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Abstract

The oceanography along the Southwest Greenland fishing banksis dominated by the inflow of
water masses originating from variousregionsin the North Atlantic and Arctic Ocean carried to the
area by the East Greenland Current, the Irminger Current and a side-branch of the North Atlantic
Current. The existence of the latter transport has only recently been discovered and hasled to the
description of a new water mass in the Southwest Greenland area called the Northwest Atlantic
Mode Water.

During the 198197 period Greenland experienced great fluctuationsin climate. The North
Atlantic Oscillation index has since the early-1980s been in a persistent and exceptionally strong
positive phase, which results in cold and dry conditions over Greenland. Greenland has been
characterized by very cold conditions since 1980 especially in the 1982—84 period, when record cold
winters were experienced. Similarly the 1989-94 period was also extremely cold. These cold
atmospheric conditions were reflected in the waters off Southwest Greenland by temperatureswell
below normal in the upper 400 m. Along with anincreasein the formation of "Westice", theicelimit
moved so far south that the situation seldom seen, of "Westice" and " Storis" joining each other inthe
Julianehaab Bight during the winter months, has been experienced several times during the recent

15years.
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Introduction

Knowledge of the oceanographic conditionsin an
ocean area, and in particular their variability, is
extremely important to the assessment of: 1) climate
variability, 2) environmental impact on living
resources (primary production, fish stocks, marine
mammals), 3) possibilities for exploitation of the
living and non-living resources of the sea, and 4)
possibilities for the establishment of an operational
oceanographic service.

The oceanographic conditions of the Greenland
waters are generally well known. The oceanography
along the Southwest Greenland fishing banks is
dominated by the inflow of water masses originating
from various regions in the North Atlantic and Arctic
Ocean carried to the area by the East Greenland
Current, the Irminger Current and a side-branch of the
North Atlantic Current. The existence of the latter
transport has only recently been discovered (Buch,
1990) and has led to the description of a new water
mass in the Southwest Greenland area called the
Northwest Atlantic Mode Water. The Oceanographic
conditions have been thoroughly discussed in Buch
(1990). It is recognized that seasonal and interannual
variability can be substantial. These can be reflected

by climatic signalstransferred to the Greenlandic area
by the atmosphere and/or the ocean currents which
influence the Greenland waters, i.e. the East
Greenland Current, and a couple of side branches of
the North Atlantic Current of which the Irminger
Current is one.

The Greenland area has during the 1981-97
period been characterized by dramatic climatic
variability. Especially remarkable weretwo extremely
cold periods, 1982-84 and 1989-94. The winters of
1983 and 1984 were the coldest ever recorded at
Greenland since regular meteorological observations
started in 1873. These cold atmospheric conditions
werereflected to the surface layer of the ocean having
a severe impact on the living conditions of the
economically important fish stocks, primarily the cod
stock.

The objective of the present paper is to give an
overview of the most important events in the
oceanographic conditions in the Greenland waters in
the 1981-97 period. The paper will especially focus
on the waters off Southwest Greenland from Cape
Farewell to the Disko Bay because of the economic
importance of this area to the Greenland society.
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Dec-Mar 1981-1994

Fig. 4. Average surface temperature (°C) and SST
anomalies over fourteen years (December—
March) 1981-94. Temperature anomalies
>0.25°C areindicated by dark shading and those
<-0.25°C areindicated by light shading. Regions
of insufficient data coverage are not contoured.
(After Hurrell and van Loon, 1997).
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Fig.5. Annual mean air temperatures from (A) Nuuk and (B) Tasiilaqg, obtained from the
Danish Metrological Institute records.
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area during the 1970s and early-1980s, was a result
of a period of extremely high frequency of northerly
winds over the Arctic Ocean and northern North
Atlantic in the 1960s (Dickson et al., 1988). The
northerly winds caused a greater than normal outflow
of cold and relatively fresh polar water from theArctic
Ocean. This water, together with large amounts of
polar ice, was carried along the east coast of Greenland
to the West Greenland area by the East Greenland
Current. It is therefore logical that the most extreme
air temperature conditions was experienced at
Tasiilag.

Focusing on the 1981-97 period attention must
be paid to two remarkably cold periods: 1982—-84 and
1989-94, Fig 5a,b. These two cold periods in time
coincided well with the occurrence of the highest
positive values of NAO index (1983, 1989 and 1990)
as shown in Fig. 2.

