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PREFACE

The intimate relationship between the hiological and the physical-chemical
henomena of the sea has long been recognized. To a fishery nation like Iceland
systematic study on the physical maritime environment must be of a para-
‘mount importance, as experience has repeatedly brought to light the close depen-
ence of the fishertes upon the hydrographical situation. However, successful
orecasting of natural conditions affecting commercial fisheries generally re-
uires a well-founded knowledge of the physical-chemical properties of the sea
nd their variations in time and space.

Considerable information relating to the hydrography of North Icelandic
aters may be found in various smaller papers, whilst a comprehensive account
bringing together the available data has not been published so far. The present
ontribution is intended to give a general description of North Tcelandic yaters
n the basis of temperature and salinity data. An attempt is made to elucidate
‘the origin and the character of the different water masses and explain the ob-
served variations. It is hoped that the present work, in spite of its many limita-
ons, may stimulate further investigations in this very important area.

The temperature and salinity data discussed in this paper have already been
or will be published in the Bulletin Hydrographique. The bathythermograph
data collected since 1953 have been processed on punched cards and are kept
on file at the Fisheries Research Institute, Reykjavik. Originally, it was plan-
ed that this work should deal with observations on dissolved oxygen, nutrients
and other chemical components, besides temperature and salinity data. How-
ver, as this would have prolonged unduly the publication of the present paper,
it was decided to deal with the chemical observations in a separate paper.

. From a number of people valuable help and advice have been received
during the preparation of this work. The author wishes to express his thanks
to his former director, Dr. Arni Fridriksson, and the present director, Mr. Jén
Jénsson, mag. scient., for their encouragement and kind interest in his work.
Thanks are due to the director and staff of the Icelandic Meteorological Office
for placing at the author’s disposal various meteorological data and for valu-
able information. Grateful acknowledgement is made of a generous grant re-
ceived from Dansk Islandsk Fond (Danish Icelandic Fund) making it possible
for the author to stay for three months at the Nordisk Kollegium, Copenhagen
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during the winter of 1958. In this connection the author extends his warmest
thanks to Professor Niels Nielsen, Dr. phil., of the University of Copenhagen.
This work was also kindly aided by a grant from Visindasjédur (Tcelandic
Science Fund).

Cordial thanks are due to Mr. Frede Hermann, cand. mag., of the Danish
Institute for Fishery and Marine Research, for his constructive criticism and ad-
vice and to Mr. Knud Andersen, cand. mag. et scient. of the same institute, for his
help with the statistical treatment. Grateful thanks are due 1o Professor Hakon
Mosby, Dr. phil., and Mr. Odd Selen, cand. real., of the Geophysical Institute,
Bergen, for their kind interest in this work and valuable suggestions during its
initial stages. Further, the author is obliged to his colleagues at the Fisheries Re-
search Institute, Reykjavik, for fruitful discussions and their genuine interest
in his work, especially Dr. Hermann Finarsson, who read part of the manu-
script and made many helpful suggestions.

The author.is greatly indebted to Miss Sighriiur Jénsdéttir, B. A., for
varions assistance during the preparation of this paper. She has tabulated the
data and made all the drawings. A great deal of the salinity determinations
used in this work, were performed by Mr. Birgir Halldérsson and the oppor-
tunily is taken to thank him for his work.

Last, but not least, the author offers his thanks to Mr. Arthur J. Lee, Fisheries
Laboratory, Lowestoft, for kindly reading most of the manuscript and correcting
the English text.
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I.
HISTORICAL REMARKS

~ Systematic hydrographic investigations in Icelandic waters were not started
until around the middle of the last century. Very early, however, some idea
- about the movement of the sea was obtained from evidence given by drifting
objects and ice.

The first accounts of the currents avound Iceland are found in ancient Ice-
landic literature of the early thirteenth century. When Ingélfur Arnarson, who
is considered the first Icelandic settler, sighted the country after his voyage
- from Norway, he threw his dndvegissilur (high-seat posts)! overboard and de-
- cided to settle wherever they would be recovered. He landed at Ingdlfshofai
on the south coast, but sent his slaves to look for the posts westwards along the
* coast. Later they found the posts at Reykjavik where Ingélfur made his home
- in the new couniry (Istenpineastour I, LanpnAmasok, pp. 30-32). Other Ice-
landic settlers who followed Ingélfur Arnarson’s example always sailed to look
for their high-seat posts in the same direction as he did, probably because they
had heard where he found his. Thus Lo#mundur hinn gamli who touched land
at the east coast found his high-seat posts near J6kulsé 4 Sétheimasandi, a river
on the south coast (loc. cit. p. 185}; Pérdur skeggi who landed at Lén on the
southeast coast found his posts at Leirvogur in Faxafléi (Faxa Bay) (ibid. p.
189); Hrollaugur Régnvaldsson who landed at Horn (Vestrahorn?) on the
southeast coast found his posts in HornafjérSur, a little farther to the south-
west (ibid. p. 192); and Hésteinn Atlason threw his setstokkar2, landed him-
self east of Stokkseyri and recovered his posts on Stokkseyri (ibid. p. 219).
Péréliur Mostrarskegg sailed westwards along the south coast of Iceland beyond
Reykjanes. He then launched his hight-seat posts in calm weather and noticed
that they drifted in the direction of Breifafjérfur where he later found them
on the north side of Sneefellsnes (IsLenpivcaséeur I, Eyrsycea, p. 5). Old
Kveldalfur, the father of Skallagrimur, who settled in Borgarfjorur, is said

1) These posts which were made of wood and decorated by carving, were raised on either
side of the chief’s high-seat.

2} A partition beam or post between the raised platform and the centre of the hall in the
chieftain’s home.
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to have died when his ship was well on its way to Iceland from Norway. In ac-
cordance with his wish his coffin was thrown overboard, and Skallagrimur
was brought a message that it was his father’s last wish that he should settle
down where his coffin would be found. Shortly after Kveldalfur’s death his
crew sighted land near Southeast Iceland. As they had had the news of Ingéliur
Arnarson’s settlement in Faxafléi, they continued sailing westwards along the
south coast beyond Reykjanes. They landed in Borgarfjordur where they came
upon Kvelddlfur’s coffin (IsLenzx rormror I, Eeirssaca, pp. 70-72). From the
drift of these wooden objects, the “drift bottles” of that time, the Icelandic
settlers must thus have had some knowledge of the average direction of the cur-
rents along the south and west coast of the country,

In the Kowuwes Skveessa (Speculum Regale) of the thirteenth century an
excellent description is given of the East Greenland ice. This description applies
to Iceland as well, although Icelandic sea ice is not mentioned specifically, How-
ever, sea ice is frequently mentioned in Icelandic writings, but such accounts
are usuaily of a limited value, especially in the older writings where the ice
drift is seldom or never mentioned. But the people living on the north or east
coasts of Iceland must have known the usual divection of the ice drift for
centuries,

As regards the origin of the drift wood found on the shores of Iceland, opi-
nions differed a great deal. Thus in 1576 Frorismer held the view that the
drifi wood was carried to Iceland from Newfoundland, whereas others thought
it came from northern Russia, Greenland or Norway. The interesting sugges-
tion was even made that the drift wood grew on the sea floor (see THORODDSEN,
1904, pp. 119-120). _

In the latter half of the sixteenth century Sir Humpmrzy GrLpERT, an Eng-
lish explorer, pointed out the possibility that the Gulf Stream had an outlet to
the northeast so that it ran towards the coasts of Iceland, Norway and Finmark
(see CaaPIN and Smrra 1954, p. 105). His own theory, however, of the north-
west passage led him o priori 10 believe the other alternative, viz. that the Gulf
Stream had an outlet to the northwest, north of the American continent.

In Orarsson’s extensive treatise on the geographical and economical history
of Tceland (Orarssow 1772), the continuation of the Gulf Stream to the coasts
of Iceland is clearly suggested, viz. in the discussion of the so-called lausnar-
stetnar (sea-navels) which in the old times of superstition were used for medical
purposes?® {op. cit. pp. 423426}, Ovarssow pointed out that these “stones” were
the nuts of tropical woods, and that the nuts had been carried to Iceland from
America or the islands in the Caribbean Sea.

1} The “stones” were extracted with wine and the extract was believed 1o make for an
easier childbirth.
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Ii.
PREVIOUS INVESTIGATIONS

-+ In the late eighteenth century the French sent expeditions to Tcelandic
“yaters under the leadership of Kecuerew nr Tremarec (1767) and VERDUN
“pE 14 Crenne (1771), mainly for the purpose of making navigational charts
“(see TroroDDSEN 1902, TII, pp. 93-96). Their observations were valuable in
‘many respects and can be considered as the foundation upon which the Royal
Danish Navy started to build just before the turn of the eighteenth century,
when their extensive surveying of Icelandic coastal waters began.

By repeated surveys throughout the nineteenth century and during the first
“decades of this century the Danes continued this work. The extensive measure-
ments of the hottom topography in Icelandic territorial waters and the general
“information now available to mavigation in lcelandic waters must therefore
argely be accredited to Danish naval officers.

. During the period 1786-1824 Admiral Paur e LOVENSRN was in charge
of the surveying work in Icelandic waters. In his publication LoventrN col-
‘lected all the available information of that time on the currents and ice drift
n Icelandic waters. He maintained that the currents along the north coast ran
“chiefly eastwards and pointed out that this was supported by the fact that drift
wood was more frequently found on the west side of the promontories (Rifsnes,
. Hraunhafnartangi, Langanes) than on the east side. LovenGaw considered that
 the current along the north coast of Iceland was a reaction current formed when
the Fast Greenland Current, which he believed came from the northeast, passed
. through the narrow strait between Iceland and Greenland. The drift wood on
:the north coast of Iceland he claimed to be of Siberian origin (Lovensan 1821).
 Surface temperature measurements which ScrvreEe made on his voyage 1o
Teeland 1839-1840, led him to believe that the warm Atlantic Current crosses
the Iceland-Faroe Ridge on its way to Norway without touching the south or
the southeast Tcelandic coastal area which he claimed to be bathed by arctic
current which he supposed surrounded the coasts of Iceland and brought the
. drift ice along the north and east coasts (ScHYTHE 1843).

. ScmyTHE's views were criticized by Immmveer (1843), who may be con-
sidered the pioneer in sysiematic hydrographical investigalions in Icelandic
3
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waters. Besides criticizing ScuyTHE's estimates of the speed of the North As.
lantic drift he pointed out that the east coast of Iceland is often icofree when
drif{ ice is present along the north coast, and when the ice drifts southwards
along the east coast it is very seldom found as far as Vestrahorn and never
south of that point. In another paper (1853) he proved that the warm Atlantic
Current continues northwards along the west coast of the country, and pointed
out that this is the reason why drift ice is never observed in Faxafiéi and why
the climate in Tceland is so relatively mild. In a later paper (1861) where
[xvinGER gave a current chart for Icelandic waters he stated that he did not
think that the Atlantic Current continued eastwards along the north coast of
Iceland which he believed to be bathed by a cold current of polar origin most
of the time. IrMINGER was well aware of the great importance of the Gulf
Stream to the climate of Northwest Furope, i.e. Ireland, Scotland, Faroes,
Western Norway and Iceland. He pointed out that if the warm current west of
Iceland did not exist, the bays on the west coast of Iceland would be filled with
ice. Besides the sea temperature, IRMINGER mentions drifting objects as proofs
for warm currents of southern origin, e.g. mimosa scandeus, which he states he
himself found at Iiasavik, North Iceland (Imvrveer 1870).

The Danish professor Corpmne (1870, pp. 205-206) was of the opinion that
the Atlantic Current west of Tceland gradually turned westwards and then
southwards along the Greenland Polar Current, However, some ten years ear-
lier the Icelander Emvar Asmrunpsson (1861) expressed the view that the At
lantic Current turned eastwards along the north coast of Tceland. The same
view was later put forward by Pereamany (1870}, He supported his argu-
ments by the temperature data collected by Iavineer in the years 18441859,
From these he claimed that during the summer months the Atlantic Current
must be found all along the north coast. Later observations have shown that
both assumptions were correct as the Trminger Gurrent divides off the north-
west coast of Iceland,

In the summers of 1877 and 1878 investigations were made in Icelandic
waters on board the Danish cruiser “Fylla”. A continuation of the Irminger
Gurrent along the north coast of Iceland could be traced, whereby Asmunbs-
soN’s and Prrervann’s hypothesis was proved (Horrmeyer 1878, Barpen-
FLETH 1878). HorrmEver (loc. cit. pp. 96-97) proposed the name Irminger Cur-
rent for the current flowing north along the west coast of Iceland and eastwards
along the north coast. This name has since been retained.

The Véringer Expedition during the summer of 1876-78, under the leader-
ship of Mor~ and Sars, marks the beginning of detailed investigations in the
waters between Norway and Greenland (Mon~ 1887). During this expedition
numerous stations with deep-sea soundings were made in the region north of
Iceland. Although the methods of investigation were inaccurate and led Mom~
to erroneous conclusions in many respects, the main bathymetrical and hydro-
graphical features were revealed.
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rth At . In the summer of 1883, HamgEre investigated the region south of the Ice- %‘fi;
#nd-Greenland Ridge and showed that the East Greenland Polar Current rests ;
n warm water which he assumed to be a continuation of the Irminger Current 3
Hamsere 1884). 5
The sea between Iceland, Greenland and Jan Mayen was investigated in
18911892 vnder the command of Captain Ryper, whereby the character of the j
Fast Greenland Polar Current and its underlying waters was clearly shown 0
“rRyper and Rérpam 1895). Ryper’s temperature measurements are considered
o be the most reliable ones up to that time. He proved that the Polar Current
‘near the Greenland coast rests on warm water.
© The existence of a cold current of arctic origin east and northeast of Iceland,
“as postulated by IamiNcEgr, was discussed by Ryper (op. cit. p. 205). The main
‘features of this current were further demonstrated by Kxupsex (1899) on the
basis of the material collected during the Ingolf Expedition 1895-1896. He gave
it the name Fast Icelandic Current. On the basis of the same material, KNUD-
“seN also proved that the Trminger Current divides in a westerly and an easterly
- branch northwest of Iceland.

In 1899 and 1900 Ryper studied the surface currents between Iceland, Nor-
way and Scotland by means of numerous drift bottle experiments. The results
of these experiments and other data concerning drift bottles launched prior to
1902 were compiled by Ryprr (1902, 1905).

The Norwegian oceanographic researches initiated by Dr. Joran Hiorr in
1893 were gradually extended into the oceanic regions between Norway and
Greenland. During the years 1900-1904, detailed investigations were carried
out from the “Michael Sars” over most of this area and during 1901-1902 ex- o
tensive investigations were made between Norway and Tceland from the “Heim- o ;
dal”. During these expeditions the measuring technique was so greatly im-. '
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north- ; proved by Hrrranp-Hansew and Nawsen that physical oceanographical data
. acquired quite a different degree of accuracy. The results of these investigations
ele.mdlc were published by HerLanp-Hansen and Nansex in their classical work, T he
nger Norwegian Sea (1909).
AUNDS After the turn of the century observations were made in Icelandic waters
ARDER- from the Danish research vessels “Thor” and “Dana”. The results of these in-
ir Cu;'- vestigations were discussed by Nrersen (1904, 1905, 1907, 1908).
tvards During the Danmark Expedition 19061908 to the Greenland Sea, a few
observations were made in the sea area north of Iceland (Trorrr, 1913),
leader- . - . . . .
. Hydrographic investigations in Icelandic waters were discontinued for the
n Fhe . next fifteen years, partly because of the First World War and partly because
edition . . ) . .. _ :
b of the Danish research v.essels,' frc_om which the major part of the investigations !
37:/;01-11\1 had been made, were investigating other areas.
I—ay dro- In the years 1924, 1926 and 1927, investigations in I.(::_elandic waters were
vesumed from “Thor” and “Dana’: in 1924 by Anpersox and in 1926 and

1927 by TmomseN. During these years several sections were laid off the north
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coast, viz. the sections off Kogur, Siglunes and Melrakkaslétta, In subsequent
years these sections have generally been laid in the same manmer. Tu this con-
nection it may be mentioned that the North Western Area Comnrittee of the
International Council for the Exploration of the Sea recommended in 1934 that
a series of continuous hydrographical sections be investigated in Icelandic waters,
Those recommended for the north coast were the sections first laid in 1924 and in
addition a section running eastwards from Langanes. The results of the investi-
gations in 1924 of “Dana” and also those of “Explorer” were discussed by Jacon-
sEN and JensEN (1926), and the material from 1926 was discussed by Scrmipr
(1927). In 1925 some observations were also made from the research vessels
“Explorer” and “Lcosse”.

In the next few years extensive investigations were carried out in the Ir.
minger Sea as well as above the Iceland—Greenland Ridge. Up to this time
neither of these areas had been investigated by modern expeditions.

In 1929 the Norwegian research vessel “Ost” worked several hydrographic
sections in the northern part of the Irminger Sea and on the Iceland—Greenland
Ridge. On the voyage back to Norway a few hydrographic stations were worked
off the north coast of Iceland. The hydrographic material was published and
discussed by Baaarup and Ruup {1932).

In the years 1931-1933 Captain Iversen undertook investigations in the
above mentioned areas from the Norwegian research vessels “Veiding”, “Pola-
ris” and “Heimland 17, The results were discussed by HeLranp-Hansew (1936).

During the German Meteor Expedition in 1929, 1930, 1933 and 1935, exten-
sive investigations were carried out in the area south of the Iceland-Greenland
Ridge. The resulis of this expedition have been published by Bomnrckr, Hent-
scHEL and Warrensere (1930), BOHNECKE (1931}, Bounecks, Foyn and
WarreNeere (1932) and DeranT (1930, 1931, 1936).

During 1931, 1932 and 1933 “Dana” also worked in these areas under the
leadership of Tanmve. The hydrographic material of these expeditions was ana-
lyzed by Taomsen (1934).

In the years after 1930 routine observations were made off the north cosst
of Iceland during the summer months from Danish research vessels: in 1931
by Tanine and during 1932 and 1933 by Taomsen. Tn 1930 “Rose-Mary” also
worked in this area and so did “George Bligh” and “Nautilus” in 1936, Some
observations were also contributed by Icelandic fishery inspection cruisers. A
few of the sections investigated during these expeditions have been discussed by
Tmomsen (1938).

During the summers of 1937 and 1938 mvestigations were carried out from
the Icelandic inspection vessel “Pér”. These Icelandic expeditions, which were
led by Dr. Arni Friprixsson, were mainly concerned with biological investiga-
tions, but some hydrographical measurements were made off the west, north-
west and northeast coasts {Friprisson 1940).

In the years 1937, 1938 and 1939, observations off the north coast were con:
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aued from “Dana” by TAnmve. The influx of Atlantic water during 1939 has :
“been compared vith that of earlier years by TA~Nive (1943). fii;
During the Second World War and until 1947 hydrographic investigations i
“in Icelandic waters were unfortunately discontinued. This is the second gap in
‘the systematic investigations started at the heginning of the century.

. As the result of the increase in staff, the Tcelandic Fisheries Research Insti-
“tule was able to start its own hydrographic cruises in 1947. The Icelandic
- ¢ynises, upon which the present paper is mainly based, will be described in the
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“Iollowing chapter.

Observations in Icelandic waters or in the vicinity of Iceland have also been
continued since 1947 by other nations. Of these may be mentioned the Danish
nvestigations in 1948 off the north and east coasts (HerManN 1949), and in the
“region north of the Faroes in 1950 and subsequent years (Hermany 19511953,
957, AwperseN 1954, 1956, 1959). Observations were made from the Nor-
wegian research vessel “Nordkyn™ in 1947, “Uran” in 1948, “Vardholm” in
1949 (RasmussenN 1950), “G.O.Sars” 1950-1957 and “Johan Hjort” in 1958
and subsequent years. Scottish research ships made surveys in the region be-
tween the Faroes and southern Iceland in 1950 and the following years, west
' of Teeland in 1954 and 1955 (McInryse and SteeLr 1956, 1957) and north of
" Tceland in 1956 and 1957 (Bumns 1958, 1969). German research vessels have
also greatly contributed to investigations in Icelandic waters. In 1955 observa-
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;9(1935). Lions were made from “Anton Dohrn” in the Irminger Sea, on the Iceland—

5, exten- Greenland Ridge and southeast of Iceland (DieTricH 1956, 1957, Kravss 1958

reenland a), from “Gauss” in 1956 along the oceanic polar front between Iceland and

;, HeNr- Greenland (Dizrricr 1958 ) and southwest of Tceland in 1957 (DrersicH

5vie and 1959) and from “Anton Dohrn” in 1957 between Tceland and Greenland :
(Krauss 1958 b). During the Tnternational Geophysical Year 1958, the Ger- :

nder the mans made extensive investigations in the region southwest of Iceland (Buox-

Was arna- vanw, Dierrics and Josepn 1959, Dipreicn 1960 b). In recent years Russian
expeditions have made surveys in the waters north of Iceland. A number of

-th coast publications based on these observations have appeared (e.g. Armxserv and

in 1931 Tsrossin 1956, ALexsery, Istossmy and Powomarenko 1961, Aprov 1959, Ja-

vy also racov 1959).

5. Some Finally valuable information regarding the meteorological conditions, sur-

isers. A face temperature and ice drift has been collected by the Danisz METEOROLOGT-

1ssed by oar, Tnstrruts (Nautical Meteorological Annual, 1892 and the following years) |
and the Tceranpic Mereororocical Orrice ([slenzk veBurfarsbok, 19201923, ;

wut from Vedrdtian, 1924 and subsequent years).
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I1.
THE ICELANDIC INVESTIGATIONS, 1947-1960

1. CRUISES

As soon as facilities permitted in 1947, hydrographical research was ini-
tiated by the University Research Institute, Department of Fisheries. The main
object of the hydrographic work was to keep up the routine investigations from
previous years, It was also planmned to make the investigations more extensive
than hitherto, so that the movement and the distribution of the water masses
could be followed more closely. Throughout the investigations an atternpt has
been made to search for relations between hydrographical and biological pheno-
tiena that might be of practical value, leading to the ultimate goal of predicting
the strength of the year classes of economically important species of fish from
the study of environmental factors. :

The hydrographical work at sea in 1947 and 1948 was planned by Dr. Her-
MANN Emvansson and performed by him and mag. scient, JON Jéwsson. The first
expedition off the north coast in 1947 took place at the end of May and during
June with the chartered motor vessel “Rifsnes”. More extensive investigations
were carried out from the patrol ship “Hgir” during July, and in late August
observations on the section east of Langanes were repeated. A report on the
conditions off the north coast of Iceland during the summer months has been
published by Emnansson (1949),

In early 1948 the motor vessel “Bragi” was chartered for fisheries investiga-
tions. Observations off the north coast were made during the second half of
February. During the spring and summer months detailed biological and hydro-
graphical work was carried out from “Huginn I1”, The investigations of 1947
and 1948 were limited to the inner part of the shelf, but the sections worked
later in 1948 extended as far north as 67° 07’ N. For further particulars of the
crusies in 19471948, sce Einansson and Jonsson (1951).

In working up the material from 1948 the author felt that observations far-
ther north in the coastal area were urgently needed. At the same time it seemed
desirable that some observations should be made in the poorly investigated area
north of the Icelandic submarine shelf. Therefore, in 1949 the sections were
extended north to 68° N. A new section was laid from Langanes to Jan Mayen
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and another from Jan Mayen south along the 9°W meridian. The observations
h 1949 were made during two cruises in the motor vessel “Kari” in July and
August.

~ TIn 1950 two hydrographical cruises were made in the research and patrol
vessel “Maria J@lia”, the first in May and June, the second in August. During
these cruises some of the sections off the north coast were extended to 68° 30N,
but the section between Langanes and Jan Mayen was omitted, Besides tem-
perature and salimity observations analyses of inorganic phosphates were made
during both cruises. The observations in 1949 as well as 1950 were carried out
by Jénssow (August 1949 and 1950) and the author (July and August 1949,
May and June 1950).

During the summer of 1951 three cruises were made in the “Maria Julia”.
The first of these cruises led by Ervanrsson lasted from late June till the be-
ginning of July. Thorough investigations were then made of the distribution of
zooplankton and the temperature conditions off the west and the northwest
coasts. At the same time some hydrographical material was collected by stud.
mag. Emrrsson on board the motor vessel “Faxaborg” in the area east of Iceland
and between northeast Iceland and Jan Mayen. The second cruise under the
command of Jénsson lasted from the middle of July until the beginning of
August. This time the North Icelandic coastal area was investigated. Finally,
the third cruise, led by the author, was made during the second half of August.
Hydrographic observations were then carried out off the northwest coast of
Iceland, between Greenland and Jan Mayen and east of Langanes. Due to bad
weather conditions at the end of August observations in the middle part ol the
North Icelandic coastal area could not be completed, hence the comparatively
few observation stations in this area during the third cruise of 1951,

During cod investigations in May 1952 a station was worked near Kogur
on the northwest coast, three stations off Siglunes and another three off Langa-
nes. Bad weather prevented further hydrographical observations at that time.
Tn June investigations were carried out from “Maria Jalia” off the north coast
and the usual sections worked. Because of rough weather the section from
Langanes to Jan Mayen could not be completed.

In May 1953 a few stations were worked in the area between Kigur and
Langanes. In June a similar survey to that of the year before was carried out
in the area morth of Tceland and between Iceland and Jan Mayen. However,
due to favourable weather conditions, the 1953 observations m June were some-
what more extensive than those of the previous year. ,

Because of the important herring fisheries on the North Icelandic grounds
the main emphasis had up till now been on investigations during the spring
aned summer months. Hence the available material consisted mostly of sum-
mer observations, whereas the observational material from other seasons was
quite scarce. Because of the lack of observations from the winter months the
author found it very difficult to draw any definite coriclusions regarding the
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annual cycle of the hydrographical conditions in the area north of Iceland. There.
fore, it was decided that the author should undertake a year’s study of the sea-
sonal changes in the waters off the north coast of Iceland. These serial investi-
gations were begun in September 1953 and carried out about once every month.
For this study the section off Siglunes, the so-called Siglufjor@ur section, was
selected. The reason for choosing this section was threefold: 1) the section
runs direcily north of the middle part of the coastal area where the best herring
grounds used to be located, 2) it extends over the Eyjafjardardjap, which is
definitely oceanic in character, and its depths exceed 400 meters some 10 miles
offshore, and 3) few other regions in Icelandic waters have been investigated as
frequently in previous years. In September 1954, after a year’s run, it was
decided to continie the observations for another year. The available material
from the serial investigations therefore consists of monthly observations through-
out the period September 1953—September 1955, Four stations on the section
were worked about once a month throughout the two years period. The investi-
gations included observations on temperature, salinity, dissolved oxygen and
inorganic phosphate. A few silicate analyses were also made at one of the
stations. Furthermore, when weather conditions permitted, other parts of the
North Icelandic coastal area were also investigated.

As in the preceding years the Icelandic hydrographical investigations in
1954 were concentrated in the herring area north of Teeland and in the waters
between northeast Iceland and Jan Mayen, These investigations were carried
out from the Icelandic coast gnard vessel “gir”. The majority of the hydro-
graphic material was collected in June; bathythermograph stations were worked
during the cruises in July and early August; and in the latter half of August
the observations were repeated in the region between the north coast and 69° N
(Jowssow and SrerAnsson 1956). During the cruises in June and late August
determinations were made of dissolved oxygen and inorganic phosphate.

During the extensive herring investigations in 1955, carried out from “ Aigir”
under the command of Ervarsson, numerous BT-data were collected (Einans-
sow 1956). Tn June hydrographic stations were worked in the sections off Kogur,
Siglunes, and east of Langanes and also in a part of the section extending from
Langanes to Jan Mayen. In August the sections off Kogur and Siglunes were
repeated. On both cruises analyses were made of dissolved oxygen and inorganic
phosphate (STErAnsson 1956).

In late May and during June 1956 an extensive survey under the leader-
ship of Emvansson was carried out in the waters west and north of Iceland, and
in the whole region between Iceland, Jan Mayen, and the Faroes. These investi-
gations included observations on the hydrographical and chemical conditions as
well as the distribution of plankton and herring shoals. In July while the re-
search ship was guiding the herring fishing fleet off the north and east coasts
a dense net of BT-stations was worked. In August these observations were re-
peated and additional hydrographical and chemical observations carried out.
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d. There: In April 1957 a few hydrographic stations were worked in the waters north-
[ the sea- east of Iceland and in June the usual sections were worked in the region west,
1 investi- north, and northeast of Iceland. Some chemical observations were made during
y month, . these cruises. In July and August while the ship was engaged in herring survey
ion, was on the North Icelandic grounds a great number of BT observations was made.
e section In late May and during June 1958 hydrographical and chemical observa-
t herring tions were carried ot west, north and northeast of Iceland under the leadership
which is of Harrerimsson, In July and August during the usual survey of the North
10 miles Icelandic herring grounds BT observations and a few hydrographic observations
igated ag wera carried out.
, it was In late May and June 1959 two hydro-biological surveys were carried out
material ' in the waters west and northwest of Iceland under the leadership of Envanssox,
through- The investigations included observations of temperature, salinity, oxygen, phos-
2 section phate, transparency, primary production, plankton, and concentration of herring
 investi- shoals. In July and August a dense net of BT-stations was worked.
gen and A routine hydro-biological survey commanded by Harrerimsson was car-
e of the ried out in June 1960 in the area west and north of Iceland. The temperature
s of the data consisted of BT observations except for two hydrographic sections, off
Kégur and north of Siglunes. In July and August the usual BT survey was made
tions in on the North Icelandic herring grounds. In August a few hydrographic observa-
> waters tions were made north of Siglunes and east of Langanes.
carried Reports on the hydrographical conditions off the north coast of Iceland
> hydro- during summer have been published in the Annales Biologigues of the 1L.CE.S,
worked for the year 1947 and subsequent years.
August The frequency of observations made during different seasons is indicated !
d 69° N in Table 1. Hydrographic stations are designated by H, bathythermograph sta- Lo
August tions by BT, and § indicates that only the surface temperature was measured.
e. The numerals denote the number of stations worked north of 65° N, f
“Aigir” As appears from Table 1 most of the observations during the period 1947
Hinars- ~1960 have been made during the spring and summer months, May, June, July,
Kogur, and August, For the other months of the year only few observations exist.
1 from
85 were
organic | 2. METHODS AND EQUIPMENT
During the summer time climate conditions off the north coast of Teeland
leader- and in other sea areas near Iceland are generally favourable to oceanographic
1d, and work as calm weather prevails. Some of the measurements, however, were made
nvesti- in rough seas with the result that the ship was drifting fast to leeward. When
iolis as possible it was attempted to eliminate the wire angle by manoeuvering the ves-
the re- sel. In the case of “Maria Julia” and “Agir” this was not possible because of [
- coasts technical difficulties. At some of the stations notes have been made in the hydro-
ere re- graphical log book of wire angles estimated as being from 15° 1o 30° or even
out, 40°. Besides, no unprotected thermometers were available for the cruises made
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during the years 1947—1952 and in 1955, so that the meter wheel readings

ay not have given the true depth even when the ship was not drifting. As
the wire angles could not be delermined accurately the observations have been
left uncorrected. On most of the cruises in 1953, 1954, 1956, and subsequent
ears unprotected thermometers were used, so that the depths of reversal could
¢ determined. Ordinarily the depth corrections were small. Therefore, it seems
afe to conclude that there are relatively few instances where the wire angle
has affected the results seriously.

The samples at subsurface depths were taken with frameless reversing water

‘Botiles of the type constructed by Knupsen (Kwunsew 1929). Each water bottle

contained two reversing thermometers protected against pressure and provided
with auxiliary thermometers. When unprotected thermometers were used they

were usually placed on the lowest sampling bottle and one or more intermediate

bottles. Most of the thermometers werce from Negretti & Zambra, a few of the
thermometers used in 1947 were from the firm Schmidt and Vossberg, Berlin,
and since 1956 some of the thermometers used have been from the German firm
Richter und Wiese. The thermometers were provided with test certificates and

‘the readings were corrected in the usual manner to the nearest one-hundreth of

a degree using prepared correction graphs. Generally the differences between
corresponding readings of the two thermometers were less than 0.02° and only
rarely 0.05° or more. For sampling at depths less than 300 meters insulated
water bottles were used on some of the cruises.

‘When taking the surface temperature, samples were collected with a dip
bucket and the temperature measured with a thermometer of known calibra-
tion. Additional data on surface temperature {or rather the temperature at 2-3
meters depth) were obtained by means of sea-surface thermographs of the type
manufactured by Negretti & Zambra, The thermographs were found to be quite
useful in locating horizontal temperature gradients and in indicating the distance
to the ice limit when sailing nearby in dark weather. Besides being used on

- the research vessels thermographs have been installed on board the coastal liners

“Fsja” and “Hekla” for studying the surface temperature along the coast. The
main results from the thermographic records collected along the coasts of Ice-
land during the years 1949-1953 have been published (StrrAnsson 1950 5,
1954 5).

Since 1951 extensive temperature data have been collected with bathy-
thermographs. These instruments have been found particularly useful for mak-
ing rapid and detailed surveys of the temperature distribution of the surface
layers in conjunction with searches for herring shoals and with plankton investi-
gations. The bathythermograph is of special interest in locating the thermocline.
The bathythermographs used were made by the firm Wallace & Tiernan. The
instruments were calibrated in English units. The depth range was 0-450 feet,
The BT slides were viewed in a reading grid and the temperature read at suf-
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ficient mumber of points to make it possible to redraw the BT trace on a form
ruled in metric units. Such forms were printed on punch cards.

The water samples for the determination of salinity were stored in 100 m]
bottles supplied with patent stoppers. The salinity was determined by titration
using the conventional Mohr—Knudsen method (Ozner 1920, TroMseN 1948)
until 1956. Since 1956 a magnetic stirrer has been used when making the sali-
nity titrations and the potassium chromate mdicator replaced by a solution of
sodinm fluorescein and starch (Mivaxe 1939). The indicator solution used
contained 0.5 g sodivm fluorescein and 1 g soluble starch in 100 ml of water. Of
this solution 1 m] was added to each 15 ml sample. Most of the salinity samples
were run in duplicates, particularly those taken at greater depths, The salini-
ties are considered correct within 0.02%,. All samples giving dubious values
on repeated tiirations were discarded,

The density, expressed as ot, was calculated by means of Sund’s oceano-
graphical slide rule (Sunp 1929}, and the anomaly of specific volume was de-
termined either by the slide rule or by means of the anomaly tables published
by Sverprue (1933). In calculating the dynamic heights at stations shallower
than the common reference depth the method suggested by Nawsen and de-
scribed by Hrroawp Hawsen ( 1934) was used. The construction of velocity
profiles was made according to the method described by Smrre Er. AL, (1937).
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Iv.
BATHYMETRICAL FEATURES

1. NAMES AND DEFINITIONS

~ The original name for the sea area north of Iceland as well as the northern
‘part of the Norwegian Sea was Dumbshaf! as appears in old Icelandic Literature
(IseenviNGastour I, LanondvaBdéx, p. 154, Tstenpmveasscur III, BArpar
sacA SNEFELLsAss, p. 297, 301 and 302, Isienpincastcur IV, PorskrIRpINGA-
saGa, P. 344). The ocean between Norway and Iceland, however, was named
Islandshaf {Iceland Sea). The name was undoubtedly given on the general
principle of naming the oceans after the countries to which one was sailing.
Iceland was settled from Norway; hence the name Iceland Sea. This name was
used by the Icelanders sailing either from Iceland to Norway (IsLenpinea-
socUR III, Vierunparsaca, p. 398 and 402, [sLenpincasteur V, FOsTBRAEDRA-
saGA, p. 269, ibid. IHrarns pATTUR GUDRUNARSONAR, p. 432, [sLENDINGASGGUR
VII, Banpamanwasaca, p. 375) or Norway to Iceland (Istempincasécur I,
SxALp-HELGA saca, p. 427, Istinpineastcur IX, FINNBoGA saca RAMMA, p. 319).

On medieval charts there appears to be some confusion as regards the nomen-
clature of the northern seas. Thus the names Mare Glaciale, Mare Septentrio-
nalis, Mare Germanicum or even Mare Danicum have been applied to the ocean
waters west of Norway (NorLuwp 1944). Usually, however, Mare Germa-
nicum refers to the North Sea, Mare Septentrionalis or Mare Glaciale (some-
times Congelatum) to the area north of Iceland and Oceanus Deacaledonius to
the Atlantic Ocean south of Iceland. On Robert Dudley’s chart of 1647 (op.
cit. PL 31 and 32) the name Mare di Grénlandia designates the area northwest
of Iceland, Mare d’Islandia the area south of Iceland and L’Oceanc Settentrio-
nale the area east of Iceland.

On sea charts for Icelandic waters of the 18th and the 19th centuries the
ocean names are rarely included. In publications from these centuries the names
the Northern Ocean or das nérdliche Nordmeer are commonly used for the area
between Iceland and Norway. In a paper by Monwn (1878} the name Das Nor-
wegische Meer is proposed for the oceanic area between Norway, the Faroe Is-

1) Named after the king Dumbr who according to the sagas reigned in the northernmost
part of Scandinavia, He was supposed to be of mythological ancestry.




30 UNNSTEINN STEFANSSON

lands, Iceland, Jan Mayen and Spitzbergen. Mon~ writes (loc. cit. p. 11): “Das
Meer, welches zwischen Norwegen, den Firger, [sland, Jan Mayen und Spitz-
bergen liegt, ist bis jetzt durch einen besonderen Namen nicht bezeichnet wor-
den, was sich oft stérend erwiesen hat. Da dieses Meer jetzt 1000 Jahre von
Norwegern stetig besegelt worden, némlich schon seit der Besiedelung Islands,
und da die Norwegische Nation seine wissenschaltliche Untersuchung aufge-
nommen und angefangen hat, mache ich den Vorschlag, dass es als “Das Nor-
wegische Meer” bezeichnet werde”.

Obviously, Mo~ was not familiar with the Tcelandic sagas, and the name
Islandshaf (Iceland Sea) must have been unknov/n to him, Herranp-Hansen
and Nansew (1909) followed his proposal but go further, as they define the
Norwegian Sea as the whole region between Norway and Greenland. How-
ever, they apply the name feeland Sea to the sea area between Iceland, Green-
land (south of 71°N) and Jan Mayen, but this region they consider a subdivi-
sion of the “Great Norwegian Sea Area” (loc. cit. p. 618}, The Arctic explorer
VinusdLMun SEFANssoN also uses this name in his publication on Greenland
(1944, p. 2}, Heroanp-Hansen and Nansen's definition has been retained by
other Norwegians. As late as 1899, however, Hyorr and Gran use the name
The Northern Ocean. From Sweden the name Das Skandinavische Meer or
Skandik has been proposed (Dr Geer 1912, p. 851}, The Germans, on the other
hand, still retain the name Das Furopdische Nordmeer., Scaorr (1926, p, 42)
strongly opposes the name Norwegian Sea for the whole oceanic area between
Norway and Greenland, and points out that ali this region can not be considered

solely of Norwegian interest. k

Although the original names are Dumbshaf for the region north of Iceland
and Norway and Islandshaf for the region between Norway and Iceland, it
seems hardly advisable to readopt them now. However, the name Iceland Sea
will be used here to deslgnate the area between Iceland, Greenland and Jan
Mayen, and it is proposed that the name Norwegian Sea be restricted to that
part of the Arctic Mediterranean which lies between the Faroes, Jan Mayen,
Spitzbergen and Norway, as proposed by Monn.

The author has taken as the limits of the Iceland Sea a line from the
westernmost point of Iceland, Latrabjarg, over the lowest part of the ridge be-
tween Iceland and Greenland (in the direction 305°) to Greenland; the coast
of Greenland to 70°45"N; the 70°45’'N parallel to the south point of Jan
Mayen; the 8°'W meridian from Jan Mayen to the Iceland—Faroe Ridge at
62°30'N; the Iceland-Faroe Ridge from 62°30°'N, 8°00''W to Vestrahorn,
SE-Iceland; and the Icelandic coast northwards from Vestrahorn to Latrabjarg.
These limits are based partly on geographical and partly on oceanographical
features, Thus in the south and the west the Iceland Sea has natural geographi-
cal boundaries, and the northern and the eastern limits nearly follow the sub-
marine ridges west and south of Jan Mayven (see Fig. 4}. Furthermore, as will
be discussed in chapter V1, the eastern limit of the Iceland Sea as defined here
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almost coincides with the eastern part of the cyclonic current system between
Iceland and Jan Mayen, and the southeastern limit is not far from the average
boundary between the Atlantic and arciic water.

2. THE BOTTOM TOPOGRAPHY

Tt is well known that Iceland rests on a submarine ridge extending from
Scotland 1o Greenland. This ridge forms a barrier which separates the bottom
water of the Arctic Mediterranean from that of the Atlantic. Iceland and its
submarine terrace forms the broadest part of the ridge.

Recent navigational charts of the Icelandic coastal region are based on ex-
tensive soundings as regards the area inside the territorial limits. Bui outside
these limits the available soundings are relatively few and the topographical
features shown on the charts less reliable. The names of the principal bathy-
metrical features of the Tcelandic coastal region are shown on Fig. 1, Names of
localities on land frequently referred to in the text are also shown.

South of Iceland the coastal region is quite narrow, only a few nautical miles.
Off the west and north coasts of Iceland, however, the shelf is relatively broad
with a nurmber of submarine valleys cutting across it. Off the northeast coast of
Iceland there are steep descents, but farther south a shallow area, 500-1000 m,
extends ENF some 100-200 miles offshore, This elevation must have a checking
effect on the Fast Icelandic Current. :
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F16. 3. Bathymetrical features of the Icelund—Greenland Ridge. The depths are given in hecto-
: maeters, { Reproduced after the chart prepared by the Deutsches Hydrographisches Insti-
tut in 1958 ).

As seen from Fig. 1 the depth contours within the coastal area follow roughly
the coast line, so that depressions are found off the bays and fjords and eleva-
tions off the promontories or peninsulas. There are notable exceptions however,
such as the PistilfjarGargrunn and the VopnafjarSargruan.

In the EyjafjarSardjup, west of Grimsey, a deep pit with depths about 700
meters is found, The existence of this basin has been verified by repeated sec-
tions worked north of Siglunes during the last descade. The depth profile on
Fig. 2 is constructed from echograms taken in 1954 on a line due north from
Siglunes towards 67° 00’ N, 18° 50" W, The depths are uncorrected. East of
- this profile, between Grimsey and Kolbeinsey, shallow depths of less than 300
meters are found. On an echogram taken from the northeast corner of the Skaga-
grunn (see Fig. 1) to 67° 00’ N, 18° 50' W the greatest depth found was just
above 500 meters. The deepest part of the Grimseyjardjip, Grimsey Basin, as it
will be called here, is therefore isolated and not in communication with the
deep water outside the shelf. ‘

The uneven bottom configuration of the North Icelandic fishing grounds

5
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will naturally have a retarding effect on the water masses passing along the
coast, and the currents will have a tendency to follow the depth contours.

The submarine ridge between Iceland and Greenland (Fig. 3) separates the
Iceland Sea from the Irminger Sea. Its greatest depth of about 600 meters lies
at about 26° 30" — 26° 40''W on a line between Létrabjarg, Iceland and Cape
Edv. Hohn, Greenland (67° 50’ N, 32° 10/ W). The main part of the ridge,
however, rises much higher and generally its depths are about 300-400 meters
or less.

