the air tempera-Sea region. Positive anomalies over Baffin Island
ture anomaly charts are referenced to is for the peand Labrador persisted from November to Decem-
riod 1961-90. Ice charts were constructed fromber and increased to +6K. Except for Southwest
National Oceanic and Atmospheric Administration Greenland which was slightly colder than normal,
(NOAA) satellite ice charts. Anomalies of ice edgethe west and east coast of Greenland encountered
are referenced to sea ice normals as displayed byarming up to +4K.

Results

These three examples show that climatic con
ditions around Greenland are largely the produc
of hemispherical interactions, both in the east-wes
direction, and in the north-south direction. The link
seems to be on a global scale. Continuation of cli
matic data analysis is therefore vital for understand
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Fig. 2. Mean air temperature anomalies over the Northwest Atlantic during March, 1995
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Fig. 3. Mean air temperature anomalies over the Northwest Atlantic during March, 1996
(E = Egedesminde, N = Nuuk, A = Angmagssalik)

Air Temperatures and Climatic Means normal conditions (+0.6 K, Fig. 7). The decadal
presentation of Nuuk mean air temperature anoma-
. ) : lies (Fig. 8) indicated warming which was consid-
Stein, 1996a, b) the three observation sites at th rably larger than in the previous year. The long-

V‘I'EeStd coa_ls; aﬂd keas; Acoast of I_Erlf_enLan erm trend of Nuuk air temperature anomalies (the
(Egedesminde, Nuuk and Angmaggsalik, Fig. ’5’13-year running mean as well as the 5-year running

and 6) |nd|c_ated positive conditions throughoutmean) was, however, far from returning to warm or
most of the first half of the year. Whereas the pre-,

viously coldest month March revealed normal tem-even normal conditions (Fig. 7 and 9).

peratures at Egedesminde (-184Fig. 4), air tem-  |ce Conditions in the Northwest Atlantic

peratures at Nuuk and Angmaggsalik were consid-

erably warmer than normal (-5@ at Nuuk and - The southernmost location of the ice edge was

2.6°C at Angmassalik). Summer months werefound in mid-March (960313, Fig. 10). Except for

slightly colder than normal at the west coast ofthe anomalous ice cover around Cape Farewell the

Greenland, however warmer than normal at the eagtistribution of sea ice was normal. Nearly ice free

coast (Fig. 6). conditions were found at the end of September

(960924, Fig. 11), when only at the Baffin Land

The warming trend which was observed duringcoast some ice was found. During the last quarter

November and December 1995 (Stein, 1996b) wasef the year 1996, ice cover around Greenland and

maintained into 1996 for about five months. Thus,off arctic Canada was normal. Only at the begin-

spring warming of the near surface water layersping of December some new ice formed around

especially on the shallow bank areas off WestCape Farewell.

Greenland has been favoured.

In contrast to previous years (Stein, 1995a, b

Subsurface Observations off West Greenland

Climatic Variability off West Greenland Due to time constraints only two out of five

For the first time since 1988, the 1996 annualOceanographic Standard Sections could be achieved
mean air temperature anomaly value revealed abov@uring the cruise of FRVWalther Herwig IIT'.
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These were three stations of the Cape Desolatiofrom station 4 of the Fylla Bank Section. The tem-
Section and five stations of the Fylla Bank Sectionperature and salinity time series are referenced to
(Stein, MS 1988). Figures 12 and 13 show resultthe 1963-90 mean. Temperature and salinity
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Fig. 10. Ice edge during 13 March 1996 (dark shaded areas indicate anomalous extent
of ice edge during the month of April).

- September 24
1 A 1996 L

25 T T 55

oo

=70 -a0 -50 —-40 -30 -20

Fig. 11. Ice edge during 24 September 1996; dark shaded areas indicate anomalous extent
of ice edge during the month of September.
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3 expected that the air temperatures in the Labrador
—0-50m  —0-200m ---200-300m

Sea region should have been colder than in recent
years. However, the Icelandic Low also shifted east-
ward reducing its influence over the Labrador Sea
below that expected during a typical high NAO in-
dex year."

rel. 1963-1990

For 1996 the NAO index was -9.8 (dotted line
in Fig. 14). Similar values were found at the end of
‘ . ‘ the 1970s, and this represents the flow of mild air
1960 1970 1980 1990 2000 masses from the mid-latitude Atlantic Ocean to the
Year Greenland/Labrador Sea region. Accordingly, air
) ) _ temperature anomalies indicated unusual warming
Fig. 12. Time series of_ temperature at Standard O.Ceaduring the month of February which amounted to
nographic Station 4 of the Fylla Bank Section >2K in the region of Baffin Land, Labrador and
(1963-96) for surface layers 0-50 m, 0—200 m - . . ’ ) .
and Irminger Water layer 200-300 m. Greenland. This had implications on the sea ice dis-
tribution in the Labrador Sea which seemed to be
normal off the Labrador, Baffin Land and Green-
land coast except for some unusual sea ice forma-
1 ~—0550m tion around Cape Farewell in January and Febru-
—0-200m ary.
---200-300m

