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Abstract
Based on a Danish/West German time series of temperature and salinity data
at the NAFO "Standard Oceanograrhic Station 4 west off Fylla Bank‘the vear
to vear variation of both parameters is discussed. By means of a stability
analysis the preconditions for winter convection which misht influence the
streanh of West Greenland cod vear classes are inspected. Strong negative
anomalies of temperature and salinity since 1981 which vield a maximum during
1983 are exrlained due to variations of the East Greenland component of the

West Greenland Current system, and due to resional meteorolosical anomalies.
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Introduction

Observ;fions on the Pﬁvsical oceanograrhic environment of the waters off
West Greenland were mostly carried out in conijunction with biolosical
programs. The measurements of the vertical temeerature and salinity profiles
were partly done along Standard Sections on Standard Oceanosrarhic Stations
which are Llisted in ICNAF Selected Parers No. 3, 1978, The bulk of the
existing temperature and salinity data orisinates from the Standard Secticn
Fylla Bank esrecially from Standard Oceanosrarhic Station 4 at 43° 53 N,
53° 22 W (fis. 1). This station which is located at the shelf break off
West Greenland was occuried most fresuently tﬁroushout the last century
primarily by Danish research vessels and vessels from the USSR and the
Federal Republic of Germany. Whereas a larse amount of publications dealt
vwith the summer situation on Fylla Bank (e.9. Hermann, 19675 Hermann, 1969;
Hermann, 19725 Alekseev et al., 19723 Buch, 1982), less attention has been
paid to the autumn conditions in this area. The Danish and the West German
data available to the authors were .therefore composed to enable a closer
view to the autumn conditions at Fylla Bank station 4. The range of obser-
vation starts in 1963 and covers the last twenty vears. Only for 1972
no data are available for station 4. Based on these data which were collec-
ted between the mid of October and the begirning of December, the rresent
rarer considers mean conditions of the physical environment and the vear

to vear variations in the vertical structure of the water column at station 4.

General circulation off West Greenland

Since the ‘hvdrosrahy of the area off West Greenland has been described in
detail by the aforementioned authors, only a short descrirtion is siven here:
Mostly influenced by the concurrence of two different water masses, the

hrdrosrarty of the resion west of West Greenland derends Larsely on the
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variations of both water masses which jointly form the West Greenland
Current system (fie. 1). Beino comrosed of the rolar component of the East
Greenland Current and the warmer Irminser comeonent, both water masses round ‘
Cape Farewell (fis. 1) and flow north-westward as the West Greenland Current.
The East Greenland comeonent of this current is mostly confined to the shelf
“area of f West Greelands whereas the Irminser component leans asainst the shelf
 break on its war to the north. The seasonal variation of the thermohal ine
structure is mainly influenced by the seasonal reriodicity of the two currents
(Buch, 1984) as well as by the discharse of iceberqf, the formation
of sea-ice. the wind stress and the seasonal variation of the solar radiation,
Due to the major heat input durins the months of June to October (Buch, 1982),
a thin surface laver of 3°C to 5°C is formed which inhabits the ureer 40m
of the water column. During winter (January to March) the surface laver is
cooted‘ feachins temperatures below 0¢C, often below -1°C. The temperature
minimum occurs mostly durins February. Below the surface laver the maximum
temreratures are observed during autumn and the besinning of winter when
tem?eratures above 5°C are measured in depths below 200m. This indicates the
strensthened influence of the Irminser comronent which dominates the deer

water lavers between August and February.
Mean rrofiles at Station 4

The vertical rrofiles of temperature and salinity were measured at discrete
derths (Nansen bottles) or sameled continously (CTD data). From these measure-
ments standard depth data were extracted and stored in a comeuter file. Fig, 2
to 4 display the mean Pprofiles of temperature (“C), salinity (S%107%) and
density (G;) versus derth. The first data column to the risht of the rlot
gives the mean values of the individual rarameters T, S, S, the second column
indicates the variance of the mean.

a) Temperature (fis, 2)

The vyear +to vear variation of temeerature is expressed most within the urper
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200m of the water column. With a variance of arproximately 1 the annual

fluctuation is less than the mean temperatures. Below 30m water derth the

variance keeprs within 50X of the mean values. Temperatures above 5°C outline

‘fhe’ uerer Llimit of the' Irminger  comeonent of the West Greenland Current
which is located at about 300m derth. The temperature maximum is found at a
derth of 400m with a temperature of 5.3C. Accordins to the aforementioned

ICNAF Selected Parers No,3,1978,’the derth at station 4 is 605m; Discreéanciesv

with resard to the maximum observed derth occur during our time series. The
major reason for this is subiect to inaccuracies of position determination.
Due to the steer. slore at the station site small errors of position

determination misht cause large differences in the‘depth of the station.

b)’SalinitY (fie, 3)

Within a thin surface Laver of about 10m thickness the salinity is les§ iﬁan
3B.0410°3, indicatine the tor laver of the diluted waters of land drainase
Below 30m  water derth the salinity sradient which -decreases from
0.01¢10 3 %m"? to 0.004%107*#n "t in the urer 200m marks the transition to the
deep water lavers.As shoun in the vertical temperature erofile the urer boun-
dary of = the warm water bf Irminser origin is found at 300m depth. Salinities
betueen 34.79%10°3 and 34.93+10 outline the domain of this wara component of

the West Greenland Current.

