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Abstract

Air tunpcralun anpmalics and sca icc gover 1round Greenland duning the carly nineties indicate that al the
beginning of the present decade similar anomatous cold ¢nvironmental conditions are cxperienced in the
Northwest Atlantic region than dyring the beginning of (he seventies and cighties I1is shown that. similar 10 -
the last decade., cold air masses centered over the town of Egedesmiade contribuie (o the extreme conditions off.
West Greentand during ale winter/carly spring. In contrast to the ‘west coast. the east coast of Greenland
showed different climatic conditions during. 1992 and 1993, Under the regime of the anomalous cold air
temperatures the surface laver of the ocean is cooled and sca ice formed 1o a larger cxtent than normal.
Subsurface temperaturc obscrvations on Fylla Bank/West Greenland indicate close correlation, with air
wemperaturc variation. The climatic curves of Nuuk. Egedesminde, and Angmagssalik indicate warming and
return 1o normal conditions during (he vear 1994, 1t would appear that this warming pomts al o similar
intermelizite warming as-cncountercd during the seventics and eighties. This intcrmediate warming st
however, not necessariby indicate the end of the gencral cooling in this area as observed since the ke sixtics.
Recent XBT-measurements of the vertical thermal ficld {0-75¢m) of the North Atlantic Ocean between Cape
Farewell and the waters west ofl the British Isles. along 60°N, reveal no changes in the thermal pmpcmes

- when compared 1o Iuslunc«ll observations Clurmg 1955,

Intreduction

There is. evidence. of global climatic changes (HOUGHTON, 1991) which are of different
magnitude and sign, depending on latitude and region. Climatic models predict regional
cooling, e.g. in the arcto Canadian and Greenland region, they indicate warming in the Siberian -
region (MIKOLAJEWICZ et al., 1990). As concerns the Northwest Atlantic region, time
series of sea ice cover and air temperatures indicate considerable increase of duratien and

extension of sea ice and cooling trends of air temperalures on both sides of the Davis

Strait/Labrador Sea (DRINKWATER et al., 1994). Potential impact of climatic changes in -

the Northwest Atlantic on fish stocks and fishery has been discussed recently (STEIN, 1991},
Changes on decadal scales seem to play an important role in the North - Atlantic region
(ANON,, 1992). Among these changes the inﬂ_uenee ofa salinity anomaly travelling 'along the
North Atlantic circulation since the late sixties, the "Great Salinity Anomaly" (DICKSON et

al., 1988), is thought to have sensible influences on recruitment of certain- cod stocks -

) (CUSH]NG 1999; MERTZ and MYERS; 1934).
The present paper collates information on variability on decadal scales since the beginmng of
this century (sca surface temperature anomalies of North Atlantlc regions), air temperature and
subsurface ocean temperature variation dunng the last forty years off West Greenland, and air -
temperature and sea ice anomalies of the Northwe_st Atlantle during the early nineties with _
reference to the climatic me&n 1961-1990. In a separate chapter the paper gives information
on thermal properties in the upper layer (0- 750m) of the North Atlantlc Ocean between Cape

Farewell and Scotland.