In contrast to the early-1980s and 1990s, the
characteristic feature of the "blocked cold air mass"
centered near the city of Egedesminde (Fig. 3
in: Buch and Stein, 1989; Fig. 1 in this paper) dis-
appeared during 1996. This seems to represent large
scale changes in the sea level pressure distribution,
. ‘ ‘ which as indicated above, seems to be on the hemi-
1960 1970 1980 1990 2000 spherical or even global scale.

Year

rel. 1963-1990

] . o Warmer than normal spring conditions (in
Fig. 13. Tumeh.sersuist'of Sf"r;'t% athltlangardk %Ce?“O'March, April and May) were the consequence of a
graphic station # of the Fylla bank Seclion ., rmer-than-normal winter 1995/96. Summer was

(1963-96) for surface layers 0-50 m, 0-200 m __ .
and Irminger Water layer 200-300 m. slightly colder at the west coast of Greenland,

indicate positive trends, and the temperature 20
anomaly value was the second highest on record

(+1.59K) since the warm 1964 conditions. 10

x
[}

Further subsurface observations off East and2
West Greenland were performed in conjunction with Q
the bottom trawl stations. Results on the thermo-Z
haline conditions and water mass properties on the
fishing banks were given in an information paper,
and considered during the 1997 NAFO Scientific  -20 ‘ ‘ ; = :
Council Meeting (Stein, 1997, unpubl. paper). 1880 1900 1920 1940 1960 1980 2000

--- Annual Index—5 yr.r.m.

)
[

-10

Year
Discussion Fig. 14. The North Atlantic Oscillation Index defined as
the winter (December, January, February) sea
As indicated by Drinkwateet al (1996) the level pressure at Ponta Delgada in the Azores

NAO index had a high value in 1995, and "it was minus Akureyri in Iceland.
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however warmer at the east coast. The warmer-than- tions off West Greenland, 1980-85. Northw. Atl.
normal conditions as recorded since November Fish. Sci, 9: 81-89.

1995 off East and West Greenland, point at an inPRINKWATER, K. F., E. COLBOURNE, and D. GIL-
termediate warming which was characteristic for the ~ BERT. 1996. Overview of Environmental Conditions

second half of the recent decades (1970s and 1980, I the Northwest Atlantic in 199VAFO Sci. Coun.
Studies 27: 1-37.

Fig. 7. The long-term trend of air temperatureNEWELL’ J. P. 1996. Sea-ice and atmospheric circula-

anomalies off West Greenland points, however, still  {jon anomalies in the Labrador Sea region associ-

shows cooling, a trend \_NhiCh has persisted since ated with extremes of the Southern Oscillatitnt.

the early-1970s (c.f. Stein, 1996b). J. Climatol; 1996; Vol. 16, no. 1, pp. 63—-71; ISSN
0899-8418.

The subsurface observations on the Fylla BanlSTEIN, M. MS 1988. Revision of list of NAFO standard
Station 4 reveal anomalous warm and saline condi- oceanographic §ections and statiohsAFO SCR
tions in all water layers from the surface down to ~ Doc. No. 1, Serial No. N1432, 9 p.

300 m depth (Fig. 12 and 13). The 200-300 m wa- 1995a. Climatic Conditions Around Greenland
— 1992.NAFO Sci. Coun. Studieg2: 33-41.

ter layer is mqstly influenced by the slope trapped 1995b. Climatic Conditions Around Greenland
warm and saline Irminger component of the West 1993 NA'FO Sci. Coun. Studieg2 43-49
Greenland Current system. As presented to the MS 1996. Conclusions drawn from the climatic
NAFO Scientific Council in a separate information issues as presented during the STACFEN Meeting

paper (Stein, 1997, unpubl. paper), the thermohaline in June 1996 NAFO SCR Dog No. 83, Serial No.
conditions on the West Greenland fishing banks  N2765, 6 p.

during autumn 1996 were dominated by this warm, 1996a. Climatic Conditions Around Greenland
saline water mass. — 1994.NAFO Sci. Coun. Studle§5 59-65.

1996b. Climatic Conditions Around Greenland
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