20°

Fie. 4. Bathymetrical features of the Iceland Sea. The depths are given in hectometers. { Repro-

O°

duced after Stocks 1950 ),

70°

65°
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Relatively few soundings have been made in the deeper parts of the Iceland
ea as well as on the Fast Greenland continental shelf. The bathyraetrical chart,
ig. 4, is reproduced after the chart presented by Stocxs (1950). It is based
“on the Monaco Chart BT and in addition on a number of newer German and
- British soundings.
*  From the greatest depth of the Tceland-Greenland Ridge (see Fig. 3 and 4)
“n narrow channel, the Iceland-Greenland Channel, extends in direction SW to
. NE. This channel appears to be separated from the Iceland Sea Basin by the
“Western Jan Mayen Ridge. The slopes of the channel are rather steep, particu-
larly on the Greeland side. Its relatively wide floor lies between 1000 and 1500
“meters depth.
The Greenland continental shelf is very broad, particularly off Scoresbhy
“Sound, where the 500 meters isobath extends 70-80 nautical miles offshare.
But as already mentioned only sparse soundings have been made in this area
“and hence the bathymetrical chart may not be altogether reliable.
. The western part of the Iceland Sea Basin lies between 1000 and 1500 meters
‘depth. The eastern half is somewhat deeper, the greatest part of it being 1500
“to 2000 meters. SSW of Jan Mayen there is an isolated depression with depths
“exceeding 2000 meters. Iis greatest depth is 2175 meters on the Monaco chart,
“hut 2795 according to Stock’s chart.
In the northeastern corner of the Iceland Sea the Jan Mayen Bank rises
with slopes which are particularly steep on the western side. Three submarine
“ridges extend from Jan Mayen. One of these runs NE; the second ridge stretches
“westwards from the island to about 16° 'W whence it appears to have a souther-
ly direction and separates the Iceland Sea Basin from the Tceland-Greenland
- Channel as previously mentioned; the third ridge with depths less than 1000
“meters extends south of the Jan Mayen Bank to approximately 63° N. A con-
inuation of the ridge can be traced all the way to the Northeast Icelandic coastal
rea. The Tceland Sea Basin is thus in restricted communication with the Green-
and Sea on the north and the Norwegian Sea on the east.




V.
WATER MASSES

The upper layers of the sea area north of Iceland consist of waters with dif-
ferent characters according to their origin and mode of formation. Some of these
water masses, such as the Atlantic water, have already been formed in other
parts of the ocean, while other waters have been formed by various mixing pro-
cesses in the Iceland Sea itself. An example of the latter is the North Tcelandic
Winter water.

Underlying the heterogeneous upper water strata which lie between the sur-
face and 400-500 meters, water of a very uniform composition is found. This
deep water is a part of the Arctic Bottom water filling the deeper parts of the
Norwegian Sea Basin.

It is very difficult to define water masses in an exact manner in terms of
temperature and salinity. Variations in the mixing processes constantly prevail
and the water formed may be further changed by meteorological conditions.
The different waters met with may therefore be of a very complicated nature,
Here we will distingnish between three primary water masses in the region
north of Iceland: 1) Adantic water, 2) Polar water and 3) Arctic Bottorn water.

Atlantic water is usually defined as any sea water having a salinity above
35.0%, irrespective of the temperature. This water mainly enters the North
Icelandic area from the southwest. The values of about 7°C, 35.15%, which
here will be regarded as the characteristics of “pure” Atlantic water ave ge-
nerally found off the west coast of Iceland.

Polar water denotes the cold upper layers with low salinity to be found in
polar regions, Tt enters the Iceland Sea from the north. The temperature of
this water is below 0°C, and the salinity ranges from less than 309, to about
34.5 Y%,. During the summer time, however, the temperature of the uppermost
layers may rise considerably (to more than 3°C) due to the heating by the sun.
The values of about —1.80°C, 34.0%, may be regarded as the characteristics
of the extreme Polar water.

Arctic Bottom water is characterized by its uniform salinity of about 34.92%,
(varying between 34.90 and 34.949%,) and its low temperature (< 0°C). In the
deepest part of the Tceland Sea the extreme value of about —0.90°C is reached.
This water mass fills approximately 509 of the Iceland Sea Basin.
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Four secondary water masses, formed by dilution or intermixing between
the primary water masses, will be considered here, viz. the Coastal water, the
Arctic water, the Arctic Intermediaie water and the North Icelundic Win-
ler water.

» 'The term Coastal water here indicates Icelandic coastal water only, as the
Greenland coastal water is considered as belonging to the Polar water and will
not be discussed here specifically. The Coastal water which naturally may be
of a very variable composition consists of Atlantic water and/or Arctic water
diluted by fresh water from the land. '
The name Arctic water will here be used to designate the mixed waters
occupying the surface layers in the central part of the region between Iceland,
Greenland and Jan Mayen, This water is more or less formed by an inter-
miixture of Polar water with water originally coming from the Norwegian At-
lantic Gurrent. -

The Arctic Intermediate water is formed by cooling of the Atlantic water
“and mixing with Arctic Bottom water and to a lesser degree Polar water. This
water appears as an intermediate layer between the Polar water and the Arctic
Bottom water. Its temperature ranges between 0° and 2°C and its salinity be-
tween 34.8 and 35.0%,. It probably originates from the Spitzbergen Atlantic
Current, as suggested by Hereanp-Hansenw and Nawsew (1909, pp. 279-280),
but may also partly be formed in the Tceland Sea, viz. from the waters of rela-
tively high salinity found in the region south of Jan Mayen.

The North Icelondic Winter water is formed in the North Icelandic coastal
area during winter by vertical mixing of Atlantic water and Axrctic water, The
resulting homogeneous water found in the uppermost 200-300 meters may be
somewhat variable in composition depending upon the degree of dilution of
the Atlantic water and meteorological conditions. Usually, however, this water
- has a temperature of 2-3°C and a salinity of 34.85-34.90Y, (see later).




VI.
\-GENERAL CIRCULATION OF THE ICELAND SEA

Although a rather extensive literature is available on the circulation of the
Norvwegian Sea and the Greenland Sea, the knowledge of the current system in
the area between northern Iceland, Greenland and Tan Mayen has been rather
vague. This is because of lack of comprehensive data, v

1. OLDER CURRENT CHARTS

The current chart of the Norwegian Sea most often referred to was made
by Hevranp-Hawsen and Nawsen (1909, p. 9). This map is reproduced on Fig.
5. It was based on all the material available at that time, For most parts of the
Norwegian Sea this map is no doubt quite reliable, and later investigations have
not essentially changed their general picture of the current system. As regards
the Iceland Sea their map is probably not intended to show details. Thus the
East Icelandic Current is indicated on their map as branching off the East Green-
land Current east of the Scoresby Sound and falling in a broad stream to the
southeast between Iceland and Jan Mayen. However, in their discussion of the
“Cyclonic Girculation System of the Norwegian Sea” (op. cit. p, 316-320) they
state that a cyclonic movement of the surface layers is probably to be found in
the Teeland Sea. Only in this way can they explain the wide distribution of the
surface layers of the Polar or Arctic water in this region. In support of their
statements is a chart (ibid. p. 318) showing the circulation at a depth of 100
meters in the area east and northeast of Iceland. They conclude by saying that
because of limited data nothing certain can be said about this cyclonic system.

Most of later current maps including the Iceland Sea are basically drawn in
accordance with Herranp-Hansen and Nansen’s results. Those worth men- -
tioning because of independent features are those of MiggzLsen (1922), Nan-
senN (1924), Kurericr (1945) and Avrexserv and Tstossiv (1956).

MixkreLsEN’s chart emphasizes the division of the Fast Greenland Current
in the region west and northwest of Jan Mayen. Mixxersen derived his current
picture mainly from observations of ice drift during the Alebarna-Expedition
to the northeast coast of Greenland in 1909—1919.

NawseN’s chart of 1924 is similar to his and Hrerrano-Hansex's chart of
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1909, but a weak cyclonic eddy is indicated in the area between Iceland and
Jan Mayen. Nansen ignores Mixkersen’s division of the East Greenland Cur-
vent northwest of Jan Mayen (around the Belgica Bank), but in general Nan-
sEN’s chart shows a distinct agreement between the currents and the distribu-
tion of ice. ‘

KiLericH bases his current map on the revision of earlier hydrographic
data. On his chart the East Icelandic Current is indicated as extending over the
whole area between Iceland and Jan Mayen, bui he remarks (op. cit. p. 44)
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is seen to move to the Jan Mayen area from the south as a branch of the westerly

s chart of division of the Norwegian Atlantic Current. On HELLanp-Hansen and Nan-
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SsEN’s current chart, however, the current flowing to the Jan Mayen area comes
from the northeast. On the Russian current chart the most part of the East
Icelandic Current is depicted as flowing southeastwards midway between Jan
Mayen and Northeast Iceland. South of this main portion of the cuorrent a weak
circular eddy is indicated which along the slope of the North Teelandic sub-
marine lerrace mixes with the east-flowing Irminger Current,

It might here be remarked that on Fuglister's temperature chart for 260
meters (FucrisTER 1954) separate temperature gradients appear in the region
of the Norwegian Atlantic Current. These discrete temperature gradients might
be interpreted as reflecting separate portions of the current in agreement with
the Russian current picture.

2. HYDROGRAPHIC EVIDENCE OF RECENT YEARS

The extensive hydographic data collected during the Icelandic cruises since
1949 render it possible to draw definite conclusions regarding the current system
of the Iceland Sea.

- From the horizontal distribution of temperature and salinity it becomes
evident that in the Iceland Sea the strongest gradients are found above the
slope of the North Icelandic submarine terrace (see Figs. 28-43) and along the
east side of the southern Jan Mayen Ridge (see Fig. 48). In the area between
Iceland and Jan Mayen, just off the Icelandic submarine terrace a tongue of
cold, arctic water with salinity less than 34.8%, in the upper layers extends to
the southeast. North of this fongue, In the region south of Jan Mayen, warmer
water is found with salinity approaching that of the Atlantic water. It is diffi-
cult to explain the presence of this high-salinity water unless we assume an in-
flow of Atlantic water either from the east or the southeast towards the Jan
Mayen Bank. ‘

The salinity and temperature distribution in the upper layers therefore
suggests a cyclonic movement in the area between Iceland, Greenland and Jan
Mayen, with relatively strong currents on the west side and the east side. The
main branch of the East Icelandic Current appears to be located along the North
Icelandic submarine terrace.

The hydrographic material from seven cruises during the years 1949-1954
was subjected to dynamic calculations for the purpose of constructing a general
current map of the Iceland Sea. In calculating the dynamic heights the 800 deci-
bar surface was selected as a reference surface and the topographies shovwn
therefore indicate the elevation of the sea surface relative to approximately
800 meters.

Recent studies of the deep water in the southern Norweglan Sea (Mosey
1059) seem to indicate a circulation of this water. In the summer of 1957 some
‘bottom current measturements were made across the slope just north of the
Sognefjord section (Saren 1959). Within the cold water close to the bottom at




\ comes

1e East

enn Jan
a weak:
1c sub--

for 200
regilon -
s mnight

1t with

s since
system

ecomes
wve the
ng the
etvween
gue of
ends 1o
varmer
s diffi-
an in-
he Jan

erefore
nd Jan
e. The
North

)-1954

eneral

0 deci-

shown
nately

Viosey
’ sone
of the
tom at

NORTH ICELANDIC WATERS

24° 22° 20° 18° =N 14° 12° 10° a° °

I T | I T [ i
71
GEOPOTENTIAL TOPOGRAPHY
800-0 DECIBAR SURFACE
15/7-5/8 (949 70"
—e9°
689 —lsae
&7 67"
66° —Jese
659 | | | &5°
24° 22° 20° 15 16° 14° 12° i0° & &°

Fie. 6. Geopotential topography 800—0 decibar surface 15/7—5/8 1949,

800 meters the current was found to be variable and at times considerable. At
050 rmeters, however, the current appeared to be very weak. Velocities within
the deep water north of Iceland are not known, and until direct current mea-
surements have been made in this region, very little can be said about the mo-
tion of the deep water.

The 800 decibar surface was selected as a reference surface on the assump-
tion that the Arctic Bottom water which is generally present at this depth and
down to the bottom, is moving slowly. At this level the horizontal density gra-
dient was generally found to be very small. As will be discussed later, the level
of “no motion” probably lies higher, at about 300-400 meters depth, above the
slope of the Tcelandic submarine terrace. On the ridges between Tceland and
Greenland and Iceland and the Faroes great current velocities may be attained
near the bottom, at least intermittently (Cooper 1955, Dinrrica 1956, 1957,
Joseprr 1960). At such places a layer of no motion may not be found, but if it
exists, it must be located above the depth of 400 meters. It seems likely that in
the Tceland Sea Basin the Arctic Bottorn water has a slow circulation in the
same direction as the overlying water. At any rate it seems unlikely that the
6
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F16. 7. Geopotential topography 8000 decibar surface 17/8—29/8 1549,

Arctic Bottom water below 800 meters has a direction different from that at
800 meters. Further, the dynamic topographies obtained by using 400 dbar or
1000 dbar as the reference level instead of 800 dbar show the same main fea-
tures. It therefore seems safe to conclude that the surface currents in the Tce-
land Sea can with a fair degree of reliability be deduced from charts of dyna-
mic topographies with 800 dbar as reference surface.

In plotting the specific anomaly sections many interpolations and interpreta-
tions were involved, In cases where single salinity values were missing, the
specific volume anomalies were estimated by interpolation or found graphically.
This will not introduce any appreciable error in the computation of the dyna-
mic height, at any rate not as regards the deep water where the salinity is found
to be quite uniform. Besides this, the computations will involve the usual errors
due to 1) faulty temperature and salinity determinations, 2) treating the data
as if they were synoptic, 3) neglecting acceleration and frictional forces and
4) assuming that periodic changes in the distribution of mass related to inter-
nal waves are of no importance. Lastly, an additional uncertainty has been
introduced when computing the dynamic height for those stations where the
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Fic. 8. Geopotential topography 800—0 decibar surface 30/7—9/8 1950.

depth to the bottom is less than the common reference depth. For this purpose
the method previously mentioned (p. 28) was followed, i.e. §dp was integrated
along the bottom from the deeper station to the shallower one.

Let us briefly consider some of these errors and their relative importance.
Errors due to faulty temperature measurements will hardly be significant, as.
the temperature will ordinarily be correct to +0.02°C, except in cases of ap-
preciable wire angles where the depths of reversal have not been determined by
means of unprotected thermometers. However, as mentioned elsewhere (p. 27)
there are probably only few instances where the wire angles may have affected
the ohservations seriously. The salinity determinations, on the other hand, may
considerably affect the results. If the reference level selected is 800 dbar and
the uncertainty in the salinity determination is 0.02%,, the standard deviation
of the difference in dynamic height between two adjacent stations will be 0.65
dyn. cm.l Hence the difference in dynamic height can hardly be considered -
significant unless it exceeds 1.30 dyn. cm. On the lcelandic submarine terrace

1) See Appendix, p. 254,
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where the depth is generally less than 400 meters, the standard deviation of
the difference in dynamic height between two stations due to the uncertainty
in the salinity determination will be less, as the dynamic height between say
800 and 400 meters is found by integrating 3dp along the bottom and will be
the same for all stations with observational depth less than 400 meters. Thus,
if the lowest observational depth of the coastal stations is 400 meters, the
standard deviation of the difference in dynamic height vill be 0.33 dyn. cm.
Then a difference of at least 0.6-0.7 dyn. cm. in dynamic height is required, if
the 59, level of significance is chosen,

Treating the observations as if they were simultaneous probably does not
involve any serious error, particularly as a rather large area is under con-
sideration. Plotiing the dynamic topography of the 50 meter level instead of
the sea surface, relative to the 800 decibar surface, gave an almost identical
picture.

In those parts of the area where the greatest mixing takes place, for instance
near the boundary of the Irminger Current and the East Greenland Current off
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i
tion of the northwest coast, the currents can probably not be taken as stationary and
rtainty frictionless. The calculated values of the currents must therefore be taken with
en say reservation. In other parts of the area the effects of neglecting acceleration and
will be friction will presumably be of minor importance.
. Thus, Finally, let us consider the uncertainties introduced by the application of ‘
rs, the - the method used for computing dynamic height of stations with depths less ;,
n. cm. than the common reference level chosen. Even though we accept the assump- :
ired, if tions on which the HellandHansen method is based as valid, ie. that along g
the bottom both the horizontal velocity and the slope of the isobaric surfaces .
ves not vanish, uncertainties are still inevitable when we extrapolate the anomaly :
T Con- curves. ‘To minimize such errors it is important that the stations be closely
fead of spaced near the slope of the submarine terrace.
entical It is obvious from the foregoing considerations that great care must be exer-
cised when interpreting the data. If the difference in dynamic height between .
Istance stations is to be considered as definitely significant, it must at least exceed 0.7 c

dyn. cm. for depths of about 400 meters and 1.3 dyn. cm. for 800 meters.

ent off
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g) June 9th to 22nd 1954,

shown in Figs. 6-20 are from the following cruises:

It is evident from the dynamic topography charts that they illustrate quite
similar features as regards the major currents. These main features are the

following:

1) Whenever the observations have included the oceanic area off the norih-
west coast of lceland essentially the same pattern has been revealed, viz, the
East Greenland Current flowing 1o the southwest and attaining great velocities

in the Iceland—Greenland Channel.
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~ 2) 'The east-tlowing Irminger Current appears as a moderately strong cur-
rent with maximum velocities near the slope of the coastal shelf. At more in-
shore localities the current seems to be weak and irregular.

3} The East Icelandic Current is seen to be strongest over the slope of the
submarine terrace off the northeast coast of Iceland. Along this slope the cur-
vent makes characteristic bends which are indicated on most of the charts.

4) In the oceanic region between Iceland and Jan Mayen a weak cyclonic
eddy is indicated. The southern, eastern and northeastern parts of this eddy are
shown by the 1949, 1953 and 1954 observations, whereas the western part is
clearly revealed by the 1951 observations.

On the other hand, certain differences are clearly seen between the various
observational years, especially as regards the North Icelandic coastal area. These
may be partly unreal, caused by some of the errors previously mentioned, and
partly real, due to actual differences in the hydrographical sitvation.

Tn Figs. 13-20 are shown the dynamic topographies relative to 800 dbar of
the 50, 100, 200 and 400 dbar levels respectively, based on observations from
1949 and 1951. Obviously these charts present features closely resembling those
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of the surface layer. Thus we may conclude that in the uppermost 200-300
meters of the Iceland Sea the currents have nearly the same direction. At 50
meters the velocities are similar to those found at the surface, but at greater
depths the currents gradually become weaker. The difference between the cur-
cent velocity at 400 and 800 meters appears to be quite small,

3. RESULTS OF DRIFT BOTTLE EXPERIMENTS

In their extensive treatise on “Drift Bottle Experiments in the Northern
North-Atlantic” Heamanw and Tromsen (1946) have compiled all data con-
cerning drift bottle experiments carried out prior to World War TI, As will be
seen from these data, an appreciable portion of recovered drift bottles from
launchings in the area between Iceland and Jan Mayen and east of Iceland,
were recovered in Iceland. Of 10 bottles dispatched east of Iceland (op. cit. p.
26) and stranding on the coasts of Iceland, 2 were released outside the shelf.
The authors explain this drift by the wind direction, which according to wind
observations from Berufjordur in Southeast Iceland and from Grimsey off the
north coast, was predominantly easterly during the period after the launching
of the bottles. Fight bottles from the waters between Iceland and Jan Mayen
landed in Iceland, 7 stranding on East and South Iceland, and the remaining
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- 200-300 one drifting to the northwest coast (op. cit. p. 26). The authors also explain
n. At 50 this last mentioned drift by assuming that the bottle had first drifted west-
it greater wards due to the easterly winds.
t the cur- Tt seems that the drifts mentioned above could also be explained by the
presence of a cyclonic eddy in the area between Iceland and Jan Mayen. With
such an eddy the bottles released east of NE-Iceland would first drift to the
northwest and from there to the west and south. Then depending upon the wind
conditions, some of the bottles might pass into the Irminger Current which would
Northern carry them to the north coast of Iceland. Others might drift with the East Ice-
lata con- landic Current to the northeast or the east coast of Iceland or to the Faroes or
s will be Norway. Lastly, those bottles stranding on the south coast of Iceland having the . :
les from longest drift pertods, might first have drifted into the East Greenland Current |
Iceland, and passed from there into the North Atlantic Current system.
P cit, . In a previous paper by Finarssow and the present author (Emvarsson and
he shelf. Srerinsson 1953) drift bottle experiments carried out in the Iceland Sea dur-
1o wind ing 1947 and 1949 are discussed. It is pointed out (op. cit. p. 7) that of 11 bottles _
y off the recovered from launchings at the end of July 1949 in the area between 68° N |
wuncling  and Jan Mayen and 9°W and 156°'W only 2 were found in Norway, but 9 in
1 Mayen - Iceland. These Iceland recoveries had a similar drift period (160 days) as those

maining released farther south. The authors concluded that in view of hydrographic



G5=

UNNSTEINN STEFANSSON

ig° 16° 142 122 204 8°
7 -

_:_-‘Ny'l 1 T

Pl T AN MAY
. 4

o

GECPOTENTIAL TOPOGRAPHY .- o
800-200 DECIBAR SURFACE. 5
17-29/8, 1949

Il I 1 1 1 iy 1 1 1 L

“7! 4
T'ia. 18. Geopotential 1opography 800—200 decibar surface 17/8—29/8 1949,

i
30° 28 tge 16° 107 8°

evidence, not presented then but included in the present work, this drift period
could only be explained by assuming a cyclonic current system in the waters
between Iceland and Jan Mayen. '

A similar result was obtained from drift bottle experiments in the area south
of Jan Mayen in 1951 (unpublished data). Of 20 bottles released on August
19th that year at 70° 25’ N, 9° 37" W, one was recovered in SkagafjorSur in
North Iceland 110 days later. :

Irr 1952 200 drift bottles were released at 10 different stations in the area
between 66° 22' N and 69° 07’ N and 7° 25’ W and 14° 05"'W (unpublished
data). Of these hottles 36 were recovered, 30 in Norway, 2 in Sweden, 1 in Jut-
land, 1 in the Shetland Islands, 1 in the Orkneys and 1 in the Faroes, These re-
sults were somewhat surprising as none of the bottles was recovered in Iceland.

4, EFFECT OF WIND ON THE BOTTLE DREIFT

It did not seem likely that in all the cases where bottles from the oceanic
area between Iceland and Jan Mayen were recovered in Tceland, they had drifted
such a long distance owing to easterly or northerly winds across the average
direction of drift, To ascertain whether this was true, a study was made of the
wind conditions in the area where the bottles were released. For this purpose
the daily wind observalions were compiled from the weather maps for the
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periods following the release of the bottles, Three periods were analysed:

June 16th to September 30th 1959.
In analysing the meteorological data, the wind direction and velocity was

wind vector was determined. A copy of the material and the calculations is
kept on file at the Fisheries Research Institute in Reykjavik.

According to Exman (1905) the ratio between the velocity of the surface
current and the wind velocity is roughly expressed by the relation

v _ 00127

¥ Ysin g
where v is the velocity of the surface current, » the wind velocity and ¢ denotes
the Jatitude. For the latitude in question (about 66°~70°) this ratio, the wind
factor, will he about 0.013. Rossey and MonrcomERY, however, (see SvErRDRUP
1946, p. 495) give higher values for the wind factor, between 0.02 and 0.03, de-
pending upon wind velocity and latitude.

It is assumed that the water is driven in a direction 045° 1o the right of the

ponent will therefore be most effective in driving the bottles towards the north
coast of Iceland, if we assume that the normal density currents are negligible
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as compared to the wind currents. Presumably this is not true, and we there-
fore have to deal with the resultant of the wind current component and the
normal density current (the basic current). According to the older current
picture, winds between northeast and east would seem most effective in bring-
ing the drift bottles from the area of release to their stranding places on the
northeast or east coast of Iceland. For the sake of the argument the older cur-
rent piclure is adopted and the normal surface current to the southeast in the
region between NE-Iceland and Jan Mayen is estimated as 3 miles per day.
Then the following considerations will apply.

The 1942 Experimenis.

The drift bottles first considered are those launched in the area north of
6G8°N at the end of July. The average distance from the area of release to the
places of recovery in Iceland was approximately 200 miles, The resultant wind
for the 153 day period August 1st to December 31st had a mean value of 4.4
nautical miles per hour, and it was directed to the southwest, i.e. from 045°.
‘The mean wind current component would thus have been directed to the west,
i.e. from 090°.

H we use Exman’s value of 0.013, the wind current alone could have driven
the battles about 210 miles to the west, i.e. they would have passed into the East
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Greenland Current. The basic current was estimated as 3 miles per day from
315°, so that the drift caused by that current alone during the 153 days would
amount to 459 miles to the southeast. The resultant of these two components
would amount to about 340 miles from 340°, ie. the bottles would have passed
by the northeast and the east coasts of Iceland and could not have stranded on
these coasts. However, using the higher value of 0.025 for the wind factor, the
resultant drift would have been from 015°, and then they could easily have
landed on the northeast or the east coast of Iceland. Thus adopting the old cur-
rent picture it appears possible to explain the results of these drift bottle ex-
periments by the wind conditions. '

On the other hand, if we consider the two drift bottle experiments carried
out few days later farther southeast (at 67° 22'N, 9°00°W and 66° 29" N,
9° 0Y W) from which recoveries were also found on the northeast coast of
Iceland, even as far west as Skjalfandi (see Emnamsson and SteFANsson, List
of Experiments, p. 20), it does not seem possible to explain those results by a
divect drift due to the wind conditions, especially as during the first 3 months
following the release of the bottles the wind was more northerly than easterly.
Furthermore, the fact that the drift periods of most of the bottles launched in
the oceanic area northeast as well as east of Langanes and stranding in Iceland
were similar, suggests that they took a similar route. Lastly, it is of interest to
note that of the 1949 bottles released east of Langanes, those launched close to
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shore were in general recovered in Norway, whereas those liberated at more
offshore positions were recovered in Iceland (op. cit. pp. 17-20). By the older
current picture these results would be difficult, if not impossible, to explain.
With a circular current system as indicated by the dynamic topographies all
these drifis are easily explaiued in the manner described on p. 47.

The 1951 Experiments.

The distance from the release point of the bottles south of Jan Mayen to the
place of recovery in Skagafjérdur is about 350 miles. The resultant wind for the
110 day period had a mean value of 6.9 nautical miles per hour. It was directed
from 055°,

Using the smaller value for the wind factor, a surface wind current would
be created from 100° having an average speed of about 2.1 nautical miles per
day. The resultant current of this wind drift and the basic cwrrent (here pro-
visionally assumed to be 3 miles per day to the southeast) would flow almost
directly to the south at a speed of 1.55 miles per day. At the end of 110 days the
bottle would thus be located northeast of Langanes and be over 200 miles short
of its stranding place. Using the higher value of 0.025 for the wind current, ‘
the resultant drift would be from 060° and amount to 260 miles for the 110
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day period. Thus it would still be almost 100 miles to the siranding place. It
should be remarked here that using an appreciably higher mean value for the
basic current would lead to more easterly direction of drift, in which case it
would seem even more improbable, on the assumption made, that the bottles
would be recovered in Skagafjérdur.

In this experiment, therefore, it seems hardly possible to explain the bottle
drift on the basis of the older current picture. ITere again, the drift is easily con-
ceivable if we assume a cyclonic current system between Iceland and Jan Mayen.

The 1952 Experiments.

The analysis of the wind data for the first 314 months following the release
of the 1952 bottles gave a resultant wind almost directly from the north and a
wind current component to the southwest amounting to 140 or 270 miles de-
pending upon which wind factor we use. Using the same value as before for
the basic current, the resultant drift would be about 340 or 390 miles from 340°
or 356° respectively. In either case the botiles would be unlikely to drift to East
Iceland. This conclusion is thus in agreement with actual findings. The result
obtained can be explained by either current picture. Provided a circular eddy
exists it would seem probable that the bottles launched inside the eddy, where
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the motion appears to be slow, would initially have drifted to the southwest
until they entered the Fast Icelandic Current east of Langanes, whence they
would have been driven southeastwards by the density current.

Of special interest is the one bottle found adrift. Tt was launched at 66° 22’ N,
11° 52’ W on June 23rd and recovered at 65° 14/ N, 10° 12'W on July 24th,
i.e. 31 day later. It had thus drifted to the southeast with an average speed of 2.6
miles per day, which is in fair agreement with the value for the current velo-
city as indicated by dynamical calculation {(cf. Figs. 6-12).

5. DISCUSSION

Tt must be emphasized that results obtained by drift boitle experiments
must be accepted with great caution. Thus the direct effect of wind on the
bottle drift may be considerable, and hence the drift route of the bottles may
deviate from the direction of the actual surface current. Although the places of
recovery are known, the bottle experiments yield no direct information re-
garding their drift route. However, from the considerations above it seems clear
that the current picture indicated by the dynamic calculations is definitely sup-
ported by the results of the drift bottle experiments.

An additional support for a cyclonic current system over the Iceland Sea
Basin is found by inspection of the bathymetrical features. From Stock’s bathy-
inetrical chart (see Fig. 4) it will be evident that the Iceland Sea Basin is partly
isolated, viz. by the ridges extending south and west of Jan Mayen. These
ridges approximately coincide with the boundaries of the circular eddy.

Easterly winds might intensify the cyclonic movement of the surface waters
over the Iceland Sea Basin and thus induce more drift bottles launched east of
the main East Icelandic Current to drift initially morth or northwest. Later
they would be carried to the north or the northeast coast of Iceland. The fact
that easterly winds are normally predominant in this area (Hessersrre and
Birxrranp 1943, pp. 24-25) may be of importance in maintaining the eddy.

During the summer of 1952 the easterly winds were less frequent than nor-
mally observed and the weather relatively calm. For this reason the circulation
was probably less intense that year. Therefore, a greater proportion of the
bottles would have a tendency to drift directly southeast, towards Norway. This
may explain why no recoveries were made in Iceland from that year’s drift
bottle experiments. On the other hand, the relatively short period of drift (110
days) of the bottle recovered from the launching south of Jan Mayen in 1951
can probably be attributed to the long spell of northeasterly and easterly winds
after the release of the bottle. These strong easterly winds may have streng-
thened the cyclonic circulation and thus accelerated the southwestward drift.

Fig. 21 is constructed on the basis of the seven dynamical charts and by
stressing schematically those features which they have in common. A prelimi-
nary sketch showing the same features was given to Dr. Envarsson in 1954
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Fic. 21. The surface currents of the Iceland Sea according to the present author's observations.

and appeared in his paper “On the origin and dispersal of Icelandic fish popu-
lations with special regard to the herring” (Emvarsson 1954). Tt is thought that
the present map gives a fairly correct picture of the normal surface currents in
the Iceland Sea during the summer season. This current chart has a distinct
resemblance to that of Nansen (1924), As shown by most of the older charis
the East Greenland Current is seen on Fig. 21 to flow to the southwest along
the east coast of Greenland and through the Iceland—Greenland Channel. In the
area south and southeast of Jan Mayen the current is directed to the north along
the submarine ridge which extends south of the island, whereas southwest of
Jan Maven (near 12°'W) it flows towards south or southwest. Farther south
the current turns towards southeast. In the central part of the region between
NE-Iceland and Jan Mayen a weak anticlockwise closed circuit is found. This
circuit feeds water to the East Icelandic Gurrent, which in addition is formed
by water from the East Greenland Curent and the Irminger Current, joining
it in the area north of Melrakkaslétta. As shown by the current chart, the origin
of the East Icelandic Current is to be found a considerable distance south of
Scoresby Sound, in fact where the south-moving currents meet the North Ice-

8
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landic submarine platform. First the East Tcelandic Current flows in a southerly
direction, but north of Melrakkasléita it turns to the east. Then it bends again to
the sontheast north of Langanes. These changes in the direction of the current
are probably related to the bottom configuration as suggested by the shape of
the bathymetrical curves. It is of interest to note that in a recent paper Jaracov
(1959) arrives at practically the same picture of the surface currents in the
Iceland Sea as here described.

The currents in the North Icelandic coastal area which seem to follow a
rather complicated course, largely determined by the bottom configuration, will
be dealt with in the next chapter.




VII.
THE NORTH ICELANDIC IRMINGER CURRENT

As previously mentioned it was established before the turn of the century
1at the Irminger Current divides west of Iceland, Most of it turns to the south-
west, whereas a smaller branch continues clockwise along the coast. Later in-
vestigations have revealed that great fluctuations, both seasonal and annual,
exist in this influx (Scumipr 1927, TANNG 1943, FiNARssoN 1949, SterAnssoN
-1949 and subsequent years). Until the most recent investigations however,
little was known regarding the magnitude of the Atlantic influx and the limits
of its extension.

The Atlantic water must have a marked influence on the general biology
of the North Tcelandic coastal area, as the distribution of plankton communities
s well as larger animals is largely governed by the predominant water masses,
Also, the Atlantic influx is of great importance for the swarming up of both the
urface and the deeper layers, and thus in turn creating climatic conditions
which make the northern part of the country habitable.

. A division of the Irminger Current west of Iceland is clearly shown on Hegr-
mANN and TromseEN’s current chart (Hervany and ‘THOMSEN 1946), part of
which is reproduced in Fig. 22. The most conspicnous feature of this chart is
the cyclonic eddy in the central Irminger Sea. They established the existence
of this circuit from the results of drift hottle experiments as well as the ma-
erial from the “Meteor” investigations in August 1929 and August 1930. As
pointed out. by the authors (op. cit. p. 65), the chart only reveals the main
eatures of the water movements, whereas details are not reproduced,

 As regards the region west of Latrabjarg two important facts emerged from
Hermaww and Teomsen’s studies: 1) Drift bottles released west of Latrabjarg
had a tendency to leave the coastal area, and the farther offshore they were re-
eased the stronger was this tendency. The majority of the recoveries took place
~on the southwest coast of Iceland after a drift period of more than 200 days.
-2) Dynamical calculations of the “Meteor” material indicated a north-going
“Current component in the region west of Latrabjarg as far west as approximately
26° 30" W, but a south-going current between approximately 26° 30’ W and
31° 00"'W. The authors conclude (op. cit. p. 42) that “the fact must be pre-




T, 22, Currents in the Irminger Sea and south of Iceland. (Reproduced after Hermann and
Thornsen 1946 ).

sumed to be that the water under the influence of weather conditions at times
all moves into the Denmark Strait whereas at other times a considerable pro-
portion passes the IHorn and continues along the north coast of Iceland”.

On the basis of the hydrographical observations made by the “Anton Dohrn”
in June 1956, Dierrica (1957) determined the dynamic topography of the sea
surface. According to his chart the north-flowing Irminger Current splits about
100 miles west of Latrahjarg, one part of it turning to the southwest and the
other part making a bend to the southeast and then turning north again and
following the coast to the North Icelandic grounds. If this interpretation is cor-
rect, it means that most of the North Icelandic Irminger Current comes from
the oceamic area some 100 miles west of Breifafjér8ur and only a minor part
from the West Tcelandic coastal region. This would imply that the hydro-
graphical and biological conditions north of Iceland in summer may be largely
determined by the conditions in the Irminger Sea about 100 miles west of Iceland.

Only sparse material has been collected in the slope region west of Iceland
and on the Iceland- Greenland Ridge during the Icelandic investigations in re-
cent years. In this mixing area the current can certainly not be taken as sta-




wnn and

it times
le pro-
Dohrn’’
the sea
s ahout
nd the
in and
| i3 cor-
s from
or part
hydro-
largely
celand.
[celand
s in re-
as sta-

NORTH ICELANDIC WATERS

_tionary or frictionless, and the choice of a surface of “no motion”, if possible,
“would be quite uncertain. Dynamical calculations of this material will therefore
‘not be presented here. However, the density distribution, as found by the Ice-
landic investigations, also indicates an area with greater specific gravity than

its surroundings near the slope of the West Icelandic coastal region.
By consideration of the bottom configuration it seems doubtful that the

" pormal current pattern along the West Icelandic coastal area is in the manner

indicated by DieTrice’s topographical chart. It would seem more likely that in

- this region the current direction will be largely determined by the bottom con-

figuration in the same manner as found for other parts of the coastal area.

Obviously, mere investigations will be needed before the details of the cur-
rents in the region west of Tceland are known with certainty. This could possibly
Bé accomplished by a close net of hydrographic stations in the area and carefully
planned drift bottle experiments.

Off Kégur the general direction of the Trminger Current is to the east or
southeast, but near the Polar front it is not likely to follow smooth streamlines.
More likely, it will be twisting, meandering and forming eddies, and a part of
it may be returned back to the southwest. Such eddies are certainly suggested
on the horizontal charts as well as on some of the sections from this region (e.g.
see the figures accompanying the author’s reports in Ann. Biol. VIII (1951) and
XTI (1954)). Most of the north-flowing Trminger water, however, follows the
slopes of the North Icelandic submarine terrace towards the east.

According to fishermen who have had experience fishing in Finafléi, the
predominant current s directed to the southeast along the west side of the bay
and to the north or northeast along the east side. Thus Rev. Evroresson (1861)
states that fishermen claim that some 6 miles off Geirhélmur (a mountain south
of Reykjafjordur) the current is always directed southwards, whereas along the
Skagastrond the current is always divected towards the north. Evsérrsson says
it is a general belief that in late August the main curreit is located farther off-
shore than in early summer. He remarks that normally the ice drifts to the
Strandir (on the west side of Flimaflsi) from the northwest and is carried info
the inner part of the bay along its west side. The distribution of drift ice in this
region also suggests a circulatory movement in Hiinaflél, as appears from
Kocr’s monthly ice charts for 1877-1939 (Kocx 1945, pp. 214--225). On some '
of these charts a protrusion is seen to extend from the ice border towards Huna-
141 while the coastal area east of Skagagrunn may be icefree.

From acrial observations of the distribution of drift ice in early May 1949
between Horn and Grimsey, T. EINARssON (1950) came to the conclusion that
the current must, at least part of the year, have a cyclonic circulatory move-
ment in that region.

Of drift bottles released prior to 1950 off the northwest coast, between 66° N
and 67° N and 20° 30’ W and 23° 30/ 'W, the majority have been recovered on’
the west side of Hiinafl6i from Horn to Hrittafjordur (see Hermanw and Trom-
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sEN 1946, pp. 74-76, Envarsson and Strrinsson 1953, pp. 16-19). In August
1950 a total of 80 drift bottles were launched at 4 localities in Hiinaflsi as shown
in Fig. 23. The arrows point towards the places of recovery, and the numbers
refer to the respective drift periods in days. Also here, the result is a. southerly
drift along the west side of the bay. :

‘Thus from the numerous drift bottle experlments as well as other data it
seems safe to conclude that the current is directed to the south or southeast along
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V16,23, Recovered drift bottles from experiments in the Hri'n.aﬂéi region.in 1950,

the west side of Hiinafléi. Hence, it must be directed, northwards along the east
side, at any rate as far as Skagi. Then the question arises whether the current
flows directly across the Skagagrunn or continues northwards along the west
side of this shallow bank. The latter possibility seems to be the most logical one.
It is supported by the distribution of drift ice, as mentioned above, by some of
the dynamical topography charts (see Figs. 6-8), and also by the temperature
distribution, as for example appears clearly in Fig. 24, illustrating the tempera—
ture at 20 meters in August 1056,

From the density distribution along the section north of SiglufjorSur (cf. p.
146), it is clear that over the EyjafjarSardjfip the mean resultant current is di-
rected eastwards. Judging by the results obtained for Hinafléi it would a priori
be expected that the east-flowing current has a southward component along the
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éast side of the Skagagrunn, flowing northwards over the east side of the Eyja-
irdardjip, along the Grimseyjargrunn. This presumption is supported by the
alinity distribution, as the boundary of the Atlantic water has been found to
he sharply defined at the edge on the west side of the Grimseyjargrunn (Heg-
wrann 1949 &), thus indicating that this water flows along the edge. It is further-
ore supported by some of the temperature charts (cf. Fig. 24}, which indicate
hat the current direction is similar for Hunafléi and EyjafjarSardjip.

In the Grimsey Basin the current probably flows anticlockwise and forms
4 weak circular eddy. Such a motion is suggested by the results of drift bottle
experiments carried out in 1949, as some of the bottles released in this region
_were recovered on the west side of Hinafléi.
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. Fie. 24. Position of the ice limit and temperature at 20 meters north of leeland in August 1956,

~ North of Kolbeinsey the Icelandic submarine terrace is broadest, but near

18° 30" W it bends sharply to the southeast. Therefore, the northward extension
of the Atlantic water, of which the greater part follows the slope of the sub-
marine terrace, is maximal in the middle of the North Icelandic coastal area,
but a trifle farther to the cast the Atlantic current bends to the southeast and.
joins the Fast Icelandic Current north of Slétta.

Farther to the south, in the area between Grimsey and Slétta, practically no
data exist from which the course of the coastal current can be derived. Until
some such material, e.g. records from direct current measurements or drift
hottle experiments, is collected from this region, our notions concerning the
current direction remain purely speculative. However, considering the topo-
graphical features, a current paitern similar to that found in Himafléi would
be expected.

On the northeast coast, the mean current direction is along the coast, as
found by drift bottle experiments and dynamical calculations. Regarding the
details of the current system, it would seem probable that also in this region the
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1 0°

Fra. 25. Dynamic topography of the sea surface east of Iceland (in dyn. cm.) relative to the 800
decibar surface in June 1953,

current direction is affected by the bottom configuration in the same manner
as in the western part of the North Icelandic coastal area. '

It is a general experience of fishermen that along the east coast the flood
current, moving southwards along the coast, is decidedly stronger than the ebb
current. This is to be expected, as the residual current has a direction southwards.

In the neighbourhood of Gerpir, i.e. just north of the boundary between the
Atlantic water and the Arctic water, the current leaves the coastal area as a
part of the East Icelandic Current. Such a current picture is definitely indi-
cated by drift bottle experiments, as off the southeast coast between 64° N and
65° N, about 909, of drift bottles leave the coastal area (Hermany and Traom-
sEN 1946, p. 40). This current pattern is also indicated by dynamic calculations,
as seen from Fig. 25. It is based on the material collected by the “Maria Julia”
‘in June 1953, The reference surface is 800 dbar. The current is seen io be
strongest close to the boundary between the Atlantic and arctic water. A simi-
lar result has been obtained by other authors who have investigated this area
(Heraanw 19449 5, Dierrica 1957).
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VIIL

DISTRIBUTION OF TEMPERATURE AND SALINTTY
IN SUMMER

1. HORIZONTAL DISTRIBUTION

‘a) Surface.

In a previous paper the author has discussed the surface temperature in the
North Icelandic coastal area (SterANssoN 19544). From the material published
' the temperature means for the

° square in the coastal area extend.-

W. From the temperature normals calcu-

prepared for the months June, July and

ues were found in the westernmost part of

n), but otherwise the difference between

quares along the north coast was found to be small, The values lay between
477 and 6.2°C in June, 6.8° and 8.0°C in July and 7.3° and 8.9°C in August,
The temperature variations at the meteorological station on the island Grims-

ey off the north coast were also studied and the mean annual temperature cycle
alculated for the period 19011930 (loc. cit. p. 6). The winter seq surface tem-

“perature at the island was found to lie between 1.4° and 2.0°C, but from the
Aast part of March it rose until a maximum of 7-8°C was reached in August,

From then on a slow decline towards the winter temperature was experienced.