Data an_d Methods

Data on the atmospheric climate of Greenland were sampled by the Danish Meteorological
Institute at  Nuuk (C4°11'N,  51°44.5'W).  Egedesminde (68°42.5'N, 52°53'W) and
Angmagssalik (65°36'N. 37°40'W). Whereas the first data set was mutually supplied by the
Danish Meteorological Institute in Copenhagen, the latter data sets are taken from ANON,
(1992a, 1993). The Nuuk air temperature anomaly time series as displayed in Fig. |, was
referenced to the actual climatic mean (1961-1990). Ice charts were constructed from NOAA
satellite ice charts. They give the approximate position of the ice edge for the annoiated date.
Anomalous ice cover, indicated by dark shading in Figs. 7 and 8, is related to mean ice
conditions as given in BUCH and STEIN (1989) The temperature anomaly maps for the
Northwest Atlantic were also taken from ANON. (1992a, 1993). These temperature maps give
air temperature anomalies relative to the 1961-1990 ¢limatic mean. Both the ice charts and the
temperature anomaly maps, are available from the author on request as computer slide shows,
Sub-surface ocean data are available from Danish observations (June temperature data from
Fylla Bank/West Greenland, BUCH pers. comm.) and from German measurements
(November temperature data from Fylla Bank/West Greenland, and XBT-transects along 60°N
across the Atlanticy. XBT (Deep Blue) probes were launched every three hours after leaving
Cape Farewell. Thus, about every 30 nautical miles a vertical temperature profile was obtained
and transmitted via METEOSAT to the German Hydrographic Office. Data analysis and
plotting of vertical sections was done there using the technique as described by SY and
ULRICH (1994 ). Sca surface temperature (SST) anomalies were mutually supplied by the
former ICES Hydrographer Jens Smed. The data were transformed into computer readable
format. The data were smoothed by a 25 year running mean. Results are displayed for areas
Al B.D, L, M, N (Fig. 15a, redrawn from SMED, 1965).

Results

Air Temperature Anomalies over the North Atlantic and Greenland -

Simﬁar to the last two decades, at the beginning of this decade ancinalous low temperatures
were encountered at West Greenland (Fig. 1). Although nol being at record low values as
during 1983 and 1984, the year mean data indicate near record low values for the years 1992
and 1993. These climatic conditions are quite in contrast to the fifties and sixties when positive
temperaturc anomalies prevailed al West Greeniand

Mean air temperature conditions for the North Atlantic west of 20°W during 1992 and 1993
are outlined in Figs. 2 and 3. In both vears negative temperature anomalies were observed to
the west and south of Iceland, off Labrador and Greenland. During 1992, year mean

temperature anomalies were below -3K in the Egedesminde region. February and March were.

the coldest months in these years with temperature anomalies below -10K (February 1992 at
Egedesminde, Fig. 4) and below -8K (March 1993 at Egedesminde, Fig. 5). March 1994 air
temperature anomaly.distribution reveals similar conditions as during March 1993 for the West
Greenland area (Fig. 6')‘

Distribution of Sea Ice

As a consequence of the anomalous cold air temperatures around Greenland during 1992 and
1993, the distribution of sea ice in the area was also anomalous. Two examples are given, they
show the situation during the mid of July (Figs. 7 and 8)- Ice was still present off Labrador and
north of Baffin Island, as well as at Cape Farewell (July 15, 1992). A year later, a tremendous
tongue of sea ice was covering the Cape Farewell region and stretched out to the northwest off
West Greenland as far as N'uuk, At the western side of Davis Strait, north of Baffin Island,

unusual coverage of sea ice was encountered on July 14, 1993




Subsurface Temperature Distribution at Fylla Bank/West Greenland
Annual values of temperature anomaly on top of Fylla Bank (June data) and at the slope

(November data) are given in Figs. 9 and 10, A five year running mean is superimposed on the '

annuat curves. The data are refefenced to the mean of the entire time sertes, whereas the data
from the top of the bank are referred o the 1951-1980 ciimatic mean. Similar to the air
temperature time series of Nuuk (Fig. 1), the water temperatures on top of Fylla Bank (40m of
water column), reveal the cold events during 1969, 1970 and 1972, during 1983, and during
1991. The temperature anomaly data on the slope of the bank, at station 4 {STEIN, 1988),
represent mean anomaly values of the upper 200m of the water column. Anomalous cold

~ events were observed during 1972 and 1983.

