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Abstract

Hydrographical observations especially from the years 1980 - 1983,

shows the excistance of 3 - 4 layers of different temperature - salinity

characteristics.

The transport in and out of the Disko Bay has been investigated part­

ly ~ygeostrofic calculations partly by currentmeter observations.

Layers of instability has been identified and analysed using diffe­

rent diffusion models •

1. Introduction

The Disko area at West Greenland 690 N and 5ZoWconsists of Disko Bay

south of the Disko island and the Vaigat, a narrow strait north of the is­

land. (Fig. 1). The topography of the area is very complex (Fig. 1). Note

in particular: The deep channel with depths down to 920m separating Store

Hellefiske Bank and Disko Bank continues between Kronprinsens Ejland and

Hunde Ejland to a position north-east of Kronprinsens Ejland. North of

Disko Bank is another channel, with a maximum depth of 296 ,. The sill depth

of the Disko Bay is 303 m, while the sill depth of the Vaigat is 350 m.

Between Disko Bay and Vaigat depths are from ZOO m to the west to 300 m

to the east.
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Up to 1981 the West Greenland current has been descriebed by several

authors but only a few have worked in the Disko Bay. Andersen (1981) sum­

marizing information of the bay up to 1975 concluded that an inflow at

great depth to the bay between Kronprinsens Ejland and Hunde Ejland results

in an upwelling in the.northern part of the bay, and that in the upper

layer there is an outflow south of Disko Island and through Vaigat.

DHI (1979),based on observations from 1975-79,suggested an outflow

through the channel between Hunde Ejland and Kronprinsens Ejland, which

may imply another circulation in the bay than ,the one suggested by Ander­

sen (1981) specially in respect to upwelling.

In 1980the Greenland Fisheries and Environment Research Institute and

the Institute of Physical Oceanography, University of Copenhagen , started

a joint survey program in th Disko area as a supplement to an existing sur­

vey program along the west coast of Greenland. A net of 28 stations from

Godthäb in the south to Hareo in the north and 16 stations in Disko Bay and

Vaigat were establised. Investigations were carried out in July and Novem­

ber every year from 1980.

In this paper results from Disko Bay, Vaigat and the northern most coa­

stal stations fr om the years 1980-82 and to same extend temperatures fr om

July 1983 will be presented. Water samples were collected at standard depths:

0,10,20,30,50,75,100 •••• Pendulum~currentmeters were used at selected sta­

tions.

2. Hydrographical observations

Surface temperatures in the Disko Bay were generally higher than out­

side in the coastal current and in the Vaigat.

The highest temperatures \~ere with the exception of July 82 found in

the area south-east of Godhavn. (Fig. 2). In July 1982 the highest tempe­

ratures were measured just west of Jacobshavn Isfjord. Temperatures of the

first three years were up to 10°C while in July 1983 the maximum tempera­

ture was around 40 C. Because of this horisontal temperature gradients were

large in 1980-82 and very small in 1983.

The 1980-83 temperature distribution agrees quite weIl with the results
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of Andersen' (1981) which are based on the monthly means published in "Nau­

tical meteorological annual" and "monthly surface temperatures of the North

Atlantic" up to 1971, although the horisontal gradients in 1980-83 were

larger than those published by Andersen (1981).

Vertically thetemperature distribution revealed three layers (Fig. 3).

A surface layer with temperatures up to 10oC, an intermediate layer most

generally with temperatures below O.SoC and a bottom layer in which the

temperature increased to approx, 2_3.50 C. The surface temperatures decrea­

sed strongly from 1982 to 1983 while the mean temperature of the upper 30

m had ~ weaker decrease in the period July 1981-83.

With the cold layer defined as the layer of temperatures less than

0.50 C the mean temperature and the depth of the layer were determined for

16 stations in the bay and the Vaigat and for the Disko fjord and Egedes­

minde sections. This showed a mean temperature in Disko Bay and Vaigat of
o 0about 0.1 C up to 0.4 C. The dpeth of the layer were 1980: 100 m, 1981:

115 m and 1982-83: 75 m. No correlaction between temperature and depth

of the layer has been found.