On the basis of a large number of temperature and salinity data from the
period 1868-1953 Krauss (1958 ¢) has recently prepared charts of the mean
monthly surface temperature and salinity in the northern North Atlantic, Por-
tions of his charts for the months March, June, Auvgust and October are repro-
duced in Figs. 26-27.

It is noticeable that Krauss® chart for June indicates a higher mean tempera-
ture in the North Icelandic coastal area than the 1901-1930 normal. As Knavss
mean charts are based on more recent data this difference is to be expected, On
his chart the mean temperature in June is 7-8°C between Latrabjarg and Horn,
and 6-7°C over most of the North Icelandic coastal area west of Slétta. In the
easternmost part of the area the temperature mean is somewhat lower, 5-6°(.
In August the mean temperature is about 10° near Latrabjarg, decreases rapidly

Y
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to less than 9° at Horn and lies between 8° and 9° over most of the North Tce-
landic coastal area. As was indicated by the 19011930 mean, a characteristic
feature of the isotherms in summer is a southward bend in the Himafléi region
and a northward sweep in the area off the northeast coast. The relatively high
surface temperature in the eastern part of the coastal region is undoubtedly re-
lated to the much greater stability in that part of the area.

2o 20° 10°

ey

Fic. 96, The mean surface temperature in the Iceland Sea in @) March, b) fune, ¢ ) August
and d) October, { After Krauss 1958). . .

Near the slope of the North Icelandic shelf the surface temperature is usual-
1y found to decrease rapidly, and near the ice limit the temperature drop is very
sudden indeed. On the mean charts, however, the temperature appears to de-
crease more gradually and really sharp. current boundaries are not indicated.
This must be due to the fact that the mean charts are prepared by averaging
conditions which may be very variable from year 1o year. The oceanic fronts
may shift markedly from time to time and the averaging process will tend to
make the horizontal temperature gradient appear smaller. Thus mean charts
such as those here discussed may, especially near the fronts, very well show
features which in reality never exist. They must therefore be taken with great
reservation. L : L .

As seen from Fig, 27, the surface salinity in June lies between 34.75 and
35.0%, off the nortwest coast and. in part of the oceanic area between Iceland,
Greenland and Jan Mayen. Near the coast, however, and along the north coast
south of 67° N the mean surface salinity in June is decidedly lower, below
34.5%,; whereas in the region between Northeast Iceland and Jan Mayen it
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:34.5-34.75 %,. In August the highest surface salinity is found off the west
ast in the core of the Atlantic water. The salinity decreases rapidly in the
rection of flow from LAtrabjarg to Horn, being 34.00-34.25 %, over most of
the north Icelandic shelf, but less than 34.0%, in the coastal region between
wrn and Slétta. .

As seen from Figs. 26-27 the course of the isohalines at the surface is similar

. The mean surface salinity in the Iceland Sea in a) March, b) June, ¢) August and
d) October, (After Krauss 1958 ). :

1o that of the isotherms, especially near the ice limit where the salinity as well
as the temperature decreases rapidly. Whenever Polar water is being carried
utheast inte the Icelandic coastal avea, resting on top of the warm Atlantic
water, it will influence the hydrographic conditions in the surface layer tre-
mendously and markedly affect the mean values, especially in the western part
of the area. In the western part of the coastal area, and even as far east as
Siglufjordur, the surface salinity in early summer frequently exceeds 35.0 %,
although such a high salinity is not indicated on the mean charts. Thus in June
1952, 1953 and 1955 a tongue of saline water in excess of 35.0%, extended east
to Eyjafjar8ardjiip (cf. the author’s reports in Ann. Biol. 1952, 1953 and 1955).

From the discussion above it will be evident that there are primarily two
features of the surface salinity distribution on the North Icelandic shelf which
may be considered characteristic, viz. 1) a higher surface salinity in the western
part than in the eastern part of the region and 2} a decrease in salinity from
spring to autumn,
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Fre. 28. The mean temperature at 20 meters depth 15/5—4/6 1950—1960.

b) 20 Meters.

The temperature distribution at 20 meters during the years 1954-1959 has
been included in the author’s reports on the hydrographic conditions in Icelandic
waters, published in Annales Biologigues (SterAmsson 1956-1961), and the
normals for May 15th—June 4th and June 5th-25th, 1950-59 have been com-
puted (STerANsson 19603,

Because of the importance of temperature distribution in connection with
biological studies, it was considered advantageous to calculate the normals for
the period after 1950, for which there exist in most cases simultaneous observa-
tions of herring distribution and plankton conceniration. Prior to 1954 observa-
tions were made at 25 meters instead of 20 and 30 meters which have been
standard depths since September 1953. The temperature values at 20 meters in
the years 1950-53 were determined by interpolation between the values at 10
and 25 meters. It is umlikely that the temperature distribution derived in this
manner will deviate appreciably from the true temperature distribution. After
the thermocline has been established, it will in most instances be located below
the 20 meter level. Therefore this level represents conditions in the surface
layers, On the other hand, at 20 meters the hydrographic conditions will be less
affected by sudden meteorological changes than at the sea surface.

For the present investigation the normals for May-June were recalculated
to cover the period 195060, and the results are shown in Figs. 28-29. The nor-
mals for July and August are shown in Figs. 30-31.
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4-1959 has | - . : ‘
n Teelandic : As will be apparent from Table 1, by far the greatest part of the observa- o
), and the tions made during 195060 were BT observations, whereas the salinity observa- C
I;een — tions were much less numerous. Therefore, only the temperature normals were }

computed. .
The temperatures from each individual year were averaged for each 14°

latitude and 1° longitude, and the normals for the whole period 1950-60 com-
puted by averaging these mean values for the various years.

The calculated normals are in many instances based on one or two values
only. Observations are especially scarce in the region east of Iceland in May
and west of Teeland in July and August. Over the coastal region north of Tce-
land, however, the normals are generally based on more data.

Omn the basis of the inserted values, isotherms have been drawn. These follow
in the main a similar course during the different observational periods.

During the period May 15th-June 4th the normal temperature is seen to
vary between 6.5° and 7.5°C over the region west of Iceland, between Reykja- .
nes and Latrabjarg. Near 66° N, 27°-30° W there is a sharp boundary between I
Atlantic and Polar water, and the temperature drops from 6° to less than 2°.
From about 66° N, 27° W this boundary extends northeastwards to about
67° 20’ N, 24° W and then bends towards the east, Off the north coast the
sharp. Between Hinafl6i and Slétta it will generally be found
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between 67° 30’ and 68° N, bending southwards in the region east of Slétta.
Over the coastal area between Léitrabjarg and Kégur the temperature normally
lies between 5° and 6°, the 5° isotherm having a tongue-like shape in the direc-
tion of flow of the Atlantic water, OIf the north coast the temperature lies be-
tyween 4° and 5° from Kégur to Skjalfandi, between Skjalfandi and Langanes
it is 3-4° and less than 3° south of Langanes,

During June 5th-25th the temperature usually ranges betwen 7° and 8°
over the region west of Iceland, between Reykjanes and Latrabjarg. From
about 66° 30" N, 26° W the boundary between the Atlantic and Polar water
extends to 68° N, 22° W, From this point it bends eastwards, having a similar
course as during the period May {5th—June 4th, Off the northeast coast no dis-
tinct boundary is indicated on the mean chart. Over the coastal area between
Latrabjarg and Kégur the temperature normally lies between 6° and 7°, the
6° isotherm having a similar course to that of the 5° isotherm during the former
period. Over the North Icelandic coastal area, between Kogur and Skjalfandi, the
temperature lies between 5° and 6° and from 4-5° over the whole area from
Skjélfandi along the northeast and east coast to Papey on the southeast coast.

In July (Fig. 30) the mean temperature is above 10° in Faxafléi and be-
tween 9° and 10° in the area between Reykjanes and Léatrabjarg. The mean
boundary between Atlantic and Polar water has a similar location in June and
July. In the coastal area between Latrabjarg and Kégur the temperature varies
between 7.5° and 9°, and in the North Icelandic coastal area between 7° and
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T, 31. The mean temperature at 20 meters depth in August.

5°. Farther north the temperature les between 6° and 7°, dropping to less
han 6° near 67° 30" N. Along the east coast the July temperature at 20 meters
ies between 6.5° and 7°.

T August (Fig. 31) the temperature is above 10° in the area west of Faxa-
161 and Sneefellsnes. The boundary between the Atlantic and the Arctic water
off the northwest coast appears to be somewhat closer to Iceland in August than
n July. This difference, however, is probably not real though appearing on the
hart since the observational data are very limited from this region in August.
1.the coastal area all along the north and east coasts the temperature lies be-
ween 7° and 8°. As in July, the warim water has the greatest northward ex-
ension in the region north of Slétta.

-South of Papey there is a well defined boundary between the Atlantic and
the Arctic water. The line of demarcation is normally located in the region
between Eystrahorn and Vestrahorn on Southeast Iceland. Here the coastal
vater coming from the north must flow away from land. From the coastal area
the boundary bends towards southeast to about 64° 10/ N, 13° 30/ W. From this
point it is directed east—northeastwards to about 64° 40’ N, 11° W, Tust north
of the boundary minimum temperatures are usually found, as clearly seen on
he 20 meters mean charts. In this region a thermocline is generally not formed
during summer because of intense vertical mixing. It seems likely that this is
due 1o turbulence maintained by the very strong tidal currents prevailing in the
shallow region off the southern part of the- east coast.
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) 50 Meters,

The mean temperature and salin;
are illustrated in Figs. 32-37. Thes
Hydrographic Card Index of the
1947, material published in Bulletin Hydrographique 1948-1955 and Icelandic
material from the years 1956-1960. The mean temperatures and salinities were
computed for each 14° latitude and 1° longitude,

At the 50 meter level the isotherms are seen 1o run generally from south tq
north on the North Icelandic shelf south of 67° 20' — 67° 30/ N. This is due

to the Trminger Current being cooled on its way eastwards. Near the core of
the current, especially in early summer, the isotherm

ty at 50 meters in J une, July and August
e charts are based on material from the
Service Hydrographique in Copenhagen up 1o

» iear the slope of the
nerally run from west to east. Tn this
gradient the northern boundary of the
ary roughly follows the depth contours
iddle part of the North Icelandic coastal

ension of Atlantic water is greatest, All
along the slope of the North Icelandic shelf the temperature changes rapidly in
a horizontal direction, but in no locality is the temperature drop as sudden as off
the northwest coast near the East Greenland Polar Current. In this region boun-
daries between the Atlantic water and the Polar water are actually much sharper
than indicated by the mean charts, for reasons mentioned previously {p. 66).
In June the mean temperature at 50 meters on the coastal shelf is 5-6°C in
the region between Létrabjarg and Hiinafléi, 4-5° between Hémafléi and Skl
andi, 3-4° between Skjélfandi and Langanes but somewhat lower in Distil-
136r8ur, In the whole coastal region between Langanes and Gerpir the tempera-
ture is between 2° and 3°. :
In July the mean temperature at 50 meters exceeds 7° off the west coast to

as far as Isafjirdur, it is 6-7° between [safjordur and Skagagrunn, 5-6° between
Skagagrunn and Slétta, 4-5° off Slétta but below 4°
Slétta to Gerpir.

North Icelandic shelf, the isotherms ge
region of strong horizontal temperature
Irminger Current is found. This bound
of the slope of the shelf. Thus, off the m
area where the shelf is broadest the ext

in the eastern area from

In Avgust the mean lemperature at 50 meters is above 8°
coast 1o as far as Kégur, but some 20 miles off the northwest coast it drops to 7°
or less, The mean temperature is 6-7° in the area between Hinafléi and Axar-
fjérSur and as far north as 67° 30° N, and 5-6° between Slétta and Langanes
and all along the east coast. However, a few miles east of Glettinganes on the
east coast the mean temperature falls below 5°,

In the Polar water off the northwest coast very low temmperatures are found
at 50 meters, generally less than ——1°, In this region the temperature distribu-
tion is similar during the three summer months, Off the shelf northeast of Ice-
land there is a large area where the temperature is below 1°. The core of this
cold water with temperatures less than 0° is found about 110-120 miles north.

along the west
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Fic. 37. The mean salinity at 50 meters depth in August.
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east of Langanes. The distribution of water with temperature less than 0° ap.
pears to be slightly less in August than in June and July. East of 12° W ang -
north of 68° N the temperature rises somewhat, up to 1° or more.

The isohalines at 50 meters follow the isotherms rather closely. However,
the tongue-like distribution is more characteristic for the salinity, and the maxi-
mum salinities clearly coincide with the core of the east-flowing Atlantic water.

In June the mean salinity at this level is generally between 35.1 and 35.2 %o
in the region west of Iceland, except in the shallowest part near the coast where
it falls to less than 34.99%,. The 35.1 %o isohaline forms a tongue which extends
to about 65° 50’ N some 70 miles WNW of Létrabjarg. The 35.0%, isohaline
also forms a tongue, but a much narrower one, which extends as far east as
Siglunes, whilst the 34.9%, curve extends east beyond Slétta.

In July the 35.0 and 35.1Y%, isohalines have a similar course as in June,
The 34.9%, isohaline lies over the Grimseyjargrunn, whilst the course of the
34.8 %, isohaline in July corresponds to that of the 34.9 %o in June,

In August the 35.0 and 36.1 9, isohalines have a course similar to that found
for July, the 34.9%, curve extends to the area north of Hinafléi, and the mean
salinity lies between 34.8 and 34.9 %a in the region east of Humafléi, except in
the shallowest part of the region where it falls to Jess than 34.8 %,.

A characteristic feature of the salinity distribution at 50 meters is the low-
salinity area off the east coast; As mentioned before, a thermocline is not formed
in this area during summer because of the intensive vertical mixing. The rela-
tively low salinities at 50 meters are probably formed by mixing with low-
salinity surface water carried from the north by the coastal current.

Off the northwest coast at the boundary between the Atlantic and the Polar
water the salinity decreases rapidly and in the Fast Greenland Current very
low salinities are found. Here the salinity is less than 34.5 9, in June, less than
34.0 in July and even below 33.0%, in August. However, only few observations
are available from this region. In the oceanic region northeast of Iceland the
salinity is relatively uniform at 50 meters, generally 34.75--34.80%,. The
lowest salinities are found to coincide with the lowest temperature at the core
of the Arctic water. In the northeasternmost part of the region covered by the

charts here discussed (near 68-69° N, 10-12° W), the salinity is somewhat
higher, about 34.99%,,.

d} 100 Meters.

The mean temperature and salinity at 100 meters in June, July and August
are illustrated in Figs. 38-43. These charts are based on the same material as
those for 50 meters.

The course of the isotherms at 100 meters is similar 1o that found at 50
meters. Thus, in June the isotherms at the 100 meter level run from south to

north in the shelf area and from west to east in the slope area. In July, however,
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and particularly in August the isotherms have a more easterly direction in the
shelf area in the same manner as those near the northern boundary of the At.
lantic water, This feature is probably due to the fact that after midsimmer,
when the Atlantic influx has reached a maximum {see later), this water will to
a less extent be subjected to cooling during its course along the coast.

The mean temperature in June at the 100 meter level is 5-6°C in the north-
western part of the area from Létrabjarg to Hinafléi, 4-5° between Hinaflé
and Skjélfandi, 3-4° between Skjalfandi and Slétta and 2-3° in the coastal area
east of Slétta and along the east coast south beyond Gerpir,

In July the mean temperature is 6-7° in the coastal region west of Iceland,
5-6° between Kégur and Skjalfandi, drops to 3° east of Langanes and lies be.
tween 2° and 3° along the east coast,

In August the mean temperature at 100 meters is 6_7° near the coast from
Latrabjarg east to Eyjafjordur, 5-6° in the middle part of the North Icelandic
coastal area between Skagagrunn and Sléita, 45° in the region between Slétta
and Héradstléi and 3-4° south of Héradsfldi.

In the Polar water northwest of Iceland the temperature at 100 meters is
less than —1° or even below —1 5%, whereas in the tongue of cold Arctic water
northeast of Iceland the temperature is generally between —0.5° and 0°,

The salinity distribution at 100 meters is similar off the west coast during
the three summer months. The tongue of water with mean salinities above
35.19%, extends north beyond Latrabjarg in JTune, north of Isafjsrfur in July
and east to Hiinafléi in August. Water with salinity above 35.0%, has a some-
what greater extension at 100 meters than at 50 meters, The 35.09%, curve
extends beyond the Kolbeinseyjargrunn in June and Tuly, but reaches east to
15% W in August. At this level salinities as high as 34.9%, are generally not
found east of Langanes in June or July, but in August water with salinity above
34.9Y%, extends east and southeast of Langanes to the 66° N parallel.

Northwest of Iceland in the region of Polar water the salinity at 100 meters
is less than 34.5 9, in June and July and less than 34.0 %o in August, Northeast
of Iceland the salinity at this level is about 34.85 Y60 in most part of the oceanic
area except for a narrow tonmgue where the salinity is below 34.8%,. In this
narrow tongue, which in June and JTuly has a somewhat greater extension than
in August, the lowest temperatures are generally found. Off the southeast coast
an area of low salinity is also found at 100 meters, corresponding to that found
at 50 melers.

From the salinity distribution at the surface and at the 50 meter level during
the summer months, it will be clear that the saline water Lies deeper in late
summer than in early summer, and that the extent of the coastal water in-
creases. The salinity distribution at 100 meters, however, demonstrates how the
Atlantic water (S>> 35.09%,) at intermediate depths gradually moves farther
eastwards during the course of the summer. As an exeample of the situation in
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Fio. 44, Temperature and salinity at 0, 50 and 100 meters depth 6/7-18/7 and 7/8-14/8 1948,

individual years Fig. 44 illustrates the temperature and the salinity distribution
at 0, 50 and 100 meters in early July and early August 1948, Obviously, this
figure displays the same main features as shown on the mean charts.

e) 200 Meters.

On the basis of all available observations FucLister (1954) has prepared
a chart for the 200 meter level. Tn general a permanent thermocline will be
found above this level. However, as will be discussed later, seasonal variations
are readily detectable in the area north of Iceland at depths exceeding 200 me-
ters. Therefore, the temperature and the salimity distribution at 200 meters in
this area can hardly be represented by a mean chart for all seasoms.

Figs. 45-54 show the temperature and salinity at 200 meters on 5 different
occasions, i.e. 17-29/8 1949, 30/7-21/8 1950, 11-23/8 1951, 8-22/6 1954 and
98/5-13/6 1958. From these charts it will be evident that the course of the iso-
therms and isohalines at 200 meters resemble that found at the 100 meter level.

In June the temperature is generally above 6°C in the region south of the
Tceland-Greenland Ridge, 5-6° off the northwest coast as far east as Kogur.
From Kogur eastwards the temperature and salinity is gradually lowered. In
Hiinafléi and in the EyjafjarSardjip the temperature may vary between 3° and
4° and from less than 1° up to 3° off the northeast coast.

In August the temperature will be 6-7° off the west and northwest coasts.
In the deep bays off the north coast, between Kégur and Slétta, the temperature

11
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may vary between 4° and 6° and between 2° and 4° cast of Langanes. In ex- :
‘remely cold years, however, such-as 1949, the temperature at 200 meters may : "
“be Jess than 2° in August in the region east and south of Langanes. '
Normally a strong horizontal temperature gradient is found at this level
ear the slope of the shelf off the northwest and the northeast coasts. Off the
middle part of the coastal area the northward extension of Atlantic water is
areatest and the boundary betyeen the Aﬂdnhc and the Arcti¢ yater less sharp.
. West of Iceland the salinity at 200 meters is generaliy umf_orm 35.15 9%, or
nore. A tongue of this saline water is found to extend northiwards across the
- Tceland-Greenland Ridge continuing east along the North Icelandic grounds.
On the way eastwards the salinity gradually decreases. In the westernmost part
north of Kégur, the salinity will be 35.10-35.15 %, and 35.0-35.1 %, in the deep
bays betweenh Kogur and Grimsey. In the shelf region off the northeast coast
he salinity will in very cold years be as low as 34.8%, or even less, but ge-
nerally it will be above 34.9%, in summer, Usually the salinity at 200 meters
north of Iceland W1H be somewhat higher in August than in June, especially
in the eastern part of the area. C

North of the shelf region the sdhn}ty Wﬂl be lowered, especmlly in the : ‘
western part where there is a marked influence of Polar water. In the region ol
of the East Greenland Current the salinity at 200 meters will be 34.5%, or S
even less,

At 200 meters a tongue of cold Arctic water with a temperature of less than

0° and salinity between 34.85 and 34.90%, is found over the deep basin be-
tween Iceland and Jan Mayen. The eastern boundary. of this tongue, as judged
by the 0° isotherm, extends from about 67° N, 9° W 1o 70° N, 12° W, whilst ;
on the western and the southern side it roughly follows the 1000 meter depth S
curve along the slope of the Icelandic submarine shelf.

A notmeable feature on the 200 meter charts is a region of reiatwely warmnl
and saline water north of 68° N, between‘approxmlately 199 and 23° W. This
must be Arctic Intermediate water which as previously mentioned forms an
intermediate layer in the western part of the Tceland Sea, between the Polar or
Arctic water on top and Arctic Bottom water below. This intermediate layer
slopes downwards from east to west. In the region north of Slétta it can hardly
be detected, but west of 19° W it is easily recognized on the f, S curves (see’
later): Tts core is close to 200 meters in the region north of Hunafléi, but farther
to the west it is found at a deeper level, and therefore appears on the 200 meter '
charts as an 1soiated region. , X | -

R
‘

2. VERTICAL SECTIONS

Of the numerous vertical sections which have bheen worked off the coasts of * - |
Iceland in former as well as in recent years relatively few have extended out- R
side the insular shelf. In Figs. 55-75 are shown those profiles worked in recent ‘
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years which are considered the most im

the North Icelandic Irminger Current.

a) Off Latrabjarg.

Off Latrabjarg (Fig.55) the relatively warm and s
reaches close up to the coast. At 5-10 miles offshore the sali
34.8Y%, and at 10-20 miles from the coast it exceeds 35.0 %,.
limit of the Atlantic water is in this section near the western side of

portant ones, i.e. those which cut across

aline Atlantic water
nity usually exceeds

The westward
the channel

through the Tceland-Greenland Ridge 100-120 miles offshore. The width of

the Atlantic water

core of the Irminger wa
the shelf and over the slo
water extends from surface to bottom,

west of Latrabjarg is thus about 80-100 nautical miles. The
ter, with salinity above 35.1 9., is found at the edge of
pe. On the shelf and in the slope area the Atlantic
usually all the way to the deepest part

12
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of the section. On approaching the 5111 from the south or western side of the
through charinel from the east, the thickness of the Atlantic: water diminishes
suddenly. Here the isohalines as well as the isotherms rise steeply towards the
surfate. Theboundary between the Atantic water and the Polar Water is
probably much sharper than mdlcated by the sections.

Ou the whole the different sections have similar features with the exception
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of the surface layer which naturally is more stratified in July than in June.
e observed difference in the extension -of the Atlantic water between years
may at least be due partly 16 the fact that the sections do mnot have identical
positions. In fact, a difference of few miles in this region may portray quile
different hydrographic conditions. In the years 1949, 1951, 1957, 1958 and 1959
water with salinity above 35.1%, filled most part of the section, whereas in
1954 ani 1956 this water appeared as a tongue of relatively small cross-sectional
area. In ihe core of the Irminger water the {emperature lies between 6° and
70C, This warm water slopes downwards-to reach a maximum thickness at the
foot of the slope. All along the bottom, however, from the 100 meter depth
contour down to the edge of the shelf or even over the slope down to the 500
. meter depth contour there is a layer with water of 5-6°.

In one respect there is a striking ditference between the various sections off
I4trabjarg. This regards the decpest part which on some of the sections is filled
with Atlantic water all the way to the bottom, while in other instances there ap-
pears a-thick layer of cold waler at the bottom. This cold water must have been |
carried over the ridge frem the north. It appears to be quite variable in composi-
tion and consists not only of variable mixtures of Polar water and Arctic Interme-
diate water, but also of Arctic Bottom water. Thus, in 1957 at a station located
near the foot of the slope; water of 0.90° temperature and 34.66 %, salinity was
found at a depth of 350 meters, but at 520 meters the temperature was 0.40° and
the salinity 34.90%,. In 1949 and 1951 negative temperaiures were formd near
the hottom in this section.

Coopex (1955) formulated the hypothesis that the overflow is intermittent
and takes the form of a series of discrete boluses. This hypothesis is supported
by recent observations made from the English Fishery Research Vessel “Ernest
Holt” (Harver 1961). These investigations revealed that rapid changes may
take place in the bottom temperature in this region analogous o what was found
on the Teeland-Faroe Ridge during the international survey made in June 1960.

The different hydrographic conditions near the bottom on the southern side
of the ridge as revealed by the sections shown in Fig. 55 might be explained in
the samé mahmer, viz. as being due to intermittent overflow. Thus at the time
when the Latrabjarg section was worked in 1957, a strong overflow was indi-
cated, whilst during May 27th-28th and June 14th—15th 1959 only very little
overflow must have been taking place. S

b) Off Kogur.

' of the o :

linishes Vertical sections worked during the years 1949-1 955 mnorth—northwest of
rds the Kogir are shown in Figs. 56-57. As indicated by these profiles a most complex
ater is hydrographic situation may be met with in this region and the conditions may

be quite variable {from one observation to another.

cepiion Only small ‘amounts of coastal water are indicated in this section -as the
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salinity exceeds 34.8Y9, close to the shore, Generally, the Atlantic water occy.

pies the uppermost 200 meters from the 7 8 meter depth contour to the edge of

the shell, i.e. between 10 and 40 miles offshore. In some cases, however, such

as in June 1952, the amount of Atlantic water in this section is very small,

whereas in other instances the Atlantic water may fill the whole section down

to 300 meters. This may be interpreted as indicating that the Atlantic influx

through the Kégur section takes place intermittently. Usually, a small tongue

of water with salinity above 35.1 %o appears in the core of the Atlantc water,
This tongue, however, is decidedly smaller than that observed in the section

west of Ldtrabjarg. :

Actually, two shelves are recognizable in this section, one from the 50 io the

75 meter depth contour and the other at depths between 220 and 280 meters,
On the shelves the water is relatively homogeneous, but near the edges the iso-
lines are more closely spaced, especially at the outer edge where they rise
steeply 1o the surface, mdicating a strong east-going current. In the mixing
area farther offshore an isolated tongue of Atlantic water is sometimes observed
(June 1954 and 1955). From the density distribution it seems likely that this
water is moving back to the southwest,

In the northernmost part of the section, Polar water is found in the upper-
most 200-300 meters., Near the surface the salinity of this water will be less
than 32%,. Due to heating by the sun the temperature of the surface may rise
to 3°C in summer, but falls rapidly below the surface and has a minimom of
about —1.8° near 75 meters depth. At this level the salinity is about 34.0%,
which therefore may be considered as the salinity of extreme Polar water {cf.
chapter V), :

Below 200-300 meters increasing concentrations of Arctic Intermediate
water are indicated by a rise in temperature as well as salinity. The Arctic
Intermediate water slopes downwards away from the Icelandic shelf, Inn the
northernmost part of the section (near 68° N) the core of this water is found
at 500-600 meters, where the temperature may be as high as 1.5° and the
salinity 34.97 9.

Near the 300 meter depth contour, just below the edge of the shelf, the
Arctic Bottom water is found, as indicated by the low temperature {<0°) and
relatively high salinity (34.90-34.92% ). This layer of Arctic Bottom water
slopes downwards along the bottom of the deep channel.

The mean temperature and salinity conditions on the first 26 miles of the
Kégur section are shown in Fig. 58, These “mean” sections are constructed
from mean values based on 10 years with observations in June, 13 years with
observations in July and 13 years with observations in August (sce Appendix).
From these mean sections it will be seen that the normal temperature in June
lies between 5° and 6° in the uppermost 160 meters and between 4° and 5° at
200 meters at the deepest station. In July the water is slightly more stratified
and the normal temperature of the coastal water Kes between .7° and 8°. The
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upper layers of the Atlantic water have a temperature between 6° and 7° and

he lower layers (below 150 m}) 5-6°. In August a marked stratification has

“heen developed and the surface layer now has a temperature of 8-9° or even
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Fic, 58, Mean temperature and salinity in the section off Kégur for June, July and August.

above 9° in the shallower part of the section. The temperature of the deeper
layers lies between 6° and 7°. The Atlantic water with saii.nity above 35.0%,
reaches up to the surface layers in June, but lies deeper in August. At the
same time it seems to advance closer fo the shore at the bottom in July and
August than it does in June. As will be discussed later, the coastal water ge-
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nerally has a greater tendency to spread seawards in August than in June (not
s0 apparent on these mean sections, however), and therefore the deeper water
would be expected to move closer to the shore, It should be remarked, however,
that these mean sections are not based on the same years for the three months
In question, and therefore the difference between months may to sonie extent
be accidental and not be due to actual seasonal changes. -
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) Off Hanafloi. A o _
" The Hianafléi section (Fig: 59) is directed due north along the 20° 40" W
meridian. The deepest part of the bay has a depth of 300-400 meters. North
“of this depression there is a slight elevation, about 200250 meters in depth,
near the edge of the shelf from which the sea bottom slopes down. towards the
Tcelanid Sea Basin, : : _ o
In the inmermost part of the Htinafléi the Atlantic water is mixed withfresh
- coastal water. Near the 50 meter depth contour the 34.9 %, isohaline is found o 5
- and a few miles farther seawards the salinity usnally exceeds 35.0 J,. In this sec- ; ”
" tion it rarely exceeds 35.1%,. The northern boundary of the Atlantic waler is ‘
|

. about 100-110 miles offshore, just north of the edge of the insular shelf. The

width of the tongue of Atlantic water is thus about 80 nautical miles. Tn June .

" the Atlantic water extends from the strface down to about 200 meters, whereas ‘ '

later in the summer it lies somewhat deeper, being covered with a fresher sur- " ’

face layer, The thickness of Atlantic water séeldom exceeds 200 meters in this

region. In the shallower parts of the shelf it therefore reaches down to the bot-

tom, but in the deepest part of the bay the Atlantic water appears as an inter- =

mediate layer with a colder and less saline bottom water. This bottom water |

consists of North Icelandic Wintér water (see later), but at depths below 300

- meters (e.g. June 1952) a mixture with Arctic Botiom water is indicated. g

In Tune the temperature is 5-6°C in the uppermost 100 meters on the shelf,

dropping to 4° or less at the lower level of the Atlantic water. In July and
August similar temperatures are found at subsurface depths, but in the surface °
layer a thermocline is formed above which the temperature is 7-9°. North
of the edge of the shelf the inclination of the isotherms indicates an east-going
current. In the deepest part of the Hifihafléi section Polar water is found in the
uppermost 200 meters. Here, however, it is mixed with Arctic and/or Atlantic
water, so that the temper&tuﬂe and the salinity of the surface layer are con-
siderably higher than in thé_section off Kégur. Below the Polar water mixed .
waters (Arctic Intermediate water and/or Arcticy water) are found between
900 and 500 meters. The temperature of this intermediate water ranges from
0° to 1° and the salinity from 34.8 to 34.95 %,. As in the Kégur section, the
upper boundary of the Arclic Bottoin water (as indicated by the 0° isotherm)

‘slopes downwards from the edge of the shelf, where it is found at a depth ol
300-400 meters to about 500 meters in the deépest part of the seclion.

Hanafigi-N

0E0 74059

Hinofie -N

1478, 1952

e (not

water , ,

wever, d) Off Siglunes. EEE . T U P
nonths The Siglufjérdur section (Figs. 60-62) extends north of Siglunes along the
extent 189 50’ 'W meridian, over the EyjafjarBardjup, the Grimsey Basin (see p. 33),

the shallow banks near Kolbeinsey and from there towards the Iceland Sea
Basin. The sea. bottom slopes very steeply a few miles offshore, and about 10
miles north of Siglumes the depth exceeds 400 meters. Most part of the Eyja-



96 ) UNNSTEINN STEFANSSON

f0S4 1055 1056 f184 1185 1186

22-23/8, 1949
18-19/7, 1949
———

hgeli]

° 13804381 392 1393 4.5 1394 1395
T

4/8 & 7-8/8, 1850,
30-31/5, 1950 A

206]?"2063 2689 2070 207F 2072 Z0T3 2074
Oy
-

1672 1673 1874 1753 l?SQ 17551766 !757’ éTSE“’I755
. o 1t 7

4 sool 15-16/6, 1952

2onm 4

Fic. 60. Hydrographic sections off Siglunes 19431952,

fjar8ardjup is in restricted communication with the deep water north of the shelf,
and as was shown in chapter IV, the Grimsey Basin is an isolated depression.

In June Atlantic water with salinity above 35.0%, is usually observed from
the surface down to 150-200 meters in the EyjafjarSardjip from the 100 meter
depth contour northwards beyond the Kolbeinseyjargrunn. The normal width
of the tongue of Atlantic water is thus about 60 miles. Farther north this tongue
with salinity above 35.0%, is usually pinched out, although the Atlantic in-
fluence can be traced all the way to the slope of the Iceland Sea Basin. In some
years, however, {e.g. June 1954 and 1955), the tongue of Atlantic water may
be 8090 miles in width, or the tongue may be divided into two parts as was
the case in August 1949 and 1950.
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Below the layer of Atlantic water North Icelandic Winter water is found,
but near the bottom Arctic Bottom water is present. Above 250 or 300 meters
the water is therefore essentially a mixture of Atlantic water and North Tce-
landic Winter water, whereas at depths exceeding 300 wmeters a mixture of
‘Winter water and Arctic Bottom water is apparent. Pure Arctic Bottom water,
however, usually first appears at depths greater than 400-500 meters in the
Grimsey Basin, but at about 400 meters north of the Kolbeinseyjargrunn,

In late summer the width of the Atlantic water is similar or slightly less than
in June, but it lies deeper and may be greater in thickness, especially in the sou-
thernmost part of the section. At this time the North Icelandic Winter water
must be more or less replaced by Atlantic water and/or mixed Arctic water
coming from the north. '

In the deepest part of this section, viz. north of 68° N, an admixture of
Polar water is usually found in the uppermost 100 meters, Below this level, be-
tween 100 and 400 meters, the presence of Arctic Intermediate water is usnally
indicated, and in certain years this water may bhe quite conspicuous, e.g. Angust
1950 and June 1959,
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.63. Mean temperature and salinity in the section off Siglunes for June, July and August.

The mean conditions at the first three stations of the Siglufjorfur section in
~ June, July and August are shown in Fig. 63, The mean sections are constructed
from mean values based on 14 years with observations in the case of June, 10-13
vears in the case of July and 12—15 years in the case of August (see Appendix).
The stratification is distinctly greater in the SiglufjérBur section than farther
west in the area. In June the formation of a thermocline is apparent in the sur-
face layers, but the stratification becomes progressively greater in late summer.
It is noticeable that in July the stratification of the surface layer is mainly due
- to the temperature gradient, whereas in August the salinity gradient becomes
more important (cf, Fig. 109). In the course of summer the layer of Atlantic
water increases in thickness. Between the second and the third station the mean
thickness is about 100 meters in June, 125 meters in July and 175 meters in
August, In June the mean temperature of the surface layer in the Fyjafjard-
ardjup is about 5-6°C, between 50 and 200 meters 4-56° and 3-4° hetween
200 and 300 meters. At 400 meters the temperature is slightly below 1°. In

ter is found,
+ 3000 meters
1 North Ice-
 mixture of
ottom water,
eters in the

"grimnn,
ity less than Tuly the surface layer has a mean temperature of 6-8°. The upper inter-
y in the sou- - mediate layer, between 50 and 150 meters, has a temperature of 5-6°, whereas

the temperature is 4-5° between 150 and 250 meters, and 2-4° between 250
and 300 meters. At 400 meters the temperature is similar or slightly higher than
in June, In August the temperature is 7-8° in the surface layer, about 6-7°
between 50 and 100 meters, 5-6° between 100 and 200 meters and 4-5°
between 200 and 300 meters. At 400 meters the mean temperature is practically
identical to the July mean.

Vinter water
Arctic water

dmixture of
his level, be-
er is nsually
, e.g. August
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e) Qff Melrakkasléita.

The section off Melrakkaslétta (Figs. 6G4—66) which extends over the Pistil-

fjarSardjtip follows the 16° 10’ W meridian. From the coast to about 25 miles

‘ offshore the sea bottom slopes evenly down to 300400 meters. 'Then follows a

i relatively flat terrace, about 10 miles wide, north of which the bottom slopes

down again towards the Iceland Sea Basin. One of the sections shown in Fig. 66

(June 1959) extends north of Tjdrres, some 30 miles west of the usual Mel-
rakkaslétta section.

In June the salinity rarely exceeds 35.0%, in this section. However, already

in June the influence of Atlantic water is evident from a tongue of water with

relatively high temperature and salinity between 34.9 and 35.0 %, in the upper
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of the bistilfjarSardjip. In late summer Atlantic water with salinity
o 35.09, usually appears in this profile as a small tongue at intermediate
lep -« some 30 miles in width. The Atlantic influence may, bowever, be fraced
- Ji farther north beyond the edge of the submarine terrace. Below the Atlan- -
iater the same water components are found as were present at correspond-
g depths in the Siglufidrdur section, viz. North Tcelandic Winter water and
ic Bottom water,
A sharp thermocline is practically always present in summer in the surface
or of this section, with fresh water on top. This fresh water which must be
al water spreading seawards is particularly apparent in this section. Stran-
y enough, the surface salinity at a distance of about 15 miles from the coast
ften found to be distinctly lower than at a station located only 4 miles from
coast. This surface salinity minimum some 15 miles offshore might be ex-
{ainied as being due to fresh surface water being carried to this region not di-
ectly from the nearby coast, but from some other locality. Possibly this fresh
rater originates from the inner part of the AxafjarSardjip whence is was car-
d northwards along the western side of the Sléttugrunn.
As indicated by the sections in Figs. 6466 the temperature of the inter-
diate layers may be quite variable, depending upen the relative strength of
Atlantic influx. Tn the colder years (such as 1952 and 1953) it1s 2-3° or even
at depths between 100 and 300 meters, but in the warmer years (such as
954 and 1957) it is 3-4°. In August the temperature has increased by 1-2° at
rmediate depths, The 5° isotherm is then usually found at about 150 meters
4d the 4° isotherm may reach down to about 300 meters in the core of the
m water. As was the case in the SiglufjérSur section north of the Kolbeins-
argrunn, the 0° isotherm is found at a depth of about 400 meters. Near the
of the submarine terrace the isotherms rise towards the surface indicating
strong easterly current, This feature is similar to that found in the sections
arther west in the area north of Iceland.

1959.

Off Langones.

In Figs. 67-69 are shown temperature and salimity profiles along a line be-
ween Langanes and Jan Mayen and northeast of Langanes (Fig. 69). In
tgust 1951 the section extended from Jan Mayen towards Melrakkaslétta. On
is:section the width of the shelf is only about 30 nautical miles, From the
dge of the shelf the sea bottom slopes very steeply down to 17001800 meters,
‘the shelf area the temperature conditions in summer may vary greatly from
ar to year. In early summer the salinity rarely exceeds 35.09, in this sec-
11; as normally the eastern limit of the Atlantic water (8§ >35.0Y%,) is at that
e found a little farther west. In June 1952 and 1953 the temperature was
)-3°C in the upper intermediate layers and about 1-2° in the deeper layers on

e shelf, whilst the salinity was below 34.9%, at intermediate depths. The At-
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¥ic. 67. Hydrographic -sections from Langanes toward Jan Mayen 1949, 1950 and 1952, and
Melrakkaslétta toward Jan Mayen 1951,

lantic influence was therefore very small. In the years 1954 and 1955, however,
the Atlantic influx had obviously reached to this section, as judged by the rela-
tively high temperature in the upper intermediate layers (3-4° in 50-150 meters)
and the tongue of water with salinity above 34.9%, or even above 35.0%,. Be- .
tween 200 and 300 meters near the edge of the shelf the temperature drops to
less than 1° and the 0° isotherm is found at 300-400 meters. In late summer
Atlantic water is usually present in this section, although such was not the case

in 1949 which was an unusually cold year.
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Fic. 68. Hydrographic sections from Langanes toward Jan Mayen 1953—1956.

In the tongue of cold Arclic water which occupies the upper layers over the
deep basin northeast of Langanes the salinity is usually between 34.7 %, and
34.99%,. In summer a sharp thermocline will be developed in this region be-
tween 20 and 50 meters. At depths below 100 meters the temperature is less
than 0°. On many of the sections a minimum with temperatures less than
—0.50° appears between 100 and 200 meters. The admixture of Polar water
must, however, be slight as judged by the relatively high salinities found in
this region. The core of the cold Arctic water is usually located some 100 miles
northeast of Langanes. The influence of Arctic Intermediate water appears to
be slight but yet recognizable in this section. Below 300 meters the presence of
practically “pure” Arctic Bottom water is indicated.

Northeast of the tongue of cold water, warmer and more saline water is
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found. As mentioned in a previous chapter this water must have come from the
southeast. In this region, south of the Jan Mayen Bank, the saliniiy of the sur-
face layer is so high that formation of deep water must take place during the
coldest winter months. Since winter observations are lacking from this region,
it is not known how deep the winter convection reaches, but it seems likely that
in severe winters it reaches down to several hundred meters. )

The section east of Langanes (Figs. 70-73) extends over the Bakkafléadjup
and the northeastern flank of the shallow VopnafjarSargrunn, from which the
botiom slopes steeply to depths above 1000 meters, In this section conditions on
the shelf are very similar to those found in the section Langanes—Jan Mayen.
In June Atlantic water is not found in this section, but in late summer a tongue
of this water usually extends from the Bakkafléadjiup beyond the edge of the
shelf. In the deep part of the section that extends beyond the slope, the cold Arc-
tic water occupies the upper layers and extends to about 160 miles east of Langa-
nes. From this position the upper layers become progressively warmer and
more saline,

Fig. 74 shows the mean conditions in June and August at the first three sta-
tions of the section east of Langanes. The June section is based on the mean values
from 8-11 years and the August section on the mean values from 15-18 years
(see Appendix). The July mean section is not included as ohservations from
only 4-5 years were available,
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In June the mean femperature is 3-5°C in the surface layers and 2-3° at
depths between 50 and 200 meters. The salinity varies between 34.5%, and
34.8 9, in the surface layers, but lies between 34.8 %, and 34.9%, at subsurface
depths. By August a marked stratification has been established in the surface
layers, with a distinctly greater distribution of Coastal water than in June, Be-
tween 50 and 150 meters the mean temperature is 4-5° and at 150-200 meters
3-4°. The tongue of water with salinity 34.95-35.0%, indicates a pronounced
influence of Atlantic water.
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g) The Region South of Langanes.