" ¢) Density (fis. 4)

Similar to the salinity erofile the Gy profile shows a homoseneous surface

laver of 30m thickness. The urper boundary of the Irminser comeonent emerdes

~with @; values of arproximately 27.50.

Temeerature Time Series

The standard derth data of temeerature of the individual vears of the time

series at Fylla Bank Standard Station 4 are siven in fis. 5 (note the chanse
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of the depth scale below 200m). Within the uprer S0m of the surface water

Laver six events with temperatures less than 1°C were recorded during the last
twenty vears. Obviously, there are two events which covered more than one

vear; i.e. from 1967 to 1969 and from 1982 onwards. In contrast to the cold

evenf at the end of the sixties, the early eisthies for the the first time

indicate- sub-zero temperatures during autusn. Parallel to the cooling at the
surface the thermal influence of the Irminger ﬁomponent on the dee lavers
decreases. Since 1981 the upper boundary of the warm component of the West
Greenland Current (T)5°C) was found below 300m depth. Durins 1983 no 5°C-
water was observed at station 4. A similar sterwise deepening of the urper
tenperature boundary of the Irminser component emerses in the early seventies
which led to the anomalous ice vear of 1972, Similar to 1983 no 5°C-water was
found during autumn 1973. Ten vears before, in 1963, the cooling of the

surface laver was accompanied by a reduction of the Irminser influence.

Salinity Time Series
Fig. &6 displars the standard derth data of salinity between 1963 and 1983. In
the surface laver five events of Low salinity, less than 33x1073, mark the in-
creased inflow of the East Greenland comronent off West Greenland or perhars
land  drainase or  water  from the Baffin Current. As shown
for the vears 1982 and 1983 the Low saline water deepens its influence to the

urrer  7om of the water column. Whereas the thermal situation of 1971 and 1973

is characterized by temperatures above 1°C, the salinity data clearly show

“the 'existence of low saline water. Salinities Larser than 34.7%10" 3 putline

the domain of the warm Irminser comronent of the West Greenland Current.
Excert for 1949, 1976 and 1979 this component was found at depths beléw 2000,
During the last three vears the depth of the 34.7*10"isohaline was found
between 230m and 400m indicatins more or less’the mean condition as may be

seen from fis. 3.
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Temeerature and Salinity Anomalies

The temrerature anomalies (fis. 7) very clearly demonstrate the outstanding
thermal situation during the last three vears. Whereas positive anomal ies were
~prevailing during the sixties (1963 excl.) and mid seventies, the cpoliﬁs of
the surface laver from 1981 onwards resulted in anomalies which exceeded -2°

during 1983. From the salinity anomalies (fis. 8) it can be concluded that ma-

- jor nesative anomalies occurred only in the ueper water lavers which cover the =

East  Greenland comronent, For better understanding the arproximate depfh of
the 34.7%10 3isohal ine has been plotted in fis. 8. With the excertion of 1973,
1975 and 1980 all negative salinity anomalies are found above this lipe. It
shows that the early seventies which were affected by anomalous ice seasons
’(Nolford. 1982)> also excelled with a profound decrease of salinity throushout
the entire water column (e.9. 1973). In contrast with tﬁat the dilution which
takes place since 1981 is festficted to the derth ranse inhabited by the East

Greenland comronent and its transition zone to the Irminser component.
Meteorological events

During the last two decades the hydrosrachical Eondiiions along West Greenland
have been influenced by two meteorolosical extremes. In the late si;ties POSI-
tive anomalies apreared over the Norwesian— and the Barents Sea (Dickson et
al. 1975). The resulting eressure sradient caused a maiority in northerly
winds pressiny Llarge amounts of cold, relatively fresh water out of the Afctic
area, i.e. the East Greenland Current was intensified. At West Gréeﬁland
the result of this event was a sreat admission of polar drift ice, nesative
itemperature and salinity anomalies. This however does not clearly aepear in
the autusn anomalies shown in fis. 7 and 8 due to the Low intensity of the
East Greenland Current at this part of the vear (Buch, 1984). The second

meteorologsical event, which we experience risht now, is of a auiet different
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and more direct nature. An analysis of the rossible causes and effects of this
bevent has recently been carried out by Rosencern et al. 1984, from which some
of - the ma;n points of the meteorolosical analysis will be outlined here.
The analysis is based on observations from the meteorolosical station in Godt-
haab. The monthly mean temreratures have since February 1982 been below normal
(1931 - 1960 standard period), fis. 9. Esrecially the winter months January
and February have been extremely colds with the Lowest tesperatures resistra-
ted sincé resular temperature observations started in 1984, about 12°C below
normal. The mean temperature for the whole vear was in 1983 3.5°C below nnr;
mal, which is the third coldest vear ever resistrated. An analvsis of tempera-