As the mean temperature as weIl as the depth of the' layer were compa­

rable in July 1982 and 1983, it is shown, that the strang cooling of the

upper 30 m from July 1982 to July 1983 was not connected to conditions of

the cold layer but only to meteorological conditions in the spring and the

early summer. This is in agreement with the unusually cold winter and spring

at the westcoast of Greenland in 1983.

.. Lack of correlation between the wintertemperatures in air and the tem-

peratures of the cold layer in July suggests that the cold layer not was

influenced of local processes only. This idea is supported by the fact that

existence of negative temperatures in the bay seems to be connected to the

circulation in the area.

At the Disko fjord section the temperature of the cold layer was very

low compared to the mean condition in the bay.

2.3. Temperatures november 1980-82.
----------------------------------

In November 1980-82 the surface temperatures in the area outside Dis­

ko Bay were highest to the south close to the coast and lower to the north

and further to the west (Fig. 4). In the Disko Bay the temperatures were
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higher than outsides in the north-western part, but there is no clear ten­

dency in relations between the surface temperatures in the bay and outside

to the south.

The surfacetemperatures in november were 1980: -0.2 - 0.8oC, 1981:

0.7 - 1.7°C, 1982: 0.3 - 1.4oC wh ich means that the horisontal tempera­

turegradients were small and of the same size in the three years. The

mean surface temperatures in November does not correlate as weIl with the

values presented by Andersen (1951) as the July temperatures list.

Vertically 4 layers were found (Fig.5). Of these the uppermost cold

layer was divided into thin layers with small temperature variations.

In 1982 the thincol~._top layer was.. _~~sent and a11 the othe-r

~ layers were placed nearer the surface relatively to 1980 and 1981.

Negative temperatures in the surface layer were observed at the Di­

sko Fjord section and at the westernmost part of the Egedesminde section.

This can probably be explained by influence from the Baffin current which

has a cyclonic side branch outside the area of Disko.

The intermediate relatively warm layer related to summer heating were

centered at decreasing depth from 1980 to 1982 (125 m - 75 m), while the

mean temperature of the layer were increasing from November 1980 and con­

stant from November 1981 to November 1982.

•
With the expection of november 1981 the deeper cold layer was colder

than the surface layer •

In all three years the surface salinityin the Disko Bay was lower than

outside the bay. The higest surfacesalinities were found in the south-wes­

tern and central parts (Fig. ~a). In Vaigat the salinity were variable in

comparison to the conditions in the bay.

The minima for the surface salinity werein 1981 and 1982 found outside

Jacobshavn, reaching as far as the Skansen-Akunaq seetion • I t is seen ,from

the Godhavn-Egedesminde section (Fig. 6b)that the surfacelayer was relati­

vely salt to the south with a thin brachish layer to the north. It is this

thin layer which is heated to form a maximum in the surface temperatures

southeast of Godhavn. The bottom salinitiesinside the sill were lower than

at the outermost stations of the Egedesminde section and, with the expec-
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_tion of 1981, lower than the bottom salinities at the outer ~tations of the

Disko Fjord section.

In November the lowest values of the surface salinity in Disko Bay was

found in the south-eastern part (Fig. 7). Outside the bay the salinity in­

creases from south to the north with the lowest values found at the wester­

most stations, because of the cold relatively'bra~~ishwater from the Baf­

fin Current.

At the Gcidhavn-Egedesminde section the salinity distribution in the

surface layer was the opposite of that found in Juli, i.e. small salinities

to the south, but the horisontal as weIl as the vertical gradients were

small in November compared with July. Both in July and November but more

often in November, layers with decreasing salinity with dept~ were observed.

For depth greater than 300 m the salinity distri~~tion was homoge­

neou~, and the bottom salinity inside the sill were lower than outside.