In the region between Langanes and Gerpir few sections have been worked
across the shelf. The material at hand, however, indicates that in this area the
? Atlantic influence is similar or less than east of Langanes. Fig. 75 shows a sec-
: tion east of Sey¥isfjorSur (Dalatangl) in June 1958, Comparison with the sec-
tion east of Langanes worked 2 days earlier (Fig. 69) shows that the hydro-




ICELANDIC WATERS

2-13/6, 19568

2ok 20n.m

Fre. 78. Hydrographic section east of SeyBisfiorbur 1958.

graphic conditions were quite similar in both of these sections. However, the
section east of Seydistjorfur worked by the Danish research vessel “Dana” at
the end of July 1948 shows definitely lower subsurface temperatures than were
found east of Langanes 2 days earlier (Flermanw 1948 b). Still farther south,
in the region east of Eystrahorn, lies the very sharp houndary of the Atlantic
water. As seen on the horizontal charts this boundary bends towards northeast

oo

989 and may reach as far north as Seydifjorur. This explains the tongue of warm
_3150 . . .
< and saline water found in the surface layers hetween stations 188 and 190
\ 200 in Fig. 75.
In the preceding discussion it has been shown how the North Icelandic Ir-
\ 250 minger Current, which enters the Iceland Sea northwest of the country, is gradu-
ally cooled and diluted on its passage along the insular sheif. This Atlantic
_lago water which at the entrance gate is in a practically undiluted state leaves the
shelf region east of [celand after having lost most of its original character.
August.
1 worked
area the
wWs a sec-
the sec-

e hydro-



IX.

TEMPERATURE-SALINITY RELATIONS
IN SPRING AND SUMMER®

Oceanographically the Iceland Sea is a unique sea area. Just like the country
whose nare it bears, it is a region of great contrasis where water masses of the
most diverse character meet and mix. Here the warm and saline water from the
vast ocean in the south meets the ice-cold polar water from the distant north,
In some paris there are sharply defined boundaries, both horizontal and vert-
cal, where the physical conditions may change radically within a short dis-
tance. In other parts where the changes are more gradual intermixing gives rise
to new water masses of peculiar character which again may be modified as the
result of various external factors during the different seasons of the year.

1. THE t, 8 CHARACTERISTICS IN DIFFERENT PARTS
OF THE ICELAND SEA

The distinctive features of the water masses mentioned in chapter V are
best illustrated by means of their t,S relations. Fig. 76 shows 4 typical t, S
diagrams for stations worked in different parts of the region outside the Ice-
landic submarine shelf. The positions of the stations are indicated on the inset
map. The triangle shown in the picture is formed by connecting the extreme t, S
-values for the three primary water masses, the Atlantic, the Polar and the Arctic
Bottom water. Except for a thin surface layer which is affected by dilution from
land, evaporation, precipitation, summer heating and/or ice melting, all t, S
curves fall within this triangle.

The characteristics of the inflowing Atlantic water are clearly represented
by curve @ (St. 101, 14/6 1959). The surface layer had only slightly warmed up,
but a thermocline had not developed. At this station which is located on the

1) Parts of this chapter were presented at the ICES meetings, Moscow, October 1960, as
two papers entitled:
CM. 1960, No. 96. “The North Icelandic Winter water”,
No. 95. “A note on the overflow of North Icelandic VWinter water across the
Iceland-Faroa Ridge™.




NORTH ICELANDIC WATERS

th side of the Iceland--Greenland Ridge, practically “pure” Ailantic water
oimd in the uppermost 350 meters. At greater depths an admixture of deep
etic water is indicated whereby the salinity is lowered.

Curve b (St. A-47,9/6 1954) illustrates the typical Polar water of the East
onland Current. In the surface layers the salinity is lowered by the melting
Sf ice, but it increases rapidly downwards. The uppermost 20 meters have been
Jightly heated by the sun, but at about 30 meters a temperature minimum of
sbout —1.7°C is found. Farther down the temperature again increases fo more
than 0° between 200 and 300 meters. Taking 0° as the limit of the Polar water
aibsurface depths, its thickness is found to be between 200 and 300 meters at

304
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6. Typical t,8 diagrams from the area between Iceland, Greenland and Tan Mayen and
just south of the Iveland-Greenland Ridge.

station. At 380 meters there is another point of inflection on the curve at
core of the Arctic Intermediate water. It is noticeable that there is no dirvect
ing between Polar water and Arctic Bottom water at this station and the .
> applies to other parts of the Iceland Sea as well. Below 380 meters the .
emperature decreases and reaches 0° at 773 meters. The water between 380 ' '
d 773 meters is thus essentially a mixture of Arciic Intermediate water and

ciic Bottom water.
Curve ¢ (St. A 87, 15/6 1954) represents the conditions typical for the
med up, ongite of cold water northeast of Iceland. Here the upper layers consist of Arc-
1 on the water, but the concentration of “true” Polar water appears very small, This .
: ter with low temperature (below —0.5°) but relatively high salinity be-
eén 50 and 150 meters, must largely be formed outside the region of typical
r water, probably in the area north of Jan Mayen, by intermixing of Atlan-
vater and Polar water from the Jan Mayen Polar Current (cf. HeLraND- : ' |
surv and Nawsex 1909, p. 319). Tt seems likely that this Arclic water has
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acquired its low temperature by cooling of the sea surface and vertical circula.
tion during the previous winter. By heating at the sea surface the temperature

is raised in the surface layers. Between 150 and 300 meters the t,S diagram ¢

bends a trifle upwards indicating a slight influence of Arctic Intermediate water.

Below 400 meters Arctic Bottom water is found. Tt is seen that the temperature

maxinmum at station ZE—47 (see curve b, Fig. 76) occurs at 380 meters, but be-

tween 200 and 300 meters at slation A-87. Furthermore, the water found at
1170 meters at station AL-47 is essentially the same as that found at 400 meters
at station A—87, and the water present al 1420 meters at A—47 is of the same
character as found at 1000 meters at £-87. In the western part of the Teeland
Sea the isopycnals thus slope from east 1o west.

Finally, consider curve d (St. 2293, 15/6 1953) which represents the condi-
tions typical for the region south and southeast of Jan Mayen, Here the rela-
tively high salinity is due to admixture of Atlantic water from the east or the
southeast, The surface layers at this station could easily form the Arctic Inter-
mediate layers observed farther west in the Iceland Sea. With sufficient winter
1so contribute to the formation of Arctic Bot-

cooling the surface layers could a
tom water. No trace of Polar water was observed at this station at this time,

but in some other years (e.g. June 1954) the presence of Polar water has been
ohserved in the surface layers in this region. At 100 meters on curve d the same
water is found as at 380 meters on curve b. At depths below 773 meters on
curve b, below 400 meters on ¢ and 282 meters on d practically the same water
mass is found on all three curves which illustrates the great homogeneity of

the deep water.

2. TEMPERATURE-SALINITY RELATIONS
IN THE SHELF REGION

The Atlantic water which enters the Tceland Sea from the southwest, will
in the surface layers be subjected fo various influences. First of all, it will be
affected by meteorolgical factors, i.e. air temperature, precipitation and evapora-
tion, whereby the water temperature and the salinity may be changed. In
spring and summer the heating affect from above will be particularly apparent,
5o that the water above the thermockine usually has a t,S relation entirely dif-
ferent from that of the water at intermediate depths. In the northern North
Atlantic precipitation is in general in excess of evaporation (Wiust 1954). Hence
the surface salinity will be lowered. Mixing with the coastal water will always
reduce the salinity of the Atlantic water and its temperature may also be
changed, provided that the temperature of the coastal water is different from
shat of the Atlantic water. North of the main Atlantic flow the polar influence
will become apparent and progressively increase as we move farther to the
north. Mixing with the Polar waler will naturally lower the temperature as
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Fro. 77. Typieal t,S diagrams from two cross-sections of the North Ieelandic Irminger Current.

well as the salinity of the Atlantic water. During summer the Polar water will
be heated by the sun and diluted by ice melting. The mixture between the Polar
water and the Atlantic water may therefore be of a very variable composition.

Below the surface layers the mixing processes will be less complex. Here
ithe Atlantic water will be nearly unaffected by meteorological factors, and mix-
ing with Coastal or Polar water less extensive, although still apparent. In the
central part of the Irminger water the coastal and the polar influences will be
at a minimum. This is clearly seen in Fig. 77 which illustrates typical t,S dia-
grams from two cross-sections of the North Icelandic Irminger Current.

In Fig. 77a the t,S diagram of the intermediate station represents almost
homogeneous Atlantic water from surface to bottom. At the coastal station the
salinity of the inflowing Atlantic water has been lowered by more than 0.2 %,,
and the surface temperature is also somewhat lower than farther offshore. At
station A 55/98 the surface layers are composed of a mixture of Atlantic water
and Polar water, the Atlantic component increasing downwards, Between 75
and 300 meters the polar influence is hardly noticeable, except at 100 meters,
The vater mass at 300 meters, with t = 0.5°C and § = 34.80 %o is probably
formed as the result of mixing of Polar water and Arctic Intermediate water.
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The water between 75 and 300 meters might therefore be a mixture of Atlantic
water and this afore-mentioned water mass. Tt is also possible that the inter-
mediate layers down to about 200 meters consist of a mixture of Atlantic water
and winter-cooled water. Below 300 meters the Arctic Intermediate water
causes an upward sweep of the 1,5 curve which again hends downwards as the
result of mixing with Arctic Bottom water.

In Fig. 77 b the maximum salinities are also found at the intermediate sta-
tion. Flowever, the water is distinctly more stratified than in the section off Kog-
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Fre. 78. Typical t,S diagrams from e longitudinal section of the North Icelandic Trminger
Current.

ur (Fig. 77a). The points representing the 1,5 values at 50, 75, 100, 150 and
200 meters roughly fall on a straight line, thus indicating a mixture of Atlantic
water with a water mass having the characteristics t — 1.8°, § = 34.84 oo On
the other hand, at depths exceeding 200 meters the t,S curve bends towards the
right, indicating a mixture of the intermediate water found at 200 meters and
Arctic Bottom water. At the coastal station the surface layers are decidedly
fresher and colder than in the core of the east-flowing Atlantic water, in agree-
ment with the findings off Kogur. At subsurface depths the two curves inter-
sect. Thus the same water mass appears to be present at 100 meters at station
A 55/176 and at 200 méters at station A 55/174. Station A 55/173 consists In
the upper layers of Arclic water quite uniform in salinity, but the summer
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Fi6. 79, The 1,8 relations for 50—250 meters of stations located near the core of the Nerth [ce-
landic Irminger Current in May-June 1950 and June 1952—1956.

heating has raised the temperature near the surface. At 100 to 150 meters a .
temperature minimum is present. The temperature rise at 400 meters indicates
the presence of Arctic Tutermediate water, as was observed for station A 55/98.
In the shelf region, however, Arctic Intermediate water has not heen observed.
Typical 1,8 curves from a longitudinal section of the North Tcelandic Tr-
minger Current are shown in Fig. 78. Here the intermediate water appears to
consist of two components only, as the observed temperature and salinity values
roughly fall on a straight line. Such a relation holds approximately for the most
part of the North Icelandic submarine terrace, with the exception of the shal-
lowest part of the coastal area inside the 200 meter depth contour.

at station
consists 11
e sumime
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It was decided to investigate this relation in more detail. A preliminary
study revealed that the linear relation particularly holds true in spring and
early summer, when it generally applies to the depth interval between 50
and 250 meters.

Fairly extensive data exist for late May and June during 1950, 1952 and
the subsequent years. The material from the years 1950 and 19521956 was
chosen for the study of the temperature-salinity relations at the beginning of
summer. To avoid as far as possible the coastal and polar influences, the study
was limited to the material from stations locatea near the core of the North
Icelandic Trminger Current. From each of the different sections off the coast,
the station with the highest salinities at intermediate depths was selected. These
stations were found to be inside the region shown on the inset map in Fig. 80.
The location of the stations with different notations for the various years is also
shown on the map. The 1,5 relations for 50-250 meters in the six years are
shown in Fig. 79. ‘

'With the exception of the 1952-material, there exists a distinct linear rela-
tion between the temperature and the salinity, The correlation coefficient be-
tween temperature and salinity was found to be about 0.9 (see Table 2), which
with this number of observations is a highly significant correlation. Regression
equations in the form S, = a + bt® were calculated for the different vyears,
and the values of the constants a and b are given in Table 2. It seems remark-
able indeed how similar the regression coefficients ave for the different years,
This similarity definitely suggests that the intermediate layers north of Iceland
are at the beginning of summer composed of two water masses which only
differ shghtly from one year to another.

However, as the variances about the regression lines (s;2) differ signifi-
cantly, the material can not be considered homogeneous. Therefore, it would
not be strictly correct to combine all the ohservations from the six years and
from them calculate a common regression equation. To derive an estimated
normal regression line the different variations involved and their relative ef-

TABLE 2.

Regression analysis. Salinity as a function of temperature at iniermediate depths
north of Iceland in June.

. No. of Variance Coefficient
Year Observ, a3 by of Correla-
Ny ' SEXI tion (o4, g
B0 ..o 26 34.786 0.0502 0.0963 0.92
1952 .. 30 34.810 0.0434 0.2686 0.81
1853 ... s 28 34.774 0.0487 0.0852 0.93
1954 ... e 33 34771 0.0476 0.0548 0.95
12157 TN 14 34.806 0.0457 0.0983 0.88

................... 21 0.0242 0.97
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80. Temperature-salinity values from the longitudinal section shown on the inset map.
The scatter diagram at left shows values for JTune.from the depth interval 50—250
meters, the one at right shows values for August, from the depth interval 100—300

R years an melers. The straight lines showrn are the estimated normal regression lines.
n estimate
relative et fects on the regression coefficients, vwere weighted.? From these considerations

he following normal regression line was derived for June:
depihs . §Y, = 34.77 + 0.0501 - t°,

he salinity values calculated from this equation will have an estimated stan-
ard deviation of 0.037 %o at 4° and 0.039Y%, at 7°. Hence the probability of
'Sﬁmating the salinity within 0.10 %, ought to be at least 859%..

The total of 153 observations from the six years is shown in Fig. 80. The
aight line is the estimated normal regression line. With the exception of only
% points the t,§ values fall within two times the standard deviation. The
ear relationship appears to hold between about 1.4° and 7.2°C, whereas the

Soefficient
i Correla-
on (p t, 8.

0.92
0.81
0.93
0.95
0.88
0.97

1) See Appendix, p. 251.
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(below ).

few points below 1.4° indicate an admixture with Arctic Bottom water. Below
the thermocline the temperature within this region rarely exceeds 7.2°C, which
thus forms the upper limit of the linear t,S curves.

3. PRACTICAL APPLICATION OF THE ESTIMATED
NORMAL REGRESSION EQUATION

By means of the estimated normal regression equation it is possible with a
fair degree of reliability to predict the salinity at intermediate depths from the
temperature distribution, Examples of this application are shown in Fig. 81




121

NORTH ICELANDIC WATERS

hich illustrates the ohserved and the calculated salinity distribution in a longi-
dinal section of the North Icelandic Irminger Current in June 1957, 1958
ad 1959, Tt is seen that a reasonably good agreement was found between the

culated and the observed distributions, especially in 1957. In certain regions,
Lowever, in 1958 and 1959 the calculated values deviated appreciably from the
irue ones at 50-100 meters depth. Tn 1958 this was due 1o an influence of a
ird water mass, viz, Polar water. Thus in heavy ice years the simple t,S rela-
jonship may no longer be valid. Tn 1959 the deviations could be ascribed to

th surface water. In other regions and generally below 100 meters,

mixing wi
1ty in the salinity titrations.

jie deviations do not greatly exceed the uncertal
This application may be of practical importance, such as during herring
strvey cruises in the area north of Iceland when information on the hydro-
rraphic conditions is desired as quickly as possible and a sea-going salinometer
not available. On the basis of temperature data alone, an almost immediate
as o the extension of Atlantic water on the

0 34.85 . ,
swer cax he given in such cases

North ITcelandic herring grounds.
Another obvious application of the well-defined t,S relation at intermediate

R S depths is the determination of density at BT stations between the regular hydro-
' graphic stations. However, it should be kept in mind that the estimated normal
tegression equation applies to the core of the Atlantic water; in other parts of
the North Tcelandic submarine terrace the linear relation holds only approxi-

ately true.

& ;
7 4. ORIGIN OF THE WATER COMPONENT AT INTERMEDIATE
DEPTHS MIXING WITH ATLANTIC WATER
Tn the foregoing discussion we have seern that along the north coast of Ice-
Tand in early summer the inflowing Atlantic water gradually mixes in the inter-

‘mediate layers with a waler mass of 1.5°-9°C temperature and 34.82 — 34.90%,
salinity. Now let us consider the origin of this water mass.

A direct mixing of Atlantic water with Polar or Goastal water would cer-
ainly not result in the 1, S relation observed. On the contrary, deviations from
_the linear relation found at the core of the east-flowing Irminger water were
riterpreted as being due to admixtire of either of the two water masses, Polar
v Coastal water, In the case of intermixing between Atlantic water and Arctic
‘ntermediate water the t,S values would be distributed about a straight line be-
ween the points t=7.2°, §= 35,139, and t=1-2°, §= 34.90-34.95 %,. Such
+line would deviate significantly from the regression lines found for the various
sears. The water mass mixing with the Atlantic water might be generated by
fie intermingling of the Polar water with the Arctic Imtermediate water. Such
mixture indeed exists off the western part of the North Icelandic shelf, in a
thin layer at the boundary hetween the Polar water and the Arctic Intermediate
water, usually in the depth interval 100-150 meters or 150-200 meters. The
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Fic. 82. The 1,8 values ar various localities north of lceland during the months March to Tune.

Atlantic water moving eastwards at a relatively great velocity over the slope
will certainly be subjected to various mixing processes on its way and carry
with it mixed Polar and Arctic water. However, if the t,S relation found along
the north coast near the core of the Atlantic water resulted from a mixture of
Atlantic water with Arctic Intermediate and Polar water, we would hardly ex-
pect to find an almost linear t,8 relation, as indicated m Iig. 80, changing only
slightly from one year to another. It would therefore seem more likely that the
observed temperature-salinity characteristic of the component mixing with
the Atlantic water is associated with a large-scale homogenizing process such
as takes place in late winter.

A stady was therefore made of the t,S relation in late winter and spring 1o
see if it resembled that found in June. To avoid as far as possible the coastal
influence, stations inside the 200 meter depth contour were not included in
this study.

Tn Fig. 82a are shown the t,S valuies at various localities off the middle and
“western part of the coast during the months March to June 1954. Tt is evident
from the figure that the nearly homogeneous water mass found in late March
and late April off Siglunes has the t,S value required to produce with Atlantic
water the mixture represented by the 1,S regression hine for June 1954. In the
western part of the area the t,S values also follow the regression line rather
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closely, the Atlantic component increasing progressively from east to west. In
Fig. 82b the March values are also grouped about the regression line for June
1955, but the t,8 values for May that year are displaced ouiside the probable
range and the low salinity indicates an admixture of Coastal water. Had ob.
servations been available farther offshore in May it seems likely that a better
agreement with the regression line would have been obtained. Fig. 82¢ shows
the t,8 values at a station east of Langanes during the spring months of the
years 1938, 1950, 1952, 1953 and 1954 and at nearby stations northeast of
Fanganes in 1955 and 1956. Here also the figure gives the general impression
that off Langanes the same water masses are found in April and June. Tt should
be remarked here that in late May 1934 and late March 1938 the subsurface
layers of the station east of Langanes were composed of water decidedly fresher
than that found in spring during the years 1939-1956: this must be ascribed to
the coastal influence. :

The percentage saturation of oxygen is usually found to be quite high (close
to 1009%) in June in the intermediate water along the north coast, thus indicat-
ing that this water has recently been aerated, On the other hand, at the houn-
dary of the Polar and Arctic Intermediate water off the northwest coast signi-
ficantly lower oxygen values are found. This will be seen from Table 3 which
shows the percentage saturation of oxygen in 100 and 200 meters at a few
typical stations in the shelf region and in the oceanic area outside the shelf.
Therefore, if this Arctic water was the majn component mixing with the Atlan.
tic water in the North Icelandic coastal area, a saturation value of nearly 1009
would not be expected.

From the discussion above it seems evident that the water mass which in
June mixes with the Atlantic water all along the north coast is formed in late
winter. This winter water is probably formed all over the Tcelandic shelf during
the winter convection by the intermixing of Atlantic water and Arctic water
coming from the northern part of the shelf region. As will be shown later the
east-flowing Irminger Current must be distinctly weaker during the winter
season, The fraction of the Atlantic component in late winter, which is con-
siderable in the western part of the area, gradually becomes less, until it is hardly
traceable in the eastern part. Here the winter water will have a t, S value which
corresponds approximately to the lower points on the estimated normal regres-
sion line for June.

In the area between Iceland and Jan Mayen the upper layers are relatively
dense. Here the winter convection is likely to bring about homogenization of
water with an average salinity of about 34.82-34.86 %o in the uppermost 200
meters, BT observations made in the area northeast of Iceland between 68° and
69° N and 9° and 17°'W in April 1957 showed the mean temperature of the
uppermost 140 meters to be from less than 0° t0 0.5°, Farther south, i.e, in the
northeastern part of the Icelandic shelf region and along the slope, the winter
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Te. 83, Percentage distribution of inflowing Atlantic water in a longitudingl section of the
North [celandic Irminger Current in May—Tune 1950 and June 1952—1936.

temperature will be higher, probably between 1° and 2° in the uppermost 200
_950 meters. The 1,5 values of this water will therefore be similar to the lowest
points on the estimated regression line for June.

Considering the great reservoir of water, 200- 300 meters in thickness, which
during the winter convection is mixed verlically, it seems plausible that the
water formed does not vary substantially in composition from one year to an-
other. Near the coast, however, fresh water from land may naturally medify
the winter water considerably, as was the case in May 1955 (cf. Fig. 82h).

5. THE FRACTION OF ATLANTIC WATER IN DIFFERENT PARTS
OF THE REGION

From the estimated normal regression line the fraction of vernally inflow-
ing Atlantic water at intermediate depths can be determined. In Fig. 83 the
percenlage distribution of inflowing Atlantic water in a longitudinal section is
chown for different years. The stations are the same as those used for calculat-
ing the estimated normal regression line for June, The percentages are calculated
from the regression equation, designating as 1009, Atlantic water the extreme
value of t=7.2°, §=235.13Y%,, and as 0% vernally inflowing Atlantic water
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Fic. 84. The mean percentage of vernally inflowing Atlantic water m 150 meters depth in a
longitudinal section of the North Iecelandic Irminger Current.

the value t=1.4°, S =34.849,. The figures illustrate clearly how the propor-
tion of inflowing Atlantic water gradually decreases from west to east along
the north coast. Generally the percentage of inflowing Aflantic water changes
from 80-909% in the region west of Léatrabjarg to 0-309% east of Langanes, In
the westernmost part of the area the percentage of Atlantic water is similar
during the six years in question whereas in the eastern part the differences he-
tween years are decidedly greater. Thus in June 1950, 1952 and 1953 the At-
lantic influence was only very weak off Langanes (0-209), whereas in 1954
and 1956 the proportion of inflowing Atlantic water was about twice as great.
Fig. 84 shows the mean percentage of vernally inflowing Atlantic water at
150 meters at the different stations on the longitudinal section (see Fig. 80).
The standard deviation of the mean is also indicated. With a constant inflow
of Atlantic water and the same degree of horizontal and vertical mixing all
along the coast the fraction of Atlantic water would be reduced more rapidly
in the western part of the region than in the eastern part, i.e. the curve would
be expected to be concave in shape contrary to that indicated in Fig. 84. The
convex shape of the curve suggests that the Atlantic water is more intensively
diluted in the eastern part. This result could be interpreted as being due to a
cycle in the Atlantic influx in such a mammer that the influx is intensified in
spring and summer and reduced in autumn and winter. The mean rate of
change in salinity at 150 meters is about 0.4 X 10-3 %o per mile in the western
part of the area (Latrabjarg—Himafléi) and 0.6 X 10-3 %o per mile in the eastern
part (Hunafléi-Langanes) . The corresponding values for the mean rate of change
in temperature are 0.7° X 102X mile! and 1.3° X 102X mile respectively.
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not a general rule and a significant difference between June and August can
oniy be shown for 1954. But comparison between years is difficult as in some
of the years (1948, 1949, 1951 and 1952) data are only available from one of
the two months in question. _

The line shown in Fig. 80 is the estimated “normal” regression line for
August derived in the same manner as the normal regression line for June, Tn
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FOLAR
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338 340 342 344 346 34.8 35.0 352
S Yao
Schematic representation of the various water components in North Icelandic waters.
A: Arlantic water, B: Arctic Botiom water, W: North Icelandic Winter water, I+ Arc-
tic Imtermediate water, P: Polar water.

August, however, the variations between years are so great that such a “nor-
mal” is of limited value.

To sum up the preceding discussion the various water componenis and the
mixing processes which they undergo in spring and summer are shown schema-
tically in Fig. 85,

7. A NOTE ON THE OVERFLOW OF NORTH ICELANDIC
WINTER WATER ACROSS THE ICELAND-FAROE RIDGE

‘The great homogenization process which takes place north of Tceland in
late winter is of great importance not only as regards the hydrography of North
Icelandic waters, but also as regards the conditions in the southern Norwegian
Sea and on the Iceland-Faroe Ridge. Jacomsen (1943) in his studies of the
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\uguist éa_ : ography of the Faroe-Sheiland Channel recognizes the North Icelandic
as in som hter water when he refers to “waters of 2.6° temperature and 34.90 9, sali-
- found north and northeast of Iceland at depths of about 300-400 meters
nd élso Jargely extended in the Norwegian Sea” (loc. cit,, p. 8). However, as we
ve seen, this water is generally not found at depths below 300 meters in the
éé"on north and northeast of Iceland.
‘As pointed out by STERLE (1959) there is probably a more or less continuous
[ow over the Iceland-Faroe Ridge of water (2°-4°) which is formed by mix-
g on top of the ridge between “Atlantic” and “Arctic” type water masses,
serricE (1956, 1957) has considered the Arctic Bottom water (t = —0.6°, I
s 34.90%,) as the chief source of the cold overflow. This view is in agree-
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wlic waters, Fie. 86. The 1,8 relations from a section worked from the “Anton Dohrn” across the Iceland-

ter, I Are- Faroe Ridge in June 1955.
h a “nor- ment with observations made in certain areas of the ridge. Thus the relatively
high salinity of the cold bottom water found in the southeastern part of the ridge
s and the (DieTricu 1956, 19604) indicates an overflow of a mixture of Arctic Bottom
1 schema- water and Northeast Atlantic water. However, in the northwestern part of the
ridge the influence of Arctic Bottom water appears to be generally only slight. ‘
This is clear from Fig. 86 which shows the t,S relation of the “Anton Dohrn™
DIC stations 253-260 (DrrrricH 1957, pp. 311-312).
1 The 1, S values shown in Fig. 86 are from 200 to 400 meters for the stations
on the east side of the ridge but from 200 meters down to the bottom for sta-
eland in Hons on the west side. The distribution of the points suggests that the bottom
of North water in this region consists mostly of a mixture of North Tcelandic Winter water |
orwegian C{(t=29.0°, § = 3487 %o} and Northeast Atlantic water. The North Icelandic '
es of the ' Winter water is carried southwards along the insular shelf east of Iceland and

17
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probably forms the major part of the bottom water north of the “Rosengarten”
area. The water found east of the shelf region in the tongue of cold water hag
a salinity similar to that of the North Icelandic Winter water but the temperg.
ture is much lower, Some of this water may also be carried across the Iceland..
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F16. 87. The 1,8 values of ebservations made below 200 meters along the western slope of the
Iceland-Farce Ridge in June 1960. ’

Faroe Ridge but it seems likely that the overflow across the northwestern part
of the ridge consists mostly of water from the outer part of the shelf or the slope
region, i.e. of North Icelandic Winter water. However, the relatively low salinity
values associated with the lowest temperature in Fig. 86 indicate an admixture
of arctic water from the tongue of cold water. Thus the mixture of arctic waters
overflowing the ridge in spring or early summer may be a complex one, although
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16 two components, Arctic Bottom water and North Icelandic Winter water
cold water hag sem to be the main components. It seems likely that the conditions here are
ut the temper, nalogous to those found on the Iceland—Greenland Ridge where Arctic Inter-
55 the Icelan ediate water is the main component of the bottom current on the East Green-
: Jand comtinental slope, whereas the Arctic Bottom water probably overflows
only intermittently. :
The material from June 1960 collected by the “Maria Julia”™ afforded an
‘oppertunity to make a preliminary investigation of the changes in the 1,5 rela-
tions along the western slope of the Iceland—Faroe Ridge. Fig. 87 shows the t,5
values of observations below 200 meters during the first of the three surveys
made on the ridge. It can be seen from Fig. 87 that in the southeastern part of

il - . -
T

" §%. 3450 15.00 25.00 35.20 3530 35.40

Fic. 88. A three component dicgram for determining the fraction of North Ilcelandic Winter
water in the mixture of arctic waters and Atlantic water,

the area (stations 1-6 and 36-41, indicated by black dots on the t,S diagram)
the bottom water is essentially a mixture of Atlantic water and “pure” Arciic
Bottom water, whereas in the northwestern part (stations 13-20 and 23-30,
indicated by circles) the bottom water appears to be mostly a mixture of At-
lantic water and North Icelandic Winter water. In the middle part of the area
(stations 7—12 and 31-35, indicated by the small triangles) the arctic water
intermixing with the Atlantic water seems to be a mixture of North Icelandic
Winter water and Arctic Bottom water. Practically all the points are seen to
fall inside the triangle formed by joining the extreme values for the three do-
minating waler masses.

An attempt was made 1o determine the fraction of North Icelandic Winter
water in the arctic waters mixing with the Atlantic water. This was done by

tern slope of the

hwestern part
1f or the slope
iy low salinity
an admixture
' arctic waters
one, although
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means of the scaled three component diagram shown in Fig. 88. Here the t,§
curves of three typical stations have been entered, Since the 1, S values for sta-
tion 41 practically coincide with one side of the triangle, the curve represents
a mixture of two components only, viz. Atlantic water and Arctic Bottom water,
The water nearest to the hottom at station 41 is seen to contain about 909 Arc.
tic Botiom water and 10% Adantic water. At station 15 the upper intermediate
layers seem to be a mixture of Atlantic water and practically “pure” North Ise-
landic Winter water. At temperatures below 5.5° the influence of a third water
mass, i.e. Arctic Bottom water is indicated, and this influence becomes progres-
sively greater near the bottom, This is a general feature of most of the 1,
curves and can be explained by the fact that the North Tcelandic Winter water
rests on the Arctic Bottom water. At station 30 all the t,S values fall within
the triangle. Here the deep layers appear to consist of Atlantic water and a
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'wc, 89. The fraction of North Icelandic Winter water at 9° and 4° along the western slope of
the Iceland-Faroe Ridge.

jud

mixture of almost equal volumes of Arctic Bottom water and North Tcelandic
Winter water,

From the t,S curves for the individual stations the salinity values correspond-
ing to a given temperature can be determined and from the scaled three compo-
nent diagram the fraction of North Icelandic 'Winter water contained in the
arctic waters mixing with Atlantic water to give the temperature in question.
The results for the temperature 2° and 4° respectively at stations 1-20 are
shown in Fig. 89. The fraction of North Icelandic Winter water is seen to be’
relatively smaller at 2° than at 4°, This is in agreement with the increased
influence of Arctic Bottom water in the deepest layers, Generally the quantity
of North Icelandic \Winter water on the western slope of the ridge increases
from southeast to northwest, Near station 16 which is located southwest of the .
“Rosengarten” the fraction of North Icelandic Winter water reaches a maxi-
mum. A secondary maximum is found at stations 1011 somewhat farther south.
In the southernmost part of the section where the cold bottom water probably
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omes from the Faroe-Shetland Channel, the influence of North Icelandic
Winter water appears to be negligible. Similar results were found for the other
‘sections (stations 23—41). o

" Tt seems possible that the method here outlined could be applied to follow
‘the distribution of North Tcelandic Winter water in the bottom layers in the

termediate different parts of the Iceland-Faroe Ridge and in the slope region west of
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X.
CURRENT VILOUITY

While the general direction of the currents in North Icelandic waters is known
with certainty, the knowledge about the velocities and the transports of these
currents is very fragmentary. As far as the author knows no direct current mea-
surements are available from the region north of Iceland. Therefore, indirect
methods had to be relied on, These included the conventional hydrodynamical
methods, drift botile experiments and tracking of temperatire or salinity.

1. REFERENCE SURFACE FOR DYNAMIC COMPUTATIONS

The distribution of specific volume anomalies in two {ypical sections north
of Tceland is shown in Fig. 90. The isosteres are seen 1o slope upward away from
the coast in the shelf region and in the upper slope region. In the oceanic region
well beyond the slope the inclination of the isosteres is found to be quite small,
excepl in the owtermost part of the Kogur section where the isosteres in the
surface layers slope steeply downwards from left to right. Below 400 meters
in bhoth sections the specific volume anomaly curves incline downwards beyond
the foot of the slope. This is a general feature cbserved in all the Kogur sec-
tons and usually (but not always) in the sections farther east.

The density distribution just described follows from the temperature-sali-
nity distribution along the slope. As revealed by the hydrographic sections, espe-
cially those from the western part of the area, the deep water ascends along the
bottom up to the higher levels on the slope. A similar situation is encountered
in the Sognefjord section off western Norway (S&vrEN, 1959}, As pointed out
by S&LEN (op. cit. p. 25) this feature might be interpreted as being due fo the
cold water moving in a cyclonic direction. I the author’s opinion it seems likely
that the deeper layers of the western and southern Iceland Sea move in this
manner, viz. southwards along the East Greenland continental slope and east-
wards along the slope of the North Icelandic shelf region.

From the various observations it may be safely assumed that in general the
Atlantic water north of Iceland has an east-flowing movement. In view of the
density distribution — the isosteres sloping upwards away from the coast in the
uppermost 300 meters — this means that the reference surface for geostrophic
calculations should be placed at 300 meters or below it. In a previous chapter (VI)
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it was discussed that the general circulation of the surface layers in the Tcelang
Sea as derived from dynamic computations will be essentially the same whethey
the 400, the 800 or the 1000 dbar surface is used as a reference level. In the
deeper layers above the slope, however, complications may arise. As just men.
tioned, the isosteres in the deeper layers north of the shelf have an upward
bend towards the higher levels on the slope, This means that the geostrophically
computed deep currents along the slope will be directed towards the west if the
zero-level be placed near the hottom, but towards the east i the zero-level he
placed at an intermediate depth above the deep water. In view of what was
said before about the probable movement of the deep water along the slope,
the zero-level, when computing velacities, was placed at the upper boundary
of the Arctic Bottom water near the edge of the shelf. But referring again to
what was said in chapter VI, it appears probable, although by no means cer-
tain, that in the deeper parts of the Iceland Sea beyond the slope region, the
surface of no motion or perhaps more correctly the “quasi-zero-surface” is lo-
cated at greater depths, near 800 meters or deeper.

With the foregoing considerations in mind the zero-level for sections extend-
ing north of the shelf was placed in such a manner that it followed the sea
bottom down to the upper boundary of the Arctic Bottom water {as judged by
the 0° isotherm) near the edge of the shelf. In the northwestern area (off Kbg-
ur) this will be near 300 meters but somewhat deeper (about 400 meters) in
the sections farther east. North of the shelf the zero-surface slopes downwards
to about 600 meters near 68° N, to 800 meters in the Tceland Sea Basin north
of 68° 30’ N,

It should be emphasized that as long as the choice of the reference level for
dynamic computations is arbitrary and not substantiated by actual measure-
ments the results must be considered conjectural. Tu the North Tcelandic coastal
area, however, the current velocity as determined by the dynamic computations
agrees fairly well with the results obtained by other methods (see later). There-
fore, it is anticipated that errors due to a wrong choice of zero-surface will not
be great for the shelf region, although they will certainly not be insignificant,
In the oceanic region north of the shelf these errors may, however, become
more. serious.

In recent papers by Knauss (1958« and 1958 b} the circulation in the re-
gion between Northwest Iceland and Greenland is discussed, In the Tceland—
Greenland Channel (see p. 35) Kzrauss places the level of no motion at the sea
surface. In this way he finds a very strong bottom current in the Iceland-Green-
land Chanmel, about 25-30 cm/sec. at a depth of 1200-1400 meters. In the
western part of the channel the current has according to Knauss a southerly
movement but a northeasterly movement in the eastern part,

The correctness of Kravss’ assumptions seems doubtful. Strong horizontal
temperature and salinity gradients exist in the region north of the Iceland—
Greenland Ridge. As revealed on one of the sections which he discusses (1958 a,
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Fig.5) the horizontal density gradient was quite strong in the surface layers
between stations 1377 and 1376, In view of the fact that differences in densily
in a horizontal direction can only exist in the presence of currents (cf. SVER-
prUP, 1046, p. 137), it does not seem likely that the surface currents were quite
weak or nonexistant as assumed by Krauss. According to Krauss the Arctic
Intermediate water has a strong northeasterly movement along the eastern
slope of the Iceland-Greenland Channel. If this water flowed northeastwards
at a velocity of 20-26 cm/sec. as indicated by Krauss, one would expect it to
be more apparent at iniermediate levels all along the slope of the North Ice-
landic shelf. But as we have seen this water is so much mixed in the eastern
part of the region that it is just bharely noticeable. This suggests that the portion
of the Arctic Intermediate water which flows eastwards along the slope does
not move very fast. Lastly, the great velocities of the Arctic Bottom water (25
35 cm/sec.) at depths exceeding 1000 meters in the Lceland—Greenland Chan-
nel, as proposed by Krauss, do not seem probable although it must be admitted
once more that nothing definite can be said about the motion of this deep water.
13
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where the movement is referred to the bottom of the sea. In all the sections ex-

2. VELOCITY PROFILES

illustrate velocity profiles off Kégur from various observational
times. The reference level is indicated by a dotted line except in the shelf area

48
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cept from 1950 (see Fig. 91) the upper boundary of the Arctic Bottom water as
ndicated by the 0° isotherm is found near the 300 meters depth contour. In
1950 this boundary was found to lie deeper, near 400 meters at the edge of the
<helf. Fence in the sections from August 1949, July 1951, June 1952, Jume
1984, August 1954 and June 1955, the reference level was placed at 300 dbar at
: the edge of the shell, but at 400 dbar in July 1950. In the section from August
1955 the reference level should also have been placed at 300 dbar near the edge
- of the shelf to coincide with the upper boundary of the Arctic Bottom water,
 but this would give a westward movement of the hottom water between stations
G-55/43 and G-55/44. As it was considered more likely that the bottom water
hetween these stations flowed eastwards, the motion was here referred to the
bottom (about 380 dbar at station G-55/44. Placing the reference level ai 380
. dbar instead of 300 dbar makes a difference of only 0.8 cm/sec. in the mean
yelocity between stations G—535/43 and G55 /44.

Tt is pointed out by Isermv (1955} that the most pronounced coastal cur-
rents, and hence the main transpori, may be expected near the 200 meter con-
sour in the northern hemisphere, whereas a secondary current band, shaltower
and fresher, is characteristic near the coast. These general rules of coastal circu-
_ lation apply approximately to the shelf area off the northwest coast of Iceland
N j:,’f,;g”, as indicated by the velocity profiles off Kogur. Thus the main flow of the North
N Icelandic Trminger Current generally takes place close to the edge of the shelf,

near the 200-300 meter depth contour. A secondary shallow current band of

small velocity is found close to the shore. In the Iceland-Greenland Channel the

Fast Greenland Polar Current occupies the upper layers and flows southwards
at a speed of about 20-30 cm/sec. at the surface. Probably this current is
strongest at the edge of the East Greenland continental shelf. Most part of the
Arctic Tatermediate water below the Polar water also moves southwards but
at a slower speed. Below the reference surface the lower part of the Arctic In-
termediate water flows northeastwards along the North Icelandic slope, but at
a slow speed. The Arctic Bottom water also flows northeastwards along the
slope at a moderate or slow speed. In the deep part on the west side of the Ice-
land—Greenland Channel, below the threshold depth of the ridge, the Arctic
Intermediate water and the Arctic Bottom water probably flow in a southerly
direction following the East Greenland slope, but turn eastwards on approach-

ing the Tceland-Greenland Ridge.
Fig. 93 shows two examples of the velocity distribution off the northeast

) R
)

es indicate
: coast. In the profile extending north of Melrakkaslétta there is a strong move-
ment eastwards near the edge of the shelf. This easterly current appeared to be
unusually strong in August 1954. Between stations C—-344 and 345 the maxi-
. mum velocity exceeded 30 cm/sec. in the surface layers, it was about 25 cm/sec.
rvational at 100 meters, between 15 and 20 cm/sec. at 200 meters and about 6 cm/sec.
hfalf- area at 300 meters. In the shallowest part of the section the easterly current was !
lions ex- found to be weak and irregular. I the upper layers of the siope region the cur-
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rents were also found to be irregular, but at the foot of the slope a weak easterly
movement was indicated. In the deep water north of the slope the currents
appeared to be very weak. In the section from Langanes to Jan Mayen a mo-
derate to strong easterly current was indicated along the Icelandic coastal area.
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.1 the deep oceanic region the calculated currents were found to be very weak,
“whilst a weak westerly current was formnd in the northernmost part of the sec-
‘ton, along the Jan Mayen Bank.

3. MEAN VELOCITY OF THE COASTAL CURRENT

On the basis of a few drift bottle experiments carried out north of Teeland
RypEr (1902) estimated the surface drift along the north coast to be 6-7 nauti-
cal miles a day.

Hemviany and TronseN (1946, pp. 31-42) studied the records from all pre-
vious drift bottles launched in the Icelandic coastal area. As a limit of the
coastal area they plotted a regular curve which roughly follows the 200 meter
curve. The coastal arvea they divided into twelve zones. Their results were
hased on 258 drift bottles recovered in Iceland. They give the following values
for the average rate of the coastal current from Latrabjarg to Vestrahorn:

.....
........

Zone H (Latrabjarg to Horn) .............. 1.8 miles per day
,» I (HorntoSkagatd) ................. 36 . .
., ¥ (Skagatd to Gjbgur) ............. .. 39 . .
., K (Gjbgur to Rifstangi) .............. 35 5, o a
,, I (Rifstangi to Langanes) ............ 71 . . .
,, A (Langanes to Glettinganes) ......... 43 ., .
,, B (Glettinganes to Vestrahorn) ........ 41 . .

Mean 4.0 miles per day.

Since these results are based on relatively abundant data, they may probably
be considered fairly reliable.

As another way of estimating the average current we might attempt to fol-
low a certain conservative property of the water on its way eastwards along the
coast. For this purpose two characteristics will here be considered, viz. the tem-
perature and the salinity. Because of excessive changes above the thermocline
due to heating, cooling or dilution, neither the temperature nor the salinity
can be tracked in the surface layers, At intermediate depths, however, the track-
ing method might be used as an approximate measure of the current, provided
that 1) the net of stations is fairly complete, 2) the course of the current is
horizontal and 3) that the property followed is not altered while the current is
flowing. If the density at a certain depth in the inflowing Atlantic waier is
greater than that at a corresponding depth in the water farther east in the
coastal area, the inflowing water will sink as it moves eastwards, until the pro-
per ot value is reached. In this way erroneous results may be arrived at, if the
displacement of a certain temperature or salinity value at a certain level is fol- |
lowed from one place to another, The temperature or salinity changes at inter-
mediate depths will be due to vertical or horizontal mixing. As we have seen,

and the section
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the east-flowing Atlantic water will in spring and early summer be diluted ang
cooled because of mixing with North Icelandic Winter water. 'With regard io
the intermediate layers, heating from above will tend to give too high values
for the mean current as determined by the tracking method, whereas cooling
because of horizontal mixing and mixing from below will tend to give too low
values. It seems likely that after the thermocline ig established the effect of
heating from above is smaller than the effect of cooling due to horizontal mix-
ing. Hence the tracking method will at best give a rough estimate of the mi-
nium rate of the coastal current.