tures from other parts of the arctic resion, fis. 10, shows that the extreme
conditions found at West Greenland iS a véry locally placed cold eddy, only
covering the Davis Strait, Greenland and rarts of the northeastern Canada, and
the center placed near the city of Esedesminde, West Greenland. The extremely
cold conditions in the atmosphere has cooled the ueper watermasses in the
Davis Strait, resulting in nesative temperature anomalies of 1 to 2° throush-
out the vear as well as in formation of great amounts of ice, fig. 11. The
last two winters have been the most severe ice winters in Greenland this

century, producing great difficulties to the orerations of the fishing fleet

at the West Greenland fishins banks.
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Stability of the Surface Laver

Surrosed that the intensity of the winter convection is one of the salient
preconditions for a good or a weak cod vear class (Mever, 1948), the stability
~of the surface water lavers during autumn of fhe vear previous to the cod vear
class should be indicative for good or bad environmental conditions during
srawning and larval stase of cod. Since it is mainly the salinity which deiér-
mines the density stratification at station 4 west off Frlla Bank, periods of
. strong salinity gradients should rarallel weak cod vear classes. As shown in
fio. & during the first decade 193 to 1973 events of Low salinity, i.e.
salinity gradients, were prevailing. For closer inspegtion of the stability
conditions during the individual vears, the mean stability of the QPPE;.ZOOE
‘of the water column was calculated as well as the variance of the mean density
within this laver. Whereas the latter method is a raw instrument to test
‘stable or unstable conditions, the detailed method was performed a;cordins to
Hesselbers (1918), i.e. stability
E=1/¢g*dg/ dz
with ¥ being the mean density of the individual water Laver. From the results
of the standard laver; (0-10, 10-20, ... » 150~200) a mean value was computed.
Both results, the variance of the mean densiij as well as the stability coeff-
icient are rlotted in fis.12, Additionallvy fig.12 digplays the estimated num-
bér of MWest Greenland cﬁd (at age 3) as published by Horsted et al. (1983).
The vear class 1973 is marked with an E indicating that this vear class repre-
sents cod of mainly East Greenland origin. With resard to the oceanograrhic
part of this fisure the data are derhased to the correseonding vear classes.

During the first decade hish stability coefficients reeresent unfavourable

~ .conditions for a rrofound winter convection. This confirms Mever (1963)

who rredicted week vear classes of West Greenland cod due to increasing
salinity 9radients. Between 1975 and 1984 the mean stability coefficient was

nearly half of that between 1944 and 1974 (dashed line in fis. 12). This misht



be one of the environmental reasons which led to the strons vear classes
1977 and 1979. Esrecially during autumn 1978 the stability coefficient s
very low indicating 9sood conditions for deep reaching winter convection.
For the 1981 and 1982 vear classes fairly 9o0d conditiéns emerge from the

sfability analysis, whereas for the 1983 and esrecially for the 1984 vear

- classes the preconditions for acti?e winter convection are bad (E = 6.5¢107¢).

Conclusion

The time series of temperature and salinity versus depth indicate an
increased cooling and dilution of the uerer 300m of the water column during
the last three vears. A sterwise deerening of the urrer temeerature boundary
of the Irminger comeonent led 1o intensive vertical coolins of the water
colunn and to the complete absence of 5°C-water at station 4 west off Frlla
Bank. Whereas the far-reaching nesative temperature anomalies misht be a sian
of reduced influence of the warm Irminger comeonent off West Greenland durinsg
1983, the salinity trend is oerosite. The fact that all nesative salinity
anomalies since 1981 and especially during 1983 were found above the Irminser
component, roints at an additional factor of cooling, i.e. of meteorolosical
origin. Besides the intensification of the East Greenland comeonent off West
Greentand which led to increasing dilution and cooling of the urrer 300m,
very cold air masses from Canada rlaced over Davis Strait seem to be additfon-
ally reséonsible for the far-reachins cooling of the water column at Standard
Station 4. The stability analysis vyields better preconditions for intensive
winter vconvection for the cod vear classes from 1975 orwards than for the

previous vears. In contrast with this the 1983 observations, however, indicate

‘bad rreconditions for active winter convection.

This Lleads to the final conclusion that 1983, within the frame of the last

20 vears, was an unusual vear off West Greenland.
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Ge—===— Wosl Gresniand Currons

Fis. 1 Surface currents in Greenland waters

(Triansles Oceanosrarhic Standard Station 4 off Frila Bank:
from Hansen and Hermann: Fisken o9 Havet ved Gronl and)
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Fie. 10 Anomalies of the mean air temperature of January-February 1983 in the
arctic region :
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