As shown by the distribution of O't at the Skansen-Akunaq section

(Fig. 8) there is upwelling in the center of the bay, :'~ä- result of a cy­

clonic circulation.

A notable phenomenon are the layers of decreasing density with depth

observed during both summer and winter. In July these layers were mainly

associated with cold relatively brackish water on top of warmer and more

salty water. In November both salinity and temperature influences the sta­

tic instablities typical of the size öp!öZ = 10-50 • 10-4kg/m4 • This sort

of instabilities, but on greater depths, has also been reported on by Golmen

(1982) for CTD-measurements in the Greenland Sea April 1980.

The instablities seems to be connected to layers where dobbel diffu­

sive processes can be expected.

By solving the diffusion equations for temperature and salinity dis­

regarding the adventive terms, but involving the seasonal variation of tem­

perature - and ice (salt) conditions at the surface, it can be shown that

excistence of static instabilities demands 1.6 < Kr/Ks < 2.8 where Kr' Ks
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are the vertieal temperature and salt diffusion eoeffieients. This value

eorresponds to KT/KS = 1.7 found by Mosby (1962) for measurements in the

Norwegian Sea and the North Polar Sea and KT/KS =3.3 found/by Carmaeh and

Aagaard (1974) for measurements in the Greenland Sea.

•

Another approach to explain the statie instablities eould be through

loeal kinetie energj. Turner (1977) showed that for a Overall Riehard­

son number (Rio) less than ! a layer with linear gradients for velocity

and density will have enough loeal kinetie energy to make possible a trans­

formation to a homogeneous, turbulent layer with with steps at the top and

at the bottom of the layer. This was done by ealeulating the kinetie energy

as weIl as the potential energy before and after the transformation.

By doing this sort of ealeulaations on a layer with linear gradients

for velocity and density with1/4-<:Rl<L'whieh is transformed to a rela-
-.C .

tively dense homogeneous layer on top of a relatively light homogeneous

layer with steps at the top, the bottom and in between the layers, it ean

be shown that statie instabilities in theory ean be produeed by the loeal

kinetie energy.

show that with f.ex. Ri = 1/3 and a vertieal shear ofo
over 50 m the statie instablity will be of the size op/oz= 25 • 10-4

Caleulations
-10.1 s

kg/m4•

3. Currents

•
3.1 Moored currentmeters------------------------

In July 1982 a eurrentmeter station was established at a position be­

tween Kronprinsens Ejlande and Hunde Ejlande with Aanderaa RCM4 eurrentme­

ters at the depths of 20 and 160 m. The stations was reeovered in July 1983.

During the datahandling the influenee of the tidal eurrents were el i­

minated by taking a 24 hours running mean. The eurrents was divided into a

north - south eomponent (positive towards~nörth)and a east - west eomponent

(positive towards east).

20 m.

The instrument at 20 m was only operative up until the middle of March,

Fig. 9). In August the temperature reaehed at maximum value of 5.50 C due. to

the summer heating, then the temperature decreased continously until the be­

ginning of December reaching a value of -1.650 C, which it kept for the rest
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of the observation period. The salinity was fairly eonstant during the 8

months of observation varying between 31.95 - 32.25.

During the last 6 months of 1982 the eurrent at 20 m was mainly faeing

towards the Disko Bay, with only a few small periods of outflow, and for a

majority of the time the direetion was in the interval 90 - 1500
• The eur­

rentspeed during this period was genereally high, 15- 25 em/s. At the begin­

ning of January the eurrent turned towards the west, whieh was the domina­

ting direetion for the rest of the time and the eurrent speed deereased to

about 5 em/s.

160 m.

The observations from this depth are shown in Fig. 10. The temperature

measurements revealed a seasonal periodieity with temperatures around 0.250 C

from May to September, then inereasing to 1- 1.50 C. The salinity varied be­

tween 33.2 - 33.65 with minimum values observed in Oe~ob~r and June, and ma­

ximum in April, but for most of the time the salinity was between 33.2 - 33.3.