From temperature data collected during June and July 1904 Nier.sen (1908)
attempted to estimate the mean current velocity at subsurface depths by track-

247 20Q° 17°
| H i i | l 1 |

11/7 x
E

.58 .
Y.y S R | i 1 ]

F1e. 94. The 6° isotherm at 100 meters ai different times during the summer of 1955,

ing the temperature, In this way he arrived at the conclusion that the easterly
component of the Irminger Current from Horn to Langanes was about 6 miles
a day at 50 meters and about 4 miles a day at 150 meters. Because of the limited
number of observations his results can hardly be accepted as reliable, even if
we ignore the other errors invelved. ‘

In recent years the net of stations worked in the North Icelandic coastal
area has been relatively dense, especially in the years 1948 and from 1954 on.
As an example, Fig. 94 shows the course of the 6° isotherm at 100 meters at
different observational dates during the sunmer of 1955,

The horizontal charts of temperature and salinity at 50 and 100 meters for
the summer of 1948-49, 1951 and 1954-60 were analyzed. The displacements
of the different isotherms were determined from one observational series to an-
other, This gave a mean rate of about 2.9 miles a day at 50 meters and 2.3
miles a day at 100 meters, It should be noted here that these are mean values
for the North Tcelandic coastal area as a whole.

The maximum distribution of Atlantic water as indicated by the 35.0%,
isohaline is shown in Fig. 95 for three different periods during the summers
1948 and 1951 respectively. The chart representing the period July 26th-30th
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1948 is based on observations made by the “Dana”, whereas the other charts
are based on Icelandic material. In 1948 the measurements near the front of the
July 10th, July 29th and August 8th. In the inter-

val between these dates the front was displaced 46 and 29 nautical miles respec-

tively. The rate of displacement was therefore 2.4 nautical miles per day for

the first interval and 2.9 for the second. The corresponding values for the two

intervals July 11th to 30th and Ju
1.7 nautical miles per day. As the maximum salini

Atlantic water were made on

> effect of

yntal mix- ly 30th to August 22nd 10951 were 1.8 and-

ties are usually found near

of the mi-
EN (1905) 20° tta** 16° i 4°
by track- 670 N 1 -V 20 s Mt N N Poes
-
_ €8° — 66°
§7° 67°
F 1955, see 66°
e easterly 20;" ""t'e,, & e
it 6 miles Fic. 05. The mazimum distribution of Atlantic water north of lIceland in the summers of 1948
16 Hmited and 1951,
2, even if ' :
100 meters, these results represent approximately the rate of displacement of
ic coastal the 35.0Y, isohaline at 100 meters.
1954 on. The salinity will gradually be lowered by dilution as the Atlantic water pro-
meters at ceeds eastwards in the North Tcelandic coastal area and mixes with North Ice-
1andic Winter water or Arctic water, Therefore the method of tracking the sali-
weters for nity will no doubt give too low values for the velocity of the easterly current
scements component. The mean rate of displacement of salinity is seen 1o be 2.2 nautical
05 10 an- miles per day or the same as the rate of displacement of temperature at 100
and 2.3 meters, which also was considered to give too low values for the current velocity.
n values Tt is of interest to investigate how the results ohtained by the dynamic me-
thod compare with those obtained by drift bottle experiments. Three sections
e 35.0%, will be considered, viz. off Kdgur, Siglunes and Melrakkaslétta. :
summers The mean inclination of the isobaric surfaces in dyn. cm. in the section
are given in dyn. cm. for each 10

6th-30th off Kégur is shown in Table 5. The values
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miles interval and also the standard deviations of the mean (3). These values
are based on the following 9 summer observations:

a) August 18th to 19th 1949.
by July 30th fo 31st 1950,

o} July 1st to 3rd 1951,

d) July 20th 1951,

e} June 10th and 13th 1952,

fy Fune 9th 1954,

g) August 17th to 18th 1954,

h) June 19th to 13th 1955,

1} August 26th to 27th 19535,

To find the mean inciination close to the shore the curves were extrapolated
to zero distance from the coast. The 300 decibar surface was chosen as reference
level. The sea surface slopes downwards away from the coast. The inclination
amounts to 1 dyn. cm. over the first 10 miles, to less than 0.5 dyn. cm. between
10 and 20 miles, increases again farther offshore to reach a maximum of 1.5
dyn. cm. per 10 miles distance some 50 miles north of Kégur. Then it de-
creases again and reaches zero 60-70 miles away from the coast. Similar fea-
tures are found for the deeper levels.

Relatively smallest values for the standard deviation of the mean are found
at two places, viz. close to the shore and 40-50 miles offshore where the standard
deviation is 20-30%. At these two localities the current thus appears to be fairly
stable. On the other hand, relatively high values are found for the standard de-
viation of the mean in the coastal area between 20 and 30 miles offshore and

TABLE 3,

Inclination in dyn. cm. of the isobaric surfaces relative io the 300 decibar surface off Kégur

Distance off coast (naut. miles)

Decibars

o A )
46— 1020 2030 30—40 4050 50—60 E0—70

............ .80 G.46 0.61 1.13 1.50 135 ~0.35
S 017 017 0.39 0.48 0.39 0.59 0.44

............ 28 0.10 0.57 1.16 1.57 1.56 0.23
T i 006 G311 032 . 041 0.38 0.49 0.44

............ . 0,08 0.42 .91 1.54 1.03 011
o E . 0.07 - 0.23 0.30 0.38 0.42 0.39

300—150 ... . 0.03 023 072 1.21 0.61 003
R . 0,02 0.10 G.22 0.34 037 0.24
300—200 ...l . . 0.08 6.42 0.68 0.26 -0.07
G e . . 0.04 012 .18 G.22 612

No. of observations . 9 9 9 9 9 9 8
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oeth of the main current at 60-70 miles offshore. In both of these regions the
éiﬁes indicate weak and variable currents. ‘

In Fig. 96 the mean velocity profile relative to the 300 decibar surface has
n constructed. The maximum current is found near the edge of the coastal
4 some 50 miles offshore where it reaches 6-7 cm. per second in the surface
yer. It is of interest to note that in this region the greatest mean velocities,
“ve than 7 cm. per second, are found at 50 meters depth but not at the surface.
+ 100 meters the velocity is similar (o +hat at the surface, but it decreases 1o 3
per second or less at 200 meters. The boundary between. the east-flowing
rminger Current and the southwest-flowing Fast Greenland Gurrent is seen to
pormally 60-70 miles north of Kégur. It should be noted, however, that the

velocities may differ considerably from year to year and the current

rrent
A secondary current

soundary may be variable from one time to another.

Naut, miles.

Q0
200

300+
Kégur Section

soob Velocity
cMy/sec,

500
relative to the 300 decibar surface in the section off Kogur,

Ti6. 96. Mean velocities (in cm/sec.)
rds east, negative values currenis towards west.

Positive values indicate currenis towa

maximum is found inside the 10 miles limit where a mean current of 5 cmn
per second is indicated. This is in good agreement with the values found by

drift bottle experiments (cf. p. 141).
The section off Siglunes extends over
the EyjafjarSardjup. It was attempted to evaluate the mean ea
omponent for this region in summer by calculating the difference i
eight of the sea surface relalive to 400 meters (decibars) between stations 5-2
66° 24/ N, 18° 50''W) and S-4 (66° 45’ N, 18° 50' W) from the available
timmer observations. The results are shown in Table 6.
Judging from the rates of the current in different zones as found by the drift
ottle experiments, the mean value of the current velocity for the whole North
Tcelandic coastal area is roughly the same as that for the middle part of the area.
herefore, the results obtained by the tracking method and those obtained by
he dynamic calculations for the middle part of the coastal area are directly
omparable.
“ Tf we assume that the motion at 400 meter
sual assumptions on which the current calculations

the deepest part of the coastal region,
sterly current
n dynamic

s is negligible and make the other
are based, the mean easter-

19
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TABLE 6.

Difference in dyn. em. of dynamic height relative to 400 meters {(decibars) between stations &3
(66° 24 N, 18° 50°' W) and §—4 (66° 45" N, 18° 50' W) June to August in different yeqrs.

= T rm—
: 400-0 400-50 400-100 00-200
DATE dbar dbar dbar 4 dbar 49(?@30

TO/7 1948 oo 2.21 2.27 217 2.05 1.20
QTN1948 —0,14 0.08 0.04 0.15 0.20
10/8 1948 ... i -0.65 0.31 0.04 -0.20 -0,20
B2/8 3948 ..., 1.02 117 1.30 0.95 0.35
4/8 1980 . 4,15 3.35 310 240 0.85
QT/TAL o 513 477 413 2,81 1.26
9/6 1953 ... 0.68 0.97 113 110 055
11/6 1954 ,..oovinenennn.s, 573 498 4,97 419 2.04
/71954 ... .. 5.15 472 443 3.35 1.45
2077 3954 ..., 6.16 6.08 558 4.20 1.70
I6/8 1954 ..o, 278 2.60 3.07 2.70 1.45
16/6 1955 . ovioinvnininnn.s. .. 510 350 3.23 2.80 150
IT/TA955 0o, 0.10 -0.34 0,38 -0.05 -0.10
BB AE 0.47 115 128 115 055
3/6 1956 ..o 2,58 2,45 2,36 1.82 0.73
22/6 1956 ..., 3.7 2,81 301 2.33 0.93
56/81956 .o .iiiiiiiina, 0.57 0.97 119 0.85 0.45
12/6 1957 .t 4.00 4,09 392 3.00 1.15
/81957 oot 2,16 2.30 221 ©205 0.90
26/B 1957 i, 355 2.69 3.60 277 1.02
4/6 1958 .. ... ... 3.20 3.14 301 243 1.43
18/6 1958 ..uouvineeeernrnnns, .60 -0.28 -0,02 0.22 013
10/8 1958 .. ..., 1.37 117 1.20 0.88 0.43
22/81959 ... 2.98 2,51 207 1.98 123
11/6 1960 .......o.oie.... .. 217 2.07 2.33 210 0.95
4/8 3960 ... 3.07 243 1.77 1.20 0.60
=T 255 2.42 2.33 1.80 0.87
Standard Deviation of the Mean 0.39 0.33 0.31 0.24 0.11

Iy current component will be 2.3 nautical miles per day at the surface. This is
in fair agreement with the result of drift bottle experiments for the area be-
tween Skagatd and Gjogur (3.9 miles per day). At 50 and 100 meters the values
are 2.2 and 2.1 miles per day respectively. This is in good agreement with the
mean value for the whole area as found by the tracking method. Thus our as-
sumptions seem to be at least partly justified. .

From Table 6 it is clear that the values obtained for this region by dyna-
mical calculations may vary greatly from time fo time. _

It has already been mentioned that the tracking method will probably give
too low values for the mean current speed. Since practically the same results
are obtained by the dynamic method, it seems reasonable to conclude that the
movement at 400 meters cannot be neglecied. However, the horizontal motion
of this partly isolated bottorn water is probably slow.
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The results of the different methods are compared in Table 7. It should be
observed that the mean current velocities, as found by dynamic calculations and
the tracking method, are based on observations from the years after 1948, where-
as the drift bottle rates are based on experiments from other years.

TABLE 7.

Velocity {miles pr. day) of the easterly current component in the middle part of the
Nortk leelandic coastal area as found by different methods.

DEPTH IN METERS
LA

METHOD -

0 50 100 200 300 400 i
Drift Bottie Experiments ........ 39 '
Tracking Temperature ,.......... 29 2.3 ‘
Tracking Salinity ...... .00 22
Dynamical Calculations .......... 2.3 2.2 21 1.9 0.8 0.0
Mean Value ... ..coviiiinnrrearies 31 30 2.8 25 16 0.8

The surface velocity shown in the bottom Line of the table is the mean of b T
the wo values obtained by the drift bottle experiments and the dynamical cal- CLE
culations. The values for the other levels are adjusted accordingly. These figures e
for the current speed in the middle part of the North Icelandic coastal area must C
he considered the best obtainable, as they are based on two sets of mean values.

As indicated by the drift bottle experiments, similar values are found for
other parts of the coastal area, except in region T, (between Melrakkaslétta and S 4
Langanes) where the current velocity is distinctly greater. Tt would seem likely SN
that this greater current velocity is due fo the strong Fast Icelandic Current
which enters the northern part of region L on its way southeast. That such is
the case is supported by dynamical calculations.

The mean inclination of the isobaric surfaces relative to the 400 decibar sur-
face off Melrakkaslétta is shown in Table 8. The mean. values are given for
intervals of 10 nautical miles together with the standard deviation of the mean

(6). The values are based on the data from the following observations:

g} June 13th 1953

h) June 13th 1954.

1) August 23rd 1954.

1) June 5th 1956,

k) June 13th-15th 1957.
1) Jume 7th-8th 1958.

a) July 20th 1949
b) August 23rd 1949.
¢) June st 1950,

d) August 8th 1950.
e) August 24th 1951.
£) June 17th 1952.
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The small difference in dynamic height inside the 20 miles limit and rela.
tively high values of the standard deviation of the mean indicate that here the
easterly current component is very weak and irregular. Between 30 and 50
miles north of Melrakkaslétta the current appears to be strong and relatively
stable, but farther offshore a weaker and more variable current is indicated.

O n.m.
o

m

100
200

300

400 .
SLETTA-N.

500

Fia. 97. Mean velocities (in em/sec.) relative to the 400 decibar surface in the section off Mel-
rakkaslétta.

Fig. 97 shows the mean velocity in the Melrakkaslétta section. Here the 400
decibar surface was selected as the reference surface. Near the coast the easterly
current component is quite small. A strong easterly current is first indicated
25 to 30 miles north of Melrakkaslétta. About 10 miles farther to the north,

TABLE 8.

Inclination in dyn. cm. of the isobaric surfaces relative to the 400 decibar surface

off Melrakkasiétta.

Distance ofl coast (naut. miles}
A

Decibars
010 10—20 20—30 30—40 40—50 50—60 60—T0
400—0 Lo 0.08 0,44 0.88 2,18 2.75 .99 0.63
G e 0.40 0.23 0.33 0.37 0.38 0.37 019
400-—80 ... 0.19 0.16 0.32 201 223 0.80 047
b O 0.09 0.15 0.23 0.36 .31 C G234 0.18
400—100 ... . 010 0.36 175 1.96 G.55 0.29
T errraraaaeas . 011 0.23 0.29 0.28 0.28 012
400—150 ... . 0.05 0.31 1.83 142 - 0.38 0.22
G ceeeeeenanes . 0.09 039 0.32 0.26 0.22 0.08
400--200 ........o0. . 0.03 0.24 1.26 1.08 0.25 0.14
G ereeeraranan . 0.05 0.13 .23 0.23 0,14 0.05

400—300 ............ . . .10 0.50 0.35 0.08 0.02
............ . . 0.04 010 011 0.05 0.02

No. of ohservations . 9 11 12 12 12 12 12
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ear the edge of the coastal bank, a mean current of 10-12 cm. per second is
“found. In this region the maximum current is found at the surface, as was also
the case in the section off Siglunes. At 50 meters the current is about 10 cm. per
“second, 8-9 at 100 meters, 6-7 at 200 meters and 2-3 at 300 meters. Some 50
‘miles offshore the mean current velocity drops suddenly to less than 3 cm. per
second at the surface and less than 1 cm. per second at 100 meters.
The current maximum corresponding to 5-6 nautical miles per day in the
surface layers is somewhat lower than that found by the drift botile experi-
ments for the mean rate of the coastal current in area L. However, it must be
kept in mind that the dynamic calculations indicate marked fluctuations in the
current velocities. Furthermore, the mean current velocities as found by the
dynamic calculations and those found by drift bottle experiments are not di-
rectly comparable as regards time. On the whole the agreement between the
dynamic method and the drift bottle experiments appears fo be fairly good.

Tn the region north of Langanes the same essential features are revealed by
the dynamical method, viz. a weak easterly current in the shallow coastal area

licated:

off Met- - but a current maximum of about 10 cm. per second along the slope approxi-
mately 40-50 miles off Tanganes, Values of this order were obtained for the

he 400 section Langanes—Jan Mayen in 1949 and in 1951 and the subsequent years.

asterly From the area farther south, zones A and B (Langanes to Glettinganes and

Ticated Gletiinganes to Vestrahorn), only limited data exist on which current calcula-

north, tions can be based. The Danish observations in 1948 (Hrrmanw 19495, Fig. 21,
p. 21) indicate a southeasterly current with a velocity of 2-5 cm. per second.
These values are decidedly Jower than those found by drift bottle experiments
(cf. p. 141).

d The conclusion that can be drawn from the preceding discussion is that
in general there is a good agreement between the different methods used in
deriving the mean rate of the coastal current. However, the tracking method

T and the dynamic calculations yield slightly lower values than the drift bottles.
The true values probably lie between the two. As regards variations in the

0,63 current velocity within the different regions, we have to depend solely on the
0.19 dynamic method. The density distribution on which this method is based de-
GAT finitely suggests that the main current is Yimited to the slope, whereas on the
0.1 coastal banks the current is weak and variable. The mean value of the coastal
0.29

019 current is probably about 3 miles a day.




X1,
VOLUME TRANSPORT

1. ERRORS IN THE CALCULATION OF WATER TRANSPORT.

The uncertainties involved in the calculations of volume transport by geo-
strophic currents will depend on various factors, First of all are those due tg
the assumptions made when applying the Helland-Fansen formula for caleu-
lating the dynamic height anomalies. These assumptions were discussed in a
previous chapter,

The standard deviation in volume transport as the result of the uncertainty
In the salinity determinations can be derived ? in a similar manner as the stan-
dard deviation of the difference in dynamic height between two stations. If ob-

. servations have been made at 0, 10, 25, 50, 75, 100, 150, 200, 300, 400, 500,
600, 800, 1000, 1200, 1500, 2000 meters etc. and the standard deviation of the
observed salinity values can be estimated as 0.02%,, the standard deviation of

the volume transport (6Qun) for different depths of reference level {z,,) will
be as follows:

Zn (m) 200 400 600 800 1000 1200 1500 2000
oQun (km3/h) 0.04 016 032 057 089 192 190 3586

Thus, if the salinity determinations of samples taken at great depths are not
made with great accuracy, the transport calculations will be meaningless, when
the zero-level is situated deep, _

Another important source of error is caused by a faulty choice of the zero-
level. This error will be proportional to the velocity at the reference surface and
the depth of this level. Suppose the reference level was placed at 400 meters
between two stations 10 miles apart. An additional velocity of only 1 cm/sec.
at the reference surface would then mean an additional transport between the
stations of 0.27 km3/hour. Off the northwest coast of Iceland the width of the
east-flowing Irminger Current will be approximately 60 nautical miles and the
mean depth of the shelf roughly 200 meters. An additional velacity of 1 cm/sec.
throughout this section will mean an additional transport of about 0.8 km?3 S hout.

1} See Appendix, p. 255,
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“hus relatively great errors in the calculated transport can result from only a

light fault in the selection of reference level.
From the foregoing considerations it will be clear that the calculated tran-

sport values must be taken with great reservation. At best they may be con-

gidered as a rough estimate.
. Due to the uncertainties involved it
yolume transport below the reference sur
ore refers to the transport above the zero-level.
A consideration was made of how the computed transport compared with
“the continuity of the system, For this purpose the volumme iransport in and out
of a certain area was calculated. The area selected was bounded by the Kogur
" cection in the west, a section directed eastwards from the northernmost station
of the Kégur section, and the section north of Melrakkaslétia. Material for this
calculation was available from the years 1949, 1950, 1952 and 1954. The re-
sults are shown in Table 9. Since ihe size of the area is not the same for the dif-

was not attempted to calculate the
tace. The following discussion there-

NSPORT.

sport by geo-
those due to
ila for caleu::
iscussed in &

TABLE 9.

Volwme transport (km'/hour ) to the region north of Iceland
between Kogur and M elrakkasiétta.

———

e —

: uncertainty.

r as the stan ROGTR SECTION SLETTA TOTAL
At If oh SECTION W-E SECTION
anons. It o DATE T e e Net
00, 400, 500,. In Out In Out In Out In out  pnfiow
riation of the:

18—23/8 1949 .......- 145 817 1083 038 048 358 1256 1233 0.23

332 852 1135 0 040 581 1507 1433 0.74
0.25 0 2.37 3.7 336 04l
T.50 846 -0.94

deviation of"
vel (z,) will.

30/7-9/8 1050 ...

10—-17/6 1952 ... 264 074 133
9—13/6 1954 .......- 244 211 469 208 087 427

)y 2000
) 3.86

e not comparable. In three instances the in-

flow exceeded the outflow by 1.8, 4.9 and 11.09%, but in the fourth instance the
outflow exceeded the inflow by about 11.1%,. If we assume the difference be-
tween evaporation and precipitation to be negligible in this area, the true dif-
ference between inflow and outflow represents the run-off from land, This will
be a small value compared to the volume transported by the ocean currents.
Hence, if the continuity of the system is fulfilled the net inflow or outflow
should be close to zero. As seen from the table the results fulfill this require-

ferent years the transport values ar

ypths are not
ngless, when

> of the zero-
s surface and
t 400 meters

Iy 1 cm/sec. ment approximately.
between the
width of the 5. VOLUME TRANSPORT THROUGH TiIE KOGUR SECTION

niles and the
of 1 cm/sec.
.8 km3 /hour.

Unfortunately, ice conditions during the. Icelandic cruises made it impos-
sible to extend. the section from Kégur all the way across the Iceland-Greenland
Chanmnel to the coast of Greenland. Therefore, an attempt could not be made to
caloulate the met transport between Northwest Iceland and Greenland. How-
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Volume transport (in km/hr.) through the section off Kégur 1949—1955. T?ansports
towards east are indicated by the hatched areas, transports towards west by the dotted
areas.
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ever, on 9 occasions the section could be extended beyond the edge of the shelf.
Lo results of the transport calculations are shown in Table 10 and Fig. 98. The
.ded areas in Fig. 98 may be considered as the front sides of rectangular prisms
equal lengths. The size of the rectangles is therefore a measure of the volume
nsport, The curve shows the volume transport smoothed between the stations.
Temperature and salinity data indicate that the bulk of the Atlantic water
pormally found within 60 miles off Kdgur. The volume transport through
his part of the section was determined from Fig. 98. The values are given in
olumn 5 of Table 10. As these are in most instances similar to those given in
oluran 3, it follows that the easterly transport usually takes place within 60
riles from the lcelandic coast. The greatest net east transport determined this
vay was found in August 1954, but the smallest in June 1952 and in August
49. Except for these instances the values are of similar magnitude. The mean
lue was about 2.3 km3/hour with a standard error of (.28 km3 /hour.
The North Icelandic Irminger Current will in addition to Atlantic water,
_composed of the following water masses: 1) North Icelandic Winter water,
). Arctic water, 3) Arctic Intermediate water, 4) Polar water, 5) Arctic Bot-
om water, 6) Icelandic Coastal water.
- The first of these will be apparent in spring or early summer, but in late
vmmer it has most likely disappeared from the western part of the North
celandic shelf, The fifth component, the Arctic Bottom water, must be almost
negligible, as the reference level was placed near the upper Hmit of this water.
Usually the amount of Polar water carried by the Irminger Current will also
e small. The Coastal water will be mostly Atlantic water, diluted by a small
amount of fresh water from land. Hence the main components of the North
Tcelandic Trminger Current in the westernmost part of the area in summer will
be Atlantic water, Arctic water, Arclic Intermediate water and possibly North
Téelandic Winter water. As was discussed in a previous chapter, the characteris-
ties of these water masses will be greatly altered in the surface layers because
of meteorological conditions, A determination of the relative magnitude of these
components will therefore be quite difficult, if not impossible.
The inflowing Atlantic water has in early summer a maximum temperature

of about 7°C at intermediate depths. In the surface layer it will be somewhat
higher. The mean temperature of the other water masses can only be estimated
very roughly. It will hardly be above 2% or below 0°. A value of 1° will prob-
ably be a fair estimate. At a lower temperature than 1 the admixture of Ai-
antic water must be very small. For estimating the Atlantic component of the
east-flowing water the volume transport of water above 1° was therefore deter-
mined. Near the boundary of the 1° water the volume transport was found by
tracing the 1° isotherm on the velocity profiles and determining the product of
he cross-sectional area and the velocity. The heat transport of water > 1° was

‘determined in a similar manner. These calculations included all water with
the section where

20
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 Polar water may reach this temperature in summer. Therefore, where the
ter with temperature above 1° was found only above 50 meters, it was not
-cluded. The results are shown in columns 611 in Table 10. The net transport
sund this way is in most cases similar to that found by considering the net
ansport through the first 60 miles of the section. A notable exception was
ound for June 1955, when there appears to have been a backflow of the At-
sntic water to the west, some 60—70 miles off Kgur. The mean net transport ‘
£ water with temperature above 1° is about 1.9 km3/hour, which is about 0.4 ; ‘
tm3 /hour less than the mean net transport through the first 60 miles of the ‘
1 value of June 1955 is excluded the mean

0.2

section, However, if the abnorma
will be about 2.2 km3/hour. It seems reasonable to conclude from this that the

net east transport within 60 miles from Kogur consists almost entirely of water

with temperature above 1°C.
The transport values appear to

' June, Furthermore, since the tempera
-~ June to August, the heat transport values for August will be markedly higher

be somewhat higher for August than for
ture of the surface layers increases from

0.39

_ than those for June.
1f the mean temperature of the Atlantic water, as well as the water masses

- mixing with it, can be ostimated with a fair degree of accuracy, the net east

- transport of Atlantic water through the Kégur section can be computed from

. the following equations:
. HZQA'TA+QR'?R (1)

gy = Qa + qr (2)
Here qr denotes the total volume transport of water with tempefature above 1°,
H its heat transport, ga and ga the volume transport of Atlantic waier and other

L FAe]

water masses respectively, T, the roean temperature of the Atlantic water and tx

the mean temperature of the other water masses. A fair estimate of the mean

temperature of the Atlantic water will probably be 7° for June, 7.5° for July
and 8° for August. As mentioned before, the mean temperature of other water
masses than Atlaniic water can probably be estimated roughly to be about 1°.
Using these values for the mean temperatures the results shown in column 12
were obtained. Similar equations could be set up for the salt transport, but
there the estimation of mean values would be even more uncertain.

As seen from column 12 in Table 10, the mean net transport of Atlamtic
water is 1.3 km3/hour. Omitting the year 1955 the value will be 1.4 km3/hour
which is 649 of the mean net transport of water with temperature above 1°.
Thus it can he roughly estimated that the North Icelandic Irminger Current as
it crosses the Kogur section consists of 60-709% Atlantic water and 30-40%,

of other water masses. The heat transport during the summer season to the

region east of the Kégur section due to Atlantic water alone will be roughly

2.7 X 109 kg. cal./sec. ' {
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3. VOLUME TRANSPORT
THROUGH THE MELRAKKASLETTA SECTION

The results of the calculations of volume transport thlough the Melrakka.
slétta section are shown in Table 11 and in Fig. 99.

The main easterly transport usually takes place within 50 miles from the
coast. Exceptions from this were found in the years 1951, 1957 and especially
1958. North of 68° N (88 miles from the coast) the easterly transport compo-
nent is in most cases quite small. The August values appear to be somewhat
higher than the June values, but the years with observations from both months
are only two, viz, 1950 and 1954 so that the observed difference can hardly be
considered significant. The highest transport value was found for August 1954,

TABLE 11,
Volume transport (km®/hour) through the Melrakkaslétta section.

Length Transport Net East Net East Net East
Date of section e — Transport Transport Transport
{naut.mileg) ast West 050 nm. b50-83nm. »>88nm.
26—21/7 1949 . . .. 116 243 0.29 1.87 013 0.14
22— 23/8 1949 . ... 83 3.58 0.48 3.00 011 -0.01
31/6—5/6 1950 . . . . 114 342 0.43 2.93 0.33 —6.27
83-9/8 1950 ..., . 119 581 0.40 3.63 G.51 1.29
1I8—24/8 1951 . ... 208 319 1.14 1.46 1.65 -0.46
16—17/6 1982 ., ... 87 237 g 171 {0.66)
9—13/6 1953 . . . . 86 2,91 0.75 2.66 (-G.50) .
13/6 1954 . ... 39 427 0.67 3.33 0.28 -0.61
22-23/8 1954 . . .. 135 7.42 1.31 5.40 -0.06 G.75
4—5/6 1956 . . .. 84 4,03 0 3.89 (0,143 .
13—15/6 1957 . . .. 100 4.85 0.27 3.62 0.98 -0.02
7T—8/6 1958 . . . . 94 4.57 G.27 0.72 3.21 0.37
Mean..,....... . . . 2.85 0.5%

It is of interest to compare the transport values for the Kégur section with
those of the Melrakkaslétta section, when observations were made at both sec-
tions {quasi—) simultaneously. The resudts are shown in Table 12, where the
net east transport values 0-60 miles off Kégur are compared with the net east
transport south of 68° IN {0-88 nautical miles) in the section off Melraklkaslétta.

As can be seen from this table there is almost a constant difference between
the volume transport through the two sections. The correlation is indeed very
close (9=0.99), and even though the observations are only 5, this correlation
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TABLE 18,
Comparison between the net east volume transport off Kégur and Melrakkaslétta,
OIf Kigur 0—80 miles Off Melrakkagiétta (-——88 miles Difference in
Transport Trangport Transport
Date (km3/hour) Date (km?/hour) (km? hour}
18—19/8 1949 . . . . 1.43 22—23/8 1949 . . . 311 1.68
30—31/7 1950 . . . . 2.63 8—9/8 1950 . . . 414 151
10&13/6 1952 ., .. 0.64 16—17/6 1952 .. . 2,37 173
9/6 1954 ., ., .. 212 1376 1954 . . . 3.61 1.49
17—18/8 1954 . , ., . 3.53 22—23/8 1954 . . . 5.34 1.81
Mean 1.64
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oxceeds the 0.2% level of significance, The calculated regression line is shown
in Fig. 100. The equation of this kine is:
VM =1.64+ VK

t east volume transport north of Melrakkaslétta (0-88

Lhaslétia,
e ————

Difference in

(iﬁg}i%%f) where Vi denotes the ne
——— miles) and Vi the net east volume transport north of Kégur {0-60 miles). This
168 relation definitely indicates that in the 5 instances here considered, variations L
12 in the 1.;I'aTlsp01.‘t of the East Icelandi;c Curlzen"t have almost entirely been caused
L by variations In the North Icelandic Irminger Current, whereas the transport |
181 of the residual current component appears to be almost constant. ‘i
According to Table 11 the mean value for the net east transport through |

the section. from Melrakkaslétta to 68° N is 342 km3/hour. The dynamic topo-
graphy charts of the region north of Iceland (Figs. 6-12) indicate that most of
the East Icelandic Cuarrent flows through this part of the section. Therefore, on
the average, the East Icelandic Current congists of about 509 Irminger water.
The amount of undiluted Atlantic water carried by the East Icelandic Current
will then on the average be 30-35%, and 65-709% other water compenents,
mainly Arctic water, but also North Icelandic Winter water and probably small

amounts of Polar water and Arctic Intermediate water.

lrakkaslétia,
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SEASONAL VARIATIONS

1. GENERAI CONSIDERATIONS

All along the north coast of Iceland the hydrographic conditions will change
markedly with the seasons. These variations are naturally most conspicuous in
the surface layers, but they are also observed at intermediate depths down to
at least 300 meters, The most rapid seasonal changes will as a rule be observed
in spring and autumn, whereas in the middle of winter the conditions change
relatively slowly.

In North Icelandic waters we may distinguish between two kinds of seasonal
variations, viz. 1) hydrographic variations directly associated with changes in
the sun’s altitude and 2) variations in the relative magnitude of Atlantic water.
The first of these variations, which especially affects the conditions in the sur-
face layers, will at all places along the coast be nearly in phase with the corre-
sponding air temperature. On the other hand, the relative magnitude of the
Atlantic water has a decisive infliuence on the conditions at intermediate depths.
As the time of maximum Atlantic influence varies with the region, it may not
be in phase with the time of maximum surface temperature. Generally, the
maximum Atlantic influence is observed in early summer in the western and
middle part of the area, but one or two months later in the eastern part.

The variations during the summer season, June to August, were discussed
in chapter VITI, the most conspicuous features being 1) the increased stratifica-
tion from June to August and 2) the increased eastward extension of Atlantic
water at intermediate depths during the same period.

As seen from Krauss' charts (Fig. 26) the mean surface temperature in
October all along the north coast from Létrabjarg to Gerpir lies between 5° and
6°C. Farther north near the 67° parallel it drops to less than 4°. In March it is
3_4° off the northwest coast, 2-3° in the area south of 67° N between Isa-
fjordur and Tanganes and 3-4° along the east coast. The surface salinity (Fig.
97) appears to be quite uniform during the winter months, as in October as
well as March it lies between 34.50 and 34.75 %, over the whole region along
the north coast. It should be kept in mind, however, that the temperature and
especially the salinity data for the region north of Iceland in winter are very
sparse. The mean charts for October and March are therefore based on rela-
tively few observations as regards this region.
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SEASONAL VARIATIONS IN THE EXTENSION OF DRIFT ICE

The distribution of polar ice northwest of Iceland varies markedly both an-
Ally and scasonally, At Northeast Greenland the maximum quantities of ice

pormally found in late winter- From this reglon great masses of ice are
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- swiftly sduthwards by the East Greenland Current. It will 1ake some
un e. however. before the ice masses have drifted south to the Iceland—Green-
1d Ridge. Sp’ring will therefore be the heaviest ice season in the area north-
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Fic, 103. The Siglufiorsur section on & occasions from Seplember 1953 1o July 1954.

Teelandic coast as in July. The chances of drift ice extending into the Icelandic
coastal area are therefore greatest in spring and early summer, especially after
a spell of strong southwest winds.

The distance from Straummnes on Northwest Iceland to the mean ice border

3. TEMPERATURE, SALINITY AND DENSITY VARIATIONS
NORTH OF SIGLUFJORPUR DURING THE YEARS 1953-1955

The best available observational material for studying seasonal variations

in different seasons is shown in Fig. 101, Tt is based on the 50% frequency cur-
ves for the period 1919-1943 given by the Deutsches Hydrographisches Institut
in Hamburg (Buprr. 1950). The mean ice limit during the months September,
January and May is shown in Fig. 102.

in Nort Icelandic waters is that collected during the period September 1953
to September 1955. The main results irom this material will now be considered.
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Investigations in previous years had indicated that the Atlantic influx must
be quite weak during winter but greately intensified in spring and summer as
gradual eastward movement of the Atlantic water could be followed. Fig. 103
'shOWS the SiglufjérSur section at 6 different dates from September 1953 to
July 1954. In September the surface layers are stratified down to 100 meters
“and the Atlantic water (8 > 35.0%) is found as an intermediate layer between
100 and 300 meters at stations S—2 and S-3. At the end of October this inter-
mediate layer has become much thinner and in December it has disappeared.
fn March the water is practically homogeneous down to 300 meters, In late
‘May the saline Atlantic water appears again and now occupies the surface as
well as the intermediate layers down to 200 meters. And in July the Atlantic
water is Hmited to the intermediate layers with the surface layers stratified
‘down to 30-50 meters. Below 400 meters the conditions appear to be similar at

'all Seacons.
Temperature and salinity variations in the region north of Siglunes are

“shown in Fig. 104. The curves on top illusirate the seasonal variations in the
mean salinity between the surface and 400 meters. These will be discussed later.
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. 104, Temperature and salirity variations north of Siglunes, September 1953 io September
1955. The curves at {op show the seasonal variations in the mean salinily 0—400 me-
ters at station §—3 (66° 32' N, 18° 50' W) (dotted line) and the average of the mean
nal variatio salinmities 0—A400 meters at stations 8~2 (66° 24" N, 187 50’ W), 8-3 and 54 (66° 45' N
:ptembei‘ 9 18° 5¢’ W) (broken line}. The curves below show the mean monthly aiv zemperatur;
be consideret {average for Siglunes and Grimsey ) (thin solid Zme), and the sea temperaiure at 10

: : meters at station S-3 {thick line).
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The curves below indicate the monthly variations in air temperature (mean for
the meteorological stations Grimsey and Siglunes) and the temperature at 10
meters at station S-3 (66° 32’ N, 18° 50' W). Whereas the sea temperature js
generally in excess of the air temperature in autwmn and winter, the two follow
each other rather closely in spring and early summer. In one of the years (1955}
the air temperature in July and August was about 2°C higher than the sea tem.
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Fic. 105. Temperature and salinity variations at different levels af station §-3.

perature. The annual amplitude of the air temperature in 1954 was about 3° i
excess of that of the sea temperature, and it was as much as 6° in excess in 1955.
At the meteorological station Grimsey the mean value for this excess was found
to be 3.5° for the period 1901-1930 (Strrinsson 1954a, p. 6).

As an example of the temperature and the salinity variations at different
levels the resulis from station S—3 have been chosen (Fig. 105). The resuits
from the other stations on this section gave a very similar picture, In the sur-
face layer the temperature varies between a minimum of 2-3° in winter and
a maximum of about 9° in summer. With increasing depth the annual ampli-
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e becomes progressively smaller and at 400 meters it is hardly noticeable.
At the surfdce the temperature mimimum occurs in March and the maximum
July. At the lower levels the temperature minima are usually in phase with
it of the surface, but the temperature maxima at subsurface depths oceur
ater in the summer, as late as September at 200 meters. The surface salinity
hanges relatively little during the first half of the year. In midsummer it drops
iddenly, by as much as 0.7 %, to reach a minimum of less than 3449, in
\ngust-September. Then it rises again to reach a value of 34.8-34.99, in late
sinter. At the lower levels the anmual salinity range becomes mmch smaller.
t 50 meters it is less than 0.4, at 200 meters 0.2-0.3 %, and at 300 meters
-0.2%,. At 400 mieters no seasonal salinity variations can be established as
lie difference between observations is of the same order as the uncertainty in
e salinity titrations. A conspicuous feature in the salinity variations is the
much later occurence of a salinity minimum in the deeper layers than at the
irface. At 200 meters this occurs as late as December—January. The salinity
taximum is also delayed at subsurface depths, but the phase difference is here
ess distinct.
The temperature distribution at different times of the year is further illu-
trated (Fig. 106) by the temperature isopleths at stations S-2 (66° 24/ N,
8° 50’ W) and S-4 (66° 45" N, 18° 50 W). At station S-3 the conditions re-
embled closely those found at S-2. At station S—4 the temperature is somewhat
ower than at S-2, especially in the upper layers, but otherwise the variations
are very similar at all three stations. As was shown in Fig. 105, the surface
emperature reaches a maximum of 8-9° in July but at subsurface depths the
maximum is reached later, in August or September, The waters are subject to
seasonal variations even below 300 meters, but at 400 meters or deeper the tem-
perature variations are small and irregular. It is noticeable, however, that the
temperature variations in the bottom layers show a distinct similarity at all
hree stations. Since the stations were not worked simultaneously but with a
time difference of several hours, the observed correlation between the tempera-
ture variations of the deep water indicate that the variations concerned are not
due to short-period changes in the distribution of mass. In both years the mi-
nimum temperature occurs in March at all levels down to 300 meters. At that
fime the vater is isothermal down to 300 meters. The temperature variations
are quie similar in both years, but in 1955 the vernal warming up was some-
what more abrupt. A peculiar feature of the temperature variations at 200-300
meters appears in both years. When the winter convection starts the water is
cooled from above, becoming isothermal down to about 200 meters in early
_ winter. But the intermediate water also appears to be cooled from below, pos-
The résu sibly because of a cold and dense water having moved in, presumably from the
In the north, and replaced or mixed with the lower levels of the intermediate water.
T By midwinter, however, the convection has reached deeper, and thus the lower
levels of the intermediate water are again warmed because of mixing from above.
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A noticeable feature of the temperature disiribution of the deep water at sta-
tfion S—4 is the difference in the position of the 0% isotherm. In 1954 it fluctuates
hetween 350 and about 450 meters but in 1955 it lies below 500 meters. This
seems to indicate that the quantity of Arctic Bottom water at this station was
greater in 1954 than in 1955. : L

The variations in denusity (o) at the two stations are shown in Fig. 107.
Obviously the course of the o, curves resembles that of the isotherms. Strati-
fication starts in early May and gradually the light surface water reaches deeper
and deeper, The vertical density gradient and hence the stability was decidedly
greater during the summer of 1955 than during 1954. The winter convection
started in October both in 1953 and 1954, and in February and March the
density was practically constant down to 300 meters.

Fig. 108 illustrates the salinity isopleths at stations S-2 and S—4, In the sur-
face layers the highest salinity is usually found in spring or early summer (cf.
Fig. 105), and the lowest in late summer or aufum. In 1955, however, two
salinity niinima are found in the surface layer at station S-2, one in June and
the other in August—September. At intermediate depths there is a layer of At-
lantic water characteristic of the summer season. Whereas this water may

Vi 1X reach up to the surface at the beginning of summer it is found to lie deeper
towards the end of that season. The maximum depth of the 35.0%, isohaline
\ is about 300 meters. In the bottom layer, which usually consists of almost pure
N Arctic Bottom water, practically a constant salinity is found. Its mean value
7 is 34.90 %,.
3%
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Fre, 109. The £,S cycle for station §-3.
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The 1,8 cycle for station S-3 is illustrated in Fig. 109, Tt is based on tha
mean values for the two-year period September 1953 to August 1955 The
points lying on the dotted curve represent the t,S values of the surface layer,
0-30 meters, and the points on the solid line the corresponding mean values for
the intermediate water, 50-200 meters. The annual cycle in the hydrographic
features is clearly demonstrated. In February and March the water column is
homogeneous. In April the surface layers begin to warm and the intermediate
layers to less extent. At the same time the salinity increases. From May to July
the stratification increases progressively, but during this period the density dif.
ference between the surface layers and the intermediate layers is mainly due
to temperature difference. In August the decrease in the surface salinity causes
a noticeable change in the t,5 cycle and during the autumn months the density
gradient is mainly due to salinity difference. The greatest density gradient is
found in August and September. From September the temperature and the sali-
nity decrease steadily until the water becomes practically homogeneous again
in winter.

4. REGIONAL DIFFERENCES IN THE SEASONAL VARIATIONS

The main features described for the stations of the Siglufjordur section will
undoubtedly apply to most of the region between Skagagrunn and Sléttugrunn
{see Fig. 1}. In other parts of the North Icelandic area observations from dif-
ferent seasons are very limited. However, from November in the years 1934
—1937 there exist almest simultaneous observations in the sections off Kégur
and Langanes. These sections are shown in Fig. 110.

In November 1934 no Atlantic water appears to be present north of Kogur
as judged by the temperatures and the salinities which indicate Coastal water
at the first two stations of the section and mostly Polar water at the third sta-
ton. In 1935 and 1936 Atlantic water is present but in less quantity than is
usually observed in this section in summer, and in 1937 the Atlantic influence
1s even less, Fast of Langanes, however, the relatively high salinity found at sub-
surface depths in November indicates an admixture of Atlantic water in no less
quantity than north of Kégur. The temperature is also relatively high, being
4-5° or even above 5° in the uppermost 200 meters. These sections thus reveal
the interesting fact that in late autumn the quantity of Atlantic water north of
Kégur is quite small as compared to the sutmmer season, whereas east of Langa-
nes the Atlantic influence is just as apparent in November as in August.