The 1982-84 period has been discussed by
Rosengrn et al. (1985), who showed that the cold
conditions were due to the inflow of an extremely cold
air mass from Arctic Canadato the Davis Strait region
with the centrein the vicinity of Aasiat. Judging from
the annual mean temperatures given in Fig. 5a, it is
seen that the 1982—84 period is one of the coldest ever
recorded at Greenland although not the coldest.
Rosengrn et al. (MS 1985) showed that negative
temperature anomalies were observed every month
from February 1982 to November 1984, but especially
the winter months were extremely cold. The mean
temperatures for the winter months (December, 1983,
January and February, 1984) were the coldest ever
recorded (-15.2°C in Nuuk). It is needed to go 99
years back in time to find similar cold winter
conditions (-15.1°C in 1885).

Sea ice

Sea ice is an important parameter in Greenland
waters and the Southwest Greenland area is mainly
dominated by two types of seaice:

1) "Storis", multi-year ice of polar origin carried
to Southwest Greenland by the East
Greenland Current.

2) "Westice", first-year ice formed in the Baffin
Bay and Davis Strait.

The Southwest Greenland waters, primarily the
Julianehaab Bight, are covered with "Storis" 8-9
months of the year. The leading edge of the "Storis"
normally passes Cape Farewell in December or
January, but can vary by several months from year to

year. The amount of "Storis" entering Southwest
Greenland waters show great interannual variability
and isgoverned by several factors such as the outflow
of seaice from the Arctic Ocean, the formation of sea
ice in the Greenland Sea, wind conditions in the
Greenland Sea, Iceland Sea and the Irminger Sea. In
the 1981-97 period, extremely great amounts of
"Storis" entered Southwest Greenland water in 1982,
1984, 1989, 1990 and 1993 (Hans Valeur, Greenland
Ice Service, pers. comm.).

The formation of "Westice" startsin the northern
Baffin Bay in September and in the succeeding months
it continuesto block larger areas along the Northwest
Greenland coast. In most years the ice limit reaches
Aasiat in December—January. The water of Southwest
Greenland is normally not affected by "Westice"
because the inflow of warm water of Atlantic origin
has its maximum during autumn and early winter
(Buch, 1990).

The presence of extremely cold air masses over
the Davis Strait in 1983-84 and 1989-94 naturally
resulted in the formation of extraordinary large
amounts of "Westice". Thereby theicelimit was moved
so far south that the seldom situation of the "Westice"
and the "Storis" joining each other in the Julianehaab
Bight has been experienced several times during the
recent 15 years.

Oceanogr aphic conditions

Water masses. The waters off Southwest
Greenland are dominated by four water masses formed
outside the Davis Strait (Buch, 1990) (see map of
surface currents in Fig. 6:

* Inthe surfacelayer close to the coast, cold and
low saline Polar Water is found. The Polar
Water is carried to Southwest Greenland by the
East Greenland Current.

« Below and west of the Polar Water, water
originating from the North Atlantic Current is
found.

At great depths Northeast Atlantic Deep Water
and Northwest Atlantic Bottom Water are found.

The two deepwater masses are not discussed in
the present paper sincethey are found at depths greater
than the 1 000 m maximum depth of observation used
by the Greenland Fisheries Research Institute in their
observation program.
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The T/S characteristics of Polar Water as it is
found in the East Greenland Current are temperatures
generally below 0°C and salinities below 34.4 PSU
(Lee, 1968). During the summer the temperatures may
rise to 3-5°C in the surface layer. Buch (1990),
however, showed that the T/S characteristics of Polar
Water are altered on its way to Southwest Greenland
due to mixing with surrounding water masses. Along
the Southwest Greenland fishing banks the Polar
Water thereforeis characterized by temperatures bel ow
1°C, which may rise to 3-5°C during summer, with
salinities below 33.75-34.0 PSU. This classification
is quite similar to the one given by Kiilerich (1943).

The Atlantic water component has until recently
been referred to as Irminger Water, but amore detailed
analysis questions this statement. Lee (1968) and
Clarke (1984) have defined Irminger Water as a
mixture of Irminger Sea Water formed in the | rminger
Sea during winter and North Atlantic Water, and they
characterized Irminger Water to have temperatures
between 4 and 6°C and salinities between 34.95 and
35.1 PSU.

In order to study the water masses of Atlantic origin
in more detail, a T/S analysis was performed using
observationsfrom all available datafrom the Southwest
Greenland area as published in World Ocean Atlas
1994. Due to the seasonal variability of the inflow of
Atlantic water, T/S diagrams were prepared using the
Ocean Data View Software for each of the four seasons
(Fig. 7. a—d, S <34.0 PSU have been disregarded).
These T/S diagrams clearly indicated the presence of
Irminger Water (T ~4.5°C, S >34.95 PSU) during all
seasons. A more detailed analysis producing seasonal
T/S plots for each decade showed great decadal
variability in the inflow of Irminger Water to the
Southwest Greenland area, with high inflows during
the 1960s and less in the following decades. However,
further discussion of this aspect is beyond the scope of
the present paper.