Thermal properties of the North Adantic along 60°N

During eastbound crossings of the North Atlantic, FRV "Walther Herwig” performed regular
surveys of the upper ocean thermal field (0-750m) since 1989. Figs. 11 to 13 show the vertical
thermal fields during October, November and December. For companison results from
published data are displayed in Figs, 14a and 14b. These data are May/June and October
observations, done by FRV "Anton Dohrn” in 1955 (DIETRICH et al., 1961). To illustrate
the temporal variation of thermal properties of the North Atlantic throughout most of this
century, sea surface temperature anomalies from West Greenland to the west of the British
Isles are given (Fig. 15) for the belt' between 55°N and 60°N. Unfortunately, this time series
was abandoned from 1975 onwards. ‘

Discussion

After extremely cold years at the beginning of the previous two decades of the seventies and
eighties, there was warming or return to normal conditions during the second half of these two
decades with the exception of 1989 which was nearly 2K below the mean (Fig. 16). The early
nineties seem to follow this trend. The climatic curve for Nuuk (Fig. 17a) shows that March is
the coldest month on average of the climatic mean (1961-1990). During the early nineties,
February 1992 was the coldest month. The present year (1994) was near normal during
January, February, but anomalous cold during March. April 10 August data of this vear are
near to normal. Egedesmindé air temperature data reveal a climatic curve similar to Nuuk (Fig.
17b). February 1992 was the coldest month on record (below -25°C mean temperature),
followed by March 1993 with -25°C. The year 1994 indicates the return to normal climatic
conditions, except for the month of March which was well below the norm. On the East
Greenland side, at Angmagssalik, the typical cold spring conditions were not encountered (Fig.
i7c). After 1993 beiny the coldest year, the 1994 conditions show near normal climatic
conditions. The years two and three of the eighties and nineties (Fig. 16) indicate similar
trends. Cooling in both years was strongest in February and March. This might reflect similar

metecrological conditions in those years. The air temperature anomaly maps of February 1992,

"March 1993 and also March 1994 indicate a cold air mass centered over the town of

Egedesminde (Figs. 4, § and 6). As discussed by BUCH and STEIN (1989), a comparable
meteorological situation was observed during the early eighties: cold arctic. air masses were
kept over Davis Strait for about two months. This resulted in cooling of the oceanic surface
layer and led to the anomalous formation of sea ice.

A completely different situation in air temperatures at Nuuk was encountered during the fifties
and sixties. Except for a minor negative deviation in 1956 and 1967, these decades were
characterized by anomalous warm conditions (Fig. 18). )

The warm conditions of the fifties and sixties are well reflected in the thermal conditions of the
water column on top of Fylla Bank (Fig. 9). When air temperatures decreased at the end of the
sixties, the first significant drop in water temperatures was observed during the beginning -of
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the seventies. Warming in the middle of the seventies and eighties did also influence the
thermal conditions on Fylla Bank. From 1989 throughout the carly ninetics colder than normal
ocean temperatures were observed According to BUCH (pers. comm.) during the 1993
measurements in June, the surface layer at all stations off West Greenland was dominated by
the inflow of cold, relat‘ively fresh polar water.

The SST- anomalies of the North Atlantic areas given in Fig. 15, reveal a general warming of
the surface waters between 55°N and 60°N which started in the twenties. Warming was most
pronounced in area Al (West Greenland, Fig. 15a) At the end of the sixties cooling of the
surface waters occurred in all areas except for arca N. At the same time cooling started off
West Greenland in the air temperatures at Nuuk (Fig, 1), and the subsurface observations on
Fylla Bank (Fig. 9). Subsurface observations on the thermal properties of these areas reveal a
completely different picture. Measurements done by FRV "Anton Dohrn" during 1955, and by
FRV "Walther Herwig" nearly forty years later, reveals about the same thermal conditions
during October (Figs. 11 and 14b). The topographic influence of the Mid Atlantic Ridge on
the distribution of waler masses is similarly mapped during both observations (9 to 16 October
1955 and 22 to 25 October 1993). Doming of the isotherms to the west of the ridge (Fig. 14b)
shows the Irminger Sea thermal properties: a deep reaching, nearly horhogenous water mass
below the upper thermocline. The upper 1000m of the water column east of the ridge comprise
the waters of the North Atlantic Current, structured during the preceeding summer. A tongue
of warm summer surface water stretches to the west with temperatures being well above 10°C.
Both features and the same thermal properties were found during 1989, even with the tilting
isothermes above the Mid Atlantic Ridge. Figs. 12 and 13 elucidate the gradual decrease of
thermal structure east of the Ridge when winter is approaching. The December observations
(Fig. 13) show vertical convection within the upper 750m west off the British [sles: a nearly
homogenous water mass.