Three stations worked at the beginning of December 1953 off Hinafléi (Fig.
111) also indicate a reduced Atlantic influence in that region in late automn.

In midwinter, however, February to March, the situation is entirely dif-
ferent (Fig. 112). Off Kogur the Coastal water seems to be limited to the region
inside the 100 meter depth contour, as farther offshore the temperature increases
by as much as 3° and the salinity exceeds 35.0 or even 35.1%,. Thus the boun-
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dary between the Atlantic and the Coastal water in this region seems to be
sharper in midwinter than in late autumn, Off Langanes, on the other hand,
Jow temperatures prevail beyond the coastal area. Here the temperature is
1-2° in the uppermost 200 meters and the salinity below 34.8%,. The ad-
mixture of Atlantic water at this time must therefore be very small in the region
east of Langanes.

nn is
diate In late winter the Atlantic water exerts a marked influence on the hydro-
TJuly - graphic conditions in the western part of the area north of Iceland. In late
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veal Tie, 110. Hydrographic sections off Kégur and Langanes Novemnber 19341937,
h of '
nga- March 1954 (Fig. 113) the tongue of water with salinity above 35.0%, ex-
tended almost east to the Hinafléadjtip at the surface but in the deeper layers

Fig. the Atlantic water did not reach as far east. In the region east of Skagagrunn
Y. the influence of Atlantic water seemed at this time to be very small. In late
dif April the saline water had moved considerably farther east and at the same time
yion the temperature in the surface layers had increased. East of the Eyjafjarar-
Ases djtip, however, the influence of Atlantic water seems to have been quite small.

Observations east of Langanes in April 1939 and May 1934 and 1935 indi-
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TABLE 13.

UNNSTERINN STEFANSSON

Comparisors of the mean temperature and selinity, 50200 meters off Kégur and Langanes.

KGOGUR LANGANES DIFFERENCE
MONTII YEAR 7 L * S N ¢0 * S % tt, ?
{mean) (mcan) (mean? (imean)

February—>March . . . 1935 5.31 35,09 0.7 34,77 4.34 0.32
1938 6.00 35.13 171 3478 4.29 0.33
1948 (5,753 5 1.82Y (3.93) 1)

June , . ..., ... 1936 6.15%) 35.00% 2.65%) 34.93%) 3.50 0.07
1952 5.03 35.00 177 34.86 3.26 014
1953 5.35% 35.04%) 2217 34.88%) 3.14 0.16
1954 5.87 35.02 317 34.91 270 011
1957 6.36 3511 3.08 34.93 3.28 018
1958 4,82 34.97 1.50 34.85 292 61z

July . ... 000 1938 5.12 35.01 3.18 34.86 1.95 0.15
1947 68,79 35.07 2.88 34.64 3.91 0.43
1948 6.56 35,12 3.30 34.87 3.26 0.25
1951 5.92 3511 157 34.85 435 0.26

August . . ... ..., 1934 6.83 35.05 3.50 34.86 3.33 0.19
1935 6.88 35.07 4,73 35.00 213 0.07
1936 6.76 35.14 5,83 35.01 0.93 0.13
1939 6,10 34.93 4.95 3507 115 -0.14
1948 T7.00 35.11 3.65 34.86 3.35 0.25
1949 6.20 3511 192 34.79 4,28 0.22
1951 6.47 3513 3.86 34.98 261 0.15
1954 6.81 35,03 5.50 34.98 131 0.05
1956 6.36 34,99 4.28 34.94 2.08 0.05
1957 6.98 35.13 5.79 35.00 119 0.13
1958 6.94 3511 310 34.90 3.84 0.21
1980 .04 35.12 4.97 35.05 2.04 0.07

November . .. ... .. 15934 1.69 34.35 4,66 34.83 —2.97 —0.48
1935 590 34.97 5.32 3492 0.38 0.05
1936 5.62 34.92 5,42 34.90 0.22 0.02
1937 3.98 34.80 472 34.80 —0.74 0

1) 0—150m.

2) 50—100 m.
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g3s2, 1938

2842, 1948

. 111 Hydrographic section of

f Himaflét 4/12 1953, Fre, 112, Hydrographic sections of

cate conditions very sipilar to those found for midwinter except for a slight

temperature Tise in the surface layers (¥Fig. 114). Thus no mcrease in the

quantity of Atlantic water appears 10 take place from February to at least May.

However, the sections worked off Kogur in May 1937 and 1939 indicate an

Atlaniic influence as strong as that found during surimer.

Tn Table 13 a comparison is made of the mean temperature and the mean
salinity of 50-200 meters at station K-3 (66° 53 N, 23° 19°W) and station
-3 (66° 22" N, 13° 35’ W) at different times of the year, As will be evident
from ihe table, the difference between the mean femperature of the interme-
diate layers off Xogur and off Langanpes is greatest in winter and spring but
least in late summer and autumn. The salinity differences show the same ten-
dency. In November the mean temperature as well as the mean salinity appears

he northwest and the northeast coast, but in Jate winter the

to be similar off t
temperature at intermediate depths is about 4° higher in the western part than

in the eastern part. It should be remarked, however, that this comparison refers

10 the deeper part of the shelf area; in the shallow coastal area the temperature

will be more equal all along the coast.

f Kogur and Langa-
nes in midwinter 1935, 1938, 1948 and 1955.
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Horizontal distribution of temperature and salinity in the
north of Ieeland 23/3—25/3 (at left) and 23/4—25/4 1954 (at right ).
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Tic. 114 Hydrographic sections off Kogur and Langanes April-May 1934, 1935, 1937 and 1939.

5. SEASONAL VARIATIONS IN THE COASTAL WATER

o water is stratified the light Coastal water will be li-
or above the thermocline, and it will spread away
yertical mixing is favoured the Coastal water
wil ace layer but may reach as far down as the
winter convection allows. Hence the Coastal water will occupy a thicker layer

ter in winter and then its horizontal extension must be less. This dif-

of wa
ference in the Jistribution of Coastal water between summer and winter is

shown schematically in Fig. 115.
n connection with the seasonal changes in the distribution of the Coastal

water it is of interest to compare the conditions off Kogur in late autummn 10
those in midwinter. In October 1o November the winter convection has started
and the water is rurned over, In November (Fig. 110) the homogenized water
column must contain Coastal water Irom the symmer which reduces jts salinity.
In February to March this water las been carried away from the area and the
Coastal waler now does not extend as far from. the coast as in summer. Besides,
+the run-off from land may be reduced because of freezing. Tt is therefore not
surprising to find in midwinter higher salinities and temperatures in the deeper

Tn swmmer when th
mited to the thin surface lay
from the coast. In winter when
1 not be confined to the surf
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part of the coastal area than were found in November, and they do not have to
be connected with increased inflow of Atlantic water,

Due to this seasonal difference in “lateral oscillation” of the Coastal water
(cf. HELLAND-TlansEn and Nansen 1909, p. 258) one would expect an inverse
relation between the surface salinity and the bottom salinity at inshore stations,
This is roughly indicated in Fig. 116 which shows the seasonal variations in
salimity at surface and near hottom at station S-1 (66° 16’ N, 18° 50’ W). Here
the surface salinity is generally highest in winter, the reverse being true for the
salinity at 50 meters,

CFILE r
i 4P APEDIATEN 1y 52
el invtv, «u i o

7
)

Fia. 115, The difference in location of the boundary between coastal water and oceanic water
in summer and in winter.

‘The mean monthly run-off from the river Kolka in SkagafjorSur &uriﬁg the
period September 1953 to August 1955 is shown graphically in Fig. 116 (top).
The anmual cycle in the run-off of this river may be considered as characteristic

for the region Skagafjordur—EyjafjorSur.! The monthly precipitation is also
shown graphically in Fig. 116, calculated as the mean value for the two me-
teorological stations Sighuines and Grimsey.

The precipitation is greatest in summer and autumn but smallest ir winter
and spring.? To a certain extent the seasonal fluctuations in the drainage from
land show similarity to those of the precipitation. However, all direct run-off
rivers have rich water flood in spring when the snow thaws. At this time (see
Fig. 116) the precipitation may be at a minimum. In late summer the run-off
decreases considerably, bul may increase again in autumn due to increased
precipitation. When winter sets in direct run-off from rivers begins to decrease
and diminishes steadily during the frost period (Risr 1956, p. 74).

As indicated by Fig. 116 (bottom) there is a distinct negative correlation be-
tween the surface salinity at the coastal station and the river discharge, where-
as the negative correlation between the surface salinity and the precipitation is
decidedly less, Thus the run-off from the land has a greater effect on the sali-

1} Information from the State Electricity Authority, Hydrological Survey,

2} According to verbal information from Mr. ¥, Sicurnsson of the Meteorclogical Office,
Beyljavik, the precipitation measurements may not be reliable in winter. He beheves the pub-
lished values to be in gensral somewhat too low for that season,
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Tie. 116. Variations in precipitation, run-off fro_rﬁ the river Kolka, and solinity at the coastal
station S—1 from September 1953 1o August 1955.

nity of the Coastal water than the amount of précipitation. A counsideration of
the relative magnitude of the precipitation in the coastal region as compared
with the river discharge will also lead to this result, The mean annual precipita-
tion in the North Icelandic coastal area for the period 1931-1955 amounts to
about 500-600 mm.! The drainage area for the region between Koégur and
TLanganes amounts to 39.000 km? (Rist 1956, p. 38). If the mean run-off to the
north coast of Iceland is estimated to be 50 liters sec. km2 (op. cit., p. 124), the
mean flow for ihe north coast area will be approximately 6.2 - 1029 m3 - year1.
IE the run-off from the land does not extend farther offshore than, say 100 naut.
miles, which does not seem likely, the run-off from the north coast would be
contained in a sea area of Approximately 60.000-80.000 km2, This would cor-
respond to roughly 900 mm precipitation if the run-off water were equally
riixed over the whole area. This, however, will certainly not be the case as the
concentration of fresh water will decrease in an offshore direction, So the con-
clusion must be that at the inshore station, which is located only some 7 naut.

1) Information from the Meteorological Ofﬁée, Reylkjavik.
23
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miles off Siglunes, the surface salinity must depend much more on fluctna.
tions in the direct run-off than on fluctuations in the precipitation.

In the foregoing considerations only precipitation and run-off have been
considered. Data on evaporation from this region are very limited, According
0 SvERDRUP (1946, p. 119) the amount of evaporation in higher latitudes ig
largely determined by the difference between the sea and the air temperature,
Off the north coast of Tceland the sea temperature is several degrees higher than
the air temperature in winter, the reverse being true for the summer season
(StERANSSON 1954 g, p. 6, and 1954 b, Fig. 12). In agreement with this the fro.
quency of fog during the summer months is much greater than in winter in the
North Icelandic coastal area (Vedrdtian 1949, p. 56}. Hence the evaporation
in Noth Icelandic waters is probably less in summer than in winter in spite of
higher water temperature.

6. DISCUSSION

From the results described in the preceding sections it will be evident that
there exists an annual cycle in the distribution of Atlantic water. The relative
quantity of this water, at any rate at intermediate depths, seems to increase
during spring and reach a maximum eastward extension in autumn when its
influence in the western part of the area seems to be markedly reduced. Thus
it appears that the relatively great quantities of Atlantic water off Langanes in
November are the remains of an influx having a maximum in summer but be.
coming rediiced in autumn, The changes in the distribution of Atlantic water at
the end of summer might therefore be explained as being due 0 a reduced in-
flow of Atlantic water or increased admixture with other water components.

It might seem possible to explain the results found as being due to increased
vertical mixing at the end of summer whereby the presence of Atlantic water is
masked. However, the distinctly greater difference between the mean tempera-
ture of the western part and the eastern part of the area in winter and spring
than in summer and autumn, indicate a seasonal change in the Atlantic in-
fluence. Another argument that may be advanced is the fact that the mean sali-
nity changes seasonally. Let us return to this feature which was illusirated in
Fig. 104. The curves at the top illustrate the mean salinity of the whole water
column from surface to 400 meters at station S—3 (dotted line) and the average
for §-2, S-3 and S—4 (broken line). The general trend is obviously an increase

in the salinity during spring with a maximum in sumumer, and a decrease at the
end of summer. These salinity variations cannot be explained by differences in
evaporation and precipitation (see above), so it must be concluded that there
exists an annual eycle in the relative quantity of Atlantic water, the Atlantic com-
ponent being greatest in late spring and summer, but smallest in early winter.
However, this conclusion alone does not necessarily imply a seasonal varia-
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tion in the inflow of Atlantic water. Thus it should be noted that, whereas the

salinity variations at the near-shore stations off Siglunes indicate a maximum
Atlantic influence in early summer, June-July, the volume transport calcula-
tions for the sections off Kégur and Slétta generally yield higher values for
August than June. The reason for this apparent discrepancy could be the greater
precipitation in late sunumer than in spring. The increased stratification dur-
ing summer might also be of importance (see later).

Let the composition of the water masses along the north coast of Iceland be
represented by the following equation: ;

ga-SatqeSetqga- Sg:flt -8,
where q; denotes the quaniity of the respective water masses and S; their sali-
nity. The subscripts A and C refer to Atlantic water and Coastal water respec-
tively, R refers to water masses other than these two and { stands for the total.
Let us consider how the different terms of the equation affect the magnitude

of S, the mean salinity,

Coastal water usually denotes Atlantic water or any other water mass di-
luted by fresh water from the land. For the sake of simplicity, however, go n
the equation above denotes fresh water and hence 8= 0. As was shown in the
last section the precipitation is greatest in late summer and autumn and smallest
in winter and spring, whereas the direct run-off from land has a maximum in
summer and a minimum in winter. Therefore, neither the seasonal changes
in the precipitation nor in the run-off can explain the higher mean salinity in
summer than in winter.

On the contrary, the decreased quaitity of Coastal water in winter when
a great deal of the precipitation will be bound on land in the form of ice or
snow will tend to increase the mean salinity. In this way the secondary maxi-
mum in the mean salinity in the winter of 1954-1955 (Fig. 104) may probably
be explained. During that winter the frost was more severe than in the year
before as seen from the air temperature. Therefore more fresh water was bound
upon land and the run-off was indeed very small (Fig. 116). That this weak
salinity maximum is the result of reduced run-off from land and hence an in-
creased proportion of Atlantic water is supported by the temperature curve
for 10 meters at station S-3 (Fig. 104). The temperature in January 1955 was
practically the same as it was in December although the air temperature drop-
ped suddenly during this period, and in February 1955 the temperature was
only skightly lower than the year before in spite of much lower air temperature.
The wind observations at the nearby meteorological stations Grimsey and Siglu-
nes do not indicate more westerly winds during December and January 1954/55
than 1953/54. The density distribution in the Siglufjérdur section in January
and February 1955 certainly does not indicate an increased easterly current
component (Fig. 118). On the contrary, during the whole observation period
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these two months are those with the smallest difference in dynamic height
(400-0 meters) between stations S-2 and S-4. The explanation offered here
therefore appears the most plausible one.

From the afore-mentioned considerations it will be clear that the annual
cycle in the relative quantity of Atlantic water cannot be explained on the basis
of seasonal variations in the volume of the Coastal water. However, it might
seem possible to seek the clue to the lower mean salinity in winter in the dif-
ference between the distribution of the Coastal water in winter and summer,
Conversely the higher mean salinity in summer might conceivably be explained
on the assumption that only a part of the Coastal water is contained inside sta-
tion S—4, the rest of it being carried farther north.

It seems doubtful if the seasonal variations in the relative quantity of At
lantic water can be expiained in this manner, In the first place, it was shown
on p. 176 that the total amount of Coastal water is probably considerably
greater in spring than in winter. Therefore, the increased offshore exlension
- of Coastal water in spring and summer would have to affect the mean salinity
more than does the actual amount of fresh water. Secondly, this lateral oscilla-
tion of the Coastal water can hardly explain why the layer of Atlantic water
first appears in the western part of the coastal area, where the stratification is
always less, and then gradually moves farther east reaching the easternmost
part in late summer. Thirdly, if the seasonal difference in the disiribution of
Coastal water did explain the apparently less Atlantic influence in winter, one
would expect to find a markedly greater increase in the mean salinity away
from the coast in winter than in.summer. However, except for the months
September 1953 and October and November 1954, the mean salinity at stations
$-0 and S—4 was almost identical during the two years period. At the time of
maximum salinity in the early summer of 1954 and 1955 the Atlantic water
occupied the surface layers at stations S--3 and S—4 and the same was true of sta-
tions situated near the core of the North Icelandic Irminger Current in the sec-
tions off ITunafléi and Kégur, At this time, therefore, all the Coastal water must
have been confined to the shore-side of the Atlantic water, and hence a parl of
it could not have escaped north of stations S-3 and S-4. Later in the summer,
however, when the mean salinity was found to be less, the Coastal water ap-
pears to have reached its maximum offshore extension, The conclusion from
these arguments must be that, aithough the distribution of Coastal water un-
doubtedly undergoes seasonal variations in the manner described, such varia-
tions cannot be responsible for the miarked seasonal changes in the relative
quantity of Atlantic water. )

T.et us next consider the oceanic water masses other than Atlantic water.
These have a lower salinity than the Atlantic water, and therefore either a sea-
sonal change in their salinity or their magnitude will affect the mean salinity.
The salinity of these water masses will not change appreciably with the seasor,
except for the Polar water whose salinity will decrease in summer. Such a
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the mean salinity, However, the admixture
—4 appears at all seasons to be almost in-
significant. '

On the basis of the available data it is not possible to prove whether the in-
flug of Arctic water from the north changes seasonally. It was pointed out pre-
viously that as the autumn overturn cools and dilutes the Atlantic water layer
in the SiglufjérSur section from ahove, it also appears to be reduced from below
by Arctic water having moved in. A similar process takes place in other parts
of the area as indicated in Fig. 117 which shows the vertical variations in tem-
perature and salinity at a locality north of Slétta on the 14th of September and
the 31st of October 1953, This process could be explained either by a decreased
Atlantic influx or an increased influx of Avctic water or the combined effect of

both. But if the Atlantic influx to the area north of Teeland vwere constant the

observed changes in the mean salinity would imply a greater influx of Arctic

water and hence an increased easterly current in winter. The density distribu-
sion indicates that such canmot be the :

Seasonal variations in the salinity o
north of Iceland are not known to exist.
he that the seasonal variations in the relative gqu
to variations in the Atlantic current component.

The density distribution indicates that the east-going current comporent is
strengthened in summer, not only in the region near the coast but also along
tha slope.

The difference in dynamic height of the surface relative to 400 decibars be-
tween stations S-2 and S-4 at various observational dates is shown in Fig. 118.
The seasonal changes in the difference of the dynamic height indicate a stronger
t component between stations S—-2 -and S—4 in summer and

case.
¢ the Atlantic water entering the area

The final conclusion must therefore
antity of Atlantic water are due

cast-going curren
weaker in winter.

From Fig. 107 it is evident th
all depths between the surface an
Similar seasonal changes must be presumed to take place
insular shetf. North of the Teelandic submarine terrace, however,
changes in density will be mostly limited to the surface layer above the thermo-
cline, whereas at depths below 50-75 meters the density will probably be simi-
lar in summer and winter. Thus observations made in April 1957 in the area
between Slétta and Siglunes north of 68° N showed femperatures at 50--140
meters similar to those usaally found in June or August in that region. From

this it follows that the mean density of the water column in the shelf area will

be reduced to a greater extent during the summer season than that of the water

column in the area north of the slope. This indicates a stronger east-going cur-

cent across the region in summer than in winter.
Now the question arises as to which are the causes of the seasonal varia-

tions in the North Icelandic Irminger Current, 1t will 110t be attempted to give

at the density is reduced during summer at
d 200-300 meters at stations S-2 and S—4.
in other parts of the
the seasonal
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Tia. 117, Vertical variations in temperature (broken lines) and salinity (solid lines) at a station
north of Melrakkasiétia 14/9 and 31/10 1953.

a complete answer fo that question here. However, let us briefly consider
some of the possible causes, :

It is well known that the winds are very variable in the vicinity of Iceland.
Yet the mean pressure distribution (e.g. the 19311960 mean) indicates a de-
finite seasonal variation, viz. increased SE-winds in winter but less frequent
SE-winds in summer. These changes, however, are very small, whereas the
differences from one month to another may be great and irregular. Therefore,
it seems hardly possible that the relatively regular seasonal change in the At-
lantic influx to the region north of Iceland results from seasonal variations in
the prevailing wind system.

It must be presumed that the warming up in summer will have a greater
effect on the coastal water than on the Atlantic water. The density of the coastal
water will therefore be lowered to a greater extent in summer than that of the




oo

at a station

consider

' Iceland.
tes a de-
frequent
ereas  the
herefore,
1 the At-
ations in

a greater
1e coastal
at of the

NOBTH IGELANDIC WATERS 183

oy vVl Vit v X

oIV v1oviE vin IX X X1 Xl l_

I S N '
1953 1954 i955
surface relaiive 10 the 400 decibar surface

Fro. 118. Difference in dynamic height of the sea
petween stations §-2 and 94 at various observational detes during the period Sept-
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sity distribution will cause a stronger

Atlantic water, This change in the den
t of the coastal area during the sum-

east-going current in the shallower par

mer seasomn. :
Here should also be mentioned the theory advocated by Krauss (1955) that

the source of energy for oceanic currents in high latitudes is the field of mass

maintained by the run-off of fresh water along the coast. Although it may be

doubtful that the fresh water afflux can account for the quasi-permanent oceanic
¢ Corrent (cf. SFELEN 1959, p. 9)

circulation, such as the Norwegian Atlanti

it seems likely that coastal currents such as around Iceland are largely main-

tained by the fresh water afflux along the coast. As this afflux is increased in
spring and sumimer, it maust be presumed that the coastal current is streng-
thened during these seasons. This increased coastal circulation may in turn
accelerate the movement of the Atlantic water farther offshore.

With the increased stratification in summer the frictional forces will be-
come less. Conversely, in winter the stability becomes smaller and friction 1s
increased, whereby the current will be weakened. The variations in stability
may thus play an important role in creating seasonal variations in the strength
of the current, but a further study of this phenomenon is beyond the scope of

this paper.




XII1.
ANNUAL VARTATIONS

In the region north of Iceland where the conditions are governed by com-
plex hydrographical factors, greal year {o year variations have been observed
in the surface layers as well as at intermediate depths,

Numerous investigations have revealed a general increase in the sea surface
temperature of northern waters in recent decades. Tn the North Icelandic coastal
area the surface temperature fluctuated somewhat irregularly until 1920, In
the twenties a marked increase was observed in the sea surface temperature cul-
minating between 1930 and 1940 (Fig. 119). The rise in temperature was es-
pecially conspicuous in the eastern part of the North Icelandic coastal area
(SmEp 1949, p. 11; STEFANSSON 1954 a, p. 25). Similar changes have undoubted-

ly also occurred at subsurface depths, but the material at hand is in general too
sparse to prove them. '
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Fio. 119. Variations in the anmual mean sea surface temperature ot Grimsey in consecutive 30
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Numerous examples of the differences between years in the horizontal dis-
tribution of temperature and salinity in North Icelandic waters may be seen by
consulting the author’s reports in Annales Biologiques for the years 1951-1960.

As an example of horizontal variations Fig. 120 shows the year to year
variations in the distribution of temperature at 50 meters. The observations
are from May-Jure 1950 and 1952-1960. Of the 10 years under considera-
tion 1960 was the warmest, but 1954, 1955 and 1957 were also warm years.
24
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1959 was moderately warm, especially in the western part of the shelf, Tha
years 1950, 1952 and 1953 were moderate or rather cold in June; 1956 wag
rather cool in the western part of the area, but relatively warm in the eastern
part, whereas 1958 was an abnormally cold year. In the Hinafléi region the
temperature conditions were quite complex in early June 1958 in the surface
layers as well as at subsurface depihs.

1. ANNUAL VARIATIONS IN THE EXTENSION OF DRIFT ICE

The occurrence of drift ice at the coast of Iceland has a pronmounced in-
fluence on the climate in the country. During the last century heavy ice years
were frequent, with the result that all navigation along the north coast was
blocked and farming suffered greatly.
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Fis, 121. Variations in the frequency of drift ice in winter, spring and sunvmer. Broken line

shows temperature variations in the western area (21°—24° W) in surmmer (After
Stefdnsson 1954).
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F16. 192, The position of the ice limit in June 1950—1960.

Since the beginning of this century the ice conditions at Tceland have been
improving, and in recent decades drift ice has rarely been observed in the coastal
area except for occasional scattered floes. Studies on the annual and seasonal
variations of drift ice (Stewinssonw 1954a, pp. 21-23) reveal a distinct de-
crease in ice frequency shortly before the turn of the century and again in the
twvenrties. The mean values of the frequency of drift ice at the northwest coast
of Tceland for the period 1901-1930 are as follows: winter 6 days, spring 14
days, summer 7 days and the entire year 27 days {see Fig. 121). During the
last three decades the mean freguency for the whole year has been less than
2 weeks, _

In spite of the general improvement of the ice conditions the extension of ic
on the Iceland—Greenland Ridge and north of Hunafléi may be quite variable.
Tn some years the drift ice limit is in May-June located midway between North-
west Tceland and Greenland, whereas in other years it may be only few miles -
off the coast of Iceland. This is apparent from Fig. 122 which shows the ice
limit in June in the years 1950-1960. Of these the years 1952, 1954, 1955 and
1060 were favourable ice years whereas in June 1953, 1956 1957 and 1958 the
ice limit was only some 30 miles off the coast.
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As was mentioned previously, the drift ice has normally much less exten.
sion in summer than in spring. Very often, however, the ice conditions may he
quite different from what is indicated on the mean charts. Thus in July 1949
the ice limit was only 30-40 miles off Kdgur, but in August that yvear no drifs
ice was observed at a distance of 80-90 miles off the coast. In early July 1951
the ice was located farther off the coast than was found about the middle of
August. In 1956 the ice conditions were also abnormal, drift ice being observed
in the western part of the coastal area throughout the summer, Usnally, how.
ever, the shelf area north of Iceland is icefree during July and Angust as was
the case in 1954, 1955, 1957 and 1958. In September, the whole area between
Northwest Iceland and Greenland is normally practically icefree.

Low surface temperatures and salinities, especially in the western part of
the area, are usually associated with the nearness of the ice limit. The cooling
effect will be particularly marked in spring and summer, as will be apparent
from Fig. 121 (bottom).

The northward extension of Atlantic water will naturally be less in heavy
ice years, In Fig. 125 the course of the 35.0%, isohaline is shown for June in
different years in a vertical section north of Siglures. In the favourable ice
vears 1952, 1954 and 1955 the 35.0%, curve is seen to extend farther to the
north than in the years when the drift ice was observed farther east. However,
the influx of Atlantic water to the North Icelandic grounds does not appear to
have a relation to the position of the ice Himit, Thus in June 1956 and 1957 the
Atlantic influence was unusually pronounced in the eastern part of the North
Icelandic coastal area.

2. ANNUAL VARIATIONS IN DIFFERENT REGIONS OF THE SHELF

Since 1924 observations have occasionally been carried out at a few fixed
stations in the North Icelandic coastal area. The most intensively investigated
of these are 3 stations on the section northmnorthwest of Kégur, 3 stations north
of Siglunes and 3 stations east of Langanes (cf. chapter VIII), The tempera-
ture and salinity deviations in different years at these stations are shown in
Tables I-XXIV in the Appendix. The deviations were calculated from the mean
of the observations made up to 1960. Only variations from the summer season
are here considered, as the observational data from other seasons are very limited.

Another way of studying year to year variations is to compare sections from
different years. For assessing variations in the Atlantic influx this method is
more relinble as the horizontal as well as the vertical distribution of tempera-
ture can be measured. However, only recent years’ observations are extensive
enough to make such a comparison possible.
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1927, 1947 and 1957. Otherwise deviations in July were small. Tn August negg.
tive deviations predominated at K1 and X2 in the years 1934, 1949, 1954 anq
1958 but positive deviations in 1933, 1939, 1948 and 1955. The salinity is seen
to fluctuate in a similar manner as the temperature, especially at subsurface
depths. This was to be expected, considering the close correlation between tem-
perature and salinity previously mentioned.

Figs. 123-124 show the variations of temperature and salinity with depth at
station K-3. At this station the conditions may be quite variable in the surface
layer depending upon the nearness of the drift ice. Thus very low surface sali-
nities and low surface temperatures were found in June 1936 and 1953 and in
August 1933, 1939 and 1956. In the deeper layers considerable variations may
be found in June, especially near the botiom, where the difference between
observations from individual years may exceed 3° in temperature and 0.30%,
in salinity. The lowest June temperatures were found in 1926, 1952 and 1953,
the years 1924 and 1959 were also cold at depths greater than 100 meiers,
whilst in the years 1954, 1955, 1957 and 1960 the deeper layers were found to
consist of nearly undiluted Atlantic water. In August the conditions are found
to be generally very uniform at depths greater than 100 meters. The year 1955
is here an exception, the bottom temperature being about 1° lower than in the
other 12 years, '

Middle area.

The variations in temperature and salinity at the three stations north of
Siglunes (8-1, 5-2 and S-3, see Tables X-XVIII) may be considered as re-
presentative of year to year fluctuations in the middle part of the coastal area.

The lowest June temperatures at all three stations were observed in 1924, but
other cold years were 1952 and 1958. The highest June temperatures were found
in 1936, 1954, 1955 and 1960.

"The course of the 4 isotherm in late May 1950 and June 19521959 in the sec-
tion north of Siglunes is shown in Fig. 126. The cross-sectional area of water with
tentperatures above 4° in the different years was measured with a planimeter,
and the results are shown in Table 14, where the size of the areas is expressed
as the fraction of the area determined for 1959. The table also contains the cor-
responding ratios between the areas confined by the 35.0Y%, isohaline in dif-
ferent years, shown in Fig. 125. The observations in 1950 were carried out on
May 30th-31st, whereas those of 19521959 were made during the period June
3rd to 16th.

According to Table 14, 1959 was the warmest of the 8 years compared,
1955 rates as the second and 1954 as the third; 1958 was by far the coldest.
Usually, high salinities correspond to high temperatures. Thus the extension
of water with salinity above 35.0%, was greatest in 1954, 1955 and 1959, which
were the warmest years in June in this region. However, there are notable ex-
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ceptions such as 1052 when low temperature coincided with relatively high

salinity and vice versa, as was the case in 1957, but the difference in salinity
bably be ascribed to the ice conditions. Only

between these two years may pro
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Hio, 126, The course of the 4° isotherm in May 1950 and June 19527959,

and S-3, the year 1956 was by far the coldest year in August, but other years
with notably low August temperatures were 1927 (at S-2) and 1949, Excep-
tionally high teraperatures at all depths were found in 1939 and 1960, whilst
1948 and 1955 were moderately warm years,

TABLE 14.
The areas confined by the 4° isotherm and the 35.0%, isohaline in the section off Siglunes
in June in different years.

Expressed as the fraction of the area determined for 1959,

YEAR AREA WITH AREA WITH
TEMPERATURE > 4° SALINITY > 35.0%,

150 ..., 9,58 0.42
1952 .. . 0.35 0.50
1953 oo (LX) 0

1954 ... 0.80 0.68
5. 0.85 0.84

1956 ... ..., 048 0.04

1957 ..o 0.73 019

188 ... G011 0

1959 ..o, 1.00 1.60.

0.59

Mean ) )

0.41
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Fasiern area.

For studying the influence of Atlantic water in the vertical section Langa-
nes—Jan Mayen, the areas enclosed by the various isotherms and isohalines in
the different years were measured with a planimeter. As the Atlantic water does
not at any time extend appreciably beyond the slope, only the first 70 miles of
‘the section were considered. The results are expressed in Table 15 as the per-
centages of the total cross-sectional area between the surface and 300 meters
from Langanes to a distance of 70 miles offshore.

From Table 15 it is evident that of the 9 years considered, Atlantic influence
in the eastern area in June was greatest in 1954, 1956 and 1957; in June 1953
the Atlantic influence was almost insignificant, and also quite small in 1952,
as judged by the temperature distribution. In Tuly 1949 the influence of Atlan-
tic water must have been abnormally small in this region, as the temperature
and the salinity were even lower than nofmally found in June.

TABLE 15,

Perceniuges of the cross-section through the region northeast of Langanes enclosed by the
" parious isotherms and isohalines in July 1949 and June 1950—1538.

e e T

8 %, _ t°
YEAR e A - A —_—
: <348 348340 >349  <2° o0 >3°
1949 ... 475 44,7 7.8 69.6 103" 0.1
1950 L .oaehnns 3.7 93.8 25 65.1 22.6 12.3
1952 ...iaien 6.3 72.7 21.0 884 10.0 18
5 1:57; SN 301 69.0 09 752, 133 115
1954 ..o eeenin 133 52.5 34.2 451 187 36.2
1955 ... ie..... 13T 71.6 14.7 527 - 145 32.8
1956 .ieieinns 19.3 16.2 64.5 40.6 256 338
1957 woeernnes 4.8 3.2 320 441 26.1 29.8
1958 . .veinnins 3.7 90.8 5.5 62.0 24.0 14.0

Mean ... ‘,, 158 - 63.8 26.4 160.3° 18.3 214

At the fixed station L—1 east of Langanes (Table XIX) positive tempera-
ture anomalies predominated in June 1936, 1953, 1954, 1956 and 1957, but
negative anomalies in 1924, 1926, 1952, 1955 and 1958. At L2 and 1-3 (Ta-
hles XX-XXI) the year 1952 was by far the coldest, but negative iemperature
anomalies were also found in 1937, 1947 and 1950. The highest teroperatures
were found in 1954, but positive anomalies also predominated in 1936, 1956

_ and 1957, In 1953 the temperature was above normal in the surface layers,
but below normal at subsurface deptbs. ' '

In July only a few observations have been carried out in the section east of
Langanes except at the coastal station, -1, Here the temperature was found to be
Jow in July 1932 and 1933, but high in 1947. AL1~2 and 1.-3 1947 was definite-
ly warm in the surface layer, but 1951 was a cold year in the deeper layers.

25
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In August (Table XXII) the highest temperatures at T~1 were found
1947, whereas 1931, 1948 and 1949 were abnormally
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Tt is of interest to compare the magnitude of the variations in different
onths and in different regions, Table 16 shows the standard deviations of the
an temperature at various depths in June and August at 3 different Jocalities;
TK_3 (66° 53 N, 23° 10 W), 5-2 (66° 24/ N, 18° 50/ W) and 1,-3 (66° 22’
13° 35’ W). The results are taken from Tables ITI, IX, XI, XVII, XXI

TABLE 16,
Standard deviation of the mean lemperatire at different localities north of Iceland.
.
~ JUNE AUGUST

LOCALITY  — % . — N X

0m 50 00 200 om 50 180 200
[

-3 ...... 0.56 0,12 014 0.40 0.44 045 0.08 01t

82 ... 0.24 0.26 0.23 019 034 - 018 0,16 017

-3 ...... 0.48 0.24 015 0.21 0.27 0.39 .26 0.24
4__-—-—-—-“.
" It will be seen that near the surface the year to year variations are greatest

-3 in J :. . s . il . .
e at K—3. This is due to the influence of the drift ice as previously mentioned.

The variations at K—3 and S-2 are found to be similar in the deeper layers bt
somewhat smaller in August than in June. In the eastern area (I-3), however,
e temperature {and salinity) variations are decidedly greater in August than
in June. Furthermore, in late summer the difference between years is greater
off Langanes than off Kégur on the northwest coast. Considering the seasonal
¢hanges in the Atlantic influx previously mentioned these differences are not
urprising. As early as June the Atlantic component in the region off Langanes
1as generally not increased appreciably from what it is in late winter. Therefore
e differences between years will be small at this time of year. In late summer,
owever, after the maximurn influx is reached, the quantity of Atlantic water at
ntermediate depths in the easternmost part of the region may be quite yariable

om one year to another, depending upon the sirength of the influx. Once mMore:
we have an example of the imaportant part played by the Atlantic water in main-
taining the relatively high temperature of North Icelandic waters.

rs) and 1958,

Corollary.

The main results discussed in this section are summarized in Table XXV
in the Appendix. It covers the periods 19241939 and 1947-1960. The table
contains information on the ice conditions May-August, the air temperatuar®
May—August, and the sea temperature June-August. The region north of Ice-
land is here divided into three areas: the western area west ol 21° W, the
middle area between 17° and 21° W, and the eastern area east of 17° W. The
different years have been given characters 1o indicate the ice conditions an

in August‘_
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the temperature of the air as well as the sea. The frequency and extension of drift
ice in North Icelandic waters is indicated by the numbers 0—4, These denote.

0. No drift ice or ice bergs reported in North Icelandic waters. The meay

ice limit probably more than 60 miles off the northwest coast.

A few growlers or ice bergs reported in the coastal area,

2. Frequent occurrence of small floes, growlers or ice bergs in the coasta]
area.

3. Ice floes extending over large parts of the coastal area, at times imped.
mg navigation.

4. Compact ice close to shore over most part of the North Icelandic coasta]
area during the whole month.

e

During the period covered by the table the occurrence and compactness of
drift ice has never been greater than that indicated by number 3, whereas the
heavy ice years before 1920 would have been denoted by number 4. The ice
conditions were judged according to the ice reports published in the Dgnish
Meteorological Annual and Vedrdattan and recent reports by Eyporsson (1953
~1958). '

As a measure of the air temperature the monthly means at the three meteoro.
logical stations Kjérvogur (65° 59 N, 21° 23" W), Grimsey (66° 32/ N, 18° 0y
W} and Raufarhéin (66° 28' N, 15° 57''W) were used.! Tn the few instances
where observations were missing calculated values were used. These were de-
termined by comparison with the results from neighbouring localities.

The means for each month were compared with the 1931-1960 normal
(Vebrdattan 1931-1960). The air temperature was considered normal if the
monthly mean deviated less than 0.5°C from the normal; high if the tempera-
ture was 0.5° to 1.5° ahove normal; and exceptionally high if it was more than
1.5° above normal. Conversely, it was considered low if it was 0.5° 10 1.5° be-
low normal; and exceptionally low if it was lower than 1.5° below normal. The
signs used o characterize the temperature are as follows:

+ - denotes exceptionally high temperature.
+  denotes high temperature.

0  denotes normal temperature.

—  denotes low temperature.

—— denotes exceptionally low temperature.

‘The sea temperature was judged from the available hydrographical data.
In many instances, however, the data were either very limited or missing alto-
gether. Therefore, sea temperature normals could not be calculated for the
period 1931-1960. The differences between years were judged on the basis of

1) Observations at Kjdrvogur were begun in 1934 but prior to that time they were carried
out at the nearby locality Graenhdll (65° 59’ N, 21° 22/ W),
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the mean values for the fixed stations off Kogur, Siglunes and Langanes (Tables
I-XXIV) and/or the mean temperaﬁzré charts for 50 and 100 meters. The
different signs denote roughly the same femperature intervals as used for the
air temperature. The surface layers here refer to 0-50 meters and the inter-
mediate layers to 50-200 meters.

Owing to the limitations mentioned, the estimation of the sea temperature
variations will be less satisfactory than that of the air temperature. It is thought,
however, that the table gives a trustworthy picture of the main year to year
variations,

In the 30 years here considered the ice conditions have generally been fa-
yourable during spring and summer. In the years 1028, 1932, 1937, 1938, 1949
and 1956 frequent occurrence of drift ice floes in the coastal area were reported
in May and June. In July and August drift ice was rarely observed. However,
in Tuly 1937 and both July and August 1929 and 1956 small ice floes, growlers
or ice bergs were noted, Only in three instances, ie. July 1929, May 1938 and
May 1949 the extension of ice was so great in Tcelandic waters as to be de-
signated by number 3.

Abnormally low air temperatures persisted throughout most of the summer
in 1024, 1938, 1952 and 1958. The lowest May temperatures were observed in
1949, but other abnormally cold years in May were 1924, 1938, 1948, 1952
and 1958, The lowest June lemperatures were found in 1924, 1931, 1938 and
1952, the lowest July temperatures in 1924, 1932, 1938 and 1958, and the
lowest August teraperatures in 1924, 1929, 1956 and 1958, High air tempera-
ture prevailed during the summers of 1933, 1936 and 1939. The highest May
temperatures were in 1935, 1936 and 1939, the highest June temperatures in
1033, 1936, 1939 and 1953, the highest July temperatures in 1926, 1927, 1933,
1947 and 1955, and the highest August temperatures in 1939, 1947 and 1955.

If we divide the 30 years into four periods, viz. 19241931, 1932-1939,
1047-1953 and 19541060, the first period will be the coldest as regards the air
temperature, with 3 of the years definitely cold and no exceptionally warm
year. The second period will be the warmest with only 1 definitely cold year
but 3 exceptionally warm years. In the third period there is a trend towards
lower temperatures again, with 3 of the years definitely cold but only 2 warm
years, whilst in the fourth period only 1 year was exceptionally cold but 3
years were definitely warm,

The sea surface temperature is seen to fluctuate in a similar manner to the
air temperature (cf. STEFANsSON 1954.a, pp. 11-12) and a similar trend is also
indicated for the deeper layers. Considering the summer season as a whole
the years 1924, 1930, 1932, 1938 and 1949 may be characterized as excep-
tionally cold, and 1936, 1939, 1947 and 1960 as exceptionally warm. The years

1952 and 1958 may be considered as definitely cold, the years 1933, 1035, 1955
and 1957 as definitely warm, whereas the other 15 years may probably be con-
sidered as normal years. :
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3. RELATIONSHIP BETWEEN THE INFLUX OF ATLANTIC WATER
AND METEOROLOGICAL FACTORS

Considering the complexity of the water masses found in the sea area nort}
of Iceland, an analysis of the possible causes of the year to year variations may -
be very difficult.

The factors most likely to affect the conditions in the North Icelandic shelf
region are 1) variations in the extension of drif ice, 2) variability in the
strength of the North Icelandic Irminger Current and 3) variations in ajp
temperature and/or other meteorological factors,

As we have already discussed (p. 188) the temperature and salinity of the
surface layers north of Iceland, especially in the western part of the shelf
region, will largely depend on the nearness of the drift ice. A distinct correla-
tion was therefore found to exist hetween the surface temperature in the
western part of the area and the frequency of drift ice at the northwest coast,
Also the surface salinity was found to be closely associated with the ice condi-
tions. However, the warming up of the surface layers north of Iceland will not
only depend on the location of the ice limit, but also on the influx of Atlantic
water from the southwest. As regards the conditions in the deeper layers the
influx of Atlantic water appears to be the dominating factor. '

A priori it would be expected that southerly winds would intensify the
flow of Atlantic water northwards along the west coast of Iceland. Conversely,
northerly winds in the region west of Tceland would be expected to reduce the
northward flow of Atlantic water. No direct measurement exists of the in:
tensity of the Atlantic inflow in spring but it could be estimated indirectly, Tn
the western part of the coastal area where the concentration of Atlantic water
is generally great at all times during spring and sunmmer the variations in the
influx do not manifest themselves clearly in the teraperature or the salinity
distribution. In the eastern part of the coastal area, however, the salinity as
vwell as the temperature at intermediate depths is quite variable, especially in
late summer (cf. Table 16), depending wpon the strength of the influx.