Figure 7 additionally shows that throughout the
year thereisabody of water in the Southwest Greenland
areawith temperatures around 4°C and salinities above
34.85 PSU. This body of water would most likely have
been formed by the Irminger Water mixing with the
surrounding water as it flows towards Southwest
Greenland and resulting in a decrease in temperature
and salinity. Water off Southwest Greenland with
temperatures above 4°C and salinities between 34.85
and 34.95 PSU may therefore be named Irminger Mode
Water. This water mass can always be observed off
Southwest Greenland, while pure Irminger Water

(temperatures around 4.5°C and salinities >34.95 PSU)
is only occasionally observed in the area and then
primarily in the southernmost part.

TheT/Splotsin Fig. 7 and the example of avertical
temperature and salinity distribution plot in Fig. 8 show
that there exists a huge volume of water with
temperatures above 2.5°C and salinities between 34.50
and 34.85 PSU. Additionally it is seen in Fig. 7 that
the temperature increases during autumn. Water with
salinities above 34.5 PSU is found at greater depths
excluding the possibility of a temperature rise due to
atmospheric heating (see Fig. 7 where the col our coding
indicates the observation depth). The high tempera-
tures, especially during autumn, support the assumption
that water with salinities in the 34.5-34.85 PSU
intervals originates from the North Atlantic Current.
These results supports the findings by Buch (1990)
based only on Fylla Bank data from 1950-88.

Along the Cape Farewell section of the
NORWESTLANT surveys (Lee, 1968), arather thick
water layer (200 to 250 m) with salinities between
34.6 and 34.85 PSU was observed at a distance of
around 100 naut. m south of Cape Farewell. The
temperatures were around 2.5°C during the first two
NORWESTLANT surveys, and increased to above
4.5°C during the third survey. Clarke (1984) reported
observations from a section between Cape Farewell
and Flemish Cap taken in early-1978. North of the
North Atlantic Current to about 100 naut. m south of
Cape Farewell a 200-300 thick layer with temperatures
above 2.5°C and salinities below 34.85 PSU was
observed (Fig. 9).

There istherefore reason to believe, as suggested
by Buch (1990), that the water mass observed off
Southwest Greenland characterized by temperatures
above 2°C and salinities between 34.5 and 34.85 PSU
(late in the year often with temperatures above 5°C)
hasitsoriginin the northern part of the North Atlantic
Current. It is most likely the relatively low salinities
are due to the influence from the Labrador Current. It
was proposed by Buch (1990) that this water mass be
called "Northwest Atlantic Mode Water". A possible
path towards Southwest Greenland can be seenin Fig.
6, where water from the northern rim of North Atlantic
Current turns north at around 40°W flowing towards
the area off Southeast Greenland. Here it turns
southward flowing towards the Cape Farewell area,
where it turns northward again. In the Davis Strait at
around 63-65°N the water flows towards west until it
reaches the Labrador Current.
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—p >20 cm sec’!

Fig. 6.

This analysis of T/S data from Southwest
Greenland therefore indicates the presence of three
water masses of Atlantic origin:

* Irminger Water — temperature around 4.5°C and
salinity above 34.95 PSU.
Irminger Mode Water — Irminger Water mixed with
surrounding water masses on its way to Southwest
Greenland, with temperatures around 4°C and
salinities between 34.85 and 34.95 PSU.

* Northwest Atlantic Mode Water — Temperatures
above 2°C and salinities between 34.5 and 34.85 PSU.
In late autumn the temperatures rise to above 5°C.

Surface currentsin the northern part of the Atlantic Ocean (After Dietrich et al., 1975).

Interannual variability. The most well known
oceanographic time series from Southwest Greenland
isthe mid-June mean temperature on top of FyllaBank
(Fylla Bank station 2, 040 m) (Fig. 10), which the
Greenland Fisheries Research Institute has carefully
maintained because of its importance to the cod stock
assessment. Here the temperature may vary quite
drastically from one year to the next, often more than
1°C, reflecting the variability of both the atmospheric
influence and the inflow of Polar Water. The curve
showing the 3-year running mean values naturally
smoothens out the variations and therefore better
reflects the large-scale climatic variability.
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Fig. 7. Seasonal T-S plotsfrom the Southwest Greenland areausing all available datain the World Ocean Atlas
1994. The colour indicates the observation depth (upper = winter; lower = spring).
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Fig. 7. (Continued). Seasonal T—S plotsfrom the Southwest Greenland areausing all available datain the World
Ocean Atlas 1994. The colour indicates the observation depth (upper = summer; lower = autumn).