The two comparable observations, made in 1955 and 1989, are too scarce to draw climatic
conclusions. These examples express, however, what Global Climatic models take into
account: no warming in this part of the North Atlantic, but cooling in the Labrador/West
Greenland area. The climatic curves of Nuuk, Egedesminde, and Angmagssalik (Figs. 17a-c)
indicate warming and retum to normal conditions during the year 1994, It would appear that
this warming points at a similar intermediate warming as encountered during the seventies
and eighties (c.f Figs. 1 and 9), as indicated by STEIN (1993): "Considering the shorter
period variabifity (3.8 years), however, there is a probability for intermediate warming
periods like in the mid-seventies and mid-eighties. Similar o the last two decades, these
intermediate warming periods can raise mean air lemperatires to ahove normal levels, e.g.
during the mid-nineties." This intermediate warming must, however, not necessarily indicate
the end of the general cooling in this area as observed since the late sixties.
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Fig. 1 Air temperature anomaly for year mean data at Nuuk, l950 1993 (rel to the climatic
mean 1961-1990)
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Fig. 2 Mean air temperature anomalics over the Northwes! Alhlantic during 1992 {data are
given rel. to the climatic mean 1961-1990; E=FEgedesminde, N=Nuuk,
A=Angmagssalik)

Fig. 3 Mean air temperature anomalies over the Northwest Atlantic during 1993 (data are
given rel. to the climatic mean 1961-1990)
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Fig. 4 Mean air temperature ancmalies over the Northwest Atlantic during February 1992
(data are piven rel. to the climatic mean 166]1-1990) -
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Fig. 5 Mean air temperature anomalies over the Northwest Atlantic during March 1993
(data arve given rel. to the climatic meag 1961-1990)
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Fig. 6 Mean air temperature anomalies over the Northwest Atlantic during March 1994
{data are given rel. to the climatic mean 1961-1990)
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~ Temperature Anomaly
~ Fylla Bank, June (rel.1951-1980)
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Fig. 9 Mean temperature anomaly on top of Fytla Bank (0-40m) during June (rel. to the
mean 1951-1980) and 5 year running mean of the anomaly data
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Temperature Anomaly
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Fig. 10 Mean temperature anomaly at the slope of Fylla Bank (0-200m) during November

(rei. to the\_mean 1963-1993) and 5 year running mean of the anomaly data




{

LIS

n - N Mg ¢ om0 Ny o0 o 0 - NN g NI
NN(Q?\I%")HMM"‘}P’)P’J"}"Iﬁd vrqv:'vvrvnmmm-nmmnm

100 -

200

300

400

[rr ey

g
]
Hiderys
i

i
3
H
4
1
:
E
i

ietreeepion
e Ehah et

0 100 200km

WP.J_THER HERWIG 137 (20.10.—24.10.83) AX1 east X3T-TEMF

BSH
Gridding Parometer: Area in X, by no. of profiles= 2 .
Mo of GRD—Points in X= 50 Area in Y, by physical units = 100 Homburg
No of GRD—Peints in Y= 50 Order cf Orthogonal Surfoce = i

T

I ]
500 8.06 7.000 8.00

I 1 1 i I 1
13,00 14.00 15,00 16.00 17 20 18.00 12.00 RG.0Q 21.00 22,00 23.00 24.00 2500 26.0G

Fig. 11 Upper ocean thermal fietd of the North Atlantic along 60°N between Cape Farewell
and the British Tsles {October 20 to 24, 1993)

1
11
12
[}
“
15
a
17
18
=)
20
I
2.5
24
5
zZé

0 100 20Cwm

WALTHER HERWIG 101 (26.11.—29.11.89) AXi east XBT-TowmP

BSH
Gridding Parameter: Area in X, oy rno. of profiles= 2
No of GRD—Faints in X= 50 Arec in Y. by physicol units = 300 Hamburg
No of GRD-Foints In Y= 30 Qrder of Orthoagonaol Surfoce = 1

Tl ] ¢

1 I i 1 I
—2.00 —1.00 0.C0 1.0 2.00 Z.00 4.00 500 600

1 1 1 1
7.00 200 92.00 10,00 11.00 12.00

1 ] [ ] ]
1500 14,00 15,00 16,00 17.00 12.00 i9.00 20.00 2:.00 22.00 2300 24.00 25.00 25.00

Fig. 12 Upper ocean thermal field of the North Astantic along 60°N between Cape Farewel!
angd the British Isles (November 26 to 29, 1989)



s
b2t
>

100

200

Pt

&?{M

fricis

e

i
i3

300

"

ga%«

400

£

500

ot

TIguaty

600

Q 00 2Q0km

WALTHER HERWIS 129 (23.12.—27.12.92) AX1 east XBT-TEMP

BSH
Gridding Pcrometer: Area in X, by no. of profiles= 2
No of GRD-Points in X= 50 Area in Y. by physical units = 100 HAemburg
No of GRD—=FPoints in Y= 50 Order of Orthogoncl Surface = 1

1 [l 1 ] [
13.00 14.Q0 15,00 16,00 17.00 iB8.00 19.00 20.00 21.00 22.00 Z3.00 24.00 25.00 26.00

Fig. 13 Upper ocean thermal field of the North Atlantic along 60°N between Cape Farewell
and the British Isles (December 23 to 27, 1992)




- 13 -

. 2 4 3 5 883 EBRSBE
- N 1 L. Lt 0
-t \ TR m
- r L
\h-/ " 9 'I
% [P
u——
= N & wE
s g A - ; ’ € e
a 7 "1 @ _..' :C\
& ~L--=3201 2 ILye £0
g Lo 1Y 73
100 - & 1V z t-
v ’j
@ R S
G
L3
e — - s00
150 - e \~ L
¥ .
< (&)
2 1 C + 000
2000 - 2
g
, Anton Dohrn
295 - 451955
5 -
2500 0 ggl!e n300 2500
50:1vertical excggeration
=4 3000
3000 -
% § % 5 3§ § 85§84
S O S &
1 J ¢
S 035 o A A\ Y. m
9‘\\&—"—-— e -_’0_']7 TR~
\“—-—._,_ e e ~
P
- 1
"“‘...N:-._,\‘*—"s 9 3 500
L—d ~ ~ L - &
NN AN, P
~ \ y > ~ L5 &
: N NN EE R g
: e -2 a . @
& 1 -—Y:ﬁ\-s 1 -\ F = {000
L S | T T~ ~ 15 T 3 H v
.g / 4 - \s__‘_s —~ | 5 a €
5 .5 N T = - T s &
E / \ o~ F~~ 2
v ~ W P~ T
S A D 1500
1500 p~ A\ v N\
vfe N
V& \
\ 2 \\ © 2000
2000 - \ f’ \\3\ < / . t C
\\ F ~ ~ //
«18 W 2 1 LAnton Dohrn®
\ ~ 2 9- 16255
~ ' Scate —{ 2500
2500 -
u 250 km
WL, A : x
W S0 verhcal txaggeration
\2
3000 |~ — 3000

Fig. 14a Upper ocean thermal field of the North Atlantic along 60°N between Cape Farewell
and the British [sles (May 29 to June 4, 1955)
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SST Anomalies
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Fig. 15 Sea surface temperature enomakhes of North Atlantic areas denoted in Fig. 15a (data
are smoothed by & 25 year running mean})
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Air Temperature Anomaly
Nuuk Year mean (rel. 1961-90)
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Fig. 16 Composite of decadal air temperature anomalies at Nuuk (rel. to the climatic mean
1961 - 1990} for the decades of the seventies, eighties and nineties’
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Fig. 17a Climatic mean monthiy air temperature curve for Nuuk (1961-19%0) and climatic
curves for the early mneties
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