It was therefore decided to establish whether there was a positive relation-
ship between the mean salinity and temperature at intermediate levels in the
region east of Langanes in August and the wind conditions in the preceding
period. The distance from the region northwest of Iceland to the Bakkafléa-
djiip east of Langanes is about 300 miles. If we assume the average rate of the
coastal current to be about 3 miles a day (cf. chapter X), it will take a water
particle approximately 3 months to travel from the northwest coast to the re-
gion east of Langanes. Therefore, if our hypothesis is true, the effects of vari-
able wind conditions west of Iceland on the inflow of Atlantic water to the
North Icelandic shelf region, should be reflected in the hydrographic conditions

east of Langanes three months later. This supposition is indeed corroborated by
the existing data. '
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TABLE 17.

The relationship between wind conditicns and air temperature in May and hydrographic
conditions of the intermediate layers at L-3 in August,

o Frequency of Mean pressute Mean pressure .
Me;ﬁ tus;"_:] B{euﬁf?ﬁ:ﬁL—S N, NE and NW  difference differenea tens Al tare
59-200 m 5200 winds In Mey In May in Moy ey "
Stylkishoimur (Stykk.-Angm.) (Djtpev.-Siykk,)
t" 8 %o % Mb.  Mb. B

1934 3,51 34.86 35 -1.6 0.9 35
1935 475 35.00 30 1.2 11 6.2
1936 5,98 35.01 21 2.9 2.4 6.3
1938 3.95 34.89 40 -2.0 01 2.2
1939 4.95 35.07 12 0.8 16 6.4
1947 5.79 34.99 13 -1.6 2.9 51
1948 3.56 34.85 32 -1.9 01 2.5
1949 1.88 34.79 48 4.2 -39 0.4
1950 397 34.95 29 1.0 0.6 4.7
1951 3.88 3498 17 17 13 45
1954 5.49 © 3498 26 -22 1.2 45
1956 4,28 3494 30 -36 0.9 3.8
1957 4.36 35.00 - 36 2.4 2.4 4.0
1958 3.27 34.90 52 -31 -2.2 1.9
1960 497 35.05 a7 -2.8 3.0 5.1

Mean 4.34 34.95 29 -0.9 07 41

The relationship between the wind conditions in May and the hydrographic
conditions of the intermediate layers at L-3 (66° 22" N, 13° 35' W) in Aungust
is revealed by Table 17. It is evident that in those years when low salinities
and low temperatures were observed in August, northerly winds predominated
west of Iceland in May, whereas pronounced Atlantic influence was found in
years with infrequent northerly winds in spring. In a similar manner the mean
pressure difference in May between Ditpivogur and Stykkishélmur was found
to be positive in years with relatively high August sea temperature, but nega-
tive in years with relatively low August sea temperature. Although the pres-
cure difference between the east and the west coast of Iceland is not an accurate
measure of the southerly wind component along the west coast of Iceland, it
will probably be a satisfactory estimate. However, as the wind direction in the
vicinity of Iceland may very often be different from that found farther west
in the Irminger Sea, the pressure difference between Stykkishélmur and Ang-
magssalik will probably give a less reliable picture of the wind conditions along
the west coast of Iceland. In agreement with this only a weak correlation was
indicated between the hydrographic conditions east of Langanes and the pres-
sure difference across the Irminger Sea.

A closer examination was made of the relationship found between the hydro-
graphic conditions and the pressure distribution, To this end the mean tempera-
ture and the mean salinity in August at station L—3 were correlated with the




200 UNNSTEINN STEFANSSON

mean montiﬂy pressure difference between D
various months during spring and summer. T
tive if the air pressure was greater at Djapivo
at Stykkishélmur, A positive difference was therefore indicative of a net son-

therly wind comaponent, but a negative difference indicated a net northerly

component. The results are shown in Table 18, They are based on the 15 yeqys

with observations in August (cf. Table XXIV). It can be seen that there is 4
significant correlation between the hydrographical conditions in Angust east of
Langanes and the wind conditions in May, the correlation coefficient exceeding
the 0.19% level of significance. On the other hand the correlation coefficient is
not significant for the pressure difference in April, June, July or August,

TABLE 18.
Values of the correlation coefficient between the pressure difference
Stykkishdlmur) in various months and the mean salinity and temp
in August at station T.-3.

jipivogur and Stykkishélmur 3y,
he difference was taken as posi.
gur, but negative if it was greater

{Ap) (Dftpivogur minus
erature 50—200 meters

APRII, MAY JUNE JULY AUGUST

CADE 0.49 0.85 0.02 0.28 0.35
CAD S 0.39 07 004 0.20 0.20

Having established a relationship between the southerly wind component
.in May and the sea temperature and salinity at intermediate depths in Angust,
an investigation was made of the depth at which the southerly wind component
influenced the sea temperature or salinity to the greatest extent. However, in
the various depth bands the temperature and the salinity will usually be de-

pendent upon the conditions in the levels above or below. Tt can be seen {Table

19) that the association is similar for the surface layers as for the intermediate

layers as regards the temperature but not as regards the salinity. This result

is not surprising considering the complexity of factors affecting the surface
salinity.

TABLE 19,

Values of the correlation coefficient between the pressure difference (Ap) (D]'rlpivoéur minus
Stykkisholmur) in May and the temperature arid salinity in Auvgust at L-3 af various depths.

0-50m  50-100m . 75-150 m 100-200 m .. 50200 m

Apt L. e, . 08 0sr  oss 084 085
CAb.s. 037 - o2 0.78 0.77 0.79
A study was also made of the relationship between the wind conditions and o

the hydrographic conditions in the middle

part of the coastal area. The sea tem-
perature {the mean for 50100 meters)

ih_ June, July and August at station S-3
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(66° 32’ N, 18° 50" W} was correlated with the air pressure difference between
Djtipivogur and Stykkishélmur in various months.

The distance from the westernmost part of the North Tcelandic shelf region
1o station S—3 is roughly 120-140 nautical miles. If we assume the mean rate of
the coastal current to be 3 miles a day, the effects of variable winds west of Iceland
on the influx of Aflantic water to the region north of Iceland should be mani-
fested by the hydrographic conditions at S-3 approximately 114 month later.

TABLE 20.

Values of the correlation cosfficient between the mean monthly pressure difference (Ap)
(¢ Ditipivogur minus Stykkisholmur) and the sea temperature (50—100 meters) at 8-3.

Sea, MEAN PRESSURE DIFFERENCE IN No. of

Tempera- ,—— — A obser-

ture In April  April-Mey  May May-June June June-July July vations
June.... 054 0.74 0,56 0.47 0.19 . . 14
July .. .. .36 B A 0.72 0.6 018 . . 10
August . . . . 0.31 0.36 0.15 044 0.42 12

From the results in Table 20 it will be seen that a significant correlation
was found between ihe sea temperature in June and the pressure difference in
April-May and also for the sea temperature in July and the pressure difference
in May—June. Thus the best assoctation was found for a time difference of about
114 month. The results obtained are consequently in agreement with the sup-
position that the wind conditions west of Tceland may affect the influx of At-
lantic water to the North Tcelandic region. ‘

Tt should be noted that the correlation found between the sea temperature
at S-3 in August and the pressure difference was hardly significant. The fact
that the correlation coefficient was positive and greatest for June—July, might,
however, indicate a tendency in the sense of the relationship mentioned. In this
region pronounced Atlantic influence has always been observed in August and
year to year variations are relatively small. In this case the effect of the wind
might be obscured by other factors.

A number of trial correlations were made to investigate at which depth the
association was greatest between the sea temperature at S-3 and the pressure
difference. The best agreement was found for the depth band 50-100 meters.

The relationship found between the hydrographic conditions and the wind
appears surprisingly close considering the roughness involved in the correla-
tion analysis, Thus the tacit assumption is made that the hydrographic condi-
tions in August east of Langanes in the various years, as determined by observa-
Hions made at different dates during the whole month, are governed by the
mean value of the pressure difference in May. It seems likely that a more
distinct relationship would have been revealed by comparing the hydrographic
conditions and the pressure difference for various Hime intervals of shorter
26
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duration. Also, a better result might have been obtained by studying the
weather maps for the region west of Iceland. '

A study was made on the relation between the westerly or the easterly
wind component and the temperature at intermediate depths at station S-3
(66° 32" N, 18° 50’ W) in July in different years, From the records of the Tce-
landic Meteorological Office! the ajr Pressure was obtained for 3 times a day
at the meteorological station Vestmannaeyjar and Akureyri. The mean dif.
ferences in air pressure between these two meteorological stations were com.
puted for 10 days interval over the 60 days period prier to the working of the
hydrographical section. The result was that no significant correlation could be
foond between the hydrographical conditions north of Siglunes in July and
the pressure difference in the 60 days period prior to the working of the station,
This result does not, however, necessarily imply that there extists no relation
between the hydrographical conditions and the wind. The effects of the east-
west wind component might be obscured by other more important factors,
especially the south-north wind component off the west coast which seems to
be the most influential facior as regards the influx of Atlantic water.

In North Icelandic waters the sea temperature exceeds that of the air excepi
during the months June and Fuly when the air temperature is slightly in excess
{see e.g. STERANSSON 1961 b, p. 239). When the sea surface is warmer than the
air an appreciable convective transport of heat will take place. The heat trans-
port will be limited, however, when the air is warmer than the water, because
the cooled air causes a high stability close to the sea surface.

Generally, a correlation is found between the seq surface temperature and
the concurrent air temperature. This relation Is not very ¢close, however, since
the sea temperature will depend upon other factors as well, e.g. winds, vertical
and horizontal mixing, etc. '

A comparison of the air temperature in spring and the hydrographic con-
ditions at intermediate depths in late summer in the eastern part of the North
Icelandic coastal area, reveals an association between the two phenomena. This
will be evident if we compare colurnms 2, 3 and 7 of Table 17, Calculations of
the correlation coefficients show that a significant’ positive correlation exists
between the air temperature in May and the salinity or the temperature at
mtermediate depths east of Langanes in Angust. No sigmficant correlation was
found between the sea temperature in Auvgust-and the air temperature in June
or July, and only a weak correlation was found between the sea temmperature
in August and the air temperature in August, '

It should be remarked that the correlation coefficient, although highly signifi-
cant, does not indicate anything about the cansal association between the series
of numbers representing variations in the ajr temperature, sea temperature or

1) The material for this study is kept on file at the Teelandic Fisheries Research Institute
and will not be presented here.
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salinity. The explanation could simply be the fact that high air temperatures
are usually associated with southerly winds but low air temperatures with nor-
therly winds. The relation between the pressure difference (Djipivogur minus
Stykkishéhmur) and the air temperature was tested and a significant correla-
tion was found. However, an independent effect of the air temperature on the
inflow of Atlantic water seems also possible.

In the discussion of seasonal variations it was pointed out that the warming
up in spring will probably affect the Coastal water more than the water farther
offshore, with the result that the density of the Coastal water will be lowered
to a greater extent than that of the Atlantic water. This increased horizontal
density gradient was presumed to cause a stronger east-going current in sum-
mer than in winter i the shallower part of the coastal area. In vears with un-
usually high air temperature in spring, the warming up will be more intensive
and then, if our explanation is true, it follows that in such years the east-flowing

current will be stronger.

4. PRACTICAL APPLICATIONS

The relationship between the pressure difference (Djapivogur minus Stykk-
ishélmur) in May and the mean sea temperature 75-150 meters is described

by the regression equation

i75—150 — 414 4+ 0.5- APMay_

It is of interest to investigate whether this equation can with fair success
be nused to predict the mean temperature conditions in August from the air
pressure in May. The variance of a calculated value of the mean temperature
will depend on the uncertainty in the estimate of the regression line plus the
variance about the regression line {cf. Harp 1957, chapter 18).

For values of the mean pressure difference between — 4 mb and + 4
mb, the standard error of the estimate of the mean sea.temperature will be
+ 0.61° . -0.71°. The 959 confidence limits determined with the aid of the
t.distribution (FlaLp 1952, Table IV) will be = 1.31° —1.53°, It follows that
the sea temperature east of Langanes in August can be predicted with fair de-
gree of accuracy from the mean air pressure in May. Fig. 129 shows the regres-
sion line and the 959%, confidence limits as determined from the t-distribution.

A prediction was made of the temperature conditions east of Langanes in
August 1961 using the calculated regression equation. According to informa-
tion from the Tcelandic Meteorological Office® the mean pressure difference
in May 1961 between Djtpivogur and Stykkishélmur may be estimated to be
about —0.1 mb. This gives a calculated mean temperature of 4.1° at 75-150

1) Ohservations from Ditipivogur were laclking, but an estimated value was found from the
observations at the two nearby stations Dalatangi {Sey#istiordur) and Hélar {Hornafjorur).
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- meters, This is-in reasonably good agreement with the observed valig of
about 4.5°.

For station $-3, located north of Siglunes, the relation between the Mean
pressure difference April-May and the mean sea temperature 50100 Meterg
in June based on 14 observations is given by

t50—100 = 4.80 + 0.39. AP April-May,

The standard error of the estimate of the mean temperature from this equa-
tion will be =+ 0.61°—0.76° for values of the mean air. pressure difference

70 T T H J
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Fie. 129, Correlation between the difference in air pressure (Ditpivogur-Stykkishébmur ) in
May and the sea temperaiure (75-—150 meters) in August at station I-3.

between -— 4 mb and + 4 mb. The 95% confidence limits are -= 1.33° — 1.66°.
A similar equation based on 10 observations for calculating the sea temperature
at 5-3 in July from the mean air pressure in May—June is given by

t50- 100 = 5.41 + 0.62 - API\/[ay—June.

Here the uncertainty in estimating the sea temperature will be considerably
greater, so that predictions for this area in July cannot be made with any great
degree of accuracy,

In his studies on the distribution and availability of the North Icelandic
herring, Jaxosssow (1961) shows that there have been great variations from
year to year in the percentage caich during the second half of the herring season,
viz. in August. According to his results especially high proportion of the total
yield was taken after 31st of July in the years 1932, 1938, 1943, 1944, 1948
and 1949, whereas the August catch was relatively less for the years 1933, 1935,
1936, 1939, 1942, 1945, 1946 and 1947. For the years 1040-1946 hydrographic
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data are lacking. As regards the other years a consultation of Table XXV in the
Appendix indicates thal the years giving good August catches were cold years off
the north and east coasts, whereas in the years giving poor catches the tempera-
tures were relatively high. JaxoBssoN remarks {loc. cit. p. 8) that during the last
decade, when the herring catches have generally been poor, the relationship be-
tween the August catch and the temperature is obscured by increased catches
coming from outside the north coast area proper. But it has also become evident
that in the warm years 1957, 1959, 1960 and 1961, practically no fishing took
place on the north coast herring grounds proper after the middle of July. As
JAxoBssoN points out, the sea temperature as such is probably not a preventing
factor. But as we have seen, high sea temperatures north of Iceland in summer are
generally associated with strong influx of Atlantic water in spring, and JAKOBS-
soN points out that the experience of recent years has often shown the Atlantic
water to be poor with regard to food for favourable shoaling behaviour.
‘With the preceding remarks in mind it is of interest 1o investigate whether
a relation can be found between the pressure distribution in spring and the
August herring fishery. The mean pressure difference in May between Djépi-
vogur and Stykkishélmur in the years 1931-1950 was correlated with the
August herring yield (as percentage of total yield) during these years accord-
ing to Jarossson’s dala (loc. cit, p. 2). While there is generally a negative
correlation between the pressure difference {Djtpivogur minus Stykkishélm-
ur) and the percentage yield after 31st of July, there are notable exceptions,
such as 1944 when the yield was very high but the pressure difference rela-
tively great. The correlation coefficient was found to be small (¢ = —0.55),
but still almost significant at the 1% level of significance. Thus the wind con-
ditions in spring may give some indication as regards the food conditions for
herring north and east of Iceland in summer and even give a hint as to the prob-
able catch during the second half of the herring season.

5. VARIATIONS IN THE TONGUE OF COLD WATER
NORTHEAST OF ICELAND

In the oceanic area between northeast Tceland and Jan Mayen year to year
variations have also been observed. This will be apparent from Fig. 130 which
shows the position of the 0° isotherm at 50 meters in June in the years 1952
~1960, In 1953, 1954 and 1955 the extension of cold water was decidedly greater
than in 1956, 1957 and 1958. Fspecially in 1957 was the temperature relatively
high in the upper layers of the area between Iceland and Jan Mayen.
£ the conditions in the tongue of cold water Table

For a closer examination o
temperature and salinmity at different

91 was constructed. It shows the mean
levels in that part of the section from Langanes to Jan Mayen that extends

over the tongue of cold water between ahout 50 and 200 miles off Langanes.
The southern limit of the tongue of cold water will be roughly near the 1000
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F1c.130. The position of the 0° isotherm at 50 meters in June 1953—1960. Within the shaded
areas the temperature was below 0°,

meter depth contour which is found at about 50 miles NNE of Langanes, and
the width of the “tongue” in this direction as judged by the 0° isotherm at 200
meters will be approxirmately 150 miles. The temperature and salinity values
at the end points (i.e. at 50 miles and about 200 miles NNF, of Langanes) were
determined by linear interpolation from the values at adjacent stations. In 1951
the section extended from Jan Mayen to Sléttugrunn. In this instance the sou-
thern limit of the tongue was also placed at the 1000 meter depth contour
and the width considered to be 140 miles. In 1952 the section only extended
185 miles and in 1956 180 miles off Langanes. In these years the means could
not be calculated for the whole distance of 150 miles, But as variations are not
great within the tongue of cold water, the means calculated in this way will
probably not’ deviate notably from the true ones. In the year 1955 hydro-
graphic observations were only available within 80 miles and in 1957 within
100 miles off Langanes. The means for these years were therefore based on BT
observations. Since the observations in 1949 and 1951 were made in late J uly or
August, but in June during the remaining years, the mean values are not corm-
parable as regards the surface layer. At depths below 50 meters, however, the
lemperature and salinity conditions probably do not change appreciably from
June to August in this region (cf. Figs. 38-43). '
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It is seen that 1952, 1953 and 1954 are the coldest of the years here con-
sidered, whereas 1956 is by far the warmest between 100 and 400 meters, Judg.
ing by the standard deviation of the mean given at the bottom line of Tahle 21
it is seen that the year to year variations are relatively small as compared Wit};
those found in the North Icelandic shelf region, especially the eastern part of
the shelf. In this connection it may be recalled that calculations of volyme frans.
port through the Melrakkaslétia section (see p. 159) indicated that the fransport
variations of the East Icelandic Current are almost entirely due to variations
i the North Icelandic Trminger Current, whereas variations in the transport of
the residual component which consists mostly of Arctic water, appeared to be
small. The deep water below 400 meters is seen to be virtually homohaline,
The mean salinity at 800 and 1000 meters is found to be 34.99 %o which is in
perfect agreement with the mean value given by Mossy (1959} for the southern
part of the Norwegian Sea. Within the upper part of this homohaline water
only slight temperature variations are indicated. The maximum difference be.
tween the mean values of individual years amounts to 0.13° at 600 msters,
0.08° at 800 meters and 0.04° at 1000 meters. Thus in the deepest layers the
year to year fluctuations, if they exist, raust be very small,

In 1957 the temperature was found to be relatively high, both on the North
Icelandic grounds and in the tongue of cold water northeast of Teeland, In June
1956 and especially in June 1958 the lemperature was found to be low in the
shelf region but relatively high in the oceanic area northeast of the shelf, the
reverse being true for 1954. Thus the temperature conditions in the tongue of
cold water do not seem 1o be related to the position of the ice limit northwest
of Iceland or the influx of Atlantic water to the North Icelandic shelf region.
However, a number of other factors may be involved, such as the intensity of
cooling during the previous winter, the wind conditions in nearby or distant
regions and other meteorological phenomena.

An investigation was made to test if. the variations between years could be
explained by the wind conditions. Fig. 131 shows the mean temperature and
the mean salinity at 50-200 meters for the three stations indicated on the inset
chart. These stations are located near the core of the cold water, The imier.
mediate layers. were selected for this study, rather than the surface layer, on
the assumption that the conditions at the surface will largely depend upon the
warming up due to radiation from above and the formation of thermocline.
"The values shown on the histogram are all from Jume. The means are based
on the values for the three stations except the mean for 1950 which is based
on observations {rom one station only, and the means for 1955 and 1957 which
are based on observations from two stations. The hydrographic conditions in
this region will not only depend upon the mixing processes and cooling in pre-
vious winter (cf. p. 114), but must also be greatly influenced by the influx of

relatively warm and saline water coming from the area south or southeast of
Jan Mayen. An admixture of Polar water from the west will naturally greatly
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well as the salinity of the Arctic water. It is there-

‘reduce the temperature as
elation between the temperature and the sali-

“fore to be expected to find a corr
ity of this water, as indicated by Fig. 131.

The hypothesis was formulated that easterly winds would strengthen the
movement of relatively warm and saline water from the east towards the tongue

1950 (952 1953 1954 1955 1955 1957 1958

.1
0.0
~0.4
~02
-0.3
-0.4
-2.5
-0.6
-0.7
34,80
34.88
S%e 34.88
34.84
3482
34.80
5.0
4.0
3.0
2.0
1.¢

0
-1.0
~2.0
-3.0

T®

Mb.

perature, salinity and air pressure in the oceanic area
northeast of leelund. The columns at 10p and in the middle indicate the mean tempera-
ture and salinity at 30—200 meters at the stations shown below, but the columns at the
bottom indicate the difference in air pressure (in millibars) between C. Tobin and
Raufarhifn 20—40 days prior to making the hydrographic observations.

Fic. 131, The correlation between sea lem

of cold waler and thereby raise the temperature and the salinity of the Arctic
water. Conversely, westerly winds were expected to weaken this influx but
increase the admixiure of Polar water from the west. To test this hypothesis
the difference in air pressure between Gape Tobin, Greenland and Raufarhoéfn,

Northeast Iceland (see Fig. 131), was computed for various time intervals
Q7
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prior to the working of the hydrographic stations. Table 29 gives the results of
a number of trial correlations made between the air pressure differencet

the temperature and the salinity at 50-200 meters at the three stations sh
in Fig. 131,

and
own

TABLE 29,

Correlation between the mean pressure difference {Ap) (C. Tobin minus Raufdrh(')‘fn}

and
ternperature and salinity in the tongue of cold water.

— T
Time interval in days prior to the working of the stations
Correlation A
Coefllcient 910 0-20 20-30 2040 3080  40-60
QADt il 0.36 021 .58 0.73 -0,03 —-0.02
CAp.S. .. 0.10 0.18 0.83 0.72 0.08 0.25

As demonstrated by Table 22 no correlation was found between the hydro-
graphic conditions and the mean air pressure in the preceding 20 day period.
A significant correlation was found between the salinity and the mean air
pressure 20-30 days before working the stations. This correlation coefficient
exceeds the 19 level of significance, but the correlation between the tempera-
ture and the mean air pressure for this time interval cannot he considered
significant. For the time interval 2040 days before making the hydrographic
observations the correlation was found to be significant, both as regards tem-
perature and salinity. These coefficients exceud the 5% level of significance.
‘When the time difference exceeded 40 days 1o association was indicated be-
tween the hydrographic conditions and the mean easterly wind component.
Our conclusion must be that there probably exists a relation between the hydro-
graphic conditions at intermediate depths in the tongue of cold water and the
easterly wind component some 20-40 days earlier. According to the Ekman
model (Exman 1902), the wind drift should be shallow in this area. It there-
fore seems that the effect of the wind must in this case be an indirect one. How-
ever, the correlation is not very close, which indicates that other factors besides
the wind may affect the hydrographic conditions in the tongue of cold water.

1) Reckoned as positive if the pressure was greater at C, Tobin than at Raufarhifn,
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SUMMARY AND CONCLUPING REMARKS

1. The present work is based on temperature and salinity data sampled in
North Icelandic waters. The bulk of this material has been collected during
the last 15 years.

2. Adttention is drawn to the fact that the first accounts of the ocean cur-
cents around Iceland are found in ancient Icelandic literature of the early
thirteenth century. From the evidence given by the sagas regarding the drift
of wooden objects and ice, 1t is clear that very early the Icelanders must have
known the approximate direction of the coastal current.

8. A historical survey is given of the main expeditions to the sea area near
Iceland and the various contributions to the hydrography of Icelandic waters.
Systematic hydrographic investigations in this area began around the middle
of the last century with the pioneering work of Irmmncer., During the years
18751908 a number of expeditions were sent to Icelandic waters and adjacent
sea areas. As the result of these observations the main features of the current
system around Iceland were known in the beginning of this century, In the
period between the two world wars, investigations in North Icelandic waters
were continued and a series of fixed stations were laid where observations have
since been repeated. In 1947 hydrographic research was initiated by the Icelandic
Fisheries Research Institute. In the following years ohservations were carried
out in the poorly investigated area north of the Icelandic submarine shelf.
These investigations have mostly been made in connexion with biological oh-
servations and herring survey during spring and summer, The material col-
lected in other seasons has been limited, except for ohservations collected in
the so-called Siglufjorfur section during the period September 1953 10 Sep-
tember 1955, A brief mention is made of the numerous investigations made in
Tcelandic waters by other nations in recent years.

4. A historical review is given of the nomenclature of the sea area north
and east of Iceland. It is pointed out that the original name for the area north
of Iceland is Dumbshaf, but Islandshaf (Iceland Sea) for the sea between Ice-
land and Norway. In later centuries there has been some confusion regarding
the nomenclature of northern seas, It is proposed that the name Iceland Sea be
used to designate the area between Iceland, Greenland and Jan Mayen, but
the name Norwegian Sea be restricted to that part of the Arctic Mediterranean
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which les between the Faroes, Jan Mayen, Spitzbergen and Norway. A survey
of the main bathymetrical features is given.

5. Descriptions are given of three primary water masses in the region
north of Iceland. These are a) Atlantic water, b) Polar water and ¢) Arcti;
Bottom water. Four secondary water masses, formed by dilution or intermix.
ing between the primary water masses, are considered, viz. Coastal water, Ayc.
tic water, Arctic Intermediate water and North Icelandic Winter water.

6. Older current charts of the sea area north of Iceland are discussed. On
the basis of the hydrographical data collected during the Tcelandic cruises since
1949, a new current chart is constructed. According to this chart the surface
current in the region south and southeast of Jan Mayen is directed to the novth
along the submarine ridge which exiends south of the island, whereas south.
west of Jan Mayen it flows towards south or southwest. Farther south the cur-
rent turns towards southeast. In the central part of the region between NE-
Iceland and Jan Mayen a weak anticlockwise circuit is found. This circuit
feeds water to the Bast Teelandic Current which in addition is formed by water
from the East Greenland Current and the east-flowing Trminger Current. This
current picture, derived from dynamic computations, is supported by the re-
sults of drift bottle experiments. An additional support is found by considera-
tion of the bathymetrical features.

7. The course of the North Icelandic Irminger Current in different re-
gions is discussed. [While the general direction is eastward alomg the north
coast, the mean current appears to follow the depth contours rather closely.
This is demonstrated as regards the Hiémafli and the EyjafjarSardjip. Off the
southeast coast the current appears to leave the coastal area as a part of the
East Teelandic Current.

8. The distribution of temperature and salinity in summer is discussed.
Mean charts of temperature at 20 meters and temperature and salinity at 50
and 100 meters were prepared for the months June, July and August. The
mean vertical distribution in the sections off Kdgur, Siglufjér8ur and Langanes
is also shown for the three summer months,

9. The 1,5 relations of North Icelandic waters are analyzed. It is found
that in the deeper part of the coastal area the intermediate layers consist of
two components, Atlantic water and North Icelandic (Winter water. From the
comhined observations of six years an estimated normal regression equation is
derived. It is shown that this equation may with fair success be used to calcu-
late the salinity distribution at intermediate depths, Also the percentage of
vernally inflowing Atlantic water may be estimated, This is found to change
from 80-909% in the region west of Latrabjarg to 0-30Y%, east of Langanes.
The relation found, however, only holds true in the deeper part of the coastal
area near the core of the east-flowing Atlantic water. The origin and forma-
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tion of the North Icelandic Winter waier are discussed. From studies of the 1,5
relations on the Iceland Faroe Ridge it is concluded that the overflow across the
ridge consists partly of North Tcelandic Winter water. A method is suggested for
estimating the fraction of North Icelandic Winter water in the bottom layers of
different regions along the western slope of the ridge.

10. By means of dynamic calculations the velocity distribution is derived
for the section off Kogur in different years and for the sections off the north-
east coast, assuming zero current at the bottom in the shelf region and at 300~
400 meters near the edge of the shelf. In the oceanic region the zero-surface is
assumed to slope downwards to 800 meters at 68° 30" N. The mean rate of the
coastal current is estimated to be about 3 miles a day. This estimate is based
on drift bottle experiments, dynamic computations and tracking of tempera-
ture and salinity. The mean velocity profiles indicate that the maximum east-
flowing current is found near the edge of the shelf, whilst the current appears
10 be weak and variable in the shallower part of the coastal area. In general,
a good agreement is found between the different methods used.

11. Tt is attempted to calculate the volume transport through the sections
off Kégur and Melrakkaslétta. The uncertainties involved in these calculations
are emphasized. The results obtained indicate that the average net east trans-
port in summer within 60 miles off Kégur amounts 1o about 2.2 kmé/hr. This
transport appears to consist almost entirely of water with temperature above
1°C. Tt is estimated that the heat transport during summer {o the region east
of Kégur due to Atlantic water alone amounts to roughly 2.7 X 10° kg. cal./sec.
A comparison of the caleulated transports through the Kégur section and the
Melrakkaslétta section indicates that the variations in the volume transport of
the East Icelandic Current depend mostly on variations in the North Teelandic
Trminger Current, whereas variations in the transport of the residual current
appear to be small.

12. The extension of drift ice northwest of Tceland is found to be greatest
in spring. During summer the ice border gradually retreats farther and farther
away from the Tcelandic coastal area, and in autumn ice occurs very rarely at
the northwest coast of Iceland. The seasonal variations at 3—4 stations off
Sighmes during the years 1953-1955 are described. Seasonal changes are de-
tected down to a depth of at least 300 meters. Tt is shown that two kinds of
seasonal changes can be distinguished, viz. a) hydrographic variations directly
associated with changes in the sun’s altitnde and b) variations in the relative
magnitude of Atlantic water. The Atlantic influence is found to increase in
spring and reach a maximum in summer. In autumn and winter it is greatly
reduced. These variations are considered to be due to variations in the Atlantic
current component, Some of the possible causes of such seasonal variations

are discussed.
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13. Year to year variations in the North Icelandic shelf region are studieqg
by means of a) observations at fixed stations, b) comparison of vertical sec.
tions from different years and c) comparison of horizontal charts. The year
to year variations are found to be greatest in the eastern area in late summer,
These differences are attributed to variable influx of Atlantic water. Tn the
period 1924-1960 the years 1924, 1930, 1932, 1938 and 1949 were found 1o be
exceptionally cold and 1936, 1939, 1947 and 1960 exceptionally warm, The
causes of the observed year 1o year variations are investigated. It is shown that
a distinct relation exists between the air pressure distribution in spring and the
hydrographic conditions in summer. Tt is concluded that the wind condition in
the area west of Iceland is the dominating factor as regards influx of Atlantc
water to the region north of Iceland. It is shown that it is possible with a fair
degree of accuracy to predict the temperature conditions east of Langanes in
August using calculated regression equation expressing the sea temperature as
a function of air pressure difference in May. Similar equations can be used to
predict the conditions farther west in the area. The practical value of this ap.
plication is briefly discussed. Variations in the tongue of cold water NE of Ice.
land are analyzed and investigations made o test if the variations between
years can be explained by the wind conditions. The result is that there prob-
ably exisis a relation between the hydrographic conditions at intermediate

depths in the tongue of cold water and the east-west wind component in the
preceding 20-40 days.

From the results described in this paper it will be evident that Investiga-
tions in Icelandic waters are in great need of expansion and improvement. Tn
the coming years emphasis should be placed on seasonal studies, not only in
the North Icelandic coastal area, but also in the oceanic region north of the
shelf. The mechanism of mixing between different water masses should be in-
vestigated in more detail. It seems likely that isotopic studies might here be
applied with success.

As regards the current velocity, great uncertainties are involved. Direct
current measurements are badly needed from this region, especially continuous
measurements which might reveal short-periodic variations. These measure-
ments would probably be best accomplished by means of recording buoys.

The relation between the wind conditions west of Iceland in spring and
the hydrographic conditions north of Iceland in summer should be studied in
more detail. It seems likely that a better correlation would be obiained by
stadying the actual weather maps rather than dealing with mean monthly
values. The possibility of using air pressure data or other meteorological ma-

terial for predicting oceanographic conditions should be a matter of thorough
investigation.
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TABLE I
Deviations in temperature and solinity in June at K1 (66°30°' N, 23° 00’ W .

Om ) 20m 50m

—

At® AS% At ASY% Ate

YEAR

AS%o

1924 L. —1.75 +0.28 —1.57 +0.34 —1.38 +0.05
1926 ... e —0,05 +0.09 —L07 —0.01 —0.04 —0.07
1936 ... ieee s +148 —--0.06 + 1.67 —0.07 4-1.73 +0.17
1852 s —1.18 +90.09 —0.84 —05 —0.63 —0.11
1953 . i —0.66 —0‘12 —0.80 —0G.19 —0.89 —0.21
1954 ... +0.92 —0.62 4 0.33 —014. +0.35 —0.05
1985 .. +0.41 +0,18 +0.43 +0.18 +0.35 +0.15
1957 i +0.92 —0.29 +0.97 —0.08 . .
1959 e +0.17 +6.17 +0.01 +0.01 +0.26 —0.06
1960 . -—0.28 +0.30 —0.10 +0.19 +0.24 +0.31
Mean ..o.vvvvvvrninns 5.88 34.51 5.63 34.65 537 34.74
St. dev, of mean ..., .32 .09 0.30 0.04 0.30 0.04
TABLE II
Deviations in temperature and salinfty in June at K-2 (66° 41 N, 23° 09" W ).
Om 20m 50m 75 m
YEAR At ASY,  At®  ASY% Al ASY%, At AS%,
1924 ... o iiiiien —017  +014 —112 4011 119 4012 —1.08 +40.06
1926 .. ciiie e —0.29 +0.03 —0.08 —0.02 +0.01 —0.086 +8,07 —0.07
1936 ... +0.97 4028 4108 +023 +109 +016 +115 +012
1952 ... —673  —005 —0.34 —0.05 —_064 —0.05- —056 —0.07
19583 . i —1.36  —041 —156 —0.23 —1.17 —0.23 —0.86 —0.21
1954 ... +0.27 —0.29 +060 028 +0.25 —007 . .
1955 ... v +007 —0.02 +0.60 —0.02 +033 +0.0L 4038 +001
987 .o +105  +0.23 +053 4019 +076  +0.13 +072 4008
2 5 +0.57 +018 +040 4012 4+041 +002 . .
1960 ... vt —0.43  —0.04 —013 —0.05 +018 —0.04 +020 +0.06
Mean ...o..c.oove.n- 5,92 34.78 5.62 34.81 531 34.91 5.20 34.95
St. dev. of mean ... 0.24 0.07 0.26 0,05 0.24 0.04 0.28 0.04
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NORTH, ICELANDIG WATERS

TABLE IV
Deviations in temperaiure and sadintty in July at K1 (66° 30' N, 23° 00" W ).

—ee—————

Om 20 m 50 m
YEAR Ate ASY At AS% Av AS%
1924 ..o —2.93 +0.21 —211 +051 —31.83 +0.03
TO26 et +0.63 —0.44 49046 —0a17 1018 —0.09
927 oreeneaen 131 —021 +130  —021 4162 023
1931 ... +0.41 + 019 —0.25 +0.18 —0.18 + 6,18
1932 L enieeanes —0.06° +0.04 —0.74 +0,30 —0.85 +0.05
1038 .. e —1.91 + .03 —1.60 —0.07 —1.48 —{0.20
04T e +0.79 —0.19 +1.03 +0.09 +0.59 +0.13
1048 ... e —0.40 —0.44 —0.05 —0.41 —0.21 —0.02
1040 L. eearaees —0.02 +0.25 —0.13 +0,07 +0.07 —0.,03
TOH0 L —0.43 +0.23 —0.47 +0.14 —0,09 +0.03
1951 e aareany . +015 —0.,04 1-0.28 +0.02 —0,13 +0.16
1957 e +1.23 4011 +1.60 Q +1.65 —0.09
1960 .. i +0.58 +0.28 4069 +013 +0.72 1011
AB60 e PR TP

Mean . ..-vcrarrmans 8,02 34.57 7.0 34,71 7.35 34,81
St. dev. of mean .... 0.30 007 .30 0.05 0.28 0,03

TABLE V
Deviations in temperature and salinity in July at K-2 (667 41N, 23° 09 W)

0Om 20 m 50m 75 m
TEAR av Asw A ASK, A AS%, AT ASK
1.7 —1.88 4005 —1.86 +0.02 131 —001 —124 4001
1928 ... ciii s 4+ 001 +0.14 —0.05 4008 —0.05 —0.03 4015 —0.02
T027 i +0.98 4007 +0.80 006 +051 —0.07 1048 —0.04
1931 o rereienins Coas 4009 014 4005 033 4011 —027 40l
1032 e —noy  —010 051 —0.08 —067 4002 _—0.555. +0.03
3938 .o —205 —0.08 178 —006 —119 —0.04 o8 —018
1047 . e 1+1.89 —0.02 1082 +012 +093 004 +106 —0.04
048 oreeeenens 1006 _038 049 —015 07l 008 068 —002
1949 e —0,53 +0.16 —0.15 4-0.10 +023 —0C03 —008 —0.02
1950 ... .vvnvaeaans —044 4032 —0.20 +0.03 +021  +011 032 010
1951 .. .. i +0.08 +0.18 —0.L7 1014 —0.19 1+0.05 —0.26 +0.08
957 ooeeeeeinernns \190 025 4249 030 4161 —006 160 —007
TOB0 L veecnvrnnnn +045 +0.08 +108 4001 +0.93 +0.04 +094 +0.05
1060 oo WOBOWRE TR
Mean ..ecenre-sn 215 3478 754 34.84 G6.67 234,97 6.52 34.98
St, dev. of mean ... .23 0.05 .31 0.04 0.24 .02 0.23 0.02
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NORTH ICELANDIC WATERS

TABLE VII

Devigtions in temperature and salinity in August at K1 (66° 30" N, 23° 00" W ).

Om 20 m 50 m
YREAR —— T p———
At® AS%o At® AS%, At® AS%o
1927 oriiniiannines +0.52 —0.01 +047 +0.04 —0.04 +0.10
1933 oo +2.11 —0.29 +1.85 —0.13 +1.89 —012
1034 v —0.81 —0.01 —1.07 +0.02 —-1.07 +0.03
1935 i +0.23 —0.20 +0.52 —-0.08 +0.58 —-0.07
1936 oovaneenrranenn —0.40 +0.16 — .97 +0.16 —1.05 +0.08
1939 uieiieiens +0.74 +0.01 +0.32 —0.01 +0.29 —0.04
1048 .. +152 —0.20 +1.35 —0.20 +1.25 —0.15
1949 e —0.41. —0.13 —-0.64 —0.08 —0.73 —0.04
G153 AP —0,01 +90.09 +0.04 +0.10 —0.47 +0.16
1054 vurverneeneneen —1.67 +0.18 —1.39 +0.07 —1.05 —0.01
TO55 orvreeennronnns +0.34 +0.08 +0.85 —0.02 +114 —0.10
D7 51- TP —0.96 +011 —0486 +0.03 . .
1058 s —1.26 +0.22 —0.87 +0.16 —0.76 +012
- S
T T 9.06 34.62 8.63 34,72 831 34.80
g, dev. of mean ... 0.30 (.05 0.28 0.03 0.30 0.03

TABLE VIII

Deviations in temperature and salinity in August at E=2 (66° 41" N, 23° 09’ W),

0m 20m A0m 75 m

YEAR e AST. At ASYe  Av ASK, A ASK
1927 o evnreeennns +034 4013 +034 008  —066 +007 — 053 +0.07
1088 o0 +187 -021  +150 +002 +078 003 4060 +0.03
1084 o0 _ 103 —0d0 -08 —008 —068 003 038 & 0.03
TOEE v e _ 020 010 +084 —015 4051 003 4058 —n.08
TGBB L 047 020 —075 +013  —050 4001 —044 +0.02
1930 e +102 030 +082 —021  +045 _004  +068L —005
1048 i 418 001 —0.04 0 1040 —005  +039 —0.04
1949 L.t _oo0 +010 009 4004 089 004 068 002
1051 vvreiireiaien 003 4008 4034 +008 4053 +002 —045 007
1954 Lo 093 4010 150 +010 071 004 . —056 +001
1085 o evreiieens a7 +007 4058 —001  4L51 009 +172  —010
156 L vreeirannes 043 —003 083 +002 034 —002 -0l —001
1958 443 +013 055 +004 081  -+0.06 065 +008
MEAN vvnnnrenens 913 3477 827 348 735 3499 7.13

0.20 0.01 0.20 0.01

St. dev. of mean ...
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NORTH ICELANDIC WATERS

TABLE X _
Depiations in temperaiure and salinity in Tune at §—1 (66° 16’ N, 18° 50" W ).

0m 20m Am
—_—

——— —_
At® ASY% At® ASY, At ASY,

_0as 021 _o51 024 —9279  —028
418 +0.96 o33 4001 +035 4003
4159 +056 1200 +021 +195  +012
_ 089 1009 _101  +0.06 _050 4007
4036 +0.08 038 007 026 4003
182 4007 418 —009 —0.74 0

1145 165 +028 013 02t -003
0oz 004 1115 +0.13 —004  —010
+238 01 1118 +016 006 4005
046 +0.09 1026 4002 1045 +0.03
045  —002 —023 009 1046 008
005 4010 024 010 _p54 002
—g27 4019 +020 0.0 L0687 1005
062 +036 1035 +0.04 +113 010

-

6.12 34.52 5.09 34.84 4.20 34,89
8%, dev, of mean . ... 0.30 0.14 (.30 0,03 0.29 0,03
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238 UNNSTEINN STEFANSSON

TABLE XIII

Deviations in temperature and salinity in July ar §—1 (66° 16 N, 18° 50" W),
S O e ————
Om 20m 50 m
YEAR AT ASY, At ASY A sy
———
1824 ..., —1.18 +0.16 .72 +0.18 —0.08 +0.15
926 ... +1.58 —0.39 +0,78 +0.03 +0.867 ~—0,02
1927 o, +136 4035 +078 1007 4059 oo
1832 ., —2.46 —0.14 —1.38 —0.31 —1.19 —0.23
1838 ..., —1.4% —0.93 —1.49 —0.28 —0.94 —(.18
1947 —0.02 +0.53 +0.39 +0.23 +0.55 +0.10
1048 ..., +0,12 +0.12 —0,13 —{.02 —0.48 + 0.04
1049 ... +0.63 —6.25 —0.18 —0.08 —1.08 +0.01
951 ..., +0.62 +0.03 +0.49 0 +0.51 +0.02
64 ...l —0.11 —G.03 +0.02 —0.01 +0.55 —0.01
955 .., +06.91 +0.50 +1.43 +0.23 +0.87 +06.12
Mean .............. 7.89 34.26 6,51 34.66 5.27 34.84
St. dev. of mean . ... - 038 0.13 0.28 0.05 0.24 0.04
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NORTH ICELANDIC WATERS

TABLE XVI
Devigtions in temperature and salinity in August at. S—1 (66° 16' N, 18° 50' W )

.

20m

A

At®

AS%s

At®

AS%o

50m

——

At®

AS%

+0.31

4011,

+0.24
—G.77
—0.12
—0.04
+0.08
—0.05
+017
+0.35
+0.16
—{0.64
+0.22
—0.29
+0.26

+0.22

+0.15

+8.35

—0.67
v}

—0.21,

—0.06
—.05
+06.10
+0.24
—G.03
—0.38
+0.07
—0.45
+0.19

—G.24

+0.12
—0.02
017
+6.0%
—0.05
—0.04
0
—0.02
—0.07
—0,10
—0.28
—0.08
+0.07
+0.06
+0.07

St. dev. of mean ...

34,32
0.09

34,55
0.08

34.80
0.03
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TABLE XIX

Deviations in temperature and salinity in June at I—1 (66° 22N, 14° 22 W),

i0m 20m

vRAR At® AS%, Ag® ASYe Ar® ASY%,
1924 ..., —32.08 +011 . . . .

1926 ....... e —1.23 +0.26 —1.37 +90.25 —0.87 +018
1936 ... ...l +1.18 ~-0.32 +10.87 —0.21 +0.72 —0.18
1937 ..., e +0.14 —0.16 —0.39 —0.03 +0.20 —0.05
1947 ...... P . +0.15 +0.02 —G.57 +0.12 —0.24 +0.07
1950 ..., —0.25 +0.20 —0.13 +0.18 —0.21 +0.17
1952 ..., —1.35 —0.22 —1.29 —0.19 —0.83 —~015
1953 ..., +1.03 —40.35 +0.72 --0.34 +048 . —g19
1954 ..., +1.45 . +4-1.41 . +0.89 .

955 ..., e —1.25 +0.24 —0.66 +0.19 -—1.40 +0.16
1956 ....iieiei.., +1.15 —0.05 +0.87 —0.13 +0.28 001
1957 o +1.27 —0.10 +1.37 —0.14 +1.72 —0.19
1958 ... —0,26 +0.36 —0.84 +0.24 —0.81 +0.18
Mean ,............. 4,45 34,50 4.33 3453 3.78 34,60
St. dev. of mean , ... 0.33 0.07 0.28 0.06 .26 0.05
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NORTH ICELANDIC WATERS

TABLE XXII
Deviations in temperature and salinity in Auvgust at L-1 (66° 2N, 14° 227 W ).

At®

Om

AS%(?

10m

At®

AS%o

—

At®

20 m

—_

AS%o

—0.99
+0.26
--1.09
+0.58
—0.09
+0.58
+0.38
+0.26
+2.07
—1.75
—1.35
+0.54
+0.67
+0.66
—0.83
—0.16
—0.73
+1.07

+0.34
+0.05
+0.37
—0.36
—0.06
+0.18
—0.93
+0.33
0
+0.05
—0,25

—010

+06.02
—0.02
+0.36
—0.16
+0.11

+0.28
—0.68
+0.37
—011
—0.04
+0.16
—0.55
+0.25
+0.08
+0.66
—0.25
—0.17

—0.04
—0.14
+0.26
—0.02
+0.02

—0.62
+118 -
—1.94
—0.37
+0.45
+0.95
—1.25
+0.50
+1.81
—2.17
—1.50
—0.16
+0.56
+0.85
+011
+0.32
+0.06
+1.19

+0.21
—46.13
+0.35
-—0,03
+0.02
+0.18
0,51
+0.1¢2
+0.13
+0.03
—0.30
+0.02

—0.12
—0.18
4-0.18
+0.01
—0.02

St dev. of mean .. ..

823
0.22

34.33
0.08

3444
0.06

7.34
0.28

34.51
0,05
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R Derivation of an Estimated Normal Regression Equation Express-
ties ing Salinity as a I'unction of Temperature at Intermediate Depths
+T North of Ieeland in June.
T |
t1et The author is indebted to Mr. Knud Andersen, cand. mag. et scient., Danish
—— lnstitu.te for Fishery and Ma‘rine Rese;.irch,. Charl?ttenluxlldl, for havi.ng d(larived
______ an estimated normal regression equation expressing salinity as a function of
iii_ temperature at intermediate depths north of Iceland. It is based on observations
+ o from the years 1950 and 1952-1956, The derivalion is as follows:
Tied
e Let the esumated normal regression equation be represented by
PP y=yx, Thux—4%, where yy . denotes the normal mean value of y at 4°C.
PP The value at 4° was chosen as this temperature corresponds roughly to the
T “centre of gravity” of the total number of observations, where the estimation of
- the regression line will be best.
i i T For each individual year the slope,
i bi=Bietd,
jiii__ where B is the “true” normal slope, ¢; the annual deviation from the normal, and B
+- } % [ 5, the deviation of the individual measurements [rom the true annual value.
tie= The variance of by, v {bi}:V{Ei }:FV{EM}:G;_ +0§)_. 3 E
"12e 6 6 :
R AR S SRS
FiT+ i=1 i= i=1 1=1
—— o e
A V{b} will be estimated by 52 Z (bi— b)*=0.33-10-%; hence
=
d R L&
> } + 4 O, —f—§- Zﬁﬁ_ ={0.33.10-% an estimate for 025_ will be
T i . i SSDy,
, l p— : where s;% is the variance about the regressioa line for each individual year and
_____ _ n n 3 6
””””” | 53Px; = Z X"E—”i (Z Xi) 36 Z.J 8, 36 SSS]l)X = 034-107% |
_ ; i=1 1=1 H 1=1
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hence G(ei == Q. Therefore, by should be calculated as the weighted mean of the-

o]

slopes by, b, ... by, using the reciprocal values of the variances as weights:
6
SSD
Z bi SIgXI
by = -1 — = 0:0501

& SSDy.

Z 5;

i=1

In a similar manner: Yi;e = A+ @i+ where A is the ”true” normal, g; the

annual deviation from the normal, and T; 15 the deviation of the individual
measurements from the true annual value,

3
2 2 1
V{Yun }ZV{Qi}+V{TE}:GQi+GTE‘ If ¥ :E.ZY,"&B s
i=1
1< 1~ G
- Y 2 2 o 2
o —_— 4] —_— — 1 —_ ;
b e 2 e T L = 2 g Yy
1=1 1—=1 1=1
I~ 1< s
— b —_ 1 2 .
v f g 20— =007 1 0n % D5
i=1 i=t i=1

- 6

S, . )2

where 5,2=5- [% -+ %D—z‘)—] . Since 316; sy* =0.09-10-*
1 = 1' f

1=1

6
. 2 . . ..
it follows that'% Z 97, = 0.09-10~* This means that o, is negligible as

1=1

compared to 0p,. From this follows that we can calculate an estimated mean

6
value of YN a8 YN, = %Zy;r = 0,9727

1=1

L ar . 1R 5 g
The vatiance of i o -will be %A“i’ (vi,- — ¥n,. )* = 0.46-10-*
1=

The estimated normal equation will then be

y = 0.9727-4 0.0501 (x—4) = 0.772 + 0.0501x

An estimate of the standard deviation of the salinity values as determined
from the estimated normal equation will be




1ean of thet

weights:

mal, g; the

individual

ligible as

ted mean

0.0501x

ermined
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= - 0.1547
Os Yoo = 2 w LI = = Q.
s a0 ]/s +6v{y}, here s i 0.001097,

6

SN —2)sf
=1

6

> N—-2)
1=1
and v{y} = v{yN4° } +- (t-4)2"v{‘b}—"2@m£ by Ory,e "Opyt (x—4)

It Oy, by which is the correlation coefficient between yy . and by, is assumed

to be positive or at least zero,
v{y}<v{ys b+ 4P ---v{b} — 0.46-10-* 4 (t—4)% 0.34-10-%

For t=4° v{y} = 046-10=" and o5 %,y = /(10,97 + 2.76)10~* = 0.037

and for t=7°, which is about the maximum temperature in the intermediate-

layers, v{ y} = 0.76-10-* and og 9y, = V{10.97 + 458} 10—* = 0,039,




Standard Deviation of the Anomaly of Dynamic Height and Calen.
lated Volume Transport Due to Uncertainty in Salinity.

The author is indebted to Mr. Frede Hermann, cand. mag., Danish Institute
for Fishery and Marine Research, Charlottenlund, for having derived formulas
for calculating the standard deviation of dynamic height and calculated volume
transport due to uncertainty in salinity. The derivations are as follows:

1. Dynaemic Height Anomalies.

Let 2;,25,2y,....2, denote observational depths in meters
1,85, 84.... 8, anomaly of specific volume in ml/g

Zp
y= [ 0dz, the anomaly of dynamic height
Jz,

o5 the standard deviation of §%

oy the standard deviation in the anomaly of dynamic height because of uncer-
tainty in S %o

V= (2= Z0mr) Gntda—y) (24 (2 — 20my) (e y +8,)2
T (zo—z) (8,48,) 25
=12 (Ca— 20 Dot (Za— 2o )00y (s — ZamOug b (22,00
a;=(0y/0S,- o5, )*+(By/0S, - 05, Y*-1.... (By[0S,-ag, )% as
8y/0S, = By/0d, - 0, /8S_, there results: '
03= 147 ) 900105, 0, - ((z0— 74 B8, /0S,,. 05, )"
+(z01—20y) 00, —,/05,—, - USB_Q)?‘I‘- . -((22“21)661/851 * Os, )
If we put 05 =05, =...05, =0.02 and 09,/0S,=05,,/0S
=00,/08,=0.75-10~" we get
02=1/4(0.75:0.02:10=%) (20— Zu )+ (z0—2,—y) +
(Zne = Zagl 4. 3=z, +(z,—2,)%).
For 800 meters we thus get: o,= 0.46 dyn. cm. The standard deviation of the
difference in dynamic height between two stations will then be

O (y,_y,) =V20,=0.65 dyn. cm.

=y e
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2. Standard Deviation in Velume Transport.

Let z,,24,... 7, denote-observation depths. 7, denotes the surface of the D
"sea, z,, denotes the depth of the reference surface. b

lygs Loy oo v Jnoiim denote the distances between observation depths.
Daris OpugerrsOam denote anomalies of specific volume at station A.
O5rs OB -+ - OB denote anomalies of specific volume at station B.
Sas Sawe -....SA,n denote observed salinities in %/, at station A. |
Shu» S e-+-SBm denote observed salinities in “/,, at station B.
it denote volume transport between z; and z;4+, and between

A and B.
Qim denote volume transport between the sea surface and the

reference level and between A and B.
Oy denote the standard deviation in §%/,,; 0y is assumed - to

be constant for all observations.

Q]nmf(E)Al,ﬁA,m....aAn, 531,63,.,,....5}“1} Where E)AI—E)(SA“IZ\I)

V{Qpn}: l'n (GSAl) 2+ & AZ)E 2+ (aSAn)z §+

6881,1)2 ol (3%1;,2) ol +.... @S]fny ol.

[ B (. Ba (2 )
88p.n

+ (a‘SBn aSBn

constant withirr the range of t and S values in guestion
2 o5\ L [( Of \, [ Of \ro  Of \* [ Of (af,)ﬁ
“Qun™ (as) % [(aam) T (aaA,z)' e (aaA,n) +(aag,1) T\ 555

+(6§:_,{)2] 0

n-1 n-1 n-1
. Z ) an N 8qiit1 . 0Qum _ 0q3i41
= Qi1 7y - . Bonx  OOmr ; Bope
i= 1=

. ‘
) ] As(’—g—z) can with sufficient accuracy be taken as

i=1
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Qisits = [ (ADy iy —ADgn) + = (ADA.i—ADB.;)]'Ii-m
K

BADA!I aq;u-i—l O0ADg,i41

6ADB',i

Oqiis £ aADAqH )
084 2

n-l

ADAu 4,,, 3 (6:\a1+1+ 64\”) J!.H-l; ADA-!I =0

j—'l

GADA,; . Y71 (BBA BEN) BBA‘j) s GBAIJ 1 fOI' J =r
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DANSK RESUME

Det foreliggende arbejde er baseret pd hydrografisk materiale fra havom-
radet nord for Island. Den sterste del af dette materiale er blevet indsamlet i
de sidste 15 &r af islandske ekspeditioner. Indsamlingen af materialet har ho-
vedsagelig fundet sted 1 sommerménederne juni-august i forbindelse med silde-
undersegelser pd det nordislandske sildefelt, hvorimod observationer fra andre
arstider er meget spredte.

Det bemeerkes, at de ferste oplysninger om stremforhold ved Island findes
i de islandske sagaer fra det 13. drhundrede. Af sagaernes beskrivelse af forskel-
lige genstandes drift samt drivisens forleb nordvest og nord for Island, ma man
antage, at allerede 1 sagatiden har islendinge 1 hovedirekkene kendt den om-
trentlige stremretning i havet omkring Island.

I en historisk oversigt skildres de forskellige ekspeditioner til havomradet
omkring eller i neerheden af Island samt de veesentlige bidrag til de islandske
farvandes hydrografi. Systematiske hydrografiske undersegelser i dette omrade
begyndte i midten af sidste drhundrede med det grundleggende arbejde af den
danske admiral Irmineer. I &rene 1875-1908 blev forskellige ekspeditioner
sendt til de islandske farvande og neerliggende havomréder. P& grundlag af
disse undersegelser kunne man i begyndelsen af dette drhundrede danne sig et
afrundet billede af stremforholdene ved Island. I perioden mellem de to ver-
denskrige blev de hydrografiske undersogelser fortsat, og en serie faste stationer
blev etableret, hvor observationer er blevet gentaget i drenes leb. I &rene efter
den sidste verdenskrig blev hydrografiske undersegelser sat i gang hos det is-
landske fiskeri- og havforskmingsinstitut, Fiskideild. I 1949 og de falgende &r
blev forskellige togter foretaget til det hidtil dérligt undersagte omrade nord
for den islandske fastlandssokkel. En kort oversigt er ogsa udarbejdet om andre
nationers undersagelser i islandske farvande i de sidste 15 &r.

Den tidligere nomenklatur af havomrédet nord og wst for Tsland bliver disku-
teret. Det bemerkes at det eeldste kendte navn for havet nord for Island er
Dumbshaf, mens havet mellem Island og Norge kaldtes for Islandshaf i saga-
tiden. I de senere ar har der hersket en mere eller mindre forvirring med hen-
syn til nomenklatur af de nordlige havomrader. Det foreslds, at havet mellem
Island, Grenland og Jan Mayen kaldes for Islandshavet (Iceland Sea), mens
navnet Norske havet {Norwegian Sea) begreenses til den del af Nordhavet som
ligger mellem Fwerperne, Jan Mayen, Spitsbergen og Norge. :
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En heskrivelse gives af bundforholdene. Det vises, at i det islandske kyst-
omréde nordvest for Grimsey findes et isoleret bassin hvor dybden er mellem
600 og 700 meter. Denne dybde findes ikke pé tilgeengelige sokort fra kystom-
rédet nord for Island.

Tre primeere vandmasser i omréadet nord for Island beskrives. Disse er a) at-
lantisk vand, b) polarvand og c¢) arktisk bundvand. Desuden heskrives 4 se-
kundeere vandmasser, nemlig kystvand, arktisk vand, arktisk mellemlagsvand og
nordislandsk vinterafkolet vand. Disse sidsnevnte vandmasser er dannede ved
blanding mellem de primeere vandmasser og forskellige meteorologiske forhold.
Det vises, at i den sdkaldte ,kolde tunge” i omradet mellem Island og Jan
Mayen findes almindeligt polarvand kun i ubetydelige mengder. Den forholds-
vis haje saltholdighed men lave temperatur i keernen af den sskolde tunge tyder
pé, at dennes vand er dannet ved blanding og vinterafkeling af atlantisk vand
og polarvand i omradet nord for JTan Mayen uden for den egentlige polarstram.

Alldre stramlkort fra havomradet nord for Tsland diskuteres. P grundlag af
det hydrografiske materiale, som er blevet indsamlet under de islandske togter
ul dette omrade, er der tegnet et nyt stremkort. Til stotte for de hydrodyna-
miske beregninger foretages en analyse af stremilaskeforsog i omrédet, og en
bedemmelse af vindens indflydelse pa flaskedriften forseges, Tfalge det nye
stremkort er overfladestrommen syd og sydest for Jan Mayen rettet mod nord
langs den undersgiske ryg, som strackker sig syd fra Jan Mayen-banken. Syd-
vest for Jan Mayen er stremmen rettet mod syd eller sydvest. Leengere mod
syd er stremmens retning mod sydest. I den centrale del af omradet mellem
N@-Island og Jan Mayen findes der en svag anticyclonisk stremkreds, der forer
arktisk vand il den @stislandske Strom, som desuden er dannet af den Nord-
islandske Irniingerstrem samt en ringe meengde polarvand fra den @stgran-
landske Strem.

Stramretningen af den Nordislandske Trmingerstrom i de forskellige strog
af fastlandssoklen bliver diskuteret, Idet stromretmingen i almindelighed er mod
gst langs den nordislandske kyst, synes strommen at folge dybdekurvernes for-
leb meget ngje. Dette vises for Himafléi og Eyjafjordur. Ved det sydestlige
hjerne af Island ser det ud til, at stremmen forlader kystomradet som en del
af den @stislandske Strom.

I et serligt kapitel behandles vertikale snit og horisontal fordeling af tem-
peratur og saltholdighed. Gennemsnitskort, som viser temperaturfordelingen i
20 meter og temperatur og saltholdighed i 50 og 100 meter, er udarbejdet for

- méinederne juni, juli og august. Den gennemsnitlige vertikale fordeling er ogsa
vist for tre snit 1 kystomrédet,

De hydrografiske forhold behandles yderligere ved hjeelp af t,S diagram-
mer. Det viser sig, at i den dybere del af kystomradet bestér de mellemliggende
vandlag (50-200 meter) af en blanding af to komponenter, atlantisk vand og
vinterafkelet vand (North Icelandic Winter water). Jumi-observationer fra

érene 1950 og 1952-1966 kombineres, og p& grundlag af dette materiale udledes




ke kyst-
mellem
kystom-

r a) ai-
res 4 se-
vand og
ede ved
forhold.
og Jan
orholds-
e tyder
sk vand
arstram.
ndlag af
e togter
rodyna-
t, 0g en
det nye
od nord
e, Syd-
are mod
mellem
ler forer
n Nord-
Jstgren-

ge strog
| ex mod
nes for-
rdestlige
1 en del

af tem-
hngen i
sjdet for
" er 0gsd

Hagram-
iggende
vand og
ner fra

udledes

NORTH ICELANDIC WATERS 261

en normal regressionsligning, som kan bruges til udregning af saltholdigheder
i de mellemliggende dyb, De udregnede veerdier stemmer forholdsvis godt med
dem, som blev fundet med analyse for drene 1957, 1958 og 1959. Under den
forudseetning, at de mellemliggende vandlag kun bestar af to komponenter, kan
den procentvise sammensetning vurderes. Pa deane mide finder man, at vaegt-
procenten af atlantisk vand wndres fra ca. 80-00% 1 den vestlige del til 0-30%
i den stlige del af kystomréadet. Dette forhold geelder imidlertid kun tilneer-
melsesvis eller slet ikke i omradet, som ligger uden for keernen af den estgdende
stromming. Vintervandets dannelse og dets indflydelse pa de hydrografiske for-
hold i andre omrader diskuteres. P4 grundlag af underssgelser pd den under-
saiske ryg mellem Island og Feerserne sluttes, at dybstremninger over ryggen
4l dels bestar af vinterafkelet vand fra omridet nord for Tsland. Det antages,
at dette vand bliver fort med den @stislandske Strem sydover langs den gst-
islandske fastlandssokkel.

Hastigheden af den estgaende stremkomponent i et snit nord for Kap Kogur
bestemmes ved hjeelp af dynamiske beregninger. Lignende beregninger udfsres
for andre snit i den sstlige del af kystomradet. T kystomridet antages nulfladens
beliggenhed at veere bunden; ved ydersiden af fastlandssoklen antages den at
veere i 300400 meter dybde, men i det oceaniske omrade nord for fastlands-
soklen antages nulfladen at have en heeldning til 800 meter neer 68° 30" N.
Kyststremmens gennemsnitlige hastighed beregnes at veere omirent 3 somil
pr. dag. Denne starrelse er fundet pa grundlag af stremflaskeforseg, dynamiske
beregninger og ved at folge udbredelsen af det atlantiske vand. Gennemsnitlige
hastighedsprofiler tyder pd, at den maksimale stremning mod est finder sted
neer yderkanten af fastlandssoklen, hvorimod stremmen ser ud til at veere svag
og labil i den lavere del af kystomrédet. I almindelighed er der en forholdsvis
god overensstemmelse mellem de forskellige methoder.

Der gores forseg pa ved hjelp af dynamiske beregninger at vurdere volu-
mentransporten genmem snittene nord for Kap Kégur og Melrakkaslétta. Der
leegges veegt pa usikkerheden 1 disse beregninger. De fundne resultater tyder-
pa, at inden for 60 semil fra Kap Kégur er der genmemsnitligt en sstgéende
netto transport pa 2.2 km?® pr. time. Denne transport synes at hestd naesten
udelukkende af vand med temperatur over 1°C. Det anslés, at den varmetrarn-
sport est for Kap Kogur, som alene skyldes det atlantiske vand, om sommeren
vil veere omtrent 2.7 - 109 kg. kal. pr. sek. En sammenligning af den beregnede
yolumentransport gennem snittene nord for Kap Kégur og Melrakkasléita tyder
pé, at variationer i volumentransporten af den Pstislandske Strem ferst og frem-
mest skyldes vekslinger i Trmingerstremamen, hvorimod det ser ud, som om
vekslinger i den tilbageveerende arktiske komponent er forholdsvis sma.

Drivisens udbredelse nordvest for Island er sterst om fordret. I lobet af
sommeren trackker isgreensen sig lengere og leengere vaek fra den islandske
kyst, og om efferdret, september—oktober, treeffes drivis som regel ikke i det
islandske kystomrade. Undersegelser af &rstidssvingninger i de hydrografiske
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forhold i drene 19531955 p4 3-4 stationer nord for Siglunes beskrives. Arstids-
svingningerne kan merkes ned til en dybde pd i det mindste 300 meter. Der kan
skelnes mellem to slags drstidsvariationer, nemlig a) variationer, som direkte
skyldes forandringer i solens hejde og b) variationer i den atlantiske indstrem.
ning. Det vises, at den atlantiske indflydelse forages om fordret og nar sit mak.
simum om sommeren, Om efteriret 0g vinteren tager den meget betydeligt af,
Disse variationer i indflydelse af atlantisk vand formodes at std i sammenheeng
med styrken af den atlantiske stremkomponent. De mest sandsynlige drsager til
disse variationer diskuteres.

Variationer fra &r til 4r i de hydrografiske forhold nord for Island sammen-
lignes og diskuteres ved hjelp af a) observationer fra faste stationer, h) sam-
menligning af vertikale snit og c) sammenligning af horisontale kort. Varia-
tionerne viser sig at veere storst 1 den gstlige del af omrédet sent om sommeren,
Dette antages at skyldes svingninger 1 den atlantiske indstremning, T perioden .
19241960 var drene 1924, 1930, 1932, 1938 og 1949 meget kolde, men 8rene
1936, 1939, 1947 og 1960 var serdeles varme. Arsagerne il disse variationer
undersoges. Det bevises, at der eksisterer en tydelig sammenhseng mellem den
atmosfaeriske trykfordeling om foraret og de hydrografiske forhold om som-
meren. Der drages den slutning, at vindforholdene i havet vest for Island om
foréret m& veere en dominerende faktor, hvad angdr indstremning af atlantisk
vand til omrédet nord for Island, Det vises, at det er mnligt med en grov til-
naermelse at forudsige temperaturen est for Langanes i august ud fra lufttryk-
fordelingen i maj. Til deite Formal bruges en lineser regressionsligning, hvor
havtemperaturen udtrykkes som en funktion af den gennemsnitlige forskel i Tuft.
tryk i maj mellem Djupivogur og Stykkishdlmur. Analoge ligninger kan bruges
til forudsigelse af sommertemperaturen leengere mod vest i omradet. Den prak-
tiske veerdi af denne anvendelse diskuteres. Variationer | forholdene 1 den kolde
tunge nordest for Island analyseres, og det undersoges, om de naevnte variatio-
ner kan forklares pd grundlag af vindforholdene. Resultatet tyder pa, at der
sandsynligvis er en sammenheng mellem de hydrografiske forhold i 50-200
meter dybde i den kolde tunge og sst—vest vindkomponenten i de foregdende

2040 dage.

Det er indlysende, at mange af de resultater, som her er fremlagt, treenger
Lil neermere belysning, og nye og forbedrede undersegelser mangler fra forskel-
lige arstider, Det er forfatterens hab, at hovedresultaterne mé kunne blive af
veerdi for den fremtidlige forskning pd dette omrade.

I fremtiden bor der leegges storre veegt pi Arstidsundersegelser — ikke alene
i det nordislandske kystomréade, men 0gsd i de dybere strag nord for fastlands-
soklen. Blandingsmekanismen mellem de forskellige vandmasser ber ngje un-

dersgges. Det er sandsymligt, at isotopiske underspgelser i denne henseende kunne
veere til stor hjeelp. :
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Med hensyn til stremhastigheden er der stor usikkerhed. Det er nedvendigt,
at der foretages direkte stremmalinger 1 dette omrade, iswmr kontinuerlige ma-
linger, som kunne give kort-periodiske variationer il kende. Den slags malin-
ger kunne sikkert bedst foretages ved hjeelp af registrerende bejer.

Korrelationen mellem vindforholdene i havet vest for Island om fordret og
de hydrografiske forhold nord for Island om sommeren ber undersages i de-
taljer. Det er sandsynligt, at man ville finde en bedre korrelation, hvis selve
vejrkortene bley undersegt 1 stedet for de ménedlige gennemsnitstal. Den mu-
lighed at kunne bruge den atmosfaeriske trykfordeling eller andre meteorolo-
giske data til at forudsige oceanografiske forhold ber ngje undersgges.




AGRIP A [SLENZKU

Rit betta fjallar um hafsvaedid nors
gigrum um sjavarhita og seliu, sem saf
siustu 15 4rin,

Fyrstu heimildir um hafstrauma vi3 Tsland er a® finna { islenzkum fornrit-
um, Af fraségnum Landnému og fleiri rita 1m rek dndvegissiilna m#4 1jdst vera,
a8 Islendingar hafa begar frd éndverdu pekkt aBalatrium hafstraumana vid
Suur- og Vesturland. Peir sem bjuggu vi¥ nordur- og austurstrénd landsins
hljéta a8 hafa vita® af reynslu, hvernig isrekinu var venjulega hdttad. Finnig
bessum landshlutum hafa menn pvi snemma 68lazt bekltingu 4 gangi hafstrauma.

I sdgulegn ylirkiti er skyrt fra helztu leidtngrum il hafsveeSanna mmnhverfis
Island og nefnd helztu rit, er fjalla um niSurstsdur beirra rannsékna. Telja mé4,
a8 kerfishundnar sjérannséknir & islenzkum hafsveeSum hefjist um midja sidustu
8ld med grundvallarrannséknum danska flotaforingjans Temingrr, A arunum
1875-1908 voru farnir allmargir leiSangrar um hafsvedin umhverfis fsland og

naleeg sveeli, bar sem safna® var upplysingum um hatdypi og hitastig 1 djtip-
l6gum sjdvar. A drunum milli fyrri og si¥ari heimsstyrjaldarinnar var rann-
sélnury haldi dfram & sveedinm porSan Islands. Voru pad einlum Danir, sem ad
beim rannséknum sté¥u. A bessum drum voru athuganir hafnar 4 nokkrum
féstum st68vum, par sem malingar hafa sidan veri® endurteknar 4 undanférn-
um Aratugtom.

A drunum eftir sidari heimsstyrjsidina héfust Tslendingar handa um eigin
sjérannsékuir, Sumari® 1949 og 4rin bar & eftir vorn leiangrar farnir it { mitt
Graenlandssund og norSur til Jan Mayen. Aherzla var hé adallega 16g8 4 almenn-
ar umhverfisrannséknir 4 landgrunnssva\e?ﬁunum7 einkum seint 4 vorin og 1 sum-
arbyrjun um had leyti, sem sildarvertis hefst a8 jafnadi vis NorSurland, Litlar
athuganir eru til um 4stand sjavar 4 sveeSinu nordan fslands 4 G0rumm, Arstidum,
ef frd eru taldar manadarlegar rarmséknir 4 svadinu vestan Grimseyjar 4 4r-
unum 19531955, Gerd er stutt grein fyrir helziu erlendum leidéngrom, sem
farnir hafa veri® til hafsveSanus grennd vidd Tsland si¥asta dratuginn. Hafa
Rissar einkum kanna8 sveedis nordan slands, Danir og NorSmenn austan fs-
lands, en Skotar og bjédverjar sunnan Islands og vestan. :

Reett er wum nafngiftir hafsveeSanna nordan Islands og austan i fortis og
ntti. Bent er &, ab elzta nafn 4 hafimy nordan Islands sé Dumbshaf. Hafsveedid
milli Tslands og Noregs var aftur 4 mét nefnt Islandshaf a8 fornu, A sjdkortum
sifari alda geetir nokkars ruglings { nafngiftum norSurhafa. Lagt er til, a8 heitid

an Islands og byggist a8 mestu leyti 4
nad hefur verid { islenzkum leiBongrum

34




266 UNNSTEINN STEFANSSON

Islandshaf sé 1468 n4 ylir sveedid milli Islands, Grenlands og Jan Mayen, en
heitid Noregshaf néi adeins til bess hluta NorSurhafsins, sem liggur milli Feor-
eyja, Jan Mayen, SvalbarSia og Noregs. Lyst er botnlégun og dypi umhverfis
Island og i Islandshafi. Athyghi er vakin 4, a8 Tslandshaf takmarkast a8 norSan
og austan af neSansjavarhryggjum, er ganga til sulurs og vesturs fra Jan Mayen.
Synt er fram 4, a8 4 landgrunnssvedinu norSvestan Grimseyjar er mun meira
dypi (600-700 m) en synt er 4 sjékortum fra hessu sveedi.

Lyst er einkennum briggja aalsidgerda 4 svaeSinu nordan Islands, en peer
ert: a) Atlantssjdr, b) pélsjiér og ¢) botnsjér NorSurhafsins, Auk beirra ma
greina milli fidgurra annarra sjégerda, sem myndaSar eru vid kaelingu e8a
bléndun aBalsjégerSanna. Pessar sidgerdir eru: svalsjér, sem atfallega er mynd-
adur vid blondun &4 Atlantssjé og polsj, vetrarsjér Islandshafsins, sem myndast
sibari hluta vetrar vi§ blondun og keelingu i hafinu nor8an Islands, strandsjér,
sem afallega er myndaBur vid blondun & Atlantssjé eBa vetrarsjo vid ferskt vaim
fra landi, og loks millisjér pélstraumsins. SiSast nefnda sjégerBin er einkum til
ordin vid kaelingu og bléndun & Atlantssjé 4 sveeSinu vestan Svalbara.

Getid er eldri straumkorta af hafinu milli Islands, Jan Mayen og Gran-
lands. Birt er nyit siraumkort af bessu sveedi. Er pad adallega byggt 4 gbgnum,
sem aflad hefur verid i {slenzkum leidéngrum & drunum 1949-1954. Dad sem
sérstaklega einkennir straumkerfi Islandshafsins samkveemt pessu nyja korti, er
hringstraumur rangseelis § hafinu milli Tslands og Jan Mayen. Er bessi straum-
hvirfill sterkastur vi8§ GtjaSrana. Austurhluti straumhvirfilsing flytur si6 ir sud-
austri, sem gerir ba8 a8 verkum, ad sunnan vid Jan Mayen-grunnid er hlyrri og
saltari sjor en & sveedi hinnar svokélludu koldu tungu norSan vis islenzka land-
grunni8. Vestur- og suSurhluti hvirfilsins er Austur-fslandsstravmurinn. Sam-
kveemt eldri straumkortum feltur hann sem samfelld straumkvis] til sudausturs
4 6llu sveeSinu milli Tslands og Jan Mayen. Tslenzku rannséknirnar hafa hins
vegar leitt 1 }jés, al straumurinn er sterkastur { vitjadri islenzka landgrunnsins,
en hans geetir litt, pegar lengra dregur norSaustur i hafid. Strawmhvirfillinn
flytur Austur-Islandsstravmnum sj6 tir nordri anstan vid hinn eiginlega Austur-
Greenlandsstraum, og bvi geetir pélsjavar eklki § Austur-Tslandsstrawmnum nema
a8 lithy leyti. Meginhluti straumsins myndast aftur 4 méti vi3 bléndun og
kélnun & Atlantssjé, sem berst me8 Irmingerstraumnum austur mel jadri land-
grunnsins 1t af NorSurlandi. Straumflésku-tilvaunir, sem gerar hafa verid 4
svaedinu, stadfesta ba strammmynd, sem hér er 1yst.

A islenzka landgrunnssveeSinu er meginstraumstefnan réttsselis umhverfis
landi8. Straumurinn fylgir b6 a8 mestu Gilinum landgrunnsins. bannig leggur
hann i me8 Hinafléa vestanverSum, tit med fléanum austanverSum, inn me’
Skagagrunni austanverdu og it med Grimseyjargrunmi vestanverdu. T ndmunda
vi§ Vestrahorn ern mijog skérp skil milli Atlantssjdvarins og svalsjdvarins a®
norBan. Hér leitar strandsjérinn senmilega a8 mestn 6t fra landinu il suausturs
sem hluti af Austur-Tslandsstravmnum,

Sérstakur kafli fjallar um sjévarhita og seltu ménudina maj-4gist &4 mis-
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munandi dyptum og i 168réttum snidum. Birt eru medallagskort, er syna sjavar-
hita § 20 metrum og hitastig og seltu { 50 og 100 metrum. Einnig er synt medal-
lagséstand 1 168réttum snidum wt fra Kogri, Siglunesi og Langanesi.

Rannsékud ern t,S-linurit fr4 ymsum stédum 4 svedinu nordan Tslands. |
ljés kemur, a8 middypis { kjarna Irmingerstraumsins, sem liggur austur med
NorBurlandi, er { byrjun sumars tiltélulega einfold blanda af tveim sjogerum,
Atlantssjé og vetrarsjé, og fer magn pess fyrrmefnda minunkandi, er austar dreg-
ur. I pessari bléndu er mjég naid samreemi milli hitastigs og seltu. A grundvelli
jimi-athugana fréd drumm 19501956 er reiknad linulegt samband milli sjavar-
hita og seltu, og st liking sidlan notud il bess ad reikna wt hlutfallslegt magn
Atlantssjdvar 4 mismunandi drom. T jonimanudi reyndist magn hans vera
80-90% & sveeBinu vestan Létrabjargs, en aSeins 0-309, austan Langaness, Lik-
Inguna m4 einnig nota med seemilegum drangri til pess ad reikna seltutitbreidsl-
una middypis Gt fra hitastiginu. Petta var gert fyrir 4rin 1957, 1958 og 1959,
NiBurstadan vard sii, a8 hin direiknudu gildi reyndust koma vel heim vi$ hau,
sem fundin voru med efnagreiningu. Hi¥ einfalda samband milli hitastigs og
seltu gildir b6 afleins um dypri hluta landgrunnssvaeSisins néleegt kjarna Irmin-
gerstraumsins. En nelan 250-300 metra tekur dhrifa botnsjdvarins a8 geela 1
rikum meeli tm mest allt sveedid noran Islands, og 4 400-500 metra dypi ma
heita, a8 viast sé komid bar i hreinan botnssjé. Reett er um uppruna og myndun
vetrarsjavar Islandshafsins, Er 1i8ur 4 sumariB, berst vetrarsjérinn smam saman
burt af NorSurlandssveeSinu, og Austur-Islandsstraumurinn flytur hann sufr
med AustfjorSum. Med hlifisién af t, S-Hnuritum frd svedinu milli slands og
Feereyja er alyktad, a¥ botnrennsli8 yfir Islands-Fereyjahrygginn sé a¥ nokkru
leyti vetrarsjor fré sveedinu norSan Islands,

Til dkvbrdunar 4 stratumhrada er studzt vid ttreikninga, sem bygedir eru 4
edlishyngdardreifingunni. Forsenda bessara titreikninga er si, ad gera megi rad
Fyrir, a8 strawumlaust sé nélegt botni 4 grynnsta hluta sveelsins, nalegt 300-400
metra dypi vid landgrunnshrimina, en 4 800 metra d¥pi, begar komid er nordur
4 68° 30" n. br. Utreikningarnir benda til pess, a¥ straumhradinn sé mestur 1
tiltélulega mjéu beltl nélegt brimum landgrunnsins, en mun minni uppi &
grunnunum. Alyktad er, a¥ medalstraumhradi strandsjévarins nordan fslands
sé um 3 sjémilur & sélarhring. Kemur st tala allvel heim vi8 niSurstdur rek-
flésku-tilrauna, og svipud niurstada faest med bvi ad fylgja eftir tilteknum eigin-
letkum sjavarins, 1. d. kortleggja tithreidshi Atlantssjdvarins med sttty millibi.

Reynt er ad detla sjavarrennsli gegnum sni, er liggia nordur fra Kégri
og Melrakkasléttu. T.og8 er dherzla 4 ymis atridi, er valdis geti éndkveemni §
slikum ttreikningum. Niursts8urnar benda til bess, a8 meal nettérennsh aust-
ur fyrir Horn innan 60 sjémilna fré landi, nemi a8 sumarlagi nélegt 2.2 km? 4
klukkustund. Virdist hér neer eingéngu um ad reeda sjé med hitastigi yfir 1°.
Azxtlad er, al varmarennsli til NorBurlandssveedisins sé a¥ sumarlagi v pad
bil 2.7 - 109 kg. kaloriur 4 sekiémdu. SamanburBur 4 Gtreiknudu rennsh gegnum
Kégursni§ og Melrakkasléttusni® bendir il bess, ad sveiflur i rennsli Austur-
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Islandsstraumsins 4 sveedinu at af Melrakkasléttu stafi adallega af sveiflum i
rennsli Irmingerstranmsins, en hins vegar muni litlar sveiflur eiga sér stad i
beim hluta Austur-Tslandsstrawmsins, sem a3 nordan kemur.,

Reett er um 4rstiSabreytingar norSan fslands § sérstékum kafla, Utbreilsla
hafissins er mjsg breytileg eftir drstidum. Vid Nordvesturland er breidd hafis-
beltisins mest a¥ vori, 4 timabilinu marz—jind. Isbradnunin er aftur 4 méti mest
seinni hluta sumars. Br H¥ur 4 sumarid, feerist {srondin neer og ner Greenlandi,
og er fjeerst fra Tslandi ménudina dgtist—oktdber, Eftir bvi sem dregur fram 3
veturinn, smébreikkar {sbelti8 4 nyjan leik. Lyst er drstifabreytingum 1 astandi
sjavar 4 svadinu norlan Sigluness 4 4runum 1953-1955. Greina mé Arstida-
breytingar niSur & 300 metra dypi. Astand sjavar norBanlands er einkum komis
undir tvennu: upphitun af véldum sélar og innstreymi Atlantssjdvar austur
tyrir Horn. Fyrra atrisid, upphitun af véldum solar, hefur einkum &hrif 4 yfir-
borlissidinn og veldur lagskiptingu hans. Inustreymi Atlantssjévar reeSur hins
vegar mestu um sjévarhitann i djuplégum 4 sveedinu norSan Tslands, Synt er
fram 4, a8 4dhrif Atlantssjavarins norSanlands séu minnst & veturna, feerist 1
aukana 4 vorin og nai hdmarki nalaegt midju sumri. A haustin dregur mjdg tir
dhrifunum 4 vesturhluta sveeBisins, en beirra geetir verulega austan Langaness
fram eftir hausti. Magn Atlantssjdvarins neer pannig hdmarki 4 Slikum thmum
4 mismunandi sveedum, og kemur bessi afstéSumumur skyrt fram, ef bornar eru
saman drstiabreytingar 4 austur- og vestursveedi. Leidd eru a bvi rék, ad bess-
ar breytingar stafi af sveiflum % rennsli Atlantssjavarins. Hugsanlegar orsakir
slikra érstiabreytinga ern reddar.

A grundvelli margvislegra gagna, sem safnad hefur verid sumarménuding
drin 1924--1939 og 1947-1960, er gerdur samanburSur 4 Gthreidslu hafiss, loft-
hita, yfirbordshita sjavar og sjaverhita djiplégum & landgrunussvaSing nord-
an Islands. Siustu dratugina hefur hafis sjaldan sézt uppi vid strendur landsins.
Tsskilyrdi fyrir Nordvesturlandi hafa b6 enn sem fyrr verid breytileg &r fra
ari. Almennt mé segja, a¥ sjdvarhiti neSan yhirbordslagsins hafi fari$ heskk-
andi 4rin 19241939, Tekkad litils hattar 4 Hmahilinu 1947-1953, en hakka®
aftur sidustu arin. Sé Hti¥ & einstik ar, m4 telja, a¥ sumurin 1924, 1930, 1932,
1938 og 1949 hafi verid évenju kéld, en sumurin 1936, 1939, 1947 og 1960 sér-
staklega hly. Breytingar 4r fré 4ri reynast mestar 4 austasta hluta svaedisins sidari
hluta sumars, og virdist mega tla, ad beer muni alallega standa  sambandi vi8
breytilegt rennsli Atlantssjdvar. Kannadar eru helziu orsakir slikra sveiflna,
Synt er fram 4, a¥ greinilegt samreemi er mjlli loftprystingsins & vorin og
sjavarhita og seltu 1 djtiplégum sidla sumars. Alyktad er, a8 vindatt i hafinu
vestan Islands ré8i mestu um innstreymi Atlantssjavar nordur fyrir land. Synt
er fram & 4 grundvelli stadtslulegra utreikninga, a mégulegt er ad spid med
seemilegri ndkveemni um sjdvarhitann austan Langaness 1 dgtstmanudi t fra
lofthrystingmumn { maf. Er b4 sjavarhitinn reiknadur 6t fra mismuni lofthryst-

ingsins milli Djipavogs og Stykkishélms, HliSsteSa ttreikninga er heegt ad
nota il pess ad spa fyrir um astand sjédvar vestar 4 sveeSinu. Reoti er um hagnytt
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gildi slikra spadéma. Athugun er gerd a sveiflum 1 astandi sjavar & uthafssvaed-
inu milli Tslands og Jan Mayen. Koma bar einnig fram nokkrar breytingar a
sjAvarhita ar fra éri, Kanmad er, hvort rekja megi slikar breytingar il mismun-
andi vindattar. Nidurstadan er s, a8 sennilegt megi telja, aB tiltohulega hatt
hitastig og ha selta middgfpis 1 kbldu tungunmi norSaustan fslands sé afleifing
mikillar austanatiar 20-40 dégum ABur, en hins vegar megi buast vid legri
sjavarhita og leegri seltu eftir vestanatt. T djiplogum pessa sveedis er dstandid

mijdg s160ugt.