The eurrent was generally weak, 80% of the observations showed eurrent­

speeds below 10 em/s. For most of the time the eurrent was direeted towards

the bay, only in the months of November, January and Mareh there was a pro­

nouneed tendeney of outflow.

3.2 Other observations

With gelatine pendulum eurrent meters eurrents were measured at stan­

dard depth at a number of stations in July •

Profiles of these measurements showed that the velocity was approximately

o cm/S at the depth of 200 m (Fig. 11). The measurements show a eyclonic

eirculation in the bay with varying eurrents in the Vaigat and at the Dis-

ko Fjord section, and an approx. North-easterly current at the Egedesminde

section.

The geostrophiea1 eurrents with the 200 m chosen as a referenee depth

represented by the isobars are shown in (Fig. 12) for November 81 and No­

vember 82.

With the uneertainties of the geostrophieal method ~n mind we may be

ab1e to conclude for Ju1y and November 1980 to 1982, that generally we have

a eyelonie geostrophieal eireu1ation of varying strength in the surfaee 1ay­

er of the bay.
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When the northgoing eurrent outside the bay is strang elase to the

coast astrang circulation in the bay will follow. A broader coastal cur­

rent seems to give a weaker circulation in the bay.

Strang eurrents in the surface layer seems to be connected to an out­

flow through Vaigat.

•

With a weak eoastal eurrent the o~tflow from the bay will reach as far

to the south as the Egedesminde seetion. This could result in southgoing

currents at the outer station of Egedesminde seetion. The outflow is influ­

eneed by Disko Banke and will have a tendeney to flow south of this,

which corresponds to the results of DHI (1979).

These relationsships between the coastal current and the circulation

in the bay and through Vaigat shows that the behaviour of the eoastal cur­
rent has great effect on the up-/downwelling conditions in the bay.

4. Watermasses

T/S-analysis shows that in july watermasses from the outer parts of

the Fylla and the Egedesminde seetions at depths from 100 to approx 300 m

seems to be identieally to the watermasses below 100 m inside the sill at

the Disko Bay (Fig. 13a), which indicates that the watermasses in the bay

mainly consist of water from the West Greenland eurrent.

At Kap Farvel the West Greenland current has a transport minimum in June

(Dinsmore & Moynjhan (1964)). This minimum is advected to the area out-

side Disko Bay and will be present there at the end of the year, resulting in

greater influence to the cyclonic Baffin Current. Therefore the watermas-

~ ses in November at the outer part of Fylla and the outer part of Egedes-

minde seetion will be different, with eolder and more brackish water at

.the Egedesminde section (Fig. 13b), and in the Disko Bay a mixture of the

watermasses will be found.

In July 1981 and 1982 the stations with negative temperatures were

mostly fri the eastern part of the bay. In these two years there \'vas inflow

through the upper layers of Vaigat. This suggest that if the cold Baffin

current"water is present in the bay in July, it is transported to the

bay north of the Disko island through the Vaigat.

6. Conclusion

In Disko bay there is a cyclonic circulation of varying strenth and

related to this an upwelling in the eentral part.
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The upwelling in the northern part of the sill between the bay and

the Vaigat reported on by Andersen (1981), is very depended on the vary­

ing in- and outflow through Vaigat and is not present in periods with in­

flow through Vaigat.

The circulation in the Disko Bay is influenced not only by local pro­

cesses, but very much by the conditions in the West Greenland and the

Baffin current.

Static instabilities seems to excist both in July and November. In

July mainly caused by the temperature and in November by both temperature

and salinity. Allthough this kind of instabilities has also been reported

on by Golmen (1982) fr om the Greenland Sea, more measurements with CTD­

equipment is nescessary, as weIl as theoretical and laboratory investiga­

tions, before further conclusions can be drawn